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Houses.    Small.    Today's    and    Pre-War 

Costs    (1.'.:) 

Houses.    Wo<fd.   Concrete   for    (VU 

Housin.g.    Cradock,    Va (Ii 

Housing    Development    and    the    Engi- 
neer        (4.'-» 

Houston's  Secretary.  Opposition  to  Fed- 
eral    Highway    Commission     (li'fi) 
Hydraulic  Fill    Dam  Construction,   Spe- 
cial Factors   ( CSj 


Ii77 
!.■.• 

347 
(11 

I'.'S 

24 

S4II 
4  CI 


273 

is; 

2S7 

44(> 

4.<i 

34:1 

S4> 

111 

3S6 

460 

2C5 

2S 

91 

397 
671 
4UU 
613 

401! 
617 
377 

453 

306 

4S7 

306 

23S 

59S 

234 
13 

144 

60S 

245 

.i'.ll) 

34.-. 

311 

15 

236 
335 


13S 

253 

249 

609 
251 
23!) 
667 
411 
627 

42 
630 

611 

.599 

221 

62S 

692 
445 


5S6 
275 


ll>dii>ullc    Kill    Dam.    Kulluiv (151  39 

i,).ii  .,,111.    .•^.iiiciiig    i.ir  Sirlppliig   .(141)  (>r>9 
li.x-                     ■ ''■     I  »<'\  olopmenl,     ileiieral 

\nfi-.iiiig    till'    Cosl..((i(.l  271 

ll<                                 I'l.iiif     III     HoiiiImix     I'tin  46'.' 


Ice    lliirges.     lliviiKliig    Up    Willi    Dymi- 

nnie- (3ni  217 

Ice  tiorgcN  111   lirldgeii  with  Pile  Driver 

Huiiinicr     (IIU)  556 

Ice     .Vtiiking,     Water     Dept (26)   IdU 

iiiiiustniil    i.lgliliMg.    General   Principles 

01    (i44)  0S4 

Illinois  and  Roiid  KiilUIInK   (6S)  3i'S 

Illinois  .speriiiciiiloii  lor  (.uncrele  Roads 

(1(11 )   47V 

ll.oglcal    Tests    of    Intelligence (75)  351 

Incentive     Wage     Plan,     .Standards    for 

( 1 4  < I  665 

Industrial  Slogan  lor  .\merlca — Con- 
tinuous    l-Miicatlon      (9()  531 

Industrial    Railway     lor    Ruad    Building 

(64)  246 

In..<ects    in    Swimming    Pool (30)   164 

liispecilon    of    Briiiges.    Special    Points 

Re.iuire  Siiecial  Observation   (141)   6S1 

Insiieclioii,     Periodic,     or     Bridges     (30)   212 

liispeclion  of  I'ounly    Rouds (65)  247 

insurance.     State    (Compensation,     Cali- 

loriiia    (144)  62S 

liuelligence.    Illogical   Tests   of....    (75)   351 

Intelligence,     Vocabulary    Test    of     (S5)   361 

Interstate  Commerce  Commission.  Rail- 
way   valuation    (39)   199 

Interstate  Commerce  for  Drinking  Wa- 
ter   Supplies    (107)  507 

Interstate  Commerce  Commission.  Why 
Kngineei's  Should  Be  Appointed 
(123)    641 

Iowa    Road    Work,    1918 (59)   241 

Iron     (.ire     Frozen.     Breaking     Up     with 

Dynamite    (41)  201 

Iron     Removal    from    Water    Supply    of 

Wausau    (43)   177 

Irrigation     Canal,     Removal     of     Algae 

(146)    630 

irrigation  P'rojects.  Cjuantities  of  Wa- 
ter  Used    (5)     29 

Irrigation      Tunnel.      Porto    Rico,    Cost 

(92)   368 

Irrigation    Water,    Device   for   Metering 

(71)   277 

Irrigation    Water,    Measuring    (35)   169 


Jackhamer  for  Cutting  Old  Timber  (122)   556 

Jitneys.    Number    in    Operation (2)     51 

.loints.     Concrete     Pavement,     Straight 

Kdge    for    (53)235 

Joints,     Electrically     Welded     (36)  46S 


Kitchen   (Jarclen.    Waterworks   .Men    (26)    160 


Labor.   Klhcient   Utilization  of   Labor  in 

Railway    Maintenance     (92)   402 

I-tbor     and     Engineer     (42)   224 

Labor.     Payment    of    by    Results (6)   43.S 

Labor    Prices.    Road    Work (112)   4SS 

Labor       Saving       Devices     for     Railway 

Maintenance     (54)   2SS 

Labor  .Saving  Ei|uipment.   Track  Main- 
tenance.    B.     &     O (5)     53 

Labor    Saving   .Machinery.    Detroit   W'a- 

ter    Dept (42)   176 

Labor  Saving,  Pav  UoU  Accounting  (S9)   399 
Labor    Saving.     Pay     Roll    Writing     (91)    401 
Labor    Unions    and     Increased    Produc- 
tivity          (24)    206 

Laboratory.     Testing,      Municipal.      Or- 
ganization          (132)    592 

l^iborers.      Handling      Me.xican      Track 

(134)    652 

Lake    Shore    Gravel    for    Road    Surfiic- 

ing     (95)   347 

Lamps    for    Outdoor    Lighting (21)     70 

Land  Clearing.  Stump  Removal  in  (101)  535 
Lang  Gates,  Recent  Installations. .  (62)  26S 
Language,    a    Tool    for    Reasoning. ..  (1)     71 

Law    Uniform.    Motor    Trucks (10)     10 

Laws,    State.    Grade   Crossing   Elimina- 
tion        (17)     17 

Unying    I'ipe.    Estimated    Co.st (13)     37 

Leakage     .Vew     Water    Mains (53)  259 

Leamington,    t'ireular    Concrete    Reser- 
voirs        (147)   631 

Legal   Obstacles   to    Public  Work (1)       1 

Legislation     and     Engineering     Society 

(70)   322 

Legislator.    Typical    and    the    .Manufac- 
turer        (126)   5S6 

License    Fees.    Motor    Vehicles (44)   144 

Li.ense    Law   for   Engineers (SS)  340 

Licensing  Building  Contractors..  (12S)  584 
Light   Railways  and  Motor  Trucks   (74)  3S4 


Llghlliig.    Daylight    and    Artillclal    (161)   691 
Llglitlng,    Industrial.   General  Principles 

(144)  6S4 

l.lghling  Outdoor,    Size   of   Lamps    (21)     70 

Lime  Sol'lenlng  of  Water (8,S)  364 

Lliliild     Oxygen     I'lxploslves     (34)   466 

Living    .\rclilte.-liire    (88)420 

Loiiding     ,siiiiloiis,     .Multiple    for     llan- 

illlng    Road    .Materials    (143)  603 

Local     Improvements,     special     Assess- 
ments        (Hi)      16 

Logging    Spur,    Method   of   Staking   Out 

(31)   191 

Lubrication  of  Air  Compressors. ...  (57)  291 
Lumber.    Correct    Moisture    Content    of 

(125)  BSl 

Lumber,  Creosoting,  New   Process. .  (37)   219 

Lumber,     Rules     for    Piling (156)   696 

Lynn  Waler  Supply,  Pumping  Units  for 

(121)   521 


.Macadam,     Bituminous     (147)   607 

.Macadam    Old.    ius    Pavement    Base    (98)   474 
Macadam    .Surface    Treatment,    Wiscon- 
sin          (55)  237 

Tiiomas    II.    MacDonald,    Chief    Bureau 

of   I'ublic   Roads    (85)   337 

.Macliine  Finishing  Concrete  Roads  (115)  491 
.Machine  Flushing,  Street  ("leaning  (32)  142 
.Machinery,    I^abor    .Saving,    Road    Work 

(39)   149 

Management    Books,    List    of (149)   673 

-Management,    Common    Defect (2)     50 

.Manager    and    Employees,     New     Rela- 
tions          (90)    400 

Manganese    Removal    from   Water   Sup- 
ply,   Wausau     (43)   177 

Mahoning  Valley.  Engineers'  Fees  (6)  76 
.Maintenance        Pavement,         Financing 

(69)   251 

Maintenance,      State      Reward      Roads, 

Michigan   (121)   497 

.Maintenance    of    Way    Work,    Equating 

Track  Section  for   (65)   299 

-Marine  Construction,  (ireosoted  Fir,  for 

(12)     60 

-Ma.ssachusetts,  Highway  Traffic (7)       7 

-Mechanical    Hauling.    Michigan    (22)     22 

Meter    Installalion,    Cost    (41)   175 

Meter  Practices  of  the  Hackensack  Wa- 
ter   Company     (67)  273 

-■Meier  Repairs,   Cost.  Los  Angeles. .  (54)  260 

Meter    Testing,    Cost,    Detroit (41)   175 

Meterage    in    Oak    Park,    111 (137)   621 

Jlctcring,  Financial  Benefits  of.. (31)  165 
Metering.     Reducing    Water    Consuni))- 

tion    (38)   172 

Metering.    San    Francisco    (SO)   356 

.Meters,     Repairing    Cost,     Detroit. .  (44)   178 

.\?eters.    Service    Selection    (4)   175 

Meters.  Testing,  Hackensack  ....(67)  273 
Mesh    Reinforcement,    Device    for..  (47)   157 

-Mexican    Track    Laborers     (134)   652 

Miami      Conservancy      District,    Gravel 

Plant    (106)540 

Miami    River    Improvements,    Draglines 

(99)   533 

Miles   Acid   Process   Sewage   Treatment 

(110)  510 

Military    Engineers.    Relations     ....(10)     5S 
Milk    Drivers    Paid    More    Than    Assist- 
ant  Professors    , .(124)   642 

.Mine.   Coating  Roots  with  Cement  Gun 

(16)     64 

Mining  Tunnel,    Cost   of    (52)   2S6 

Mining  Tunnel,  Cost  of   (117)   551 

Minnesota    Engineers    and    Reconstruc- 
tion        (20)     20 

Moisture    Content    of    Lumber (125)  501 

Moisture    Resistance    of    Spar    Varnish 

(136)   676 

Monuments,  Government,  and  their  Re- 
covery        (i53)   693 

Mosquito    Control     by     Pishes (68)  274 

Motor     Flushing    Procedure,     Rochester 

(32)   142 

Motor  Truck,  Bituminous  Surfaces   (61)   243 

Motor    Truck    Carriers,    Rates    (8)       S 

Motor    Truck     Drivers.     Bonus     System 

(79)   331 

Motor  Truck,  Efficient  as  Its  Body  (104)  538 
Motor  Truck  on  Hetch  Hetchy  Railroad 

(87)   397 

-Motor     Truck     and     Highway     Bridges 

(Ill)    4i7 

Motoi-     Truck     Haulage,     (travel     Road 

("'onstruction     (116)   492 

Motor      Truck      Operated    on    Railroad 

Track     (36)   196 

Motor        Truck       AVeights,        Economic 

Limit    (6)       6 

Motor   Vehicles.    License   Fees   for..  (34)   144 

.Motor  Vehicles.    Massachusetts (7)       7 

Motor     Trucks.     Adaption     for     Hauling 

Cars  on   Light    Railways (75)  3S4 

Motor  Trucks  and   Car   Shortage. ..  (14)      14 

Motor   Trucks,    Cost   of   Hauling (93)   345 

Motor    Trucks,    Dimensions,    Regulation 

(10)     10 

-Motor  Trucks,   Highways   (3)       3 

Motor   Trucks.    Patrol    Service (9)       9 

Mofor    Trucks.    Short    Bank    Line    Rail- 
ways     (24)   184 


EKi  i I  x i;i-;i<i N( ;    a nd    coxtka( ti xt., 


Motor     Trucks,     Sliori     L,ine     Railroads 

(.')-)   2111 

Motor    Trucks,    Uniform    I^aw (1")      10 

Mountain    Roads,    Concrete    Pavements 

for    (SS)  aa7 

Mucker,  Aristocrat  of  the  Labor  World 

(5(1)   30:; 

Multiple  Loading  Stations  for  Handling 

Road    Materials     (143)   6o:! 

Municipal  Bond  Issues.  Limit  tor..  (25)  1M 
Municipal    Cement    Plant.    Los    Angeles 

.    (73)   32-, 

Municipal  Engineer,  Training  of..(3X)  470 
Municipal  Kngineers.  Education. ...  (15)  447 
Municipal    Engineers.    Salary    Schedule 

. (131)   :.!tl 

Municipal  Ownership  Experiments  with 

Traction    Lines    (124)   B42 

Municipal      Railway,       San      Francisco, 

Operating    Cost    (24)   isl 

Municipal      Railwav      System      of      San 

Francisco     (97)  .>'M 

Municipal    Revenue    and    Liquor    Traffic 

(2li)   13C, 

Municipal    Surveyors,    New    Spii'it..l31)   403 
Municipal      Testing      Laboratory,      Or- 
ganization    (132)  ;)S)2 

N 

New  Boulevard  Link,  Sidewalk  Con- 
struction,   Chicago    (IW)   4ao 

New  Castle  System  for  Recording  Real 

Estate  Titles (102)   4.S 

New  Designs  of  Pavements,  Experi- 
menting     (127)   5Si 

New    England,    Rainfall    Records. ,.  (o4)   2t)0 

New    England,    Road   Work    Cost...  (13)     13 

New  Jersev  Highway  Construction.  (13S)   5S8 

New    Relations    Between    Manager    and 

Employes    (SO)   40() 

New   York   Canals,   Tonnage   191S...(24)     4s 

New   York   City   and  Water   Companies 

(50)    2;.'6 

New   York   State  Highway  Dept.,  Force 

Account     (lal)   till 

New     York     Water     Supply.      Sanitary 

Regulations  Protection   (136)   020 

Nitro-GIvcerin      for      Shooting      Water 

Wells     I3S)   1(1 

Non-Metallic    Mineral    Products,    Value 

(70)   4ns 


Occupations    of   Kngineering 


573 
400 


4." 
CH7 


530 


Graduates 
.(117) 

Office    Bonus    System    (SO) 

(Office    Records,    St.    Louis,   Water   Diyi- 

gJQH         (wll 

Oiling   Hoisting  Cables  in  Place. ..  (14SI 
Oil  Storage  Reservoir,  Computing  Oauge 

Table    for    tl21)  ■>/ ' 

Oil    Storage    Tanks.    Concrete In2)   .>04 

One   Course    Sidewalks.    Finishing   Pav- 

ing  for   (101)   *" 

One   Man    Light  Weight   Car  for  Street 

Car    Operation    (!">) 

One    Man    Trollev    Cars,    Operation    of.. 

(3») 

Operating  Co.st,  Truck  and  Trailer.  (130) 
Orange    Peel    Bucket    in    Catch    Basin 

Cleaning    (''0 ' 

Organizations    of    Contractors (Sal 

Outdoor    Lighting    Lamps    for (21) 

Outlet,    Reservoir    Freezing (1^) 

Outlet    Work,     Large     Capacity,     Ij.     S. 

Reclamation    Service     (IS) 

Outlets.    Lai-ge    Reservoirs    (W) 

Overhead    Charges    Between    City    De- 
partment      <'|0' 

(Overtime    and    Eligineers    (4i  I 

Oxv- Acetylene     Welding      Process      for 

Reclaiming  Frogs    ( 135 ) 

Oxygen.    Dissolved.    Index    of    Pollution 


444 


i;.-,3 


Pack    Mules    for   Carrying    Kock... 
Painting,     Cost,     Steel     Truss     an 

Beam    Bridges    

Pamphlet,    Abstract     

Pamphlet,    Engineering    

Pantheon   of   Brooklyn   Bridge 

Paravane  for  Sweeping  Up  Mines, 
Pathfinder  Dam,    Sliding  Gates, 


.{'.IS I   532 


I 

.(71) 
.(24) 
.(371 
(1301 
.  .(Si 
(20) 


Patent  Cases,  Technical  Courts  for. (2^) 

Patrol    Svstem.   Wisconsin (3SI 

Patrol    System,   Wisconsin 

Pavement,    Life    of ,-'';' 

Pavement    Base,   Old   Macadam   for 
Pavement    Brick,    General    Features 


20fi 

IV.l 

670 

440 

44 

205 

148 

(63)   245 

(49)    231 

474 


.(9S) 

.  nos) 


Pavement, 
Pavement, 
I^avement, 


Brick.  Present  Status. .  (8i>i 
Core  Drilling  Outfit  for.  (Sill 
Cost,    Little    Falls,    N.    Y... 

(151) 

Pavement.  Guarantees   .■  •  ■  ■  ((jj*' 

Pavement    Maintenance,    Financing.  (6J) 
Pavement  Markings  with   \\  hite   '^''''^.f.'? 

(13b) 

Pavement.'  Recommen'dation.s  for  Wi(Uh 


47!) 
33S 
341 

6U 

250 
251 


Pavement    on    Trunk    Highways.    Mini- 
mum   Width    (96)   34S 

Pavemeiu,     \\"<H>d     Hlock.     Bituminous, 

I'aint    (Joat    (44)   154 

Pavement.    A\"ood    Block    Service    Test. 

.MiiineapoUs    (3(5)   14ii 

P;ivi'inent,   \\ ood   Block,   Specification. . 

(41)   151 

Pavements,  Brick,   Special  Type... (113)  -iS'.i 
Pa\'ements.      C'oncrete,      for      .Mountain 

Roads    (S;,)   337 

I'avements,    Core    Drilling    Outfit. ..  (S9)   341 
Pavements,     Experimenting    with     New 

I  )esigns     (127)   5s7 

Paving    Roller    for    One    Course    Side- 
walks      (101)   477 

Paving,   Wood  Block,  Concrete  Base  for 

(41)    141 

Paving,  Wood  Block.  .Street  Car  Tracks 

(71)   253 

Pay   Check   Writing,   Labor  Saving.  (91)   4iil 
I'av   of    Railwav   Technical    Engineers.. 

(26)   1st; 

Pav     Roll     Accounting,     Labor     Saving 

1  )evices     (S9  I    399 

I'av   Roll  Accounting,   Saving  Labor.... 

(S9)    399 

Pay   Roll,    I^abor  Saving   in (91)   401 

Payment    of   Labor   by    Results (6)   43S 

Peace   Prices   and    War  Wages (49)   301 

Pedestal    Track   Construction (15(i)   Oij.s 

Percentage    Contractors    (132)   65o 

Periodic    Inspection   of   Bridges (30)  212 

Piece  Rate  System,   Vbte  Against ..  (47)  2S1 
Piece    \\ork.    Removing    Distrust   of.... 

(121)   555 

Piers,    Brick,    Column   Formulas, ,,  .(95)   427 

Piers,    Shed   Capacitv    for (26)   20S 

Piles,   Cutting   Off  Below  Water  Line.. 

(49)   2S3 

Piling,    C'reosoted    Fir (12)     60 

Pillars,   Entrance  Cost    (IS)     Ss 

Pioneer    Railway,    Pontoon    Bridge    for 

...(IS)   450 

Pipe    Corrosion,    Deactivator    System.. 

(39)   221 

Pipe    Laying.    Cost (131     37 

Pipe    Lines.    Cost   of   Pumping   Through 

(USI   51S 

Pitch,   paint  Cost  Method.   Specification 

(41)   151 

Planer.   Road.   Winslow    (72)   254 

Plans    for    School    Buildings,    Standard- 
ization      (61 1   31.. 

Pneumatic  Caissons.  Bridge  Piers.  (106)   ,-,62 
Pneumatic    Tools,    Separators    for    Re- 
moving Water    (41 )   201 

Pneumonia  and  Waterworks   Engineers 

(130)   614 

politics   and    B^ngineers    (155)   695 

pollution   Dissolved,   fjxygen  as  Index.. 

(9)     33 

Pollution,   Sewei-age  Disposal    (9i     33 

Pontoon   Bridge,  Improvement (1491   Iis9 

Pontoon    Bridge   for   Pioneer   Railway.. 

(IS)   45() 

Pontoons,  Rein.  Concrete,  Sydney.  (23)  455 
Portable  Shops  for  Construction.  Equip- 

ment    Repair    (70)   3S0 

Portable  Shops.   U.   S.  Army (701   3so 

Portier   Grouting  Process (29)   461 

Portland  (^ement.  Production  and  Price 

.: (lOS)    504 

Post      Graduate     Schools.      Engineering  _^ 

Societies     (95)   ->'-0 

I'ot    Holes,    Preventing  Grade  Wash    in 

I'ower  i'lants,  Bonu.-^  System  for...  (.93)  3i;9 
Power    Plants,    General    Factors  Affect- 

ing   (^ost    (o-:)     2^.1 

Power   Plant,   Saving  Fuel  in .......   .h )  •.■■^■i 

Power  Scrapers  for  Handling  (  oal.(121i  ■'-) 
r'reliminary    Railway    Surveys.    L  se    o! 

Compass    •  t-Jr  '  f.'f 

Presidential  Address.  F.  S.  Curtis.  (14..  i  6S.j 
Pressure.    Effect    on    Water    Consumr- 

lion     (1441   tiJS 

Prices  Will Conlinuc  High (1291   613 

Prices.    Yesterday,    Today    and    Tomor- 

row       (104)   n04 

Prices.  Underlying  Cause  "f  ■■ '  ■  T  !  Irl^ll  r?1 
Prices.  War.  Readjustment  Period. dOSi  -.64 
Primers,    Methods    of   Electric    Blasting 

Q;^Pf^  , (   1    I  -  I       ■t'tt.l 

Prison  La'boi-,'  Snow  P.emoval    (21)     21 

Professionalism,    Fetish  of   .........( .4  I   40(, 

Professions.    Evolulion    from    Trades^^.^.    ^^^^^ 

I'rofessors!   Assistants  and  Pay  of  Milk  ^ 

ririvers       (1^4)  '''*- 

Psychological  Tests,   Useless (5<0  302 

Psychology   and    lOlficiency   (36  l^i. 

Psychology    in    Rating   Scale... (S2  -loS 

Public    Charitv   or    Public   Works...  (-,)  13, 

I'ulilic    Commission.    Railway   Wages^^^.  ^^^ 

Public  imd  Engineers   ••■••■ '^^'   ,-i 

Public  Imjirovement.  Bond  Laws...(4.,i  J..) 
Public    Improvemenis.    P>on.ded    IndeM- 

edness.    American   Cities (4,1   isi 

Public  Ownership.  Street  Railways.  .(3)  ;,1 
Public   Service   Commissioner  for   Daily 

Press   <T'"    "•' 

Public      Utility      Commission     on      Jire 

Charges    "},;     ■"' 

Public    Utility   Rates...... ■(■•>  ^27 

Public  Works  and  capital i""'  — - 


Public  Works  Construction,  Forces  Ac- 
count,   Wort:ester    (12)      12 

Public;   Work  Constru(;tton  and  Soldiers 

(13)     13 

Public  Work  Contracts,   Unit  Price. (92)  314 
Public-   \\'ork  and  l-Jngineering  Societies 

(1)       1 

Public   Work  and   Engineering  Societies 

(25)    1S5 

I'ubli,-   Work,    Legal  Obstacles  to (1)       i 

Pub.ic   Works,   Buffer   Employment.  (41)   151 
Public  Works  and  Engineering  Societies 

(49)   2.55 

I'ublir  Works  or  Public  Charity (27)   137 

Pub.ic  Works  and   Prices    (26)    136 

Publicity  and    l-ingineers    # (4)      74 

Publiiit.v   tor   I'.'ngiiieers   Through   Ixical 

.Vewspapers   (25)   2()7 

Pumps,   Booster,   Ouincy,  111 (124)  524 

Pumps,     Ceiitrilugal,     Horsepower     Re- 

•  luirements    (153)   637 

Pumps,   Electrically   Driven    (36)   170 

Pumping,   Cost,    Detroit (48)   182 

Pumping,   Cost,   Through   I'ipe   Lines.., 

(118)  51S 

Pumping    L^nits,    Lynn,    Water    Supply 

(121)  521 

I'uriHcation    Plant,    Operating    Results. 

St.    Louis    (17)     41 

Purification    of   Water,    Cost,    St.    Louis 

(17)     41 


(-.Uiurries.    Blasting,    Costs    (8)     ,')6 

Quarry  Stripping  with  Drag  Line...  (43)   203 

(.Juarrving,    c<jsI    of    (44)   154 

Quarrying.   Saf,-tv   Rules  for (140)  65.S 


Kabut    Svstem    of    Reinfoi'cing    Metal.. 

...' (23)   455 

Rail   Canting    (70)   3SU 

Rail  Damaged  bv  Flat  Spots  on  Freight 

Car   Wheels    (112)   545 

Rail  Failures,  Observations  on (106)   540 

Rail  Joints,    Heat   Treatment (76)   386 

Railroad  Construction.   191S (17)     65 

Kailroad    Construction    Near    Chicago.. 

(56)   290 

Railroad    Yard    Construction.    Chicago.. 

(56)   290 

Railroad  Tie.s.  Zinc  Chloride  Treatment 

(S4)   394 

Railroads.    Government    Operation. .  (2S)   1S8 

Railway   .\i)praisal.  Cost  of (45)   279 

Railwav    Construction,    Cost    Plus    Con- 
tracts     (105)   539 

Railwav    Construction    and    Engineers.. 

(25)   185 

Railway   Curve  Resistance.   Causes.  (9S)  532 
Railwav    Employes.    Wage    Increases   of 

(131)   671 

Railwav    Improvements.    Program.    1918 

(22)     69 

Railway    Income.   Deficit    (47)   281 

Railway,    Indusliial   Road   Building.  (64)  247 
Railwav   Maintenance.   Effect  of  Curva- 
ture   on    (S7)   397 

Raipvay      .Maintenance.      Labor      Saving 

Eiiuinnient    for   (5)     53 

Railwav      Alaintinance.      Labor     Saving 

Devices  for (54)   2S8 

Railwav      .Maintenance.      Utilization     of 

Labor   in    (92)   402 

Railway  Operations.  Government ...  (181     66 
Railwav    .Surveving,    Preliminary    (Com- 
pass  (42)   202 

liailwav    .Surveys.    Government    Maps.. 

.■ (125)  643 

Railwav    Technical    Kngineers.    Pay   of. 

(26)  186 

Railwav     Technical     Kngineers.     Salary 

Schedule    (83)    393 

Railwav  Ties.   .\"ew  .Method  of  Preserv- 
ing     (103)  537 

Railwav  Tie.  Reinforced  Concrete.  .  (39)  471 
Kaihv.-iv    Tra<'k    Construction.    Concrete 

(93)   403 

l!aihva\    Tunnel.  Concreting,   in   Service 

(60)   294 

R.iilwav  Valuation.  I.  C.  C.  Status.  (39)  199 
Railwav   Wages.   Public  Commi.ssion.  . . . 

(46)    280 

Railways.       Electric,       Snow       Fighting 

I'^iiuipment    (20)     68 

Railwavs.  Relation  to  I  lighways. . .  (71 1  253 
liailwavs,     .Short     Bi'anch     Line     Motor 

Trucks    (24)   184 

Rainfall    Uecoids,    Muscatine,    la...(12S)   52S 

Rainf.ill    Records.    New   England (54)   260 

Rate    Piece.    Vote    Against (47)   281 

Rale    of    Fare.    Street    Railway    Wages 

P.ased  on   (125)   643 

Hates  for  Motor  Truck  Carriers (9)       9 

Rates.    Public    Utility (3)     27 

Rating  Scale.  Selection  of  Officers.. (821  358 
Ration  List.  Construction  Camps..  (52)  286 
Real    Estate    Titles.    Recording   System 

for    (102)   478 

Reasi'iiing,  Language  as  Tool  for....(l)  71 
R. -construction.    Minnesota    Kngineers.. 

(20)     20 


J-.NiaXKKKlNG     AND    COXTKACTINC 


livooiistruction  IVrlod,  OoiitruotiiiK  for, 

lH)  23i; 

ItoooKO'liuii  o(  Ki>iiliit'tM'liiK   ri'ofi's»ion, 

MOW    i.)blaliiril    (77>  :tS7 

li>>ri>i'<l    ivo'pinK.    VIslblii   liidvx   S^'^«toIU 

i*.J:)  :;o; 

Ui'CDi-dliiK  Sysli'iu.  lU'iil  KsUiU'  Titles.. 

ao:')  ITS 

Uecords  In  ^>mcf,  Si.   1x)uIm.   Waler  Di- 
vision     (21)  45 

Kt'fuse  I'olU'cIlon.  Coliiinluis.  Cost.Uub)  640 
Ki'lnloii-oil  Concrete  Construction,   Unit 

Sy.item   tS6)  4()7 

Kelnforceil  Concrete  Home.  Copenluigen 

tl3J  445 

Relnforcfd    Concrete    Walls   for    Uncov- 
ered  Keservoirs    (134)  61S 

ItelTiforceniiiii  .Mesh.  StralKlitenlni; .  (47)  loi 

Keiniorced  .Metal,  New   Korni Vii)  4.ii) 

KeiuiVMiK.    I'elerniinlMK.    When (411)  2;tl 

Uepavlni;,    lieternilninj;.  When   (7o)  o2; 

Iteservon.  Oil  StoraBe.  U»ut;e  Table  tor 

(121)  577 

Ue.servoir   (.unlet.    KreeilnB    (121  ^^^ 

Reservoir  (.'utlets.   ijirKe.    U.   S.   Keola- 

mutlon    Service   Experienced!!)  43 
Keservolrs.    Circular,    Concrete,    L,eam- 

intiton,  Onl (Hi)  031 

Keservoirs.  Cncovered,  Kelni'orced  Con- 
crete Walls  for   (134)  61S 

KetulninK  \\  all   lor  Concrete,  Sectional 

(lasi)  657 

Revetment,  liank.  Concrete (4:>)  203 

I4isht    ol     Way     Dilchins,     Electrically 

Operated    Ditcher    (Ki)  61 

Riprapping   with   Wire  Hag (n)  180 

Klver  liank  Trolection,   SKeleton,   Steel 

(lai)  653 

River  -Mud,   Cohesion   of (11)  443 

Kivet    l-'urnaces.    Air    Syphon    Blowers 

(40)  222 

Road  Building,  Industrial  Railway ..  (ti4)  246 
Road   Building   iMaterial,    I'leighl  Kates 

on     (Oil)  379 

Road     Construction,     Aransas     County, 

Tex (I^J)  b9o 

Road    Con.struction,   Convict  Labor.  (14)  14 
Road    Construction    Under    War    Condi- 
tions     (4)  4 

Road       Construction,       Earth       Moving 

Methods  V-li.)  343 

Road  Construction.  Inspection   (65)  247 

Road  Contractors  and  Bonding  Compa- 
nies     (123)  499 

Road   Corrugation,   English   E.xperience 

(:;l)  21 

Road,   Cost  per  Mile (lOSP)  4S5 

Koad  Design,  Kegulation  of  Traffic.  (76)  328 

Road  Ditches.  Erosion  of (46)  156 

Road    Ditches,    Method    of    Preventing 

Erosion     (66)  24S 

Road     Dragging.     Financing    by    Local 

Subscription     (95)  347 

Road  Dragging  with  Tractor  Outnt.(ll4)  346 

Road  Dragging.  Winter (33)  143 

Koad  Engineers,  Salary  Schedule. .  (131)  591 
Road  Grading  with  Blade  Grader-Trac- 
tor Outtll    (60)  242 

Road  Grading   with   Tractor  Outfit.  ('J4)  346 

Road  Grading  and   Tractors (16)  16 

Koad  Gravel,  Cost  of  Obtaining (24)  24 

Road  Gravel,   Motor  Truck   Haulage   in 

(116)  492 

Road   Machinery    (145)  605 

Road  Maintenance.  Cost.  Colorado ..  O 9 >  19 

Koad   Maintenance,   Michigan (IL'U  497 

Koad  Maintenance,  Patrol,  Maine (9)  U 

Road  Maintenance,  Patrol  System,  Wis- 
consin    (3S)  148 

Koad    Maintenance,    Rural   Areas (9)  441 

Road    Materials.    Handling    by    Multiple 

Loading  Stations (1431  603 

Road   Materials  and  Freight  Rates. (25)  135 

Koad  Patrol  System    (9)  9 

Koad  Planer,  Winslow   (72)  254 

Road  Projects,  Federal  Aid.  Status.  (59)  241 
Road    Resurfacing,    Cost,    with    Tarmac 

(39)  471 

Road  Scarifier,  New (39 1  471 

Road    Surfaces,    Damage    to    by    Heavy 

Vehicles   (16 1  44S 

Road  Surfacing  with  Lake  Shore  Gravel 

(95)  347 

Road  Surfacing,  ilarquette  County.  (39 1  149 

Road  Surfacing  with  Sand  Clay...  (135)  595 

Road  Surveys,  Federal  Aid.  Cost...(54>  236 

Koad  Wear.  English  Experience (21)  21 

Road  Work.  Cost.  Alabama (19)  19 

Road  Work,  California.  Cost (S7i  379 

Road  Work.  Cost,  in  .Xew  England. (13)  13 

Koad   Work.   Co.^t.  Wisconsin.., (72i  254 

Koad    Work,    Iowa    (59)  241 

Road  Work.  Labor  Saving  Machinery. . 

(39)  149 

Road   Work.    New   Tork   State,   Bidding 

Prices    (136)  596 

Road   Woik.    Unit   Bidding  Prices.  (112)  4SS 

Roads.    Bamboo,    Burma (31)  141 

Roads.    Concrete.    Reinforcing (17)  449 

Roads.   Concrete,  Illinois.    Specification. 

(101  I  477 

Roads     Constructed     Through     Sandhill 

Regions    (149  i  609 

Roads  on  Farm  Values (30 )  140 

Roads.  Forest  Plank   (33)  465 

Roads,  Mountain,  Pavement   (85)  337 

Roads,    Relocating.    Contour    Method... 

(117)  493 

Ro:ids.    Roman.    Alignment    (24^  456 


Roads,  .^uiid  covered  with  lla.\-  Tar  Mai 

(00)   24.'> 

Roads.  Siuid,  Aew  Alexlcu ^iu)   lii,« 

i\oiiu.'<,  i  racilve,  IteviHliuicu  ol....(iuu.i  isj 
uoa>is,    \\  inter    DragginK (.>,!)   i  lo 

UOCK     CrUSUIIIK,     Cosi    01 I.4'l)    Inl 

liocK  i'..\cavuiion,  masting,  Costs,.. (»)  ,iu 
liocK    ivxcuvation,   ."^iw   Ciassliicatlon.. 

( 1,14>  652 

Koddlng    to   Increa.-e    SlrenKlh    ot    Con- 
crete     tiuyj  543 

Rolling    Loncrete    Roads t,M)  iio 

uoiiini'.   i'^iieci  on  Rusting  ol   iron  and 

Stcei    t4o;   225 

Roman  Kouus,  Aiigninent  of t...^   .,., . 

Kooi   consiruction,   Sawtooin    (12)     32 

i\ooi  'irusses.  Steel,  formula  lor..(i32J  6iz 
Root,  \«  oouen.  Cost  ol  Removing. ,  t51)  25. 
ivoundnuuse  uesign,  -Mouerii  Teiiuencles 

(HI)   659 

Rules  lor  I'ilmg  Lumber (lub)   09u 

Rural   iMotor    i:,.\piess.    Business    Iros- 

pecis  lor   (102)   602 

Rural  .Motor  Express,  Field  ior....tioo;  OH) 
Rural  iianning.   Topographical  Surveys 

(iO)     20 

Rusting,    Chemical    Tlieory    of (2u)   2ui 

Rusting,     Iron     and     Steel,     Effect     ot 

ivolling    on    (43)225 

Rustless  .steel   (117)   573 


SacranieiUo    Hill    Copper   .Mines,    Strip- 
ping    (,j)  3b9 

Sale  signi  Distance  tor  Automobiles... 

(lOS)  4S4 

Safety  l^'use.  Selection    t29)  isa 

.baieiy  Rules  lor  Quarrying (140)  boS 

baieiy  Treads,  Stairways   (17)  S7 

St.    i^ouis.    Water  Division,    Oltice   Rec- 
ords     (21)  45 

Salaries  of  Assistant  Surveyors  in  Ire- 
land     u;  41.5 

Salaries,  English  Assistant  Surveyors.. 

(16)  44S 

Salaries  lor  Engineers,  Canadian  Engi- 
neering Society    (1-4)  5S0 

Salaries,    Water    Xv  orks   Superintendent 

(131)  615 

Salary     Schedule,     Railway     Technical 

Engineers    (S3)  393 

Salary  Schedule  lor  Koad  Engineers... 

(I3i)  591 

Salesmanship,    Contracting    System 

(12.)  583 

.Sand   Clay   for  Road   Surfacing. ...  (135)  595 

Sand  Filters,  Cleaning,  Brookline.  .(110)  510 
Sand  Production,   Cost  Accounting  for. 

(119)  553 

.Sand   Hill  Regions,   Koad  Construction. 

(140)  609 

Sand  Roads,  Hay   Tar  Mat  for (66)  24S 

Sano    Roads,    New  Mexico (45)  153 

Sand,    Wood  Dam   Built  on.   Design 

(55)  261 

San   Francisco  Municipal  Railway ..  (24;  1S4 
Sanitary    Regulations    for   Protection   of 

New   York  Water  Supply (136)  620 

Saw  Cutting  Oft  Piles (49)  2S;) 

Sawtooili    Roof    Construction (12)  .S2 

Scarifier,    Ditch    Construction (31)  191 

Scarilier,  Road,  New   (39)  471 

Schedules    for    Getting    Out     Work    on 

Time    (119)  553 

School   Building  Plans,    Standardisation 

(61j  313 

School    Buildings,  Inclined  Walls... (20)  9(' 
School     Buildings,     Standardization     of 

Details    (95)  427 

Screen  Wheel  for  Algae  Removal. .  (146)  63o 

Screw    Spikes    (81)  391 

Sejourne   System.   Wilson  Bridge. ...  (4)  74 
Separators    lor    Removing    Water    from 

Pneumatic  Tools   (41)  201 

.Secretary   Houston's    Views   on   Federal 

Highway  Commission   (143)  603 

Sectional      Concrete   '  Wall,      Cleveland, 

Youngstown   (139)  657 

Service  .Meters.  Selection    (41)  175 

Sen'ice  Pipes.  Portland   (44)  17S 

.Service  Pipes,   Rates  of  Flow  in...  (10)  34 
Service   Test,   Wood   Block    i*avement.. 

(36)  146 

Sewage,   -\nalysis  of   (33)  465 

Sew^age   I:)isposal  b.v   Dilution (24)  456 

Sewage    Disposal.    English    Cantonment 

(24)  456 

Sewage   Filter  Fly,   Control  of (61)  267 

Sewage  Treatment,*  Miles,  .4.cid  Process 

(110)  510 

Sewer,  Concrete,  Ottawa,  Cost (38)  172 

Sewer,   Tile,   Cost,   Ottawa (38)  172 

Sewer.    Rideau    River    (38)  172 

Sewerage.   Bacterial   County   in    ....(32)  166 

Sewerage,   Buenos   .\ires (28)  162 

Sewerage  Disposal   hv   Pollution (9)  33 

Shed  Capacity  for  Piers (26)  208 

Sheds,    Umbrella,    for   Railway    Stations 

(105)  5G1 

Sheet       Asphalt,       Removal,       Between 

Street  Car  Tracks    (33)  193 

Ships.  Concrete.  Economic.  Size. . . .  (."^D  463 

Shipyards,   Construction   of    (21)  91 

Shop.  Sharnening  Drill  Steel (126)  644 


Short  Lino  Railroads,  Motor  Trucks 

(67)  291 

Shoveling,     .\ppllcatlon     ot     Elllclency 

Engineerlnu  to   (143)   661 

Sidewalk  Construction,   New  Boulevard 

Link,  (Milcagi (119)  495 

Sliiewalks,    One   Course,    Donora (5)       5 

Signals,    crane,    Uniforms    (41)  201 

?6, 000,000    Road    Bond    Issue    In    Illinois, 

Educational  Campaign  for.  . . .  (40)   150 
Skeleton.   .Sleel,    River  Bank   Protection 

(135)   653 

Slag,   Reiiulromonts  for  Aggregating  in 

Concrete    (6S)  320 

Sludge,   Analysis  of   (33)  465 

Sludge  Treatment,  English  Cantonment 

(24)   456 

Sludge,    Use  as  a  Fertilizer (14)  446 

Siudgc    as   Aid    In    Water   Softening.,. 

i (88)  364 

Siulcing    and     Washing     Outfit,     Road, 

(iiavel     (24)     24 

Smoke  .Vuisance,  Civil  Engineers. .  (50)  266 
Snow      Fighting      Equipment,      Electric 

Railway    (20)     68 

Snow  Plow,   Street  Gutter   (37)  469 

•Snow   Removal,   Highways    (57)  239 

Snow  Removal  from  lliglnvays (69)  251 

Snow   Removal  widi  Prison  Labor..  (21)     21 

Snow   Removal,    Steam  Shovel (24)     24 

.Snow  Removal,  Toronto,  Highway .  (84)  336 
Socialistic  Experiment  in  England,  (75)  351 
Soli    and    Gravel    Conditions,    Effect    on 

Ditch,   Erosion    (46)   156 

.Soil,  Hard,  Loosening  with  Dynamite.. 

(136)   654 

Soldiers  and  Public  Work (13)     13 

.Spar   Varnish,   Moisture   Resistance  of, 

(136)   676 

.Special     Assessments    and    Local    Im- 
provements     (16)     16 

Special  Engineer's  Note  Book (29)  211 

Special  Track  Work,  Life  on  Curves.,. 

(140)   658 

.Specification      for      Pitch      Paint      Cost 

Method  (41)  151 

Specifications,    Uniform    (125)   5S1 

Speed  Regulation,  Motor  Trucks (10)     10 

Spitting  Fuse  In  a  Wet  Shaft (84)   394 

Stairways,  Safety  Treads (17)     87 

Standards,   Drinking  Water  Supplies... 

(107)  507 

Standards    for   Incentive    Wage    Plan.. 

(147)  665 

.State     Compensation     Insurance.     Pre- 
mium Rates  (144)   628 

State  Constitution,  Archaic  (26)   136 

State  Engineering  Society  and- Engineer 

(97)   473 

State   Highway  Construction.  California 

Status     (84)   336 

State   Highwav,  Contract  l*rices,  Texas 

(64)   246 

Stale    Highway    Work,    Convict    Labor, 

California    (80)  332 

State    Highway    S.vstems,    M,arking. .  (5)       5 
State   Laws   for  Clrade   Crossing  Elimi- 
nation     .^.(17)     17 

Steam    Railroad    Electrification,    Possi- 
bilities  ot    (107)  541 

Steam  Railroafls,  Electrification  of.  (113)  547 
Steam    Roller,   War-Time   Repairs. .  (36)   468 

.Steam   .Shovel.   Snow  Removal   (24)     24 

Steam   Shovels,   Track  Arrangements.. 

(38)   198 

Steel.    Effect   of    Rolling   on    Rusting... 

(43)   225 

Steel  .Mill   Building.   Design (Ill)   567 

Steel    Price   and    Mr.    Hines (103)   559 

Steel    Roof   Trusses.    Table    Weights    ot 

(132)   672 

Steel  Water  Main,  Capacity (143)   627 

Sterilizing   with   Chloramine (90)  366 

.Stone  &  Webster,   Experience   in   Oper- 
ation   of    One    Man    Trolley    Cars 

(35)   195 

.Storage    Bin    for    Coaling,    Contractors' 

Equipment    (71)  381 

Storiiis;  Timber  to  Prevent  Decay..  (62)   314 
.Straight   Edge,  Testing  Concrete  Pave- 
ment   .Joints    : (53)   235 

.Slieet      Car      Tracks,      Removal      Sheet 

Asphalt    (33)   193 

Street  Car  Tracks,  Wood  Block  Paving 

(71)  253 

Street     Car     Transportation.     Economic 

Improvement  in   (96)  530 

•Street  Car  Unions.  Conductorettes.  (124)  642 
Street  (leaning.  Cost.  Columbus. ..  (120)  496 

Street    Cleaning   and  Health (16)     '16 

.Street   Cleaning,    Machine   Flushing   for 

: (32)  142 

Street  Gutters.   Snow  Plow  for (37)   469 

.Street    Railwavs,    City    Ownership,    Se- 
attle    ,.." (3)     51 

Street    Railwav    Construction,    Modern 

.\ppliances    (139)  657 

Street    Railwav   Track,    Cost (40)   200 

Street    Railwav    Track   Standards,    Chi- 
cago      (110)  544 

Street  Railwav  Tracks  Without  Ties... 

'. (113)  547 

Street  Railway  Wages,   Rate  of  Fare   . 

(125)   643 

Street    Systems,    Connection    to    High- 
ways     (67)   249 

Street   Systems,   Relation   to   Highways 

(67)  249 

StriUehn.qvri     Cnttfnsr   Circlll.Tv    .\rc..(421    152 


ENGINEERING     AND     CONTRACTING 


stripping:  on  Cuyuna  Range,  Hydraulic 

Sluicing    (141)   659 

Strippint,'   Methods    at    the    Sacramento 

Hill   Copper  Mines    (79)   3S9 

Structural   Engineer  and  Architect .  (20)     90 
Structural  Engineering  Courses,  Objects 

(!I9)   431 

Structural    Engineering  Courses. ..  (119)  575 
Structures,    Theory    of,    New   Principles 

(139)   679 

Stucco,    Cost    of    Applying    Centrifugal 

Stucco   Gun    (46)   228 

Stump   Removal.    Methods    (101)   535 

Subgrade    Preparation,    Cost  of (43)   lo3 

Success,    Efflciency    as    Factors (30)   190 

Sunlight  to  Town  Planning (107)   483 

Surface   Area,    Method    of   Grading   Ag- 
gregates     (133)   673 

Surface,    Area    Method    for   Proportion- 

iner  Aggregates    (103)   559 

Surface  Treatment,  Macadam,  Wiscon- 
sin     (55)   237 

Survey,  Water  Waste,  Buffalo (61)  367 

Surveys,    Contour   of    Relocating   Roads 

" (117)   493 

Surveys,   Federal  Aid,  Cost (54)   236 

Surveys,     Railway,     Government     Maps 

(125)   643 

Surveys,    Staking    Out    Logging    Spur. . 

(31)   191 

Survcvs,  Topographical.  Rural  Planning 

■ (20)     20 

Surve:;s,  Water  Waste,  nak  Park..  (148)   672 
Sweepfng  Up   Moored   Mines.    Invention 

for    (S)   440 

Swimming    Pools,     Insect    Development 

(30)   164 

Switch  Points,  Reclaiming (135)   653 


Tamping  Bags,  Bla.sting   (48)   282 

Tanks.   Oil  Storage,   Mesign  of (52)   304 

Tar  Painting  Machine    (22)   454 

Tarmac    for    Road    Resurfacing (39)   471 

Technical    Cases,    Technical    Courts    for 

(23)  205 

Technical  Courts  for  Technical  Cases.. 

(23)   205 

Technical     B'ngineers.      Pecuniary     Re- 
wards     (4)   436 

Technical  Journals.  Cen.soring   (4)   435 

Technical    Men,    Co-operation    Between 

Architects     (2S)   210 

Telegraph    System,    Government    Own- 
ership     (1)     25 

Telephone    and   Telegraph.    Government 

Ownership     <  1)     25 

Temperature  Records  of  Concrete. .  i  7)  55 
Temperature  Variations   in  Concrete... 

(12)     36 

Terminal.  Engine,  Colinnbus.  Ohio. (131)  6!9 
Testing    Laboratory,    Organization    of. . 

: (132)   592 

Testing.    Method.    Concrete,    New    York 

(126)  582 

Testing  Stations  for  Water  Purification 

Plant    Design    (115)   515 

Thawing  Water  Services,  Cost (156)   640 

Theory  of  Structures,  A  New  Principle 

(139)   679 

Tie  Railway,   Reinforced  Concrete.  .(39)   471 

Tie   Renewals    (81 )   391 

Tie  and  Timber  Conservation  In  Canada 

(100)   534 

Ties.     Railroad,     Zinc    Chloride     Treat- 
ment      (84)   394 

Ties,  Railway.  New  Method  of  Preserv- 
ing     (103)   537 

Ties.    Substitute   for   Timber (81)   391 

Ties,     Treated.     Experience,     Santa    Fe 

(1101  544 

Ties.  Zinc  Treated   (29)   1S9 

Tile.    Hollow.    Building    Strength. ..  (79)   411 

Timber  Conservation.   Canada (100)   534 

TimbeT.  i^ufting  "'ith  .Taf'-hnnier.  .  (1?2)  556 
Timber,  Cutting  Effect  of  Time  on.  (131)  671 
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Waterworks   and  Hydraulics — 2nd  Wednesday 

(al   Waterworks  (c)    Irrigation    and    Drainage 
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E.  &  C.  Index  Furnished  Only  on 
Request 

Hitherto  it  has  been  customary  to  send  the  index  of  our 
articles  to  every  subscriber.  In  order  to  conserve  paper 
the  index  tor  the  six  months  ending  Dec.  31  will  be  sent 
only  to  subscribers  who  send  a  postal  card  or  letter  request- 
ing a  copy  of  the  index.  We  will  then  list  your  name  so 
that  you  will  receive  the  index  twice  each  year  without  the 
necessity  of  writing  us.  It  will  assist  us  if  those  desiring 
the  index  will  notify  us  at  once. 


Legal  Obstacles  to  Economic  Pub- 
lic Work  Expansion  and  How 
Engineering  Societies  Can 
Aid  in  Removing  Them 

Mr.  J.  R.  Benton,  secretary  of  the  Florida  Engineering 
Society)  has  asked  the  editor  to  point  out  some  of  the  pres- . 
ent  legal  obstacles  to  the  economic  expansion  of  public 
works.  In  his  letter  he  states  that  it  is  quite  possible  that 
the  society  might  like  to  make  some  recommendations 
along  this  line  to  the  State  Legislatui-e  or  to  city  councils. 

Some  of  the  legal  obstacles  to  the  economic  expansion  of 
public  works  are: 

The  low  debt  limit  placed  on  cities  by  state  laws  or 
•charters  is  a  bar  to  progress.  Railway  companies  usually 
issue  bonds  to  the  extent  of  75  per  cent  of  the  cost  of  their 
plants.     If  a  city  builds  sewers,   water  works,  pavements. 


etc..  judiciously,  it  provides  "plants"  that  should  be  bond- 
able.  A  bond  limit  of  2  per  cent  on  the  assessed  value  of 
all  property  in  a  city  is  much  too  low  a  limit.  Moreover 
it  has  no  relation  to  the  profitableness  of  public  improve- 
ments. 

The  assessment  of  the  entire  cost  of  street  improvement 
against  abutting  property  is  as  serious  an  economic  blun- 
der as  was  the  similar  assessment  of  counti-y  road  costs 
against  adjacent  farms.  Highways,  whether  in  cities  or  in 
the  country,  should  be  largely,  if  not  entii-ely,  paid  for  from 
general  funds.  We  now  have  Federal  and  state  aid  laws 
to  encourage  road  building,  and  they  are  working  well. 
Why  not  have  city  aid  laws  to  encourage  street  improve- 
ment? Not  half  the  mileage  of  streets  in  cities  and  less 
than  half  in  villageij  can  be  called  fit  for  motor  vehicle 
traffic.  Let  the  city  at  large  pay  for  two-thirds  the  cost  of 
street  improvement,  the  abutting  property  paying  for  the 
balance,  and  let  20-year  bonds  be  issued.  Then  adequate 
progress  in  street  improvement  may  be  looked  for. 

The  county  commission  system  of  county  management 
is  a  serious  obstacle  to  progress.  The  county  commissioners 
should  act  mei'ely  like  a  board  of  directors  of  a  company, 
and  they  should  be  capable  business  men  and  successful 
farmers.  They  should  select  an  engineer  as  county  man- 
ager, and  he  should  be  the  executive  head  of  tlie  county. 
He  should  prefei-ably  be  an  engineer  endorsed  by  the  state 
society  of  engineers. 

Where  large  cities  exist  the  county  government  should 
be  merged  in  the  city  government. 

The  operation  and  maintenance  of  city  plants  designed 
by  engineers   should   be   under  the  managerial  direction  of 
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t^ngineers.  Thus,  ihe  operation  ol'  wnier,  sewer  uiul  street 
mnimennnce.  and  cleaniriK  ilepartnients  should  be  either 
uniler  the  direction  of  the  I'ily  Kn'gineer  or  under  special 
department  enjiineers.  MunuKerial  enpinoerini;  not  only 
Increases  the  elHciency  of  such  departments,  but  leads  to 
prompt  improvement  and  extension  of  the  plant.  The 
term  ■plant"  is  here  used  in  its  broad  sense.  A  street 
system,  lor  example,  is  part  of  the  transportation  plant 
that  serves  every  citizen.  Street  maintenance  is  as  much 
an  engineerinp  job  as  pavement  design  and  construction. 
The  cleaninK  of  streets  is  a  part  of  street  maintenance,  and 
should  be  so  treated. 

State  laws  and  city  charters  frequently  prohibit  cities 
from  selling;  water  to  people  outside  the  city.  This  is  an 
economic  mistake,  and  prevents  the  development  and  ex- 
tension of  thousands  of  municipal  water  plants.  Water 
should  be  used  extensively  for  irrigating  gardens,  even  in 
most  of  the  so-called  humid  parts  of  America.  If  city 
water  works  could  be  enlarged  and  extended  so  as  to  ren- 
der this  irri.sation  service  not  only  to  city  residents  but  to 
suburban  residents,  every  one  would  be  greatly  the  gainer. 
Water  for  irrigation  of  such  gardens  can  be  sold  at  a  very 
low  rate  and  still  yield  a  splendid  profit  on  the  investment. 

Relatively  few  municipal  water  works  are  now  managed 
by  engineers,  which  largely  accounts  for  the  fact  that  city 
.garden  irrigation  has  never  been  encouraged.  In  addition, 
legal  obstacles  have  often  prevented  cities  from  extend- 
ing their  water  systems  into  the  surrounding  country. 

State  law  and  city  charters  usually  fail  to  provide  for 
the  joint  ownership  and  operation  of  w-ater  works  by  two 
or  more  cities.  If  such  restrictions  were  removed,  there 
would  be  many  economic  consolidations  of  city  water  works. 

Laws  relating  to  water  rights  are  very  bad  in  many 
states,  so  bad  that  irrigation  and  hydroelectric  develop- 
ments are  discouraged.  A  study  of  such  laws  and  confer- 
ences wiih  local  irrigation  and  power  companies  will  dis- 
close what  is  needed  in  each  state. 

Local  engineering  societies  in  each  state  can  perform  a 
public  service  of  vast  importance  if  they  will  study  local 
laws  with  a  view  to  recommending  changes  to  legislatures 
and  city  councils.  It  will  be  more  effective  if  committees 
of  engineers  present  such  recommendations  in  person  and 
support  them  by  word  of  mouth.  The  endorsement  of  other 
professional  and  business  organizations  should  be  secured, 
if  possible.  In  seeking  such  endorsement  an  effort  should 
be  made  to  impress  the  fact  that  all  engineers  are  primarily 
economists,  that  very  few  engineers  have  any  political 
axes  to  grind,  and  that  engineering  societies  advocate 
changes  in  law's  and  ordinances  only  for  the  purpose  of  se- 
curing more   economic  administration   of  public  affairs. 


Is  It  Worth  While  Attempting  to 
Define  Engineering? 

One  of  our  contemporaries  has  recently  said  that  al- 
though nearly  everyone  knows  who  is  and  who  is  not  an 
engineer,  it  seems  impracticable  to  define  an  engineer  in 
a  way  that  will  be  wholly  satisfactory  to  all.  Our  con- 
temporary seems  to  imply  that  it  is  a  fruitless  task  to  try 
to  frame  a  definition  of  engineering,  but  with  such  an 
opinion  we  can  not  agree. 

When  any  one  says  that  he  knows  perfectly  well  what  a 
given  term  means  but  can  not  define  it,  it  may  be  ques- 
tioned whether  he  has  as  clear  an  idea  of  the  significance 
of  the  term  as  he  thinks  he  has.  Certainly  no  engineer 
who  is  accustomed  to  write  specifications  would  admit  that 
he  could  not  specify  what  is  concrete,  or  cast-iron  pipe,  or 
macadam,  or  clearing  and  grubbing,  or  any  of  the  terms 
used  in  his  specifications.  Yet  to  define  is  to  specify,  and 
to  specify  Is  to  distin.guish  by  stated  characteristics  or 
"marks." 

It  is  our  contention  that  engineering  can  be  defined,  and 
that  it  should  be  defined.  We  admit  that  differences  of 
opinion  may  always  exist  as  to  who  should  be  called  an 
engineer,  for  as  we  said  in  our  Dec.  4  editorial  discussion 
of  the  subject:  "It  should  be  recognized  at  once  that  no 
definition  of  any  class  of  mental  activity  can  be  framed 
that  will  perfectly  define  the  boundary  line  between  it 
and  other  classes,  unless  some  more  or  less  arbitrary  di- 


vision is  cslalilislu'cl."  (iluimisly  wluTe  men  must  agree 
upon  an  arbitrary  line  of  division  there  is  not  only  chance 
for  dispute,  but  certainty  thai  any  dividing  lino  selected 
today  will  not  necessarily  remain  in  force  10  years  hence 
or  even  a  year  hence.  Nevertheless,  it  is  not  a  fruitless 
tusk  to  define  terms  even  if  there  is  certainty  that  the 
dednitions  are  to  he  changed  later.  The  main  object  of 
definition  is  to  secure  a  dellnilc  menial  i)icture  of  the  thing 
ilefinod,  so  that  when  two  or  more  men  use  the  same  lorin 
they  will  have  the  same  menial  picture,  also  so  that  when 
any  man  uses  the  same  term  at  different  times  he  will 
have  the  same  mental  picture  unless  he  has  chosen  to 
change  the  meaning  of  the  term. 

Logicians  are  unanimous  iu  urging  the  importance  of  de- 
fining all  terms,  and  works  on  logic  contain  numerous  il- 
lustrations of  fallacies  arising  from  the  use  of  ambiguous 
terms.  ICngineers  have  usually  not  studied  logic,  and,  as  a 
result,  their  specifications  are  often  so  carelessly  worded 
as  to  open  the  way  for  litigation.  This  point,  however,  is 
merely   incidental   to   our  present  theme. 

Although  the  main  object  of  defining  terms  is  to  secure- 
freedom  from  ambiguity,  that  is  not  always  the  sole  ob- 
ject. Thus  in  the  case  of  the  word  "engineer"  one  object 
of  definition  is  to  convey  to  the  public  a  proper  concep- 
tion of  the  scope  of  the  work  of  the  modern  engineer. 
There  is  no  doubt  that  the  public  still  holds  to  the  con- 
ception of  an  engineer  as  being  a  man  who  merely  designs, 
machines  and  structures.  That,  in  fact,  was  the  concep- 
tion of  engineering  that  prevailed  in  most  engineering  col- 
leges 15  years  or  so  ago.  The  conception  of  Ihe  engineer 
as  one  who  applies  any  science  in  an  economic  manner 
has  even  yet  not  spread  to  all  engineers. 

If  it  desired  to  prove  that  the  public  still  has  a  narrow 
ahd  almost  antique  idea  of  engineer,  turn  to  the  definitions 
of  engineering  in  any  dictionary.  The  following  are  two- 
typical  definitions: 

Engineering,  in  its  modern  and  extended  sense,  is  I  he- 
art and  science  by  which  the  mechanical  properties  of  mat- 
ter are  made  useful  to  man  in  structures  and  machines. 
— Webster's  Dictionary. 

Engineering;  the  art  of  constructing  and  using  engine.'^ 
and  machines;  the  art  of  executing  civil  or  military  works 
which  require  a  special  knowledge  or  use  of  machinery^ 
or  the  principles  of  mechanics. — Century  Dictionary. 

In  Encyclopedia  Americana  (1912)  Prof.  George  F.  Swain 
endorses  Thomas  Tredgold's  old  definition  as  still  being 
the  best,  namely:  "Engineering  is  the  art  of  directing 
the  great  sources  of  power  in  nature  for  the  use  and  con- 
venience of  man." 

For  thirteen  years  Engineering  and  Contracting  has  con- 
tended that  such  definitions  of  engineering  are  behind  the- 
times,  to  say  nothing  of  other  objections  to  them.  They 
all  fail  to  include  management  engineering  or  the  applica- 
tion of  science  to  the  management  of  men;  and  they  fail 
to  state  the  prime  function  of  the  modern  engineer  which 
is  to  apply  science  (any  science)  to  the  problems  of  eco- 
nomic production. 

In  our  issue  of  Dec.  11,  Mr.  Isham  Randolph  objects  to- 
the  definition  of  engineer  that  we  gave  in  our  issue  of  Dec. 
4.' which  was:  "An  engineer  is  one  whose  vocation  is  the- 
systeniatic  study  and  application  of  science  to  the  problems 
of  economic  production."  His  objection  seems  to  lie  mainly 
in  the  fact  that  under  this  definition  it  matters  not  whether 
the  engineer  works  in  the  interest  of  humanity  or  to  ac- 
complish the  destruction  of  his  fellow  men.  He  says: 
"What  we  require  is  a  definition  suited  to  the  pursuits  of 
peace,  and  we  want  the  kind  of  engineer  who  can  'benefit 
mankind'  by  his  knowledge,  skill  and  experience.  We  want 
a  human  engineer,  not  a  cold,  abstract  being  whose  effort 
is  centered  on  a  creation  which  has  no  relation  to  human 
welfare." 

Wp  reply  by  asking  whether  we  want  any  class  of  men 
on  earth  to  be  other  than  human  and  humane?  If  all 
classes  were  to  conform  to  this  ideal — and  surely  no  one 
wishes  it  otherwise — then  it  w-ould  be  fruitless  to  define 
en.gineers  as  being  men  who  work  "for  the  benefit  of  man- 
kind," for  such  a  definition  would  apply  equally  well  to 
every  class  of  men  and  therefore  would  be  no  definition  at 
all.  We  engineers  can  scarcely  hope  to  maintain  ourselves 
upon  a  pedestal  above  every  other  class  of  men.  although 
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it  if.  a   worthy   Hiubition   to   seek   to   have   olhcr  classes  re- 
sard  us  as  deserving  the  highest  praise. 

Mr.  A.  H.  Krom  has  written  tills  definition:  "An  ensi- 
neer  is  one  who  economically  directs  man  power,  and,  by 
scientific  design,  utilizes  the  forces  and  materials  of  na- 
ture for  the  benefit  of  mankind."  Mr.  Randolph  favors  the 
inclusion  of  the  last  five  words,  which  we  regard  as  super- 
fluous unless  it  shall  be  generally  thou,a:ht  desirable  to  em- 
phasize the  altruistic  nature  of  an  engineer's  labor.  We 
certainly  have  never  regarded  altruism  as  anything  but  an 
admirable  trait.  We  doubt,  however,  the  right  of  any  class 
of  men  to  use  altruism  as  a  distinguishing  mark.  Are  en- 
gineers more  altruistic  than  doctors,  than  architects,  than 
any  one  of  dozens  of  other  classes  that  might  be  named" 
If  not.  then  is  it  not  both  unscientific  and  somewhat  ego- 
tistic to  lay  claim  to  a  characteristic  that  is  found  in  many 
other  classes  of  men?  We  were  not  dogmatic  about  this 
point  in  our  editorial  of  Dec.  4  and  we  are  not  dogmatic 
now.  We  repeat  that  "it  may  be  desirable  thus  to  empha- 
:s;ize  the  public  service  that  civil  engineers  perform." 

There  is  a  further  objection  to  the  use  of  the  words  "for 
the  benefit  of  mankind"  in  a  definition  of  the  word  engi- 
neer, aside  from  supertiuity.  If  those  words  are  intro- 
duced the  question  is  at  once  raised  whether  many  mili- 
tary engineers  are  not  excluded  from  the  class  engineer. 
Mr.  Randolph  apparently  implies  that  at  least  some  mili- 
tary engineers  should  be  excluded,  for  he  says:  "The  men 
who  produce  these  things  [engines  of  war]  are  engineers 
and  their  productions  may  benefit  one  group  of  mankind 
while  it  destroys  another  group  and  causes  unutterable 
misery.  The  devilish  manifestations  of  this  class  of  en- 
gineering skill  have  been  too  evident  upon  the  battlefields 
of  Europe."  If  any  military  engineers  are  to  be  excluded 
from  a  definition  of  engineer  because  their  work  is  not 
"for  the  benefit  of  mankind,"  must  not  all  be  excluded? 
Doubtless  the  German  would  exclude  the  British  engineer 
who  invented  the  "tank"  and  the  American  engineer  who 
invented  the  "caterpillar  wheels"  that  made  the  tank  pos- 
sible; for,  by  German  standards,  those  engineers  did  not 
work  "for  the  benefit  of  mankind"  when  they  aided  in  de- 
feating Germany.  Must  we,  then,  ascertain  the  judgment 
•of  all  mankind  as  to  whether  a  given  man  has  worked  "for 
the  benefit  of  mankind"  before  we  can  decide  whether  or 
not  he  may  be  clas.sed  a?  an  engineer?  It  seems  clear  that 
if  we  introduce  any  question  of  morality  into  a  definition 
of  engineer,  we  at  once  raise  endless  difficulties.  Yet  we 
■can  not  avoid  questions  of  morality  if  we  use  such  an  ex- 
pression as  "for  the  benefit  of  mankind."  This  is  well  il- 
lustrated by  Mr.  Randolph's  own  use  of  the  expression 
"devilish  manifestations  of  this  class  of  engineering." 

It  should  be  recalled  that  Thomas  Tredgold  probabl.v 
had  in  mind  "civil  engineers,"  as  distinguished  from  "mili- 
tary engineers,"  when  he  wrote  his  definition  of  en.gineer- 
ing.  Perhaps  Mr.  Krom  and  Mr.  Randolph  also  had  in 
n'ind  a  similar  distinction.  We,  on  the  other  hand,  were 
attempting  to  define  all  engineers,  military  as  well  as 
civil. 

C.  C.  Williams  of  Kansas  University  has  prepared  the 
following  definition:  "Engineering  is  the  :--cience,  art,  and 
business  of  utilizing  the  forces  and  materials  of  nature 
and  the  abilities  of  men  to  promote  the  welfare  and  pros- 
perity of  mankind."  This  definition  retains  the  old  Tred- 
gold conception  of  altruism,  and  is  in  other  respects  simi- 
lar to  Mr.  Krom's  definition.  It  has  the  defect  of  not  being 
suflicientiy  specific,  for  it  applies  quite  as  well  to  an  in- 
telligent, up-to-date  farmer  as  it  does  to  an  engineer.  An 
engineer  systematically  studies  science  with  a  view  to  ap- 
plying it  economically  or  with  the  maximum  conservation 
of  labor,  materials  and  time:  and  he  makes  this  study  and 
application  of  seienc'e  his  vocation.  A  farmer  does  not  make 
the  study  and  application  of  science  his  vocation;  that  is 
only  an  incidental  part  of  his  work. 

Disputes  over  definitions  often  degenerate  into  fruitless 
quibbles,  but  where  the  definition  is  that  of  a  class  of  men, 
and  where  the  public  has  either  a  misconception  or  an  in- 
adequate conception  of  the  functions  of  that  class,  it  can 
not  be  said  that  it  is  fruitless  to  try  to  specify  the  class. 
If  engineers  were  more  commonly  re,garded  as  practical 
•economists    than    merely  as  mathematicians  and  designers. 


there  would  be  vastly  more  work  of  great  economic  impor- 
tance  placed   under  their  direction  than  there   now   is. 

Since  the  foregoing  was  written  we  have  come  upon  a 
discussion  of  "What  Is  an  Engineer,"  by  A.  W.  Allen,  in  the 
Engineering  and  Mining  Journal,  which  we  reprint  in  full 
in   iinother  column. 


Half  a  Billion  Dollars  for  Federal 

Roads  Asked  by  the  Highway 

Congress 

The  Highv.-ay  t'ongress,  a  joint  session  of  the  National 
Association  of  Slate  Highway  Officials  and  the  Highway 
Industries  Association,  on  Dec.  12,  adopted  a  resolution 
recommending  an  independent  Federal  Highway  Bureau 
and  an  interstate  road  system  to  be  constructed  and  main- 
tained by  the  Government.  They  also  favored  a  Federal 
appropriation  of  half  a  billion  dollars  for  roads,  to  be  spent 
at  the  rate  of  $100,000,000  anuually. 

In  our  issue  of  Dec.  4  we  urged  the  separation  of  the 
present  Office  of  Public  Roads  from  the  Department  of 
Agriculture,  and  the  creation  of  an  independent  Depart- 
ment of  Highways.  We  also  urged  an  immediate  Federal 
appropriation  of  several  billion  dollars  for  roads.  Although 
the  Highway  Congress  did  not  go  so  far  as  to  ask  for  sev- 
eral billions,  it  did  ask  for  half  a  billion,  which  is  five  times 
as  much  as  any  association  has  hitherto  recommended.  How- 
ever, we  still  feel  that  the  Highway  Congress  was  alto- 
gether too  low  in  its  estimate  of  the  sum  of  money  that 
can  be  and  should  be  economically  invested  in  improved 
roads  by  the  Federal  Government.  Even  in  normal  times 
a  Federal  expenditure  of  $100,000,000,  or  less  than  $1  per 
capita,  would  be  inadequate.  In  these  abnormal  times  of 
"reconstruction"  there  is  economic  justification  for  the  ex- 
penditure of  20  times  that  sum  during  1919. 

In  this  connection  we  may  add  that  no  civil  engineer  who 
takes  a  really  broad  view  of  economics  will  advise  a  city, 
county  ot  state  to  curtail  expenditures  until  prices  and 
wages  fall.  Such  action  will  be  the  surest  way  to  make 
them  fall,  it  is  true,  but  the  fall  is  apt  to  be  a  crash.  There 
is  the  greatest  economic  need  right  now  of  more  work — 
work  on  a  large  scale.  Private  companies  and  individ- 
uals have  their  hands  more  than  full  in  trying  to  give  em- 
ployment to  discharged  soldiers  and  war  workers.  It  is 
a  duly--a  real  economic  necessity — to  provide  employment 
for  these  men,  and  no  city,  county  or  state  should  shirk 
this  duty  in   the  slightest. 


National    Highways    and    Motor 
Trucks 

To  tile  Editor:  National  highways  for  motor  vehicles 
will  be  one  of  the  most  discussed  engineering  problems  for 
the  coming  dec;ide. 

After  a  careful  study  of  the  conservation  of  national  re- 
sources, the  canal  as  constructed  and  used  in  Europe,  has 
opened  the  eyes  of  America  to  the  possibilities  in  that 
.great  field  of  transportation.  Following  the  canal  the  high- 
way system  as  constructed  in  Europe,  furnishes  food  for 
thou.ght  among  American  engineers  and  the  question 
arises,  can  we  not  profit  by  their  experience  and  at  the 
same   time   improve   on   their  construction   and   methods? 

Highway  construction  has  been  a  mooted  question  among 
American  engineers  for  the  last  25  years.  1  am  sorry  to 
say  that  the  most  important  point  is  not,  "How  can  we 
build  the  best  and  lasting  roadway?"  but  we  see  the  signs. 
"Ro:idway  experiment  -N'o.  1  to  No.  10."  etc.,  where  the 
highway  officials  have  been  experimenting  on  the  ques- 
tion. "How  far  can  we  stretch  the  money  and  how  little 
can  we  give  for  the  money  and  get  away  with  it?"  Are 
the  pres(»it  results  from  a  lack  of  foresight  among  good 
roads  boosters,  or  a  lack  of  education  and  knowledge  of 
the  matter? 

A  generation  or  two  ago  our  grandfathers  loaded  a  ton 
of  [iroduce  on  the  farm  wagon  and  with  two  teams  spent 
several  days  going  lo  market  through  mud  and  mire  more 
or   less   deep;    then   came  the   plank   and   toll   road   with   its 
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stone  foundation  of  uncertain  depree  of  stability,  and  al 
last  came  the  motor  car  and  truck.  Witli  each  improve- 
ment In  the  construction  of  roads  came  the  ever  increas- 
ing load,  until  now.  the  lOlou  truck  with  its  10  to  15-mile 
speed  is  not  an  unusual  siKhl,  and  It  is  with  this  condition 
the  highway  ofllcials  and  engineers  must  contend. 

Will  a  modern  national  highway  system  of  good  roads 
develop  a  heavier  truck?'  Will  we  in  a  few  years  have  a 
15  to  20-ton  truck,  and  must  we  in  our  plans  of  today  look 
forward  and  design  our  construction  lo  moot  such  condi- 
tions? 

Will  the  concrete,  brick  and  macadam  roiuls  we  are  now 
building  stand  up  against  tho  heavy  truck  traffic  of  the 
coming  years?  This  seems  to  me  to  be  a  question  of  vital 
importance.  Supposing  we  construct  concrete  or  brick 
roadways  at  $25,000  per  mile  and  in  5  years  llnd  tljat  the 
truck  traffic  is  pounding  them  to  pieces,  would  it  not  be 
a  wise  proposition  to  stop  now  and  consider  and  possibly 
pay  a  little  more  per  mile  for  something  that  is  ever-last- 
ing? 

Your  first  French  lesson  in  road  construction  will  be 
the  straight  lines  between  towns  and  cities.  When  you 
figure  the  initial  expense  of  construction  per  mile,  the 
maintenance,  the  wear  and  tear  on  roads  and  vehicles,  the 
cost  of  gasoline  or  motive  power,  the  more  direct  lines  for 
roads  are  by  far  the  most  economical.  In  America  we  fre- 
quently go  160  miles  around  when  the  direct  route  is  but 
100  miles.     This  is  not  the  French  way. 

The  next  lesson  in  road  construction  is  that  a  good  road 
will  cost  real  money  and  a  cheap  roadway  is  better  left 
unbuilt.  The  part  of  the  road  you  cannot  see  is  the  most 
expensive;  that  is,  the  foundation.  If  we  were  to  build 
steamships  on  the  same  plan  that  we  construct  many  of 
our  roads,  how  far  from  shore  would  they  sail?  The  foun- 
dation of  a  road  is  just  as  important  thereto  as  the  solid 
keel  and  frame  to  a  ship. 

The  Govei-nment  will  have  from  150,000  to  200,000  trucks 
and  trailers  of  3%  to  7-lon  capacity  on  its  hands  when 
our  troops  return  from  overseas.  The  question  will  be, 
what  to  do  with  them.  The  most  feasible  plan  would  be 
(if  we  had  a  good  systetn  of  roads),  to  establish  post  or  ex- 
press routes  covering  the  entire  country;  the  farm  prod- 
ucts that  could  be  carried  from  farm  to  town  w-ould  pay 
for  the  maintenance  and  give  a  large  return  on  the  invest- 
ment. 

Under  the  old  system  of  roadways  the  farmer  who  is 
5  or  6  miles  from  the  railroads  will  not  ship  his  produce, 
neither  will  he  raise  special  truck  for  city  consumption; 
but  with  the  concrete  or  brick  roadway,  a  distance  of  25 
miles  can  be  covered  in  the  time  5  miles  are  now  traveled. 

With  a  general  national  highway  system  through  the 
various  states  the  question  of  routes  is  of  great  importance. 
A  highway  that  leads  to,  but  not  through  a  village  or  city 
is  desirable;  as  you  approach  a  village  the  intersecting 
streets  become  more  frequent,  which  requires  a  reduction 
of  speed,  and  passing  through  a  town  the  danger  of  col- 
lision increases,  which  with  the  loss  of  speed  on  account 
thereof  is  a  waste  of  time  and  money.  Therefore  I  would 
suggest  that  all  interstate  or  national  highways  be  so  con- 
structed as  to  pass  near  towns  and  cities  but  not  through 
them. 

Trans-continental  highways  should  be  laid  out  under  a 
national  body,  be  constructed,  managed  and  maintained  by 
it  on  a  right  of  way  similar  to  that  of  a  railroad  with  curves 
and  uniform  grades  and  on  direct  routes.  The  roadbed 
should  have  proper  drainage,  cuts  fills,  and  a  foundation 
heavy  enough  to  carry  the  traffic  under  the  most  adverse 
conditions  and  should  reach  every  State  in  the  Union. 

The  writer  would  like  to  see  the  Lincoln  Highway  con- 
structed as  a  boulevard,  200  ft.  wide,  running  across  the 
continent  with  separate  traffic  and  pleasure  lines,  of  suffi- 
cient width  and  strength  to  carry  the  heaviest  loads.  It 
should  be  beautified  with  rows  of  trees  on  each  side,  and 
should  traverse  the  shortetst  route  between  points,  and 
again  would  suggest  that  it  pass  through  no  cities  or  vil- 
lages en  route.  EDGAR  A.  ROSSITER. 
Chicago,  111. 


Rapid  Road   Construction  Under 
War  Conditions 

Two  interesting  cases  of  speedy  road  construction  under 
war  time  conditions  were  described  by  Mr.  t'linton  Cowen, 
State  Highway  Commissioiu'r  of  Ohio,  in  a  paper  presented 
Dec.  9  at  the  Chicago  meeting  of  the  American  Association 
of  Slate  Highway  Ollicials.  One  of  these  was  the  improve- 
ment of  a  section  of  I  he  highway  from  Columbus,  C,  to 
Camp  Sherman.  Large  supplies  of  good  gravel  existed  at 
dilTerenl  places  almost  the  entire  length  of  the  road  to  be 
improved,  which  was  a  link  of  ;i:!  miles  connecting  improve- 
ments formerly  made  by  the  State  Highway  Department. 
The  link  as  it  existed  was  an  old  worn  out  macadiiin  and 
gravel  type  of  construction  without  drainage  and  with  many 
places  broken  through  to  the  clay.  The  Deputy  of  Mainte- 
nance prepared  and  submilted  an  approximate  estimate  of 
cost  of  a  quick  and  economical  but  substantial  improvement 
of  this  road  with  gravel.  The  estimate  was  about  $3,300 
a  mile.  This  included  all  road  drainage,  widening  of  the 
shoulders  and  the  surface  of  IG  ft.  of  from  4  to  5  ins.  of 
waterbound  gravel. 

Tho  work  was  undertaken  and  carried  out.  divided  into 
a  convenient  number  of  sections,  by  force  account  under  the 
imijiediate  supervision  of  the  deputy  of  maintenance.  The 
total  cost  of  the  construction  and  of  maintenance  up  to  ihe 
present  time  is  about  $3,400  a  mile.  The  exact  cost  of  orig- 
inal construction  cannot  be  separated  from  the  cost  of 
maintenance  because  the  maintenance  commenced,  of 
course,  on  portions  of  the  road  before  the  remainder  had 
been  completed.  The  whole  work  of  constructing  the  33 
miles  was  finished  in  a  period  of  about  six  months,  and  this 
was  done  without  blocking  the  road  against  traffic  and  with 
very  little  inconvenience  to  tlie  ptiblic.  This  was  accom- 
plished through  the  use  of  good  bank  gravel  and  motor 
truck  and  horse-drawn  wagons. 

Immediately  on  the  completion  of  this  road  the  travel  was. 
so  great  that  a  double  line  of  motor  cars  with  a  capacity 
of  20-odd  passengers  was  inatalled,  making  two  round  trips 
a  day.  The  work  of  maintenance  is,  of  course,  continuous, 
although  not  expensive. 

The  other  instance  cited  by  Mr.  Cowen  was  the  improve- 
ment of  a  14-mile  section  of  the  National  Highway.  The 
contract  w-as  let  in  April,  1918,  under  a  cost  plus  basis.  The 
Government,  realizing  the  importance  of  this  work,  lent 
such  assistance  through  railroad  service  as  congested  and 
restricted  conditions  of  traffic  would  permit.  Prison  labor, 
free  labor,  auto  trucks  and  horse-drawn  wagons  were  used 
on  each  section.  With  much  of  the  force  inexperienced  and 
witli  organizations  more  or  less  imperfect  as  must  obtain 
on  work  of  this  magnitude  and  under  such  conditions,  the 
entire  stretch  of  road  was  completed  and  opened  for  travel 
on  Oct.  22,  1918,  a  period  of  a  little  more  than  six  months. 

The  type  of  road  was  brick  with  mastic  filler,  16  ft. 
wide,  upon  a  6-in.  rolled  sandstone  base  with  6-in.  cement 
curbs.  The  grading  was  rather  heavy.  The  estimated  cost 
of  the  14  miles  was  $488,500,  which  was  prepared  in  Jan- 
uary, 1918.  The  actual  cost  of  construction  is  not  yet  fully 
determined  but  will  exceed  the  estimate  in  the  neighbor- 
hood of  20  per  cent,  which  may  be  largely  accounted  for  in 
the  increased  freight  rates  and  the  amount  of  material  used 
in  the  construction  of  a  cost  plus  job  over  that  in  a  similar 
job  under  a  straight  contract. 

To  the  use  of  convict  labor  on  this  work  may  be  credited 
a  large  measure  of  the  success.  Although  such  labor  did 
not  exceed  possibly  33%  per  cent,  the  stabilizing  effect  it 
had  on  free  labor  was  no  doubt  the  means  of  preventing 
more  or  less  unsettled  conditions. 


Road  Grading  with  Board  Scraper  and  Hoist. — Grading  on 
some  Michigan  roads  last  season  was  done  with  a  board 
scraper  pulled  by  a  small  gasoline  reversible  hoist  placed 
on  a  truck  in  the  center  of  the  road  grade.  A  scraper  was 
hitched  to  each  end  of  the  cable,  the  center  of  which  was 
wound  on  the  drum  so  that  as  one  scraper  was  drawn  out 
of  the  ditch  with  a  full  load  the  other  was  released  and 
backed  to  the  ditch.  This  method  is  stated  to  have  been 
quite  satisfactory. 
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One  Course  Sidewalks  Feature  of 

Donora  Concrete  Housing 

Development 

One-course  concrete  sidewalks  finished  with  a  roller  and 
wood  float  came  as  a  natural  sequence  to  the  construction 
of  millions  of  yards  of  concrete  roads  throughout  the 
United  States.  So  simple  is  the  method  of  construction 
and  so  successful  the  results  that  it  is  surprising  more 
extensive  use  has  not  been  made  of  its  opportunities  for 
saving  labor  and  improving  construction. 

Two-course  construction  involves  the  mixing  of  concrete 
of  two  proportions,  sometimes  results  in  separation  of  top 
course  from  the  base  and  offers  opportunity  for  the  un- 
scrupulous contractor  to  skimp  the  base. 

The  one-course  type  was  decided  upon  for  the  subdivision 
of  the  American  Steel  &  Wire  Co.  at  Donora,  Pa.,  where 
an  extensive  concrete  housing  development  is  being  com- 
pleted. Contract  was  let  for  approximately  25,000  sq.  ft. 
of  5-ft.  walk,  4I/2  in.  thick.  The  work  was  handled  in  much 
the  same  way  as  one-course  concrete  road  construction. 

Of  especial  interest  are  the  steel  dividing  plates  used 
to  separate  concrete  into  5-ft.  slabs,  as  the  plates  must  not 
extend  above  the  sidewalk  surface  if  the  roller  method  of 
finishing  is  to  be  followed.  Since  it  is  difficult  to  cut 
through  one-course  concrete  with  a  trowel  or  even  to  groove 
the  walk  deep  enough  to  make  sure  that  the  concrete  will 
separate  where  marked  if  contraction  or  setlement  occurs, 
some  type  of  dividing  plate  is  necessary. 

Where  wooden  side  forms  were  used.  3/16-in.  steel  plates 
5  ft.  long  by  4%  in.  in  depth  were  spaced  at  5-ft.  intervals. 
Near  the  top  at  each  end  of  the  plate  a  small  hole  was  pro- 
vided so  that  the  plate  could  be  removed  with  hooks.  To 
prevent  concrete  from  pushing  these  plates  out  of  position, 
they  were  staked  near  the  ends  and  at  the  center  with  steel 
pins, 

On  part  of  the  work  the  forms  were  of  s'eel.     The  type 


Roller    and     Strikeboard    for    1-Course     Concrete    Walks.       Strike 
Board    Levels  Concrete   I '2   in.  Above  Top   of   Forms. 

of  dividing  plate  used  with  these  patented  forms  had  a  pro- 
jecting part  in  the  shape  of  a  hook  on  each  end  which  fitted 
over  the  vertical  web  of  the  channel-shaped  side  form,  the 
upper  flange  being  cut  through  to  make  that  possible.  Only 
one  stake  on  level  ground,  or  two  on  grades,  were  needed 
with  this  type  of  plate. 

Concrete  was  mixed  in  proportions  of  1:2:3,  using  crushed 
blast  furnace  slag  ranging  in  size  from  Vi  in.  to  I14  in.  as 
coarse  aggregate.    This  gave  particles  larger  than  are  ordi- 


narily used  in  sidewalk  construction,  but  little  trouble  was 
experienced  from  this  cause  when  the  concrete  was  finished 
with  a  heavy  roller. 

Care  was  taken  to  make  adequate  provision  for  expansion. 
Every  50  ft.  a  strip  of  prepared  filler  %  in.  in  thickness  was 
placed  across  the  sidewalk,  and  where  the  walk  abutted  a 
street  curb  two  thicknesss  of  filler  were  used.  Between 
houses  and  walks  a  %-in.  joint  was  placed. 

Concrete  was  deposited  directly  on  the  clay  subgrade  and 
struck  off  %  in.  high  with  a  template.  Following  this,  con- 
crete was  rolled  lon.gitudinally  with  a  10-in.  roller  5  ft.  5  in. 


Finishing  One-Course  Walk.  Showing  True  Surface  Obtained  with 

Wood   Floats.      Man   at   Right   Is   Removing   Steel 

Dividing    Strips. 

long,  which  weighed  2%  lb.  per  lineal  inch.  Since  this  roller 
rested  on  the  side  forms  after  concrete  had  been  compacted 
to  the  proper  level,  it  was  satisfactory  although  heavier 
than  is  used  ordinarily.  Immediately  after  rolling  the  sur- 
face was  finished  with  wood  floats,  dividing  plates  were  re- 
moved, joints  grooved  and  the  sidewalk  edged. 

The  concreting  crew  was  made  up  of  14  men,  including 
the  superintendent :  five  men  were  employed  in  the  mixing 
crew,  three  wheeled  concrete,  two  set  forms  and  three  did 
the  finishing.  Twenty-one  hundred  square  feet  was  the 
largest  day's  work  done,  while  1,800  sq.  ft.  was  a  fair  daily 
average.  The  mixer  was  a  two-sack  batch  side  dump  ma- 
chine.    Usually  it  was  moved  four  times  daily. 

On  the  Donora  sidewalk  work  W.  S.  Wamser  served  as 
superintendent  for  the  contractor,  Masters  &  Mullen  Co.  of 
Cleveland,  and  W.  F.  Dennis  was  engineer  for  the  American 
Steel  &  Wire  Co. 


Marking  State  Highway  Systems 

The  State  of  New  Hampshire  has  an  especially  complete 
system  for  marking  the  state  highways.  Each  highway  is 
given  a  distinctive  color  or  combination  of  colors.  Color 
bands  are  painted  about  two  telegraph  poles  either  side  of 
each  intersecting  highway  and  on  the  end  posts  of  all  guard 
rails.  If  poles  are  not  already  erected  at  intersections  they 
set  poles  or  else  paint  color  bands  on  metal  strips  and  tack 
them  around  trees.  It  is  consequently  very  hard  to  get  lost 
on  any  of  the  State  highways  in  New  Hampshire.  In  that 
State  a  town-line  sign  is  set  up  at  each  town  line  giving 
the  names  of  two  towns.  This  proves  to  be  of  very  great 
convenience  to  travelers.  On  some  of  the  State  high- 
ways concrete  or  granite  mile  posts  have  been  set. 

Color  bands  are  also  used  for  marking  State  highways 
in  Connecticut  and  Massachusetts.  North  and  south  routes 
are  designated  with  blue  bands:  east  and  west  highways 
with  red  bands:  and  diagonal  highways  are  marked  with 
yellow. 
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The    Economic    Limit    to   Motor 
Truck  Weights 

Hy  KOm:UT  C.  BARNETT. 

i;ciiiioiiiii-    KnKlnwr    lliKtiway    Trnnsiiort    Comriillloo    of    Missouri 
Council    of    Defense. 

It  has  been  i)ropo.feil  to  limit,  by  legal  enactment,  the 
■weight  of  motor  trucks  passing  over  our  highways.  Such  a 
step  may  temporarily  save  miles  of  mediocre  highways 
while  postponing  further  ami  further  the  attainment  of  the 
real  objective— ecimoniic  transportation. 

While  thus  saving  money  on  pavement  we  are  spending 
it  on  operation.  In  this  way  we  blindly  shift  the  burden 
irom  one  shoulder  to  the  other.  Without  a  scientific  deter- 
mination of  the  truck  limit,  we  may  readily  fall  short  of 
true  economy.  It  is  hardly  probable  that  a  limit  set  bv 
legislative  action  will  coincide  with  the  true  economic  limit. 
Any  difference  between  these  two  limits  becomes  an  ever 
present  incentive  to  seek  further  and  further  readjustment 
This  adjustment  can  be  had  only  through  the  expensive  and 
tedious  process  of  "cutting  and  trying,"  unless  we  promptly 
develop  the  science  of  transportation  economics  to  meet  the 
exigencies  of  the  situation. 

As  yet  the  principles  of  economic  highway  transportation 
j\re  in  their  nascent  period.  Many  criteria  are  yet  to  be 
formulated.  Therefore  there  needs  to  be  undertaken  a  sys- 
tematic investigation  and  an  exhaustive  study  of  the  fac- 
tors entering  into  this  branch  of  transportation  before  hard 
and  fast  rules  are  laid  down  for  public  guidance.  To  stimu- 
late interest  in  the  carrying  out  of  such  a  program,  it  is 
-worth  while  to  take  stock,  as  it  were,  of  our  present  knowl- 
«dge,  and  to  point  out  our  deficiencies  and  the  particular 
lines  of  data  which  are  yet  needed  to  establish  this  branch 
of  economics.  To  this  end  a  program  for  procedure  will 
first  be  formulated. 

As  in  the  solving  of  all  economic  problems,  there  are  four 
distinct  steps  to  be  taken,  viz.: 

1.  To  form  a  complete  and  definite  idea  of  the  objective. 

2.  To  determine  and  classify  the  various  factors  pro- 
ducing or  affecting  the  objective. 

3.  To  determine  the  quantitative  relation  between  each 
factor  and  the  desired  result,  or  objective. 

4.  To  determine  from  the  preceding  relations  an  interre- 
lation among  the  factors  such  that  a  maximum  economy 
■will  obtain. 

Following  this  program  for  procedure,  we  first  have  to  es- 
tablish a  clear  and  adequate  concept  of  the  object  we  are 
seeking  to  attain.  This  may  be  readily  done  by  considering 
the  use  which  is  made  of  the  truck.  The  purpose  of  the 
motor  truck  being  to  convey  freight  from  place  to  place, 
over  some  highway,  it  is  easil}'  seen  that  the  desideratum 
becomes  the  conveyance  of  a  given  amount  of  freight  per 
tinit  of  time  at  the  lowest  ultimate  cost.  Hence  the  objec- 
tive is  to  secure  those  conditions  that  will  permit  of  attain- 
ing the  least  cost  per  ton-mile  of  transportation. 

Total  annual  cost. 

The  cost  per  ton-mile  = 

Annual  ton-mileage. 

The  next  and  second  step  in  the  program  for  procedure 
is  to  ascertain  all  the  factors  that  affect  this  unit  cost  of 
tighway  transportation.  For  convenience,  the  annual  ton- 
mileage  will  be  kept  constant,  then  the  cost  per  ton-mile 
will  vary  directly  as  the  total  annual  cost.  An  analysis  and 
classification  of  this  total  annual  cost  of  transportation 
show  that  the  following  items  must  be  considered: 

1.  Interest  on  cost  of  physical  equipment. 

2.  Cost  of  insurance,  taxes,  licenses,  etc. 

3.  Cost  of  maintaining  equipment. 

4.  Cost  of  operation. 

5.  Cost  of  administration. 

6.  Cost  of  amortization. 

These  items  of  cost  are  affected  by  three  principal  fac- 
tors that  contribute  to  the  output  of  any  highway  transpor- 
tation system.  The.=;e  are  the  roadbed,  the  vehicles,  and  the 
power  equipment.  Often  the  power  equipment  and  vehicles 
are  combined  in  one  unit.  The  larger  this  unit  the  less  the 
number  of  units  required  to  convey  a  given  tonnage  in  a 
The  total  annual  cost   of  transportation  is  the  sum  of  the 


specilied   time,   or   the   less   the   number   of   trips   required 
annual  cost  ot,  each  factor,  or,  slated  in  concise  form. 

Total      V       ,    Annual  \       ,   Annual  cost  \         Annual  cost 
j  aniuial     |  =  j     cost  of    jfj      of  motive      j,  j  of 

\    losi     /      \  roadbed/      \       power       /     \     vehicles 

The  following  diagram  shows  how  these  three  principal 
factors  are  subdivided  into  secondary  and  tertiary  factors: 

/■I.  Ijiiiiil  for  riyht  of  way. 

2.  ClenrInK,    srubbhiB. 

3.  GrndinB. 

4.  Pavlnj.;-. 

5.  Briilwres.  culvirts  and 
drainage. 

6.  Fences,  .siKns,  mark- 
ers, safety  gates, 
etc. 

7.  EnglnccrlniT  and  legal 
expenses. 


1.  .Annual  cost  of 
roadbed    


Interest  on  con- 
struction cost. . 


)  Repairs. 
1  Itenpwala. 


Annual  cost  of 
power    


.■\nnual  cost  ot 
vehicles   


2,  .Maintenance  .  . . 
;i.  Administration. 
J.  Amortization. 


1.  Interest  on  power  plant. 

2.  L.lcense  and  taxes, 
.'t.   Insurance. 

■1.  Adniinistration.  • 

.1.  liaraglng. 
C.  Gasoline. 

7.  Oil.   grea.se  and   waste. 
s.  Drivers"   salaries. 
9.  Maintenance  of  power  plant. 
I  in.  .Amortization  of  power  plant. 


ri. 

■> 
3. 
t. 

s. 

6. 


Interest  on  first  cost. 
License  and  taxes. 
Insurance. 
Administration. 
GaraginK. 
Maintenance  


I  Kepairs. 
}  Renewals. 


1  Repairs. 
/  Rt-newals. 


Amortization. 

A  careful  consideration  of  these  cost  items  and  their 
composition  will  disclose  to  some  extent  how  they  are  af- 
fected by  the  size  and  weight  of  the  motor  truck.  Begin- 
ning with  the  first  group  of  items,  it  is  readily  seen  that  the 
larger  the  truck  the  greater  the  loading  per  wheel  and  there- 
fore the  stronger  must  be  the  pavement,  bridges,  and  cul- 
verts in  order  to  sustain  the  load.  This  calls  for  an  in- 
crease in  the  first  cost  of  construction  and  hence  in  the 
interest  charge.  Likewise  the  maintenance  cost  ■will  in- 
crease with  the  wheel  load  and  speed,  because  the  rate  of 
abrasion  of  the  ■wearing  surface  increases  with  the  heavier 
loads  as  also  do  the  internal  stresses  leading  to  the  interior 
displacement  of  particles,  while  the  shear  on  planes  parallel 
to  the  pavement  increases  as  the  square  of  the  speed  in  the 
case  of  self-propelled  vehicles.  An  augmented  maintenance 
coFt  calls  for  an  increase  in  the  administrative  work  and  a 
larger  charge  therefor.  The  cost  of  amortization  will  tend 
to  increase  with  the  ■wheel  loads  because  of  the  greater 
value  of  the  pavement  to  be  replaced  as  was  previously 
seen  and  also  its  probable  shorter  life.  From  these  con- 
siderations, we  draw  the  general  conclusion  that  the  annual 
cost  of  roadbed  will  increase  in  some,  as  yet.  unknown  way 
with  the  increase  in  size  and  weight  of  truck. 

Taking  the  second  group  of  factors — annual  cost  of  power 
— it  is  obvious  that  a  larger  and  heavier  truck  calls  for  a 
larger  individual  power  plant,  but,  on  the  other  hand,  the 
larger  the  trucks  the  fewer  trucks  required.  As  a  matter  of 
fact,  for  a  given  annual  tonnage  over  the  same  roadway, 
the  work  done  will  remain  constant.  The  measure  of  this 
work  is  the  product  of  the  gross  tonnage  by  the  unit  tractive 
resistance  by  the  mileage.  For  any  given  case  this  product 
remains  fixed,  hence  a  constant  annual  amount  of  energy 
will  be  required.  As  the  larger  power  units  wiU  be  more 
efficient,  a  saving  in  gasoline  will  result.  Also,  with  the 
larger  capacity  trucks  the  cost  per  unit  of  capacity  becomes 
leos.  hence  there  will  be  a  saving  in  equipment  and  a 
smaller  interest  charge.  The  item  of  license  and  taxes  will 
show  some  increase,  not  strictly  proportional,  with  the  in- 
crease in  size  of  the  individual  power  plant,  as  will  also 
that  of  insurance.  However,  as  fewer  plants  will  be  re- 
quired, there  would  probably  be  some  saving.  The  total 
cost  of  gasoline  will  diminish,  as  before  stated,  with  the 
increase  in  efficiency  of  the  power  plant,  as  will  also  that 
of  oil,  grease  and  waste.  The  driver's  salary  will  remain 
constant  for  the  individual  truck,  but  owing  to  the  lesser 
ntimber   of   the   larger   trucks,   the   total    cost   of   the   item 
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would  decrease  The  maintenance  charge  will  increase 
with  the  size  of  the  individual  power  plant  as  will  also  the 
amortization  charge.  However,  it  seems  likely  that  the 
total  cost  of  each  of  the.se  two  items  will  remain  constant 
or  slightly  decrease  because  of  the  fewer  number  of  power 
plants  required  and' because  the  cost  of  a  power  plant  per 
unit  of  power  is  less  for  the  larger  plants.  On  the  whole, 
it  is  seen  that  the  increase  in  the  size  of  the  truck  tends 
to  decrease  the  annual  cost  of  power  for  the  entire  ton- 
mileage. 

Considering  next  the  third  group  of  factors — annual  cost 
of  vehicles — it  is  apparent  that  they  must  be  affected  by 
the  increase  in  size  of  truck  or  trailer  very  much  in  the 
same  way  as  were  the  items  under  group  2.  We  thus  draw 
the  geneial  conclusion  that  an  increase  in  the  size  of  the 
truck  tends  to  increase  the  first  factor — annual  cost  of  pave- 
ment— while  diminishing  the  second  and  third  factors — 
annual  cost  of  power  and  annual  cost  of  vehicles.  It  is 
required  that  an  adjustment  between  these  groups  of  op- 
posing factors  be  secured  such  that  the  minimum  cost  per 
ton-mile  will  result.  For  this  purpose  it  is  necessary  to 
know  the  quantitative  relation  between  each  one  of  these 
factors  and  the  wheel  load  which  represents  the  size,  ca- 
pacity and  weight  of  the  truck.  To  fix  better  our  attention 
upon  these  factors  affected  by  the  weight  of  the  motor  truck, 
and  upon  the  relations  we  are  seeking,  they  are  listed  as 
follows: 

I.     Annual   cost   ot   roadlied. 
Relation  between  wheel  load  and 

1.  Cost  of  paving,  bridges  and  culverts. 

2.  aiaintenance  ot  paving:,  bridges  and  culvert."!. 

3.  Administration. 

4.  Amortization. 

n.     Annual  cost  ot  power. 

Relation  between  wheel  load  and 

1.  Interest  on   power  plant. 

2.  License  and   taxes. 

3.  Insurance. 

4.  Administration. 

5.  Garaging. 

6.  Gasoline. 

7.  Oil.   grease  and   waste. 
S.  Drivers"  salaries. 

9.  Maintenance. 

10.  Amortization. 

111.     Annual  cost  of  power. 

Relation  between  wheel  load  and 

1.  Interest  on  equipment. 

2.  License  and  taxes. 

3.  Insurance. 

4.  Administration. 

5.  Garaging. 

G.  Maintenance. 
7.   .Vmortization. 

From  this  summary  it  is  seen  that  we  are  seeking  to  de- 
termine twenty-one  different  relations.  This  brin.gs  us  to 
the  third  step  in  the  program,  which  is  that  of  determin- 
ing the  functional  relation  between  the  wheel  load  and 
each  of  these  21  factors,  and  thereby  the  resulting  effect 
upon  the  total  annual  cost  of  transportation  for  a  given 
ton-mileage.  This  is  the  most  difficult  of  all  the  steps,  be- 
cause in  most  cases  sufficient  data  have  not  yet  been  ob- 
tained. 

Further  experimentation  and  investigation  are  necessary 
before  this  third  step  can  be  completed,  hence  a  detailed 
discussion  of  the  sought-for  relations  will  be  postponed 
until  further  data  are  secured.  The  object  of  this  prelim- 
inary and  partial  presentation  of  the  subject  is  to  arouse 
interest  in  the  economic  phase  of  the  problem,  to  stimulate 
ethers  who  are  also  in  position  to  observe  and  investigate 
to  do  so,  and  to  urge  ;hem  to  present  their  results  from 
time  to  time  to  the  engineering  profession.  In  this  way 
more  rapid  progress  will  be  made  towards  the  scientific 
determination   of  the  economic  size  of  trucks. 


Bidding  Prices  for  Furnishing  Motor  Trucl<s  and  Teams. 
—The  Bureau  of  Highways  of  Philadelphia  opened  bids  Doc, 
10  for  furnishing  motor  trucks  and  teams  foi-'the  use  of  the 
Bureau  in  1919.  The  average  unit  prices  stated  in  these 
bids  per  8-hour  day  were  as  loUows: 

2ii-ton  motor  Houble  Single 
Dis-                                                                  truck.             learn,  team, 

trict.  Per  day.         I'cr  dav.  Per  dav. 

1     $14.!)9  $11. ni  $3.21" 

2  .'..94  4.0:i 

3  r).S3  4  'VI 

•'>  6.(55  4.3- 

••  15.00  G.2n  4.10 

7  14. .50-  c.cr,  l.-.'.T. 
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Censuses  Show    Three    Fold    In- 
crease in  Traffic  on  Massachu- 
setts Highways  in  9  Years 

Interesting-data  on  the  traffic  carried  by  the  highways  of 
-Massachusetts  were  given  by  Col.  Wm.  D.  Sohier,  chairman 
of  the  State  Highway  Commission,  in  a  paper  presented 
iJec.  9  at  a  meeting  of  the  Association  of  State  Highway 
Officials.  The  matter  following  is  abstracted  from  the 
paper. 

Motor  Vehicles  and  the  Highways. --What  will  our  high- 
■'vays  have  to  carry  in  the  near  future?  We  can  only  judge 
of  this  by  our  past  experience.  That  the  motor  traffic  will 
increase  is  sure.  This  is  well  shown  by  the  following  table, 
showing  the  increase,  in  Massachusetts,  in  motor  vehicles 
in  6  years,  and  in  the  number  of  operators  and  the  fees  col- 
lected: 

Per  cent 
increase, 
1012.  191.^.  101.5.         6  vears. 

.\utomobiles    and    trucks    ....     50.132        102.<;33         Uil.iil;i         2  SO 

.Motorcycles  5.034  :l,.".2ti  12. 70S         1.50- 

I  iperators   and    chauffeurs 65.600        13:;. 700        22;'.  272         2  40 

.Motor   vehicle   fees    $616,236  $1,235,723  $2,150,257         2.50 

There  are  over  three  times  as  many  automobiles  and 
trucks  registered  as  there  were  6  years  ago,  over  three 
limes  as  many  operators,  and  the  fees  collected  are.  three 
times  as  large.  All  these  fees  are  spent  in  maintaining  and 
improving  the  main  highways.  In  fact,  last  year,  all  the 
main  highways  were  practically  maintained  with  the  money 
collected  from   this  source. 

How  the  truck  traffic  has  increased  is  shown  by  the  fol- 
lowing  table: 

Per  cent 

increase. 

1915.         1916.         1017.         1918.     3  vears. 

Trucks     12.053       18,194       25,505       32,676       '  1.71 

.\utomobiles    90,580     118,615     145,801     158.343  .75 

Motor   cycle.5    0,520       10.713       10,056       12,708  .33 

At  the  present  time  there  are  a  very  large  number  of 
trucks  belonging  to  the  Government,  and  also  trucks  owned 
in  other  states,  which  are  using  the  Massachusetts  roads, 
so  that  the  increase  in  volume  of  truck  traffic  is  much 
larger  than  the  above  figures  indicate. 

The  number  of  trucks  and  commercial  vehicles  registered 
has  increased  from  over  12.000  in  1915  to  over  32,000  in 
1918 — more  than  2%  times  as  many  trucks  as  there  were 
three  years  ago. 

Changes  in  Traffic. — The  change  that  has  taken  place  in 
traffic  is  clearly  shown  by  the  following  table.  This  is  made 
up  from  traffic  counts  taken  every  3  years  from  1909  to  this 
year.  An  actual  count  is  made  for  14  hours  a  day  for  7 
days  in  August  and  7  days  in  October.  The  table  shows  the 
average  number  of  vehicles  that  are  using  the  main  high- 
ways, and  is  based  upon  the  average  count  in  each  of  these 
years  at  44  stations  on  main  lines. 

A\'ERAOE    DAILY    TRAFFIC    OX    M.MX    RO.\r>S    I.V 
.M.AS.S.VCHfSETTS. 

Per  cent 
increase  or 
decrease. 
44  Stations.  1009.    1012.    101."..    lOlS.      9  year.?. 

Light    horse     91         68         40         24         —731/2 

Heavv    horse    88         88         72         43         —51 

Total  horse  179       157       112         67         — 62'.4 

.Vutomobiles  and   light  trucks 131       280       555       923         -1-604 

lleavv    truck    17         45         75  -+-341»' 

Total    motors     i:il       296       600       097         ..-661 

Total    vehicles    310       454       712    1.064         -f243 

'In  6  j'ear.s. 

While  the  traffic  has  increased  very  rapidly.  a<-tually  hav- 
ing increased  over  three-fold  in  the  last  9  years,  it  is  chang- 
ing even  more  rapidly  than  it  is  increasing,  and  the  change 
is  e\eii  more  significant  from  tlic  iund  luuldcrs'  iioint  of 
view. 

There  were  only  one-third  as  nian.\-  light  horse-iirawn  ve- 
hicles in  1918  as  there  wore  in  1909.  There  were  only  one- 
half  as  many  heavy  horse-drawn  vehicles.  On  the  other 
hand  the  number  of  automobiles  and  light  trucks  using  the 
main  highways  has  inci'eased  seven-fold  in  9  years. 

But  what  is  even  more  important  and  makes  more  differ- 
ence in  the  character  of  road  which  we  must  build  and 
maintain,  is  the  increase  in  motor  trucks.  In  1909  there 
were  pr.-ictically  no  trucks  using  our  roads.     In   1912  there 
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was  an  average  of  IT.  In  1915  there  were  45,  and  in  1!U8 
75,  using  the  roads  at  the  same  stations.  In  other  words, 
the  number  of  trucks  usins  the  main  liigliways  has  In- 
creiised  i\«  times  in  6  years. 

The  change  in  the  tralllc  is  perhaps  even  more  graphically 
shown  by  the  following  table  of  percentages: 

I'lCll   ClONT   l.l'-  TOT.M,  TK.\1'-F10.' 

IHll'J.  1912.  1<M.">,  191S. 

Ushl    horsf    2!t  15  5Mi  -' 

Heavy  horse    2S  19  10  4 

Total  horse    57  34  16H  6 

Tnioks    4  6Mi  7 

Motor.^i     43  62  78  87 

While  horse-drawn  vehicles  constituted  57  per  cent  of  all 
the  traffic  on  the  main  highways  in  1909,  in  193*  there  was 
only  6  per  cent  of  the  traffic  horse-drawn  vehicles,  and  mo- 
tor vehicles,  which  were  only  IS  per  cent  of  (rallic  in  1909, 
were  87  per  cent  in  1918. 

The  total  traffic  using  the  roads  has  increased  over  lluee- 
fold. 

While  the  liorse-drawn  vehicles  are  today  only  6  per  cent 
of  the  total  traffic  using  the  highways,  the  heavy  motor 
trucks — over  1  ton,  not  on  pneumatic  tires — have  already 
become  7  per  cent  of  the  total  traffic. 

Perhaps  even  more  significant  is  the  change  in  the  last  3 
years.  During  that  short  period  of  time  both  the  automobile 
traffic  and  the  motor  truck  traffic  has  increased  66  per  cent, 
or  an  increase  of  about  22  per  cent  a  year. 

While  the  average  traffic  shown  in  the  foregoing  tables 
gives  a  fair  indication  of  what  is  happening  all  over  the 
state,  there  are  a  number  of  main  highways  that  are  tribu- 
tary to  the  larger  cities  and  manufacturing  plants  and  the 
seaboard,  where  the  traffic,  and  especially  the  truck  traffic, 
has  increased  very  much  more  rapidly.  This  is  shown  by 
the  accompanying  comparison  of  the  traffic  at  15  points  on 
main  trunk  lines: 

.WERAGE   D.MI^Y   TliAKl'-IC. 

Total        Auto-  Total 

horse,     mobiles.     Trucks,    vehicles. 
Brooktieia    (tSUa)  :{6  GOT  19  662 

(1918)  .^6  1.119  83  1.2.iS 

Shrewsbury     <191.=i)  142  922  39  1,103 

(1918)  66  1.575  112  1,753 

W.   Boylston    (1915)  US  529  22  669 

(191.S)  65  1.195  85  l,34.-> 

Deerfield    (1915)  234  281  25  540 

(1918)  344  873  64  ],2S1 

Holden    -..(1915)  73  334  12  419 

(1918)  46  767  67  S.SO 

Westwootl    (1915)  76  967  49  1,092 

(1918)  2S  1,379  179  1.586 

Concord-.\cton     (1915)  48  653  19  720 

(1918)  38  1,484  238  1.760 

Concord-Hanard    ..(1915)  57  238  16  311 

(1918)  55  523  107  6S5 

Easton    (1915)  46  241  29  316 

(1918)  19  353  144  516 

Fall  River   (1915)  326  763  61  l.l.iO 

(1918)       .      508  1.840  403  2.751 

Chicopee    (1915)  279  690  110  1.079 

(191S)  134  1.606  203  1.943 

LongTtieadow    (1915)  115  1.150  S3  1.34S 

(1918)  54  2,062  135  2,251 

Salem     (1915)  144  1,113  181  1.438 

(1918)  51  2,636  224  2,911 

Topsfield    Pike    (1915)  16  331  3  350 

(1918)  19  668  19  706 

Revere  Traffic  and  S.tusus 

(1915)  301  ...  212 

(1918)  215  ...  398 

The  counts  on  two  different  roads  in  Concord  show  the 
amount  of  traffic  that  was  put  onto  the  roads  by  the  build- 
ing of  an  army  cantonment.  Camp  Devens  is  located  at 
Aver,  about  36  miles  out  of  Boston,  and  the  change  in  the 
traflSc  on  these  2  roads  is  undoubtedly  due  to  the  presence 
of  that  cantonment.  The  2  roads  together  bad  35  trucks 
in  1915.  but  3  years  later,  in  1918,  they  had  345,  or  over  10 
times  as  many.  The  total  number  of  automobiles  was  less 
than  900  in  1915,  and  over  2,000  in  1918,  3  years  later. 

The  last  count.  Revere  and  Saugus,  shows  traffic  on  2 
roads,  one  of  them  being  recently  opened,  and  the  counts 
merged  in  order  to  show  the  increase  in  truck  traffic  going 
to  the  city  of  Lynn,  which  is  a  large  manufacturing  city 
situated  about  11  miles  from  Boston.  Here  the  number  of 
trucks  had  increased  from  176  a  day  to  398  a  day  in  3  years. 
The  above  figures  show  very  clearly  what  is  going  to  hap- 
pen in  the  immediate  neighborhood  of  our  big  cities  on  the 
main  truck  lines  connecting  large  industrial  centers  with 
«ach  other. 

Undoubtedly  a  good  deal  of  this  traffic  was  due  to  war 
conditions,   the   roads   being  used   by  army  trucks   and   by 
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more  than  the  usual  niniibci-  of  conimorcial  vcliides  because 
of  the  congestion  on  the  railroads. 

On  the  other  hand,  the  traffic  counts  also  show  that  this 
increase  in  heavy  truck  traffic  is  2  or  3  times  greater  on 
main  through  lines  connecting  important  cities  together 
that  are  within  40  miles  of  each  other,  and  that  the  truck 
traffic  there  has  increased  much  more  than  it  has  on  the 
Ihiou.uh  routes  in  the  country  districts. 

The  Highways  of  the  Future.  It  is  perfectly  clear,  how- 
ever, Ihal  the  highways  of  the  future  will"have  to  be  con- 
structed wide  enough  and  strong  enough  to  carry  with  rea- 
sonable safety  the  constantly  increasing  number  of  vehicles 
that  will  go  over  them;  that  a  highway  will  have  to  be  pro- 
vided that  can  stand  ui>  under  the  constantly  increasing 
traffic  in  motor  trucks. 

This  means  that  the  old  watcrbound  macadam  roads, 
which  were  built  5  or  6  in.  thick  on  ordinary  soil,  will  not 
last  or  be  economical  even  with  a  surface  treatment,  if  they 
are  on  a  main  route  that  has  to  carry  an  average  of  50  to 
100  heavy  motor  trucks  a  day. 

A  well-drained  foundation  will  bo  necessary  even  for  bi- 
tuminous macadam,  unless  the  subsoil  is  porous  and  well- 
drained  sand  or  gravel,  and  even  then  it  may  be  found  more 
economical  to  build  a  more  expensive  and  stronger  pave- 
ment on  main  routes  that  have  a  large  amount  of  heavy 
truck  traffic. 


Colorado  Proposes  Establishing  Rates  for 
Motor  Truck  Carriers 

In  Colorado  truck  carriers,  when  in  comjx'tition  with  the 
railroads  or  street  railways,  are  classified  as  public  utilities 
subject  to  the  jurisdiction  of  tlie  State  Public  Utilities  Com- 
mission. The  steps  taken  to  establish  bases  of  rates  for 
these  motor  truck  carriers  are  outlined  by  Mr.  C.  E.  Neil, 
Rate  Expert  of  the  Colorado  Public  Utilities  Commission, 
in  a  recent  issue  of  The  Commercial  Vehicle,  from  which 
the  matter  following  is  abstracted. 

Immediately  after  the  organization  of  the  State  High- 
ways Transport  Committee,  the  complete  data  and  infor- 
mation of  the  Public  Utilities  Commission  were  placed  at 
the  disposal  of  the  committee.  The  rate  department  of  the 
commission  has  since  that  time  been  working  with  the 
committee  on  the  question  of  rates  in  an  endeavor  to  evolve 
an  equitable  system  to  attract  both  the  owners  of  trucks 
to  placing  their  vehicles  in  public  service  and  the  ship- 
pers of  commodities  to  transporting  their  goods  via  rural 
motor  express. 

As  a  temporary  expedient,  and  as  a  measure  to  insure 
the  prompt  installation  of  motor  truck  service,  the  sug- 
gestion was  made  to  operators  that  a  basis  predicated  on 
using  the  first-class  freight  rate  plus  the  first-class  express 
rate  and  dividing  the  product  by  two  would  be  at  such  a 
plane  as  to  enable  the  movement  of  truck  traffic. 

At  the  present  time  investigations  are  being  made  to  as- 
certain a  more  permanent  basis  of  rates  which  can  be 
placed  at  the  disposal  of  the  operators.  The  public  utility 
law  of  Colorado  requires  that  a  certflcate  of  public  conve- 
nience and  necessity  be  obtained  by  each  truck  carrier  de- 
siring to  operate  in  competition  with  railroads  or  street 
railways.  It  is  through  this  medium  that  the  commission 
is  able  to  keep  a  close  check  on  the  operations  of  such  car- 
riers. 

Motor  transportation  rates,  like  freight  rates,  must  be 
predicated  with  the  consideration  of  the  prime  factors  di- 
viding the  handling  of  traffic,  one  known  as  the  terminal 
service  and  the  other  the  transportation  or  haulage  service. 
The  charge  for  the  former  is  fixed,  while  that  for  the  latter 
varies  with  distance. 

Many  factors  enter  into  motor  express  rates,  most  of 
which  are  analogous  to  the  factors  entering  into  the  mak- 
ing of  freight  rates.  Chief  among  these  are:  Cost  of  serv- 
ice; value  of  service;  length  of  haul;  volume  of  traffic; 
what  traffic  will  bear;  value  of  service  to  shippers;  bulk; 
value  of  goods;  terminal  expenses,  and  empty  hauls.  It 
is,  of  course,  an  impossibility  to  so  finely  weigh  these  dif- 
ferent factors  as  to  determine  upon  an  exact  rate  which 
will  properly  include  all  cases,  or  to  determine  accurately 
the  relative  importance  of  each  factor. 
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Patrol  Method    of  Road  Mainte- 
nance as  Employed  in  Maine 

During  the  last  three  years  the  State  and  State-aid  high- 
ways in  Maine  have  been  maintained  by  the  patrol  method, 
the  State  Highway  Commission  having  entire  charge  of 
the  work.  The  Commission  hires  the  patrolmen  and  pays 
them  direct  from  the  Highway  Department.  All  reports  are 
made  to  the  Commission.  At  Uie  end  of  the  season  a  re- 
port is  submitted  to  each  town  showing  just  what  has  been 
accomplished  so  that  they  can  see  how  their  maintenance 
money  has  been  expended.  An  interesting  description  of 
the  Maine  patrol  system  was  given  by  Mr.  Paul  D.  Sargent, 
Chief  Engineer  of  the  State  Highway  Commission,  in  a 
paper  presented  Dec.  12  at  the  meeting  of  the  American 
Association  of  State  Highway  Officials.  The  following  is 
quoted  from  the  paper. 

Selection  of  Patrolmen. — In  the  hiring  of  patrolmen  we 
first  ask  the  municipal  otBcers  of  each  town  to  recommend 
three  men  who  in  their  judgment  would  be  suitable  to  do 
the  work.  We  had  a  brief  statement  with  respect  to  each 
man  as  to  his  age,  height,  wei.ght,  health,  nationality,  and 
previous  experience,  also  as  to  his  location  with  respect  to 
the  road  to  be  patrolled. 

Our  supervisor  then  went  into  the  town,  interviewed  the 
men.  and  hired  the  man  who  seemed  to  be  best  fitted  to  do 
the  work.  Frequently  none  of  the  men  recommended  by 
the  municipal  officers  was  found  to  be  suitable  and  then 
the  supervisor  hunted  around  until  he  found  someone. 

Patrolmen's  Reports. — Instructions  quite  in  detail  are 
sent  to  the  patrolmen  each  spring  and  they  are  visited  as 
often  as  once  in  two  weeks  by  one  of  our  supervisors. 
They  are  required  to  make  a  report  once  a  week  showing 
what  they  have  done  each  day,  together  with  the  condition 
of  the  weather.  In  this  way  the  supervisor,  who  has 
charge  of  about  2'>  patrolmen,  is  able  to  keep  in  touch  with 
the  work.  The  reports  after  being  looked  over  by  the  su- 
pervisor are  sent  to  the  Highway  Commission  office  where 
the  superintendent  of  maintenance  finally  reviews  them 
and  places  them  on  file. 

Our  patrolmen  show  on  the  weekly  reports  the  amount 
of  time  which  they  have  spent  each  day  on  the  improved 
road  and  on  the  unimproved  road  under  their  care.  In 
this  way  we  are  able  to  control  the  expenditure  and  to 
keep  it  in  about  the  right  proportion  on  the  different 
classes  of  road.  Under  our  law  towns  are  obliged  to  pay 
toward  the  maintenance  of  State  highways  $60  per  mile 
per  annum,  provided  the  expenditure  amounts  to  that,  and 
on  improved  State-aid  roads  .$30  per  mile  per  annum,  the 
State  paying  the  balance. 

Wages  of  Patrolmen. — Patrolmen  are  paid  once  a  month 
and  the  time  which  they  send  in  at  the  end  of  the  month 
has  to  agree  with  the  weekly  reports  previously  filed  both 
as  to  time  worked  and  as  to  classification  or  distribution 
of  the  labor. 

In  1916  patrolmen  were  paid  $75  per  month.  For  this 
they  furnished  one  horse  weighing  not  less  than  1,200  lb., 
a  drop-axle  wagon,  and  the  necessary  hand  tools,  and  a 
drag  built  for  one  horse.  During  the  last  two  years  we 
have  allowed  patrolmen  to  use  two  horses  more  or  less. 
At  the  present  time  one-third  to  one-half  of  our  patrolmen 
are  hired  with  two  horses  and  the  men  who  regularly  work 
one  horse  are  authorized  to  employ  an  additional  horse  to 
do  dragging.  During  the  present  season  we  started  in  pay- 
ing patrolmen  with  one  horse  44  ct.  per  hour  and  with  two 
horses  5-5  ct.  per  hour.  Due  to  abnormal  labor  conditions 
prevailing  and  to  stabilize  our  patrol  force,  we  made  an 
agreement  with  every  patrolman  when  we  hired  him  this 
year  that  we  should  pay  him  only  9.5  per  cent  of  his  wages 
each  month.  The  remaining  5  per  cent  was  to  be  held 
back  until  the  end  of  the  season  and  to  be  paid  him  in  a 
lump,  provided  he  remained  through  the  entire  season.  In 
case  a  man  was  discharged  on  account  of  unsatisfactory 
work  he  was  not  to  receive  this  5  per  cent.  We  have  had 
very  few  resignations  and  it  has  been  necessary  to  dis- 
charge but  a  very  few  men.  On  Sept.  1  we  increased  the 
patrolmen's  rates  of  pay  to  the  following  amounts:     50  ct. 


per  hour  for  a  man  with  one   horse   and  60   ct.   per   hour 
for  a  man  with  two  horses. 

Cost  of  Maintenance  by  Patrol  System. — During  the  year 
1916  we  employed  37?.  patrolmen  and  had  under  patrol 
3,466  miles  of  road.  The  total  expenditure  was  $286,399 
and  the  average  expenditure  per  mile  was  $77.43. 

During  1917  we  employed  437  patrolmen  caring  for  3,705 
miles  of  road.  The  total  expenditure  was  $432,716  and 
the  average  expenditure  per  mile  was  $117.19. 

During  the  present  season  we  have  employed  480  patrol- 
men caring  for  4,250  miles  of  road.  The  tolal  expenditures 
will  be  about  $500,000,  making  an  average  expenditure  of 
a  little  over  $140  per  mile.  These  increased  costs  are  due 
to  the  increased  cost  of  labor  and  material.  A  little  rough 
figuring  indicates  that  our  labor  eosts  have  averaged  about 
34  per  cent  over  1917,  which  would  give  us  roughly  an 
average  cost  per  mile  for  maintenance  this  year  of  $157. 

We  have  approximately  100  miles  of  State  highway 
which  we  surface  treat  each  year,  using  Tarvia  B  and  sand. 
The  cost  of  preparing  the  road,  making  the  surface  ap- 
plication, and  then  keeping  the  road  patched  and  the 
shoulders  in  shape  through  the  season  has  averaged  during 
the  last  3  years  from  about  $650  per  mile  in  1916  to  $850 
to  $900  per  mile  through  the  present  season.  These  figures 
are  all  included  in  the  averages  which  have  been  given 
above. 

Motor  Trucks  in  Patrol  Service. — During  the  season  of 
1918  we  have  had  four  1-ton  trucks  in  patrol  service.  These 
trucks  have  replaced  from  2  to  4  horses  under  the  old 
scheme.  In  other  words,  we  have  combined  2,  3  or  4  pa- 
trol sections  and  have  employed  a  truck  driver  with  2  to  3 
helpers.  The  longest  section  under  such  patrol  arrange- 
ment was  33  miles  of  bituminous  macadam.  We  have  had 
several  sections  of  tar  surface  treated  gravel  cared  for  by 
the  truck  patrol.  Our  observation  is  that  these  sections 
of  road  have  been  better  cared  for  than  in  any  previous 
season  and  we  plan  to  operate  the  trucks  another  year. 
The  trucks  are  not  heavy  enough,  however,  to  draw  a  drag 
and  when  it  has  been  necessary  to  drag  the  shoulders  we 
have   had  to  employ  teams. 

A  comparison  of  the  cost  of  patrol  maintenance  by 
I  rucks  and  by  horses  may  be  interestin.g.  On  one  of  our 
State  highways,  55  miles  in  length,  in  the  season  of  1917 
we  employed  4  patrolmen,  each  with  one  horse  and  with 
more  or  less  extra  help.  The  total  cost  for  horse  and  man 
labor  in  patrolling  this  55  miles  of  road  during  the  season 
was  $10,712.  During  the  season  of  1918  we  substituted 
two  Ford  one-ton  trucks.  The  cost  of  labor,  including  op- 
erating expenses  of  the  two  trucks  and  an  allowance  of  $2 
per  day  for  each  truck  as  a  depreciation  charge,  figures 
$8,098.  This  shows  a  saving  of  about  $2,500  in  the  main- 
tenance of  this  55  miles  of  road,  and  the  road  has  been 
much  better  taken  care  of  than  previously. 

Figures  on  another  section  of  State  highway  34  miles  in 
length  are  as  follows:  In  1917  the  total  cost  for  labor  and 
horses  for  the  entire  season  was  $4,392.  During  1918  the 
same  road  was  maintained  with  one  truck  and  three  men 
at  a  cost  of  $2,705,  including  the  depreciation  and  mainte- 
nance of  the  truck.  This  shows  a  saving  of  almost  $1,700 
on  this  section  of  road. 

On  one  other  section,  20  miles  in  length,  where  in  1917 
we  had  two  patrolmen,  each  with  a  horse,  our  expense  for 
the  year,  including  extra  help,  was  $3,600.  This  year  the 
same  section  has  been  maintained  with  one  truck  and  two 
men  beside  the  foreman  and  the  total  expense  for  truck 
and  labor  has  been  $3,806.  This  is  the  only  section  which 
shows  an  increase  over  the  cost  of  maintaining  with 
horses.  It  is  fair  to  slate  that  in  this  section  was  a  piece 
of  road  1.7  miles  long  which  was  not  quite  finished  as  to 
construction  in  the  fall  of  1917.  The  patrol  gang  this  year 
finished  the  surface  of  this  road,  which  needed  consider- 
able patching,  dragging,  regravelling.  The  condition  of 
this  road,  as  already  indicated  with  respect  to  the  other 
sections,  is  far  above  its  general  condition  one  year  ago. 
It  will  be  seen  from  these  statements  that  our  experience 
with  trucks  for  maintenance  has  been  very  satisfactory. 

In  making  the  above  comparison  it  should  be  borne  in 
mind  that  labor  costs  this  year  were  at  least  30  per  cent 
higher  than  they  were  in  1917. 
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Pron()SfH    ITniforni     I   -IW    fnr   Rt^C^n-  '"'«'""8   vehicle    with    tl...    i,.,.    .n.sl    ol    Uw     road,     unsup- 

rn»pu>eu    L'llllOriU    l^AW,     lOr   IVtyU-  ported  as  the  miter  is  by  any  iidouuiUe  fouiulation,  n-sults 

lation  of  Speed  and  Dimensions  '"  T''  r'T"'*"  """V^''^.^^  inflicted  i,.  au  the  other 

'^  ^  ^  months  of  the  year  put   tOKOlher.     We  admit  this  fact  un- 

Of    Motor    "^rrUCkS*  hesilatinply.     We  have  in  our  bill   proposed  a   remedy  for 

-1.^  »i>  'i.^  M     ^n»ijiM  "  '"  ""^  shape  of  an  embargo  by  which,  on  proper  notice, 

liy  (..bDlvC.h  M.  C.KAHAM.  „„y  road  can  be  closed  to  traflic  by  the  local  highway  au- 

i-hHlrin.in  Nutloiial  .Motor  Triiik  Oommltteo  ol   tho  Nuiional  ihoritles    lor    any    vehicle    weishinc    more    llian    10,000    lb 

.\utomobllo   I  l>:imln>r   of    I  omnioroo.  o      i  .  i.  ..  .-     ,  . 

^     ,  ,  .  ^     ,      .        .  .  .  ,      ,  .  '*"'■"   Pnihnrgoes   cannot  cover  more   than   45  dav.s   in   any 

As  a  basic  proposition  we  submit   that  highways  should  (,j,p  yg,,,. 

be  the  servant  of  transportation,  not  its  master.    Tlie  truck  _."  ..... 

has  made  its  place.  It  has  proved  its  adaptibilitv  to  mod-  D^ens.ons  Weights,  Speed,  Etc.,  in  Proposed  Uniform 
ern  transportation  problems,  rivilization  will  lose  unless  ^Z  't^'^-'^'''"'^']  and  width  are  not  the  major  problems 
means  be  fotind  for  its  expanding  application.  Kestric-  '7'"  ^y'"'"/^''  ">"°  '"'"'•  ,We  have  flxed  on  U'A.  ft.  as  the 
tions.  prejudices  and  petty  objections  must  not  be  permit-  l"";"-^'  "l^'/"^^  "^.V'"'"  .^  '■°'''",.';"^*",*^  ?"'""^  "^  ^^^ 
ted  to  stand  in  its  way.  l^r  it  presents  possibilities  that  are  ^"f-;\''f  ^J''  '^^/''^  ^'•^"""^  ,^''''1'^  «'  '"f  ^"^y.  We  do 
too  great  to  be  side-tracked  for  temporary  considerations.  "f  """'^  "'■''"t  "'^"'■*"''  ^1'°"'''  .^^  exceeded,  and  would 
Those  who  admit  no  place  for  the  truck  stand  opposed  '^"eo.ful  y  bow  to  laws  so  decreeing.  Thus  we  readily  d.s- 
to  the  spirit  of  the  times.  Those  legislators  who  vote  l'"--"^  of  Ue'ght  and  width,  but  when  we  come  to  weight  and 
against  trucks  feeling  that  they  are  serving  the  interest  of  ^^^""^  '''^  ^''^'^  '""""  '"°''«  ^°  '=°"'^"''  ^'*''- 
the  farmer,  should  be  reminded  that  actually  they  are  ^^  '^  "°'  ^o  ^^  denied  that  the  heavily  weighted  truck, 
working  against  the  pocketbook  of  the  farmer.  It  is  a  '""">""  on  solid  tires  and  at  high  speed,  causes  damage. 
fact  not  yet  generally  known  that  haula.iie  of  farm  product  ^"'  '^  '^  ^°^  ^^  ^^  forgotten  that  both  this  weight  and 
by  motor  truck  is  cheaper  than  haulage  bv  team,  as  shown  ^'P^^''  ^^""^^  ^  highly  practical  purpose— the  cost  of  carry- 
by  the  following  table  presented  by  Frank  Andrews  of  the  '"^  "^^^  '"^^  decreases  in  proportion  to  the  number  of  ton? 
Bureau  of  Crop   Kstimates,  of  the  Department  of  Agricul-  tarried. 

ture:  -^^   ^   .general   proposition   it  may   be  stated   tliat   as   the 

Horse  and  team.        Truck.  ^^^'^   °'   "^^   truck   increases   the   cost   of  operation   in   rela- 

Per  ton  mile.     Per  ton  mile.  tion  to  carrying  capacity  decreases.     There  are  four  prin- 

corn".:;::::::::::;:::."::::::".v.v.:::;     ^ait  *o:il  ^^'P'^'  reasons  tor  this:    (d  The  cost  of  manufacture 

Cotton  1)  IS  0.16  of  a  truck  does  not  increase  in  proportion  to  the  carry- 
Manufacturers  Agree  on  Uniform  Truck  Law.— .^s  manu-  i'l'?  capacity;  (2)  the  so-called  fixed  charge,  or  overhead 
lacturers  we  know  that  we  must  build  trucks  to  w-eight,  o'  operation,  does  not  increase  in  proportion  to  carrying 
speed  and  tire  size  that  will  do  least  harm  to  present  capacity;  (.")  the  actual  operation  cost  does  not  increase 
roads.  The  foremost  men  of  the  industry,  recognizing  the  in  proportion  to  carrying  capacity;  (4)  the  weight  of  the 
difficulties  involved,  have  .given  close  thought  to  the  ques-  truck  itself  does  not  increase  in  proportion  to  carrying 
tion  of  dimensions.     Frequent  meetings  have  been  held  in  capacity. 

Washington  to  discuss  the  subject  in  detail.     Compromises  From    an    economic    standpoint    this    is    most    important, 

and  adjustments  have  been  made,  and  we  are  now  in  agree-  Truck  owners  have  a  right  to  operate  their  trucks  to  the 

ment  on  a  bill  which  we  should  like  to  see  enacted  into  highest  limit  of  economy  and  efficiency.     They   should  be 

law   by  all  the  legislatures   of  the  United   States.     It  was  permitted  to  run  the  heaviest  possible  truck  made  neces- 

high  lime  for  such  concerted  action,  and  we  wish  to  pro-  sary  by  their  haulage  problems,  and  roads  should  he  made 

pose   a   combination   of  necessary   fundamentals,   equitable  equal  to  the  burden  as  speedily  as  possible.     To  take  any 

legislation,    efficient    administration    and    proper    construe-  other   position   is   to   legislate   directly  against   an   increas- 

tion.  ing  army  of  motor-truck  users. 

It  is  entirely  possible  that  after  the  war  short-line  rail-  There    are    not    less    than    5.50,000   trucks    in    use    in    the 

roads   will   be   a   thing  of  the   past,   not   only   because   the  United   States.     It  has   been  estimated  that  farmers  alone 

motor  truck  can  deliver  goods  over  short  hauls  in  quicker  will   apply   to   the   highways   2,000,000   more   trucks   within 

time  and  at  a  reduced  shipping  rate,  but  because  it  saves  the  next  10  years.     The   possibilities   in  all   other  lines  of 

labor  and  time  by  delivering  goods  to  the  consignee's  door.  activity  are  so  many  and  so  varied  that  the  whole  subject 

Add  to  this  the  fact  that  there  is  no  intial  expense  in  put-  of  truck  legislation  must  be  approached   with  justice   and 

ting  a  line   of  motor  truck.?   in   operation,   outside   of   the  vision. 

original  cost  of  the  trucks,  as  compared  with  the  high  cost  Our  plan  for  a  uniform  truck  law  calls  for  permission  to 
of  track  buildins  and  railroad  equipment.  operate  a  vehicle  whose  gross  load  is  28,000  lb.  It  also  pro- 
Responsibility  of  Trucks  for  Damaged  Condition  of  Roads.  vides  that  the  Highway  Commissioner  can  reduce  this  limit 

-  -I  should  like  to  raise  the  question  of  how  far  trucks  are  to  24,000  lb.,  where  it  can  be  shown  that  the  roads  will  not 
responsible  for  the  present  damaged  condition  of  the  roads.  stand  more  than  this  weight.  He  also  has  the  option  of 
Are  they  unjustly  accused  in  this  respect?  It  is  conceded  increasing  above  28,000  lb.,  where  highly  improved  roads 
that   roads   were   never   in   worse   shape,   that   many   high-  make  this  possible. 

w^ays  formerly  famed  for  their  perfection  are  now  battered  Table  I   provides   for  license  fees,  three   kinds   of  speed 

and  filled  with  ruts  and  holes.    But  is  this  up  to  the  trucks?  according  to   section   traversed,   maximum   weight   and   the 

A  foremost  expert  on  road  building  and  maintenance  makes  load   per   inch   width   of  tire.     With   the   considerations   of 

the  statement:  license  fees  I  have  not  to  do.     The  load  per  inch  width  of 

"Since  the  war  started  we  have  not  been  able  to  make  tire,  after  due  consideration,  was  fixed  at  800  lb.  through- 
repairs.  Labor  has  been  lacking,  and  th^re  have  been  em-  out.  whether  solid  or  pneumatic  tires  be  used.  The  speed 
bargees  on  road-building  material.     Where  formerly  in  the  and  fees  vary  as  the  total  load. 

r^pring  we  would  have  quickly  filled  the  holes  and  patched  An  examination  of  the  weight  of  vehicles  made  by  some 

the  ruts,  we  have   been  unable  to   do   so.     Therefore,  the  40  manufacturers  show  that  within  the  4,000-lb.  class  will 

roads  have   been  permitted  to  remain  smashed   up.     Once  fall  vehicles  rated  to  carry  i/i-ton  and   %-ton  loads:    8,000- 

our  maintenance  system  is  restored,  we  shall  be  able  to  do  ib-  class,  1-  and  1%-ton  loads;   12,000-lb.  class,  2-ton  loads; 

away  with  a  lot  of  the  present  trouble.     But  for  the  lack  16,000-lb.  class,  3-  and  3%-ton  loads;   20,000-lb.  class,  4-  and 

of  this  repair  the  present    agitation     against    trucks  never  414-ton  loads;    24,000-lb.   class,   o-ton  loads,   and   within   the 

would  have  arisen."  28,O00-lb.  class,  6-  and  7-ton  loads. 

In   our  investigation  we  have   found  the   opinion  almost  If  it  be  said  that  the  maximum  weight  should  be  put  to 

general    that    most    of    the  damage  is  done  in  the  spring.  as  low  a  point  as  possible  in  order  to  deal  with  probable 

Then  the  frost  is  still  in  the  ground,  and  as  it  thaws  the  overloading,    attention    should    be    directed    to   the    penalty 

mixture    becomes    almost    like    jelly.      The    impact    of    the  prescribed  in  the  bill— a  penalty  made  the  more  easy  of  in- 

flicrion   since  the   bill   provides   for  a  plate   placed   on   the 

•From  a  paper  presented  at  the  Joint  Convention  of  the  Ameri-  (riifk      said     nlate    to    show    a    <TOSS    weight    of   vpbipip    anri 

ran    .\ssooiation    of    State    Highway    Officials    and    the    Highwav  ^rucK,    saiG    pidte   10   snow    a   gross   weignt    or   venicie   and 

Industries  Association.  "  load.     Any  truck  carrying  more  than  this  weight  becomes 

(10) 
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TABLE  I  --WEIGHTS,  ^SPEEDS  AND  FEES  SUGGESTED  FOU  PROPOSED  UNIFORM  TRAFFIC  LAW. 


-Character   of    Vehicle 


M) 


rt 


Letter. 
Reference 


Type   of  Tires,   Etc. 


.- o 

£  " 
5  a> 
So 

I"" 

c.ooo 


A  Passeng-tr  or  light  commercial,  pneumatic  tires. .  . 

B  Other  pneumatic   tired B.OOO 

B  Other  pneumatic   tired s!oOCI 

B  Other  pneumatic   tired 12000 

B  Other  pneumatic   tired 16,'()00 

B  Other  pneumatic   tired 20.111)0 

B  Other  pneumatic  tired 24!noo 

B  Other  pneumatic   tired 28loOO 

C  Having  solid  rubber  tires 4*000 

C  HaviniT  solid  rubber  tires 8,000 

C  Having  solid  rubber  tires 12^000 

C  Having  solid  rubber  tires le'ooo 

O  Having-  solid  rubber  tires 20]000 

C  Having  solid  rubber  tires 24[000 

C  Having  solid   rubber  tires 28,000 


D    Commercial   passenger 


D 
D 
K 
E 
P 
F 
F 
P 
F 
P 
F 
F 
F 


Commercial  passenger  . 
Commercial   passenger    . 

Motorcycles     

Motorcycles,  side  car.  . . 
Trailers  or  s'emi-trailers, 
Trailers  or  .7emi-trailers, 
Trailers  or  semi-trailers. 
Trailers  or  semi-trailers, 
Trailers  or  semi-trailers.- 
Trailers  or  semi-trailers, 
Ti-ailers  or  semi-trailers. 
Same  with  iron  tires... 
Same   with  pneumatic   tires 


Traction  engines,  tractors,  etc.. 
Electric    


6,000 


7,000 
8,000 


with  solid  rubber  tires.  . 
with  solid  rubber  tires., 
with  solid  rubber  tires.  . 
with  solid  rubber  tires., 
^ith  solid  rubber  tires. . 
with  .solid  rubber  tires.  . 
w  ith  solid  rtibber  tires. . 


4.000 
8.000 
12.000 
16:000 
20.000 
24,000 
28,000 


/ — License  Fees. — ^ 

, Maxi 

mum  Speeds. > 

V 

ISI 

c1 

r  it— 

^  6  . 

*  t.  K 

6«C 

—  Q. 

■3£ 

0 
0 

^  m"  p 

o  as 

0-" 

•r  Cm 
Per  ho!  sepower 

0  « 

no 

*-* 

-  ai  »i 

«  f 

c  ao 

;    0.60 

1  0.40 
Per  annum 

30 

20 

15 

SCO 

30.00 

15.00 

25 

20 

15 

800 

45.00 

22.50 

25 

20 

15 

800 

60.00 

30.00 

25 

20 

15 

800 

75.00 

37.50 

25 

20 

15 

800 

90.00 

45.00 

25 

20 

15 

800 

105.00 

52.50 

25 

20 

15 

800 

120.00 

60.00 

25 

20 

15 

800 

40,00 

20.00 

25 

20 

15 

800 

60.00 

30.00 

20 

18 

12 

800 

SO.OO 

40.00 

IS 

15 

12 

800 

100.00 

50.00 

16 

15 

12 

800 

120.00 

60.00 

15 

15 

12 

800 

140.00 

70.00 

15 

15 

12 

800 
800 

160.00 

80.00 

15 

15 

12 

Per  horsepower 

1.60 

.80 
Per  annum 

30 

20 

15 

800 

40.00 

20.00 

30 

20 

12 

800 

50.00 

25.00 

25 

20 

12 

800 

10.00 

5.00 

30 

20 

15 

6.00 

3.00 

20.00 

10.00 

.10.00 

15.00 

40.00 

20.00 

50.00 

25.00 

60.00 

30.00 

70.00 

3.=i.00 

80.00 

40.00 

not  loaded. 


30.00 


25.00 


Animal  drawn 
Animal  drawn 
Animal  drawn 
Animal  drawn 
Animal  drawn 
Animal  drawn 
Publicly  owned 


M. 
M 


Registration  tags  or  mariners  issued  to  manufactur- 
ers and  dealers  in  motor  vehicles  or  trailers 

Registration  tags  or  markers  issued  to  manufactur- 
ers and  dealers  in   motorc.vcles 

Chauffeurs'     licenses     

Operators'    licenses    

Duplicate    licenses 


1.00 

2.00 

4.00 

6.00 

8.00 

12.00 

25.00 

20.00 
2,00 
1.00 
.50 


Double  the  above  rate  for  ("lass  E 
Three-quarters  of  the  above  rate  for 
Class  F. 

Two-thirds  of  the  fee  charged  gaso- 
line vehicles  of  equal  weight. 

For  one  horse  or  its  equal .800  lb 

For  two  hor."ies  of  their  equal.  .800  lb 
For  four  horses  or  their  equal. 800  lli 
For  six.  horses  or  their  equal.. 800  lb 
For  8  horses  or  their  equal.  . .  .800  lb 
For  12  horses  or  their  equal. .  .800  To. 
Xo   charge:    maximum    speed,    maxi- 
mum   weight    and     load    per    inch 
v/idth  of  tire  to  govern  each  simi- 
l.ir  class   of  vehicle,   as   prescribed 
in  Classes  A,  B,  C.  F  and  K. 
For  first  two  set.s— $12  for  each  addi- 
tional set. 
For  first  two  sets— $5  for  each  addi- 
tion.-il    set. 

For  operators,  good  until   revoked. 
For  each   duplicate   set. 


•For  distances  not   to  exceed    Vi    mile   greater  speeds   may   he    attained  in  order  to  permit   one  vehicle  to  pass  ariothe 


liable  to  the  penalty.  The  question,  therefore,  becomes  one 
of  iiroper  administration. 

Motor  Truck  Economical  in  Steel  Consumption. — The  war 
has  made  opposition  to  waste  a  national  policy.  It  should, 
therefore,  be  remembered  that  the  motor  truck  is  highly 
economical  in  its  consumption  of  steel,  as  compared  to  its 
carrying  capacity.  The  steel  required  for  the  average  rail- 
road freight  car  is  25  tons;  for  the  average  locomotive  and 
its  tender  150  more  tons  must  be  allotted.  A  2-ton  motor 
truck  requires  1%  tons. 

The  ton-mileage  of  a  freight  car  per  day  is  800,  40  tons 
average  load  and  20  miles  per  day.  An  easy  average  for 
the  2-ton  motor  truck  is  200  ton-miles,  2-ton  load  and  100 
miles  per  day.  Therefore,  the  four  2-ton  trucks  can  do 
more  v.-ork  per  day  than  one  freight  car.  Trucks  also  de- 
liver direct  from  shipper  to  consignee. 

To  build  .50,000  steel  freight  cars  and  the  1,2.50  locomo- 
tives to  draw  them  will  require  1.437,000  tons  of  steel.  Only 
300,000  tons  of  steel  are  necessary  to  build  200,000  2-ton 
trucks  capable  of  doing  the  same  amount  of  work.  There 
is  a  saving  of  1,137,000  tons  of  steel. 

Considered  from  the  standpoint  of  national  wealth  and 
prosperity,  does  not  this  saving,  plus  the  time  savin.g  in 
favor  of  motor  triicks,  make  insi.gnificant  the  cost  of  re- 
pairing; po.-^sible  damage  to  the  roads. 


vious  year.  However,  during  the  five  months,  June  30, 
1918,  to  Nov.  30,  a  total  of  580  miles  of  road  was  accepted, 
as  compared  with  391  miles  during  the  same  period  of  1917. 
or  a  43  per  cent  increase  over  the  previous  year,  in  sjiite  of 
all  war  time  handicap.s. 


Increased  Road  Building  in  Michigan  Despite  War  Time 
Handicaps. — During  the  fiscal  year  ending  June  30,  1918, 
only  793  miles  of  state  reward  roads  in  Michigan  were  ap- 
proved by  the  State  Highway  Commissioner.  This  was  a 
decrease  of  about  25  per  cent  over  the  mileage  of  the  pre- 


Convention  of  Virginia  Good   Roads  Association. — The  8lh 

annual  convention  of  the  Virginia  Good  Koads  Association 
will  be  held  at  Murphy's  Hotel,  Richmond,  Va.,  ,Ian.  14,  15 
and  Ifi.  Among  tlie  subjects  to  be  considered  are  providing 
means  for  the  construction  of  the  state  highway  system, 
established  by  the  last  General  Assembly:  lai'ger  appropria- 
tions for  state  aid  for  building  the  county  highway  systems: 
better  provision  for  the  improvement  of  district  and  neigh- 
borhood roads:  greater  appropriations  by  the  national  gov- 
ernment for  federal  aid  to  highways;  the  establishment  of 
a  national  highway  system,  to  be  built  and  maintained  by 
the  national  government,  and  the  number  and  routes  of  such 
highways  through  Virginia:  the  extension  of  motor  parcel- 
post  routes  in  the  rural  districts;  the  most  desirable  and 
satisfactory  types  of  construction  adapted  to  modern  traffic 
conditions:  the  question  of  increasin.g  the  tax  for  the  ron- 
struction  of  the  state  hi.ghway  system,  or  the  issuing  of 
bonds  for  that  ptirpose;  proper  regulations  for  the  use  of 
our  improved  highways:  the  proposition  to  levy  a  tax  on  all 
wagons  and  other  vehicles  similar  to  that  paid  by  motor 
vehicles:  and  many  other  matters  concerning  the  construc- 
tion and  maintenance  of  roads  and  bridges  in  this  state. 

C.  R.  Scott.  l!ichmon<l,  Va,.  is  Secretary-Treasurer  of  the 
Association. 
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Experiences  at  Worcester,  Mass., 

ill  Public  Work  Construction 

by  City  Forces 

liy  ALDEKT  T.  imODKS. 

Much  discusslou  has  been  given  to  Iho  lUHlter  of  con- 
tract labor  as  opposed  to  the  niuiiicipality  doing  its  own 
work.  As  former  Street  Commissioner  of  tlie  city  of  Wor- 
cester, and  after  observing  work  throughout  the  eastern 
half  of  the  I'nited  Stales,  1  am  more  than  ever  confirmed 
in  uiy  opinion  that  the  municipalities'  forces,  if  properly 
organized,  can  bring  about  belter,  more  durable,  results 
than  by  contract  worl;.  In  the  matter  of  work  being  done 
by  the  city  Itself,  I  am  speaking  only  through  my  experi- 
ence as  former  Street  Commissioner  of  the  city  of  Wor- 
cester, previous  to  which  time  I  had  been  Superintendent, 
and  had  also  done  most  of  the  estimating  for  one  of  the  larg- 
est construction  llruis  in  that  city.  I  was  extremely  surprised 
on  taking  up  my  new  duties  as  Street  Commissioner,  after 
leaving  this  construction  firm,  to  find  on  examination  of 
the  cost  sheets  that  the  city  was  doing  work,  in  a  great 
many  instances,  cheaper  than  my  cost  figures  in  the  con- 
struction firm. 

After  making  this  statement  of  course  the  question  im- 
mediately arises  as  to  the  overhead  in  regard  to  tlie  mu- 
nicipality doing  its  own  work,  but  there  are  other  features 
which  enter  into  the  consideration  of  the  matter  which  far 
overbalance  any  items  of  overhead  expenditure  which  may 
enter  into  the  proposition.  For  instance,  the  city  was 
equipped  with  labor  saving  machinery  in  a  much  better 
manner  than  any  of  the  contractors  who  were  doing  busi- 
ness in  that  vicinity.  In  fact,  at  times  when  a  change  of 
work  allowed  certain  pieces  of  equipment  to  be  idle,  there 
was  generally  a  considerable  demand  from  contractors,  and 
considerable  money  accrued  from  the  rental  of  these  ma- 
chines at  times  when  they  were  not  needed  for  the  city's 
use.  In  the  matter  of  stock  alone  I  believe  that  more  sav- 
ing was  generally  effected  than  would  accrue  to  the  con- 
tractor alone  as  a  percentage  profit  on  the  work. 

The  theory  is  often  advanced  that  city  laborers  do  not 
work  as  well  as  contract  laborers.  This  may  be  so,  but  I 
have  failed  to  observe  it  during  the  past  year  and  one-half 
to  any  degree,  and  any  difference  in  loss  through  the  labor 
end  of  the  proposition  is  more  than  balanced  up  by  the 
saving  of  the  percentage  of  profit  to  the  city  by  the  pur- 
chase of  supplies  in  large  quantities,  at  low  rates,  and  by 
the  use  of  labor  saving  machinery. 

In  the  matter  of  stock  alone  we  will  consider  several 
items  of  interest.  In  December  and  January  of  last  year 
the  city  bought  and  received  500  tons  of  asphalt  at  $26.53 
f.o.b.  Worcester.  At  the  time  contracts  would  have  been 
let  for  general  construction  work,  this  material  had  soared 
to  the  price  of  $40  per  ton  or  better,  and  was  hardly  obtain- 
able at  that  figure.  Cement  was  obtained,  30  carloads  in 
storage  December  and  January  at  $2.20  per  barrel.  At  the 
time  general  construction  would  have  been  in  progress,  and 
contracts  would  have  been  let,  some  of  the  materials  was 
t)ringing  in  the  open  market  over  $3  per  barrel.  Brick 
bought  at  $11.53  f.o.b.  Worcester  was  selling  for  $21  per 
thousand,  at  the  yard.  The  city  placed  an  order  for  tar  for 
their  1918  season's  supply,  previous  to  Jan.  1  for  8%  ct. 
per  gallon.  The  price  jumped  to  from  12  ct.  to  18  ct.  per 
gallon  the  following  season  at  the  time  the  material  was 
to  be  used.  Road  oils  were  in  storage  at  a  price  of  6.49 
ct.  per  gallon  and  the  season  opened  with  prices  from  11 
ct.  to  18  ct.  per  gallon  for  the  material,  with  none  in  the 
city  even  at  that  figure.  All  the  paving  blocks  that  could 
be  obtained  of  the  size  usually  used  by  the  city  of  Wor- 
cester were  bought  and  placed  in  storage  in  December, 
1917,  and  January,  1918,  at  1917  prices. 

A  machine  steam-roller  scarifier  was  purchased  which 
would  in  all  probability  do  the  work  of  100  men  in  a  day  in 
the  matter  of  picking  up  any  old  macadam  or  hard  gravel 
roadway.  However,  the  greatest  inducements  today  for 
cities  to  do  their  own  work  are  those  brought  about  by 
natural  causes.  Whereas  5  years  ago  it  was  an  easy  mat- 
ter to  obtain,  in  the  winter  time,  a  force  of  laborers  for 
the  handling  of  snow  and  ice,  today  it  is  a  very  serious  prop- 


Dsilion  — no  such  lloating  element  of  labor  exists.  The 
tendency  today  is  toward  the  cleaning  of  the  highways  of 
snow  and  ice  during  (hf  winler  months  to  increase  the  fa- 
cilities of  motor  truck  transportation,  also  the  general 
cleaning  of  snow  and  ice  throughout  the  city  requires  at 
times  a  heavy  force  of  men,  which,  if  lliey  were  not  on 
hand,  would  put  Iho  city  in  an  extremely  dilhcull  position 
as  far  at  travel  on  their  highways  is  concerned.  Conse- 
(luently,  it  is  absolutely  necessary  to  have  at  hand  as  much 
of  a  working  force  as  is  usually  worked  through  the  sum- 
mer months  on  construction  work.  In  addition  to  this,  most 
cities  have  taken  up  the  collection  of  ashes  and  rubbish.  In 
the  winter  time,  naturally,  there  is  an  increased  amount 
of  ashes  to  be  removed,  requiring  more  help  for  that  pur- 
pose. In  the  summer  time  naturally  this  work  slackens  off. 
leaving  the  men  free  for  the  construction  work,  street 
cleaning,  maintenance,  etc. 

In  addition  to  these  above  items  there  is  much  work 
which  can  be  done  in  a  city  in  the  winter  time,  which  must 
of  necessity  be  completed  at  some  future  lime,  but  which 
might  not  be  chosen  as  necessary  work  to  be  done  on  ac- 
count of  the  expenditure  of  money  it  would  entail.  This 
matter  that  1  am  referring  to  is  the  matter  of  the  country 
or  outlying  roads  of  a  municipality  which  have  never  car- 
ried anything  other  than  a  roadway  for  the  traveling  of 
vehicles.  On  these  roads,  sidewalks  will  eventually  have 
to  be  laid,  extending  the  work  of  the  highway  to  its  out- 
side limits.  One  of  the  most  vital  reasons  for  accomplish- 
injj  this  work  ahead  of  the  construction  of  the  residences 
bordering  on  the  highway,  lies  in  the  fact  that  should  proper 
construction  occur  and  the  lawns  of  abutting  property  own- 
ers encroach  upon  the  highways,  damages  may  be,  and  are, 
collected  in  a  great  many  instances  on  account  of  cuts  or 
fills. 

Other  work  which  may  very  properly  be  done  in  the  win- 
ter is  the  gravelling  of  the  highways  in  the  outer  sections 
of  a  municipality.  This  may  be  accomplished  regardless  of 
the  fad  that  snow  and  ice  are  on  the  street.  If  the  snow 
is  light  it  may  be  pushed  to  either  side  with  a  road  ma- 
chine and  gravelling  continue  the  same  as  in  the  summer 
months. 

Another  feature  of  winter  work  used  a  great  many  times 
in  connection  with  this  graveling  of  country  roads  is  the 
use  of  a  stone  crusher  in  a  gravel  bank.  The  screen  is  re- 
moved from  the  stone  crusher  and  all  the  material  coming 
from  the  gravel  bank  is  passed  through  the  crusher  and 
into  the  bins  without  separation,  in  this  way  making  use 
of  all  the  available  road  metal  which  is  contained  in  the 
stones.  It  has  been  my  experience  that  this  feature  added 
enough  in  value  and  saving  to  more  than  overbalance  the 
expense  of  any  handling  through  the  crusher,  as  the  ma- 
terial is  all  loaded  into  bins  for  delivery  into  carts  from  the 
chutes  without  any  further  shoveling. 

In  addition  to  the  above  the  crusher  is  also  made  use  of 
in  providing  a  large  storage  pile  of  crushed  stone  for  the 
next  summer's  use.  It  may  seem  that  this  is  adding  extra 
expense  to  the  cost  of  producing  the  crushed  stone  on  ac- 
count of  the  extra  handling  from  the  storage  piles  at  the 
time  the  material  is  used  in  the  summer;  but  when  it  is 
realized  that  the  material  is  immediately  available  for  use, 
without  the  difficulty  of  shipping  it  into  the  city  by  freight, 
and  it  will  be  seen  that  the  extra  cost  in  handling  would 
be  eaten  up  generally  by  freight  charges — also  the  munici- 
pality is  able  to  get  the  stone  in  quantity  very  quickly,  in 
tliis  way  facilitating  speed  of  construction  on  whatever 
work  is  in  progress.  The  handling  is  also  taken  care  of 
by  steam  shovels  generally,  and  one  shovel  has  been  known 
CO  load  12  teams  and  three  trucks  in  from  25  to  45  min- 
utes. 

Cindering  of  sidewalks  in  the  outer  districts  is  also  taken 
care  of  in  the  winter  season,  at  which  time,  generally,  most 
factories  are  more  than  anxious  to  get  rid  of  their  cinders 
to  anyone  who  will  take  them  away,  while  in  the  summer 
time  more  or  less  difficulty  is  experienced  in  obtaining  this 
product. 

It  will  be  seen  from  the  above  that  it  is  practically  a 
necessity  to  keep  a  working  force  and  organization  to- 
gether at  the  present  time,  because  it  is  absolutely  impos- 
sible to  pick  up  the  old  floating  labor  winter  and  summer 
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in  any  municipality.  If  the  workmen  have  been  educated 
in  their  various  lines  of  work,  the  necessity  of  assistant 
inspectors  is  eliminated  and  the  tendency  of  the  entire 
work  is  to  use  the  best  of  materials  in  proper  proportions 
and  produce  the  best  possible  results. 

The  value  of  the  results  of  this  system  can  be  shown  by 
an  inspection  of  the  streets  and  by  reference  to  the  cost 
sheets.  The  gi-anite  paving  done  practically  by  city  labor 
has  stood  the  test  of  time,  some  of  the  oldest  pieces  being 
from  14  to  20  years  of  age  and  in  excellent  condition  today. 

In  1913  and  1914,  3-in.  tar  penetration  work  cost  from 
45  to  55  ct.  per  square  yard.  Granolithic  sidewalks  with 
cinder  fill  underneath  ran  from  $1.50  to  $1.80  per  square 
yard.  6-in.  cement  grouted  granite  block  paving  on  5-in. 
concrete  base  cost  less  than  was  generally  figured  on  the 
engineer's  estimate  of  $3.25  per  square  yard,  including  all 
digging  and  preparation  of  the  bed;  and  in  only  two  in- 
stances, if  I  am  rightly  informed,  did  the  cost  exceed  $4 
per  square  yard  up  to  the  fall  of  1917. 


is  entailed,  must  be  regarded  as  one  more  contribution  to 
winning  the  war 


"The  Cities'  Part  in  Readjustment  Is  Cre- 
ating Opportunities  for  People  to  Work" 

The  necessity  of  cities  undertaking  immediate  public 
works  construction  to  supply  jobs  for  soldiers  and  war  work- 
ers is  pointed  out  in  the  December  issue  of  New  Jersey 
Municipalities,  the  ofl^cial  organ  of  the  New  Jersey  State 
League  of  Municipalities,  from  which  we  quote  as  follows: 
The  tremendous  task  that  faces  us  now  is  rather  a  task 
of  readjustment,  of  getting  from  a  war  basis  to  a  peace 
basis;  of  demobilizing  our  armies,  closing  our  munitions  and 
other  war-order  factories,  reopening  and  enlarging  our 
peace-time  industries,  picking  up  and  developing  our  dor- 
mant projects  of  public  works. 

The  principal  danger  in  "readjustment"  is  that  we  shall 
not  catch  the  new  stride  in  peace-time  industry  and  public 
works  quickly  enough  to  open  up  jobs  for  all  the  men  and 
women  rapidly  released  from  the  army  and  navy  and  war 
industries.  Coming  as  demobilization  does,  at  the  beginning 
of  the  winter  months,  when  construction  is  ordinarily  at 
low  ebb,  when  the  demand  for  farm  labor  is  lowest,  and 
when  the  railroads  are  uncertain  as  to  their  future  program 
or  fate,  we  are  unpleasantly  confronted  with  a  "labor  glut." 
It  is  a  sad  commentary  on  American  idealism  that,  so  far, 
in  speech  and  print,  the  fear  most  commonly  voiced  in  this 
connection  is  the  fear  that  the  labor  that  is  thus  left  unem- 
ployed will  raise  the  red  flag,  and  riot  and  destroy  other 
people's  property.  We  ought  to  be  concerned  about  protect- 
ing property,  but  we  have  need  to  be  far  more  concerned 
about  protecting  these  people — the  men  and  women  who 
have  made  cartridges  and  trench  coats  and  machine  guns, 
or  actually  worn  khaki  and  stopped  German  bullets — from 
unnecessary  unemployment. 

It  will  help  us  considerably  in  performing  our  part  in  "re- 
adjustment" to  stop  thinking  of  labor  as  a  commodity  and 
think  of  it  as  people — peoples  whose  main  need  is  a  place 
of  employment  where  they  can  earn  their  own  living. 

The  cities'  part  in  "readjustment,"  then,  is  creating  op- 
portunities for  people  to  work. 

This  will  not  be  difficult.  Thousands  of  dollars'  worth  of 
improvements  and  construction  that  have  been  held  up 
during  the  war  may  now  be  proceeded  with.  Building  re- 
strictions are  off.  Manufacture  of  building  materials  is 
again  proceeding.  The  Capital  Issues  Committee  is  favor- 
able toward  municipal  issues,  and  the  bond  market  is  good. 
The  principal  need  is  to  go  to  work  now.  There  are  really 
only  two  things,  aside  from  ordinary  inertia,  that  stand  in 
the  way.  The  first  is  the  greater  ease  of  pushing  construc- 
tion in  spring  and  summer  weather.  This  must  not  inter- 
fere with  immediate  action.  The  winter  has  been  open  so 
far,  and  even  the  ordinary  probability  of  less  favorable 
v.'eather  ahead  must  not  stop  us  from  beginning  work  im- 
mediately.    Men  need  work  now. 

The  second  deterrent  is  the  natural  business  sense  which 
makes  an  executive  hesitate  about  buying  construction  ma- 
terials at  high  prices  when  he  knows  the  market  is  soon  go- 
ing down.  That  is  unfortunate  indeed,  but  it  must  not  in- 
terfere with  the  immediate  starting  of  work.  Men  need 
work  now.     Whatever  additional  expenditure  for  materials 


Cost  of  Road  Work  in  New 
land  in  1918 


Eng- 


The  cost  of  road  work  (construction  and  reconstruction) 
in  New  England  in  1918  was  50  to  100  per  cent  higher  than 
in  the  previous  year,  according  to  a  paper  by  Col.  Wm.  D. 
Sohier,  presented  Dec.  9  at  the  meeting  of  the  Association 
of  State  Highway  Officials.  The  increase  in  cost  of  main- 
tenance was  probably  very  nearly  as  large.  -The  two  main 
causes  of  the  increased  cost  of  the  work  were  ascribed 
lo:  first,  increased  wages,  and  second  and  at  least  equally 
important,  to  the  inefficiency  and  instability  of  the  labor. 
Extracts  from  Mr.  Sohier's  paper  follow. 

Inefficiency  of  Labor. — In  the  states  where  there  have 
been  large  cantonments,  as  in  Massachusetts,  where  war 
work  was  going  on,  or  shipbuilding,  labor  conditions  have 
been  very  much  disorganized;  the  men  w'ere  constantly 
leaving  to  secure  a  higher  wage  offered  by  contractors 
working  on  war  munitions  or  war  plants  or  cantonment)-; 
01'  shipbuilding  on  a  percentage  basis. 

This  is  well  illustrated  by  the  facts  given  by  an  experi- 
enced contractor  at  one  of  the  places  where  the  Govern- 
ment was  doing  the  work  on  a  percentage  basis,  where  it 
was  absolutely  essential  that  the  road  work  should  be  done 
as  soon  as  possible. 

This  work  upon  roads  occupied  13  weeks  toward  the  end 
of  1917.  During  that  time  1,380  men  were  employed  and 
actually  put  at  work  in  order  to  keep  an  average  force  of 
430  men  actually  working. 

It  cost  very  nearly  $4  to  do  the  same  amount  of  work 
which  would  have  been  done  three  years  before  for  $1. 
For  instance,  formerly  in  unloading  broken  stone  from  the 
cars,  4  men  could  easily  unload  4  cars  a  day,  each  car 
holding  an  average  of  33  tons.  The  men  were  paid  $2  a 
day.  In  other  words,  it  cost  $2  to  unload  33  tons  of  stone. 
In  the  fall  of  1917  it  required  16  meii  a  day  to  unload  8 
cars  holding  33  tons  each,  and  each  man  was  paid  $4  a  day. 
In  other  words,  it  cost  $8  to  unload  33  tons  of  stone,  where 
il  formerly  cost  $2.  During  the  8  weeks  that  the  stone 
v.as  being  unloaded,  there  were  380  individuals  who  actually 
were  on  the  payroll  and  came  to  work,  it  being  necessary 
to  employ  this  number  of  men  in  order  to  keep  16  at  work 
on  unloading.  Hence,  it  is  to  be  seen  that  wages  doubled 
and  labor  was  only  half  as  efficient. 

The  average  throughout  the  New  England  States,  how- 
ever, was  not  neaj'ly  as  bad  as  this,  although  many  Massa- 
chusetts contractors  and  engineers  have  said  that  the  in- 
cieased  cost  was  very  largely  due  to  inefficiency  rather 
than  to  the  prices  paid  for  labor. 

Comparison  of  Increased  Costs  of  Highway  Work. — While 
the  cost  of  labor,  team,  materials,  etc.,  has  been  constantly 
increasing  year  by  year  for  some  time,  not  only  because 
of  an  increase  in  the  amounts  paid  but  also  because  of 
shorter  hours  of  labor  in  many  states,  the  work  of  1917  and 
1918  has  been  very  much  more  expensive  than  in  1916  be- 
cause of  war  conditions. 

The  cost  of  maintenance  in  all  the  New  England  States 
has  practically  increased  from  50  to  75  per  cent,  unless 
possibly  in  Connecticut  where  there  was  a  considerable 
increase  in  1917.  so  that  in  1918  the  cost  increased  only  20 
jier  cent  on  labor  items. 

In  most  place  sthe  cost  of  construction  or  reconstruc- 
tion has  increased  from  75  to  100  per  cent  or  even  more. 
In  a  few  of  the  country  districts  the  cost  of  the  work  has 
not  increased  so  much  because  local  labor  and  teams  were 
used  when  they  were  not  urgently  needed  on  the  farms. 
Also,  the  patrolmen  and  men  employed  on  the  mainte- 
nance of  the  main  roads  are  more  permanent  as  they  gen- 
erally are  men  who  live  in  the  locality. 

In  1916  laborers  were  paid  $1.75  to  $2  for  an  8-hour  day, 
in  Massachusetts;  in  1918  the  pay  on  the  average,  except 
for  local  men,  was  from  $3.20  to  $4  for  an  8-hour  day. 

Teams  which  in  1916  cost  from  $4.50  to  $5.50  today,  cost 
in  1918  from  $6  to  even  $8  per  day. 

The  cost  of  materials  and  freight  also  increased  from 
50  to  over  100  per  cent  from  1916  to  1918. 
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Comparison  of  Contract  Prices. — The  followiiiK  lU'c  costs 
for  s\irliiciMK  work  lot  on  iuijoining  sections  of  state  road 
in   Lunenburg  and   riiilli|ision,  Mass.,  for  191C  and  1918: 

I.I   \KNBUUG. 

,,             .,                                                                                      1!)1G.  191S. 

tsonvntloii                                             J0.60  J1.30 

Tnip  rock       2,;o  3.611 

lvlliiiiu'i\.   fiiriil.tliiMl  anil  .-iiiiilU'd    IB  .24 

Sioiu»   lilt    100  «>.•(■, 

Siuid  llllcr   lis,-,  ilfio 

Stoiio    .sni'onoil    l..|0  2.7' 

I'slnc  tlif  qunntltlos  In  the  1918  surfurlngr  tlie  liicrea.so  over 
iiwi   1.,,    I'.io,  ^vas  r>7  per  renl. 

FHlI.UrSTON. 

rjiii.  101. s. 

l.\^;n.itK.i'  , $0.80  J1.50 

'""'■■'uv    ..                        1.2B  1.76 

n  rap  nuk                       3.5O  4.30 

Bilunna.   furiilshod   and  a|>plit'd    17  .25 

Sand  lUlir  1.2n  2.00 

Inori'a.-iod  cost  of  lin.s  coniract  for  above  items  was  33  per 
cent  al'ovc  cost  if  );>1G  jiriofs  are  used. 

Increased  Cost  of  Maintenance. — The  cost  of  maintaining 
the  older  waterbound  macadam  or  gravel  roads  on  the  main 
lines  is  well  shown  by  the  following  table: 

Town.  191G.  1918. 

Alhol    (West)     $175.05  %    504. S2 

Beraardston    (E:ast)    4S.').8!l  819.14 

ETrvinK    (IJastI 4G2.0G  1,477.56 

Fltchbur);    (West)    130.62  202.29 

Gardner   ( Wo.>!t )    487.80  1,188.63 

ShelVmrne    (Village)    225.95  501.98 

T.mpleton.    (East)    330.19  882.18 

Wlnohendon   (Maple  St.)    364.35  872.68 

These  roads  have  all  been  maintained  by  surface  treat- 
ments of  asphaltic  oil  and  kept  constantly  patched. 

A  very  considerable  item  in  the  increased  cost  is  due  to 
the  increasin.cc  use  of  motor  trucks  and  especially  the  heavy 
motor  trucks  carrying  3  Ions  or  more  on  solid  tires. 


Motor  Trucks  and  Car  Shortage 

During  the  car  shorta.ge  last  year  one  of  tlie  greatest 
sources  of  relief  in  the  transportation  of  car  materials  for 
highway  work  was  the  motor  truck.  Some  noticeable  in- 
stances of  this  were  cited  by  Mr.  Clinton  Cowen,  State  High- 
Avay  Commissioner  of  Ohio,  in  a  paper  presented  at  the  re- 
cent meeting  of  the  American  Association  of  State  Highway 
Officials.  In  the  construction  of  a  concrete  foundation  the 
materials  were  shipped  originally  by  rail  to  a  point  within 
two  miles  of  the  work.  When  frei.ght  shipments  were  sus- 
pended, not  a  day  was  lost  before  the  contractor  had  In  the 
service  a  small  fleet  of  trucks  hauling  stone  direct  from  the 
quarry  some  15  miles  from  the  site  of  the  improvement. 
Another  instance  worthy  of  mention  is  where  stone  was 
hauled  by  rail  about  6  miles  to  a  point  from  which  the  aver- 
age wagon  haul  to  the  road  would  be  about  1%  miles. 
Terminal  facilities  became  obstructed  and  it  was  necessarj 
to  resort  to  trucks,  which  was  done  and  the  work  was  car- 
ried forward  with  surprising  economy  and  rapidity. 

The  elimination  of  one  handling  at  the  railroad,  the  abil- 
ity to  spread  the  stone  almost  perfectly  by  tilting  the  truck 
bed  to  proper  angle  and  the  general  stabilizing  effect  on  the 
work,  enabling  the  contractor  to  use  adantageously  a 
greater  gang  of  laborers,  are  some  of  the  reasons  why 
trucks  may  bo  used  to  an  advantage  on  short  hauls  and  even 
on  moderately  long  hauls  where  roads  are  in  condition  for 
truck  service.  To  the  contractor  a  direct  haul  from  the 
quarry  means  the  saving  of  the  cost  of  loading,  demurrage 
charges  and  congested  conditions  that  so  often  arise  due  to 
irregularity  in  railroad  delivery. 


Investigation  to  Determine  Limiting  Weights  of  Trucks 
<on  Highways. — The  American  Association  of  State  Hi.sh- 
ways  Officials  at  its  Chicago  meeting  appointed  a  committee 
to  confer  with  the  Highway  Industries  Association  for  the 
purpose  of  getting  a  real  engineering  investigation  of  what 
Avill  stand.  The  resolution  provided  that  the  committee 
should  submit  recommendations  as  to  limiting  weights  of 
motor  trucks  to  be  used  on  the  various  types  of  highways. 
It  was  further  resolved  that  the  data  for  this  recommenda- 
tion be  obtained  from  a  study  of  existing  data  and  also 
from  real  experiments  on  the  different  types  of  pavements 
and  that  the  cost  of  the  experiments  be  distributed  among 
the  states  which  are  financially  able  to  afford  the  expense 
of  such  investigation. 


Convict  Labor  in  Road  Construc- 
tion in  West  Virginia 

For  the  past  4  years  West  Virginia  has  been  employing  a 
portion  of  its  state  prisoners  on  road  work.  Data  oii  the 
maintenance  of  the  prison  camp  No.  ;!  in  Kanawha  County, 
near  Charleston,  in  1917,  were  given  by  .Mr.  A.  D.  Williams, 
Chief  Engineer  of  the  West  Virginia  Slate  Road  Commis- 
sion, in  a  paper  presented  Dec.  9  before  the  American  As- 
sociation of  State  Highway  Officials. 

The  number  of  prisoners  at  the.  camp  ranged  from  12  in 
July  to  28  in  November,  the  average  for  the  12  months 
being  18.  During  the  year  21,695  meals  were  served  to 
prisoners  and  1,959  meals  to  foremen  and  visitors.  The 
average  cost  per  meal  was  13.96  ct.  The  total  number  of 
prisoners  returned  to  prison  was  16,  and  there  were  7  es- 
capes. Of  the  latter  4  prisoners  were  recaptured.  The 
total  number  of  days  lost  by  sickness  of  prisoners  was  126. 
Tlie  total  prisoner  days  at  the  camp  was  7,232  of  which 
4.027  were  effective  working  days.  The  average  daily  cost 
of  guarding  and  maintaining  the  prisoners  was  as  follows: 


(tuards    

Miscellaneous 

Food    

lOquipment    . . . . 

t'IfjthiniT     

Tohacco    

Oanlen  seed  . . . 
Transportation 

Rewards     

roal    


Per  prisoner     I'er  elTectlve 

day.  day. 

..     $0.1-,1  .$0,272 

.035  .063 

.456  .820 

.020  .036 

.044  .080 

.027  .04S 

.003  .005 

.062  .112 

.039  .069 

.010  .018 


To'^*'    $0,847  $1,523 

For  the  year  there  was  a  total  of  36,243  hours'  prison 
work,  and  a  total  of  27,840  lost  or  uneffective  hours,  which 
included  4.808  hours'  bad  weather,  7,991  hours'  holidays  and 
Sundays,  1,134  hours'  sick,  and  13,913  hours'  camp  duty. 
The  Legislature  of  West  Virginia  has  for  some  years 
treated  the  penitentiary  as  a  self-sustaining  institution  and 
made  no  •appropriation  for  its  maintenance,  so  the  State 
Hoad  Department  in  conjunction  with  the  Board  of  Con- 
trol and  the  county  courts,  have  worked  ouf  plans  to  suit 
as  near  as  possible  each  separate  condition.  When  camp 
No.  1,  March  23,  1914,  was  established  the  state  undertook 
to  guard,  feed  and  clothe  and  supply  the  labor  to  the  county 
at  75  ct.  per  day;  on  this  it  lost  money.  On  May  20,  1914, 
camp  No.  2  was  established  on  the  same  basis  at  a  per 
diem  cost  of  82i.^  ct.  per  day.  This  venture  likewise  was 
not  satisfactory  and  proved  expensive  to  the  prison  de- 
partment. Camp  No.  3  was  established  on  the  basis  of 
camp  No.  1  on  July  6,  1914,  and  so  operated  for  a  period 
of  time.  Then  the  county  agreed  to  assume  all  of  the  cost 
of  maintenance,  including  transportation  and  guarding.  On 
the  first  of  the  present  calendar  year.  1918,  it  became 
necessary  to  change  the  remuneration  to  the  state,  because 
of  the  high  cost  at  the  penitentiary  and  a  new  contract  was 
made  at  camp  No.  3,  whereby  the  county  bears  all  of  the 
expense  and  pays  the  State  75  ct.  per  day.  Of  this  25  ct.  i 
per  day  is  returned  by  the  State  to  the  prisoner,  who  in  ' 
addition  thereto  receives  15  ct.  per  hour  for  all  time  over 
9  hours  per  day.  Camp  No.  4  was  established  March  13, 
1918,  with  30  men,  as  a  minimum,  the  county  of  Fayette 
paying  all  of  the  costs  and  paying  the  State  .$1  per  day, 
of  which  the  State  pays  the  prisoner  25  ct.  and  the  county 
pays  the  prisoner  15  ct.  per  hour  for  all  overtime.  Camp 
No.  5  consists  of  50  men  working  from  the  penitentiary,  the 
State  boarding  and  clothing,  the  county  furnishing  trans- 
portation and  guards;  for  this  service  the  State  receives 
.$2  i)er  day,  of  which  25  ct.  per  day  and  over-time  is  paid  to 
the  prisoner.  In  order  to  take  care  of  some  railroad  im- 
provement needed  in  the  Benwood  yards  camp  No.  6  of 
50  prisoners  is  worked  direct  from  the  penitentiary  for  the 
B.  &  O.  R.  R.,  the  railroad  paying  $2.85  and  furnishing  the 
men  their  dinners  or  noon-day  meal.  The  State  pays  the 
prisoner  25  ct.  per  day.  At  the  present  time  there  is  a  total  * 
of  170  men  working  in  the  public  road  camps,  and  50  men 
on  the  special  railroad  work,  making  a  total  of  220,  or  over 
25  per  cent  of  the  prison  population  working  as  trusties  nr 
an  the  honor  system. 
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Engineers  for  Highway  Work* 

By  JOHN   H.  .MULLEN, 

Engineer   and    Deputy    Commissioner,    Minnesota    State    Hig-liuay 
Department. 

The  country  evidently  has  become  aroused  to  the  need 
tor  highway  improvement  and  is  willing  to  spend  millions 
of  dollars  for  that  purpose,  provided  there  is  assurance 
that  the  work  will  be  properly  handled.  The  public,  how- 
ever, does  not  know  how  this  should  be  done,  and  has  but 
a  very  hazy  idea  of  the  need  for  scientific  organization  and 
expert  supervision  of  highway  improvement.  The  engineer's 
work  in  France  and  the  progress  already  made  in  this  country 
has,  to  a  certain  degree,  opened  the  eyes  of  the  public  in 
this  respect,  but  there  is  little  known  of  the  careful  inves- 
tigations, the  close  study,  the  hard  work  and  the  infinite 
amount  of  detail  attendant  upon  the  successful  prosecu- 
tion of  highway  improvement.  In  the  public  mind,  satisfac- 
tory results  are  generally  credited  to  the  contractors  or 
superintendents  of  the  work,  who  do  not  consider  it  un- 
ethical to  advertise.  This  matter  of  publicity  is  very  im- 
portant and  the  people  should  be  well  informed  on  the 
management  of  highway  atfciirs  so  that  the  engineers  will 
be  given  due  credit  for  their  work. 

Inadequate  Pay  of  Highway  Engineers. — Highway  admin- 
istration offers  a  great  field  for  engineers,  but  this  will  not 
be  developed  unless  it  is  possible  to  pay  adequately  tor 
engineering  services.  This  has  not  generally  been  done. 
Many  states  have  worked  up  very  efficient  organizations 
and  have  been  obliged  to  maintain  them  at  a  low  expense 
on  account  of  lack  of  funds.  Some  of  these  departments 
are  held  together  through  interest  in  the  work  and  loyaity 
to  th£  service,  but  this  is  a  practical  age,  and  if  the  proper 
kind  of  men  are  to  be  employed,  if  initiative  is  to  be  en- 
couraged and  efficiency  promoted  there  must  be  a  material 
reward.  In  the  past  few  years  it  has  been  the  experience 
of  many  engineers  to  have  had  charge  of  work  on  which 
the  foreman  and  machine  operators  were  drawing  50  to 
100  per  cent  more  pay  than  the  engineer.  Knowledge  of 
this  does  not  create  respect  for  the  profession  by  those 
employed  on  the  work,  nor  does  it  increase  the  engineer's 
self-respect  and  confidence  in  his  position  of  authority.  High- 
way engineering  requires  as  much  training,  experience  and 
application  as  dentistry  or  the  law  and  as  a  profession,  is 
held  responsible  for  the  condition  of  the  public  highways 
which  are  the  main  arteries  of  business  in  the  country,  and 
which  affect  the  individual  and  community  more  inti- 
mately than  any  other  public  work.  Therefore  in  the  light 
of  fairness  and  good  business  this  profession  should  also 
be  recognized  by  proper  compensation,  otherwise  it  will 
be  difficult  to  interest  able  engineers  in  the  work. 

Qualifications  of  a  Highway  Engineer. — The  qualifications 
for  a  highway  engineer  do  not  seem  to  be  generally  agreed 
upon.  It  is  frequently  stated  that  this  position  requires 
only  from  10  to  25  per  cent  technical  knowledge  and  the 
remainder  common  sense.  The  natural  consequence  of 
such  statements  is  to  mislead  the  public  and  discredit  the 
profession.  It  is  true  that  the  work  requires  the  exercise 
of  a  great  deal  of  common  sense,  but  that  is  fundamental 
and  true  of  an.v  other  important  work.  The  highway  engi- 
neer must  have  a  ground-work  of  engineering  knowledge, 
acquired  through  years  of  practical  experience  and  study 
or  by  technical  schooling.  Without  advanced  technical 
training  a  man  is  greatly  handicapped  in  engineering,  but 
on  the  other  hand,  experience  proves  that  men  who  have 
overcome  this  handicap  are  generally  the  inost  efficient. 
;  Highway  engineerin,g  is  a  new  science,  in  the  process  of 
development,  and  the  man  who  can  accumulate  and  sys- 
tematize knowledge  of  this  subject  as  it  develops,  will 
make  a  successful  highway  engineer,  provided  ie  has  the 
preliminary  training  or  engineering  experience  as  a  foun- 
dation. Actual  trainin,g  in  this  branch  of  work  has  not 
given  engineering  colleges  much  concern  up  to  the  pres- 
ent time,  M'hich,  however,  is  not  a  serious  matter,  for  traffic 
conditions  have  changed  so  radically  in  the  past  few  years 
that  the  principles  involved  are  entirely  different.  We 
are  now  at  the  opening  of  a  new  transportation   era  and 


•From  a  paper  presented  Dec.   D  at   the  meeting  of  the   .\meri- 
can  Association  of  State  Hishway  Officials. 


the  volume  and  importance  of  contemplated  highway  work 
calls  for  the  special  training  of  a  large  number  of  men. 
At  the  same  time  it  is  realized  that  engineering  colleges 
are  not  generally  equipped  to  give  this  training  and  there- 
for it  falls  upon  the  State  Highway  Engineers  to  lend  as- 
sistance in  directing  the  work  of  the  students  so  that  upon 
leaving  college  he  will  not  have  to  serve  such  a  long  ap- 
Iirenticeship  before  taking  charge  of  work. 

To  efficiently  perform  the  duties  of  highway  engineer 
requires  not  only  technical  qualifications,  but  also  knowl- 
edge of  public  affairs,  administrative  ability,  capacity  for 
detail  and  the  knack  of  handling  men.  The  engineer,  de- 
voting all  of  his  time  to  the  work,  is  in  the  best  position 
to  study  traffic  conditions,  and  the  economics  of  the  situa- 
tion, to  advise  the  governing  boards,  and  direct  public  sen- 
timent along  proper  lines. 

Placing  Entire  Responsibility  for  County  Road  Manage- 
ment on  Highway  Engineer. — There  is  a  growing  tendency, 
especially  in  the  western  states  in  which  highway  depart- 
ments have  been  organized  for  several  years,  to  place  the 
entire  responsibility  for  highway  management  in  the  county 
upon  the  highway  engineer.  Boards  of  supervisors  have 
other  interests  demanding  their  attention  and  are  placed 
in  authority  primarily  to  carry  out  public  policy  and  to 
protect  the  public  interests.  It  is  not  expected  that  they 
are  qualified  to  direct  engineering  operations  and  they 
gladly  receive  the  co-operation  of  the  engineer  if  con- 
vinced that  it  is  co-operation  and  not  interference  which 
the  engineer  offers.  But  an  engineer  should  not  assume 
such  responsibility  unless  he  is  willing  to  apply  a  tre- 
mendous amount  of  study  and  work  to  the  task.  He  must 
make  a  study  of  the  present  and  prc«;pective  tonnage  and 
passenger  movement  on  the  highways,  of  the  availability 
of  road  materials  and  shipping  facilities,  and  also  of  the 
economical  types  of  road  and  bridge  construction  to  meet 
the  various  conditions,  and  must  inform  the  people  of  their 
needs  in  such  a  way  that  funds  will  be  provided  to  carry 
on  the  work.  A  survey  and  accounting  organization  has 
to  be  worked  up  so  that  adequate  and  complete  plans  and 
supervision  will  be  provided  and  comprehensive  cost  data 
made  available,  also  that  traffic  and  service  records  may 
be  kept,  and  all  factors  governing  road  policy  and  admin- 
istration tabulated  and  orderly  arranged.  There  is  prac- 
tically no  end  to  the  detail  connected  with  highway  man- 
agement if  properly  handled. 

Too  Rigid  Standardization  a  Danger. — It  may  not  be 
amiss  at  this  time  to  go  into  the  general  policy  of  high- 
way administration,  and  to  caution  the  Federal  and  State 
authorities  of  the  danger  of  too  rigid  standardization.  Gen- 
eral standards  and  principles  must  be  established,  of 
course,  but  individual  initiative  must  be  given  full  oppor- 
tunity for  development.  Highway  engineering  is  an  art,  not 
a  trade. 

Engineers  from  Army  and  Highway  Work. — The  pros- 
pect does  not  appear  at  all  difficult  for  the  immediate  fu- 
ture, provided,  however,  that  there  is  recognition  of  serv- 
ice and  proper  compensation,  for  then  the  profession  will 
attract  engineers  who  have  been  in  military  service,  hav- 
ing previously  had  training  and  experience  on  railroads, 
highways  or  similar  work,  and  whose  military  duty  has 
forced  a  respect  for  detail  and  given  an  opportunity  for 
handling  men.  Not  only  that,  but  their  observation  of  the 
lomarkably  good  road  conditions  in  Europe,  where  the  ac- 
tual construction  is  nothing  to  speak  of,  but  where  the 
maintenance  system  is  so  amazingly  complete,  has  awak- 
ened many  of  the  engineers  to  the  highway  possibilities  in 
this  country  and  a  consequent  desire  to  participate  in  the 
work. 

Co-operation  of  Highway  Departments  and  Colleges. — 
This  situation  will  undoubtedly  take  care  of  the  immediate 
needs,  but  some  means  must  be  devised  for  training  the 
large  number  of  men  who  will  be  required  to  take  charge 
of  the  tremendous  amount  of  road  building  to  be  carried 
on  in  the  next  few  years.  Experience  has  demonstrated 
the  need  for  a  combination  of  practical  work  with  engi- 
neering studies  and  it  would  seem  expedient  for  the  va- 
rious highway  departments  to  co-oi)erate  with  engineering 
colleges  in  this  respect.  This  policy  in  general  is  in  line 
with   the   recommendations    by    Dr.    Mann    in    his    excellent 
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report  for  the  Joint  Committee  on  "Engineering  EUuoa- 
lion."  An  attempt  lins  been  made  in  Minnesota  to  follow 
a  similar  policy  anil  a  number  of  suborilinale  positions  In 
the  State  highway  ensineerins  force  have  been  lilleii  dui- 
ing  the  summer  months  by  univer.sity  students,  thus  pro- 
vlitina  more  ellicient  help  on  surveys  and  inspection  and 
ilso  givins  the  practical  training  so  necessary  to  a  com- 
plete education. 

(Consideration  of  Health  Important  Factor 

in  Deter mininji  Extent  of  Street 

Cleaning 

Undoubtedly  the  primary  reason  for  street  cleaning  is 
for  the  promotion  of  iniblic  comfort  or  convenience.  The 
annoyance  of  dust  to  the  users  of  the  highway  and  to  those 
.idjacent.  as  well  as  damage  to  property,  may  well  be  con- 
sidered p'-imary,  especially  if  coupled  with  its  wet  condi- 
tion as  mud. 

The  second  consideration,  the  aesthetic,  may  well  have 
its  weight,  especially  in  elimination  of  rubbish,  waste  paper 
and  larger  debris  which  so  offend  our  sense  of  propriety,  but 
have  little  bearing  on  either  health  or  comfort. 

The  third  consideration,  that  of  health,  may  be  one  which 
should  wprrant  extensive  and  expensive  work  in  this  line. 
The  Street  Cleaning  (."oinmittce  of  the  American  Public 
Health  Association,  Samuel  Whinery,  chairman.  In  its  re- 
port of  about  two  years  ago,  after  diligent  inquiries  and 
collection  of  practical  evidence,  strongly  inclined  to  the 
opinion  that,  while  theoretically  there  might  be  much  dan- 
ger from  unclean  streets,  from  the  health  viewpoint,  there 
was  little  or  no  positive  evidence  of  such.  This  opinion 
wua  largely  based  on  lack  of  definite  information  that  those 
engaged  continuously  in  street  cleaning  and  similar  work 
suffered  any  ill  effects  from  what  might  be  considered  an 
abnormal  or  excessive  exposure  to  those  conditions  sup- 
posedly deleterious  to  health  from  street  dust  and  similar 
influences.  At  least  one  member  of  your  committee,  from 
experience  with  local  spring  and  fall  epidemics  of  influ- 
enza and  bronchial  affections  when  street  cleaning  in 
northern  cities  is  interrupted,  is  firmly  of  the  opinion  that 
the  consideration  of  health  may  be  well  ranked  as  the 
most  important  factor  in  determining  the  extent  of  such 
work.  Lacking,  as  yet,  any  definite  conclusive  evidence, 
it  may  now  be  assumed  that  cleaning,  such  as  to  remove 
fine  dust  and  mud  which  may  cause  such,  offers  a  reason- 
able task  in  street  cleaning  for  comfort  and  health.  The 
aesthetic  considerations  in  removal  of  unsightly  litter,  un- 
less the  same  be  considered  a  source  of  dust  by  pulveriza- 
tion, may  be  given  consideration  to  the  extent  whicli  the 
locality  may  warrant  in  expenses. 

The  change  from  dry  to  wet  methods  of  cleaning,  now 
:so  increasingly  evident,  has  a  material  bearing  on  the 
above  considerations. — From  the  report  of  G.  H.  Norton, 
Rudolph  Herring  and  R.  C.  Harris,  submitted  at  the  last 
annual  convention  of  the  American  Society  of  Municipal 
Improvements. 


Tractors  Replace  Horses  in  Michigan  Road  Grading.— 
Tractors  have  largely  superseded  horsepower  in  road  grad- 
ing operations  in  Michigan,  stated  Mr.  Frank  F.  Rogers, 
State  Highway  Commissioner,  in  a  paper  presented  at  the 
Chicago  meeting  of  the  American  Association  of  6tate  High- 
way Officials.  Tractors  were  not  only  used  for  hauling 
blade  graders  but  ditching  has  been  successfully  done  with 
the  Ford  tra<?tor  End  flat  board  scrapers.  A  scraper  was 
hitched  to  each  end  of  the  tractor  which  has  a  very  short 
•wheel  base.  The  tractor  then  was  moved  across  the  road 
alternately  forward  and  backward,  but  with  a  slight  angle 
to  the  center  line  of  the  road  so  as  to  "cut  over"  the  width 
of  the  scraper  with  each  move.  As  the  tractor  moves  ahead 
The  scraper  hitched  to  the  rear  end  draws  a  full  load  up 
onto  the  road  grade  while  the  scraper  hitched  to  the  front 
end  is  backed  to  the  ditch  and  vice  versa.  This  way  of 
\ising  the  tractor  is  said  to  be  much  more  rapid  than  the 
work  of  two  teams. 


Special  Assessments  for  Local  Im- 
provements 

Information  on  tlie  practice  of  cities  in  levying  and  col- 
lecting assessments  has  been  collected  by  the  secretary 
of  the  New  York  State  Association  of  .Mayors  and  other 
city  ollicials.  In  reply  to  the  questionnaire  163  cities  re- 
ported on  their  methods  of  i)aying  for  the  original  pave- 
ment and  for  renewals  and  repavements.  Of  these  163 
cities  73  reported  that  the  entire  cost  ol  the  original  pav- 
ing was  assessed  ui)on  the  property  bencliled;  24  reported 
that  two-thirds  of  the  cost  was  assessed  on  the  area  bene- 
fited, and  15  reported  that  half  the  cost  was  so  assessed. 
Twenty-five  cities  bear  the  entire  cost  ol  the  tirsl  street 
improvement. 

Regarding  repaving,  39  cities  reported  that  the  entire 
cost  was  assessed  upon  the  property  benefited;  l.")  reported 
that  two-thirds  the  cost  was  so  assessed  and  16  reported 
^0  per  cent  assessed  upon  the  property.  .Seventy  cities  bear 
the  entire  cost  of  the  repaving. 

In  a  paper  presented  at  the  last  annual  conference  of  the 
association,  Mr.  Nelson  P.  Lewis,  Chief  Kngineer,  Board  of 
lOstimates  and  Apportionment  of  New  York  City,  after  an- 
alyzing the  replies  to  the  questionnaire  outlined  the  prevail- 
ing policies  on  other  points,  as  indicated  by  the  large  ma- 
jority of  the  replies,  as  follows: 

The  amount  of  assessment  upon  the  frontage  is  limited 
to  actual  benefit,  with  a  specific  limit  in  a  number  of  cities 
to  one-half  the  land  value,  and  in.  some  cases  to  less  than 
one-half. 

The  district  of  benefit  where  the  assessment  extends  be- 
yond the  frontage  is  determined  by  council,  but  the  num- 
ber of  towns  reporting  is  too  small  to  justify  calling  this  a 
general  policy. 

Exemptions  from  assessment  other  thaji  to  Federal,  state 
and  city  property  are  granted  in  no  (consistent  way,  not 
even  in  the  same  city.  Even  where  it  is  said  there  are  no 
exemptions,  it  is  not  unlikely  that  these  can  be  secured 
if  claims  are  effectively  presented  and   pushed. 

Pavement  in  street  intersections  is  quite  generally  paid 
for  by  the  city,  although  a  substantial  number  of  towns 
assess  the  entire  cost. 

Installment  assessments  are  quite  generally  provided 
for;  number  of  payments,  usually  10,  with  interest  at  from 
5  to  7  per  cent. 

Street  railway  companies  are  generally  required  lo  pave 
and  maintain  pavements  between  their  tracks  and  rails 
and  2  ft.  'outside. 

It  is  not  improbable,  states  Mr.  Lewis,  that  such  agree- 
ment of  practice  as  now  exists  is  the  result  of  more  uniform 
statutes  and  the  adoption  by  states  of  standard  charters 
for  cities  of  the  same  size.  Entire  uniformity  cannot  be  ex- 
pected, nor,  perhaps,  is  it  to  be  desired,  especially  in  cities 
of  greatly  different  size.  Conditions  in  towns  even  of  the 
same  size  vary  greatly.  Many  of  our  cities  are  now  under- 
taking great  enterprise,  involving  large  expenditures.  They 
are  also  disposed  to  adopt  policies  which  a  few  years  ago 
would  have  been  denounced  as  paternalistic  or  socialistic. 
Many  of  them  have  probably  come  to  stay  and  during  the 
period  of  readjustment  following  the  war  it  is  quite  likely 
that  our  cities  will  be  obliged  to  go  even  further  than  they 
have  in  these  directions.  The  annual  budgets  for  administra- 
tive purposes  will  increase,  and  it  will  be  necessary  to  cur- 
tail such  expenditures  as  are  represented  by  contributions 
10  what  are  commonly  called  local  improvements.  It  a 
greater  part  or  all  of  the  cost  of  such  improvements  can  be 
assessed,  it  will  be  necessary  to  do  so. 

It  is  often  urged,  continues  Mr.  Lewis,  that  street  pave- 
ments are  of  at  least  as  much  general  as  local  benefit,  and 
that  only  a  small  part  of  the  traffic  in  the  streets  has  its 
origin  or  destination  In  abutting  property.  The  relative 
amount  of  local  and  through-traSic  will  vary  in  different 
streets  and  within  the  same  street  from  day  to  day  accord- 
ing to  weather  conditions.  This  mixed  traffic  is  a  fruitful 
source  of  controversy,  especially  where  the  cost  of  the  first 
pavemen't  or  any  part  of  the  cost  of  repavement  is  assessed 
a.gainst  abutting  property,  owners  of  which  protest  against 
paying  for  improvements  for  the  accommodation  of  what 
Ihev  call  "alien"  traffic. 
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It  is  true  that,  while  certain  other  city  improvements, 
such  as  sewers,  are  of  peculiarly  local  benetit  and  can  be 
used  only  by  the  abutting  owners  or  those  within  the  drain- 
age area,  the  highways  of  the  city  are  for  the  free  use  of 
all,  even  non-residents,  but  such  general  use  in  itself  tends 
to  make  the  abutting  property  more  valuable.  Good  pave- 
ments result,  therefore,  in  local  benefit,  and  one  principle 
which  should  be  invariably  recognized  is  that  where  there 
is  local  benefit  there  should  be  local  assessment.  There 
can  be  no  street  improvement  which  has  been  intelligently 
planned  and  executed  which  will  not  result  in  some  local 
benefit,  and  it  follows  that  there  should  also  be  some  local 
assessment.  No  improvement,  however  large  or  small,  will 
be  of  equal  benefit  to  the  entire  city,  and  to  distribute  the 
burden  of  paying  for  it  over  the  whole  city  according  to 
taxable  values  is  unfair,  in  that  it  is  not  placed  according 
to  benefit. 

It  is  true  that  in  small  towns  the  benefit  resulting  from 
the  paving  of  the  few  important  streets  extends  to  the  en- 
tire community,  and  if  the  cost  be  met  by  general  taxa- 
tion the  owners  of  the  property  on  such  streets  will,  by 
reason  of  its  proportionately  greater  value,  pay  the  greater 
part  of  the  cost. 

The  principle  of  assessing  the  cost  of  street  pavements, 
and  perhaps  that  of  pavement  renewals,  concludes  Mr. 
Lewis,  will  probably  have  to  be  adopted  more  generally 
than  it  has  been,  whether  such  assessments  be  confined  to 
the  frontage  or  spread  over  a  large  area,  in  order  that  the 
borrowing  power  of  the  cities  may  be  conserved  and  their 
annual  tax  budgets  may  be  devoted  more  largely  to  the  ac- 
tivities and  enterprises  which  are  unquestionably  of  gen- 
eral benefit. 
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American  Association  of  Engineers  Asks 

Chicago  Aldermen  to  Increase  Salaries 

of  City's  Engineers 

The  American  Association  of  Engineers,  through  its  Chi- 
cago Chapter,  has  requested  the  City  Council  of  Chicago 
to  increase  the  salaries  of  the  technical  engineers  in  the 
service  of  the  city.  In  its  letter  to  the  Mayor  and  Alder- 
men, the  association  brings  out  the  interesting  fact  that 
with  very  few  exceptions,  the  salaries  of  the  city's  technical 
engineers  have  not  been  increased  in  21  years.  It  is  further 
pointed  out  that  for  the  past  4  years  it  has  been  almost  the 
general  rule  that  the  engineers  are  paid  less  than  the 
journeymen  working  under  their  direction  and  for  whose 
work  they  are  responsible. 

The  salaries  recommended  by  I  he  association  for  the 
city's  engineers  follows: 

Grade  1,  Croup  C.  S15n  per  month. 

Grade  1.  Group  B,     170  per  moiitli. 

Grade  1,  Group  A,     190  per  month. 

Grade  2.  Group  C.     205  per  month. 

Grade  3,  Group  B,     225  per  month. 

Grade  2.  Group  A,     245  per  month. 

Grade  3.  Group  C.     260  per  month. 

Grade  3,  Group  B,     280  per  month. 

Grade  3.  Group  A,     300  per  montli. 
Grade  4  and  above:  not  less  than  $5,000  and  up,  annually,  ac- 
cording to  specific  position. 


Wood  Preserving  and  Tie  IVlen  Meet  in  St.  Louis. — The 
15th  annual  meeting  of  the  American  Wood  Preservers'  As- 
sociation will  be  held  at  the  Hotel  Statler,  St.  Louis,  on 
Jan.  28  and  29.  The  Tie  and  Timber  Division  of  the  St. 
Louis  Chamber  of  Commerce  has  called  a  meeting  of  the 
tie  producers  of  the  country  for  the  two  following  days 
to  perfect  a  national  organization.  These  meetings  will 
bring  together  in  convention  in  the  same  city  and  in  the 
same  week,  the  users  and  the  producers  of  crossties.  Ad- 
vantage has  been  taken  of  this  fact  to  correlate  the  pro- 
grams of  the  two  associations.  The  meeting  of  the  Amer- 
ican Wood  Preservers'  Association  has  been  curtailed  to 
two  days  with  three  sessions  on  Tuesday  and  two  on 
Wednesday,  concludin,g  with  a  joint  dinner  with  the  Na- 
tional Tie  Producers'  Association  on  Wednesday  evenin.g,  at 
which  it  is  expected  that  one  of  the  officers  prominent  in 
the  United  States  Railway  Administration  will  be  the 
speaker.  The  sessions  on  Tuesday  evening  will  be  devoted 
to  the  consideration  of  the  preservative  materials  situation. 
Wednesday  afternoon  will  be  .given  over  to  the  considera- 
tion of  the  tie  problem. 
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Summary  of  State  Laws  for  Elim- 
ination of  Railroad  Grade 
Crossings 

The  Kansas  Highway  Commission  sent  letters  to  all  State 
Higlnvay  Departments  in  an  endeavor  to  secure  informa- 
tion as  to  their  laws  and  methods  of  distributing  the  cost  of 
railroad  grade  crossing  elimination.  The  information  ob- 
tained was  summarized  as  follows  by  Mr.  M.  W.  Watson, 
Acting  State  Highway  Engineer  of  Kansas,  in  a  paper  pre- 
sented Dec.  9  at  the  meeting  of  the  American  Association 
o(  Stale  Highway  Olficials. 

Alabama. — N'o  definite  procedure  has  been  established.  A 
nuinhcr  of  grade  crossings  have  been  eliminated,  but,  as 
a  rule,  it  has  been  where  a  change  in  location  of  the  entire 
road  was  deemed  advisable.  The  railroads  have  not  been 
called  upon  to  pay  any  part  of  such  change.  The  railroads 
in  Alabama  have  constructed  overhead  bridges  and  under 
pas.'^es  at  their  own  cost. 

California. — Railroad  grade  crossings  are  under  the  jur- 
isdiction of  the  Railroad  Commission.  Said  commission 
has  adopted  no  hard  and  fast  rules  as  to  the  division  of 
the  cost  of  structures,  but  determine  the  same  uiion  the 
equity  attending  each  case. 

The  majority  of  the  rulings  on  state  highway  work  have 
been  that  the  railroad  companies  when  extending  their 
lines  over  state  highways  where  no  railroad  crossings  had 
previously  existed,  the  companies  have  been  required  to 
pay  for  the  structures  which  were  installed.  Where  the 
.-:tate  highways  have  been  built  in  new  locations  over  rail- 
loads,  the  cost  of  structures  has  been  divided  equally  be- 
tween the  railroad  companies  and  the  public. 

Colorado. — Authority  to  abolish  railroad  grade  crossings 
is  vested  in  the  Public  Utilities  Commission,  and  any  work 
I'lrformed  under  their  order  would  be  at  the  expense  of 
the  railroads  except  where  the  State  Highway  Commission 
might  co-operate.  The  Public  Utilities  Commission  issue 
an  order  requiring  that  all  approaches  should  be  graded 
with  a  roadway  24  ft.  in  width  and  should  be  maintained 
on  a  level  grade  with  the  top  of  the  rail  for  not  less  than 
2(i  ft.  from  the  center  line  of  tracks  to  the  approach  to  be 
constructed  on  a  uniform  grade  of  not  to  exceed  6  per  cent 
from  a  point  at  least  20  ft.  from  center  line  of  track. 

Connecticut. — The  elimination  of  crossings  is  in  the 
hands  of  the  Public  Utilities  Commission.  The  cost  be- 
tween the  different  parties  interested  is  allocated  in  ac- 
cordance with  the  condition  prevailing  in  each  particular 
case.  There  are  no  fixed  percentages  and  the  atnounts 
vary  between  wide  limits. 

Delaware. — The  matter  of  eliminating  grade  crossings  is 
in  the  hands  of  the  Chancellor  of  the  state  who  decides 
whether  or  not  there  shall  be  a  grade  crossing,  and  whether 
It   shall   be  overhead   or  undergrade. 

The  ciianC(>llor  apportions  the  cost*;  and  expenses  of  such 
crossing  hetw.-en  the  company  owning  the  railroad  and  the 
Slate  Highway  Department,  there  being  an  appeal  allowed 
from  the  decree  of  the  Chancellor  to  the  State  Sui)reme 
Court.  The  law  is  v^ry  flexible  and  the  proportion  of  cost 
depends  upon  the  facts  in  each  case. 

District  of  Columbia. — The  work  of  eliminating  crossings 
in  the  district  was  covered  in  acts  of  Congress  in  1901  and 
190:!  which  provided  for  the  elimination  of  practically  all 
the  railroad  grade  crossings  within  the  city  of  Washing- 
ton,  which  has   been  carried  out. 

In  this  act  the  district  was  required  to  pay  the  cost  of 
all  street  changes  outside  of  the  railroad  right  of  way  and 
the  railroad  was  required  to  pay  all  the  cost  of  the  street 
changes  within  its  right  of  way. 

The  legislation  also  covered  a  specific  plan  and  its  pro- 
visions refer  to  certain  streets  named  therein.  It  further 
provided  that  all  or  any  grade  crossings  not  covered  by  the 
plan,  their  future  elimination  when  authorized  should  bo 
divided  as  to  cost  on  the  basis  of  the  district  paying  for 
all  street  changes  outside  the  railroad  right  of  way  and 
one-htilt  the  cost  of  all  such  changes  within  the  railroad 
right  of  way,  the  railroad  paying  the  other  half-. 

Florida.-  There  is  no  definite  law  in  this  state  concern- 
ing the  matter  of  eliminating  railroad  crossings. 
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Illinois. — The  luatter  of  eliminating  Knule  cro.sslngs  is 
hnnilloil  by  the  I'tilitles  Coniiulsslon  and  each  project  is 
deoiili'il  by  them  on  its  merits.  In  KenernI,  however,  the 
railroad  company  isi  required  to  pay  about  70  per  cent  of 
the  total  eost.  the  balance  beins  divided  among  the  political 
subdivisions  interested,  which  are  usually  cities,  townshiiij; 
and  counties. 

The  State  Supreme  Court  has  held  that  the  Ulllilies 
Commission  has  no  power  to  order  grade  crossings  elim- 
inated and  the  township  or  county  to  pay  a  portion  of  the 
cost,  on  the  grounds  that  by  so  doin^:  the  Utilities  ('om- 
mission,  which  is  a  non-taxing  body,  would  be  assessing  a 
tax  upon  the  people. 

Kansas.— .Vulhority  to  order  elimination  of  railroad 
crossini;s  is  vested  in  the  State  Highway  Commission. 
Vhen  establishing  the  county  road  system,  the  Commis- 
sion can  order  crossings  eliminated  without  formal  com- 
plaint beins  filed.  After  road  system  is  adopted  a  formal 
complaint  must  be  tiled  before  elimination  order  can  be 
made.  County  board  files  compaint  on  county  roads  and 
township   board  on   township   roads. 

When  crossings  are  eliminated  by  relocation,  the  rail- 
lond  company  must  i)ay  from  50  per  cent  to  75  per  cent 
of  the  cost  of  new  right  of  way  and  such  portion  of  the 
cost  of  constructing  the  new  road  as  the  State  Highway 
Commission  may  direct,  the  county  or  township,  as  the 
case  may  be.  must  stand  the  balance  of  the  expense.  When 
the  crossings  are  eliminated  by  a  separation  of  the  grades, 
the  apportionment  of  the  cost  is  left  to  the  decision  of  the 
State  Highway  Commission. 

Iowa. — The  Iowa  law  perniits  the  townships  or  counties 
and  the  Commission  to  co-operate  in  the  matter  of  distribut- 
ing the  cost  of  eliminating  dansers  at  railroad  grade  cross- 
ings. There  is,  in  addition,  an  old  law  which  provides  that 
in  case  the  local  officials  are  unable  to  agree  with  the  rail- 
road company  regarding  any  particular  improvement  that 
they  will  have  the  right  to  appeal  to  the  State  Railroad 
Commission,  who  is  vested  with  authority  to  finally  dis- 
tribute the  cost  of  the  improvement  between  the  interested 
parties. 

In  a  number  of  instances  the  railroad  company  has  paid 
the  entire  cost  of  the  improvement  and  in  one  or  two  cases 
the  county  has  paid  as  high  as  95  per  cent  of  the  cost.  As 
a  general  rule,  when  grade  crossings  are  improved,  either 
by  separation,  relocation  or  improving  the  existing  cross- 
ing, the  costs  are  adjusted  on  a  percentage  basis,  it  being 
common  to  adjust  such  cases  on  the  basis  of  the  county 
paying  40  per  cent  and  the  railroad  company  paying  60 
per  cent  of  the  cost  of  the  improvement.  Some  have  been 
adjusted  on  the  basis  of  each  paying  50  per  cent  of  the 
cost. 

Maine. — Crossing  elimination  is  in  the  hands  of  the  Pub- 
lic Utilities  Commission.  The  law  specifies  that  the  rail- 
road shall  pay  65  per  cent,  the  state  25  per  cent  and  the 
town  10  per  cent.        , 

Maryland. — There  is  a  law  in  this  state  which  permits 
the  State  Hoad  Commission  to  pay  a  part  of  the  cost,  not 
to  exceed  50  per  cent,  for  the  elimination  of  grade  cross- 
ings and  the  general  custom  has  been  for  the  Commission 
to  take  care  of  everything  off  the  railroad  right  of  way. 
In  case  of  a  relocation,  they  condemn  the  land  for  the  new- 
road  and  approaches  up  to  the  railroad  company's  right  of 
way. 

Massachusetts. — The  railroad  companies  are  obliged  to 
pay  65  per  cent  of  the  total  costs  and  damages  of  the  al- 
terations and  the  Commission  authorized  to  apportion  the 
remaining  35  per  cent  between  the  Commonwealth  and  the 
city  or  town  in  which  the  crossing  is  situated:  provided, 
that  not  more  than  10  per  cent  of  Sue's  cost  shall  he  ap- 
portioned to  such  city  or  town  and  that  the  Common- 
wealth shall  not  be  required  to  pay  any  part  of  the  ex- 
pense of  abolishing  grade  crossings  established  after  the 
passage  of  this  act. 

It  was  proposed  to  amend  the  law  in  1913,  but  the  bill 
failed   to  pass. 

Michigan. — The  proportion  of  the  cost  of  eliminating  rail- 
road gradp  crossings  is  determined  jointly  by  the' Railroad 
Commission  and  the  State  Highway  Commissioner  with  a 
limit  of  25  per  cent  of  the  cost  of  the  project  for  the  state 
to  bear. 


The  cases  that  have  been  determined  have  been  divided 
25  per  cent  to  the  state,  37%  per  cent  to  the  local  com- 
munity, township  or  county,  and  37Vi  per  cent  to  the  rail- 
road. I'rojccts  thus  decided  have  been  on  trunk  lino  roads. 
On  loss  important  roads  the  state  would  pay  less  than  25 
per  cent  and  the  remainder  of  the  cost  would  be  divided 
between  the  railroad  and  the  local  communities. 

Minnesota. — Crado  Crossings  are  eliminated  by  agree- 
ment, there  being  no  law  fixing  any  latlo  for  distribution. 
In  some  instances  the  entire  cost  of  ^rade  crossing  elimi- 
nation is  carried  by  the  railroad  comi)any.  In  some  in- 
stances one-half  the  cost  is  paid  by  the  county,  while  in 
several  otlier  instances  the  railroad  company  has  built  the 
overhead  structure  and  the  road  authorities  took  care  of 
the  grading  and  other  work  incidental  thereto. 

Mississippi.  -There  is  no  law  in  this  state  requiring  or 
permitting  the  elimination  of  grade  crossings.  When  such 
v.ork  is  done,  it  is  usually  paid  for  by  the  transportation 
company  and  in  isolated  cases  the  county  or  road  district 
has  paid   portions  of  the  cost  by  agreement. 

Nebraska. — A  standard  practice  in  this  state  has  been 
for  the  railroad  company  to  take  care  of  the  structure  and 
the  county  to  stand  the  expense  of  grading. 

New  Hampshire.-- There  is  no  law  in  this  state  in  regard 
to  the  elimination  of  railroad  grade  crossings.  What  work 
has  been  performed  has  been  by  agreement  between  the 
railroads  and  the  town  affected. 

New  Jersey.  -The  elimination  of  grade  crossings  is  in  the 
iiands  of  the  Public  Utilities  Commission,  which  Commis- 
sion may  order  the  crossings  eliminated,  by  a  separation 
of  the  grades  and  by  a  relocation  of  the  highway.  The  en- 
tire expense  of  such  alteration,  changes  or  relocation,  in- 
cluding the  damages  to  adjacent  property,  shall  be  paid 
by  the  railroad,  unless  a  street  railway  uses  such  crossing, 
in  which  case  the  board  may  order  not  exceeding  10  per 
cent  of  the  expense  directly  chargeable  to  the  crossing 
used  by  the  street  i-ailway  company  to  be  paid  by  the  com- 
pany  operating   such   street   railway. 

New  Mexico. — No  legislation  covering  the  subject. 
New  York. — In  the  case  of  new  railroads  crossing  streets, 
the  expense  is  borne  entirely  by  the  railroad  company.  Tn 
the  case  of  new  streets  across  railroads,  the  railroads  pay 
50  per  cent  and  the  municipal  corporation  50  per  cent.  On 
state  or  county  highways  when  the  petition  for  the  elimina- 
tion of  the  crossing  is  brought  by  the  Highway  Commis- 
sion, the  railroad  pays  50  per  cent,  the  nmnicipal  corpora- 
tion 25  per  cent  and  the  state  25  per  cent.  When  a  high- 
way is  constructed  across  existing  railroads  and  is  a  part 
of  a  state  or  county  hi.ghway,  the  expense  of  making  the 
crossing  above  or  below  grades  or  changing  or  rebuilding 
existing  structure,  50  per  cent  of  the  cost  is  borne  by  the 
railroad,  50  per  cent  by  the  state  for  a  state  highway,  or 
for  a  county  highway,  50  per  cent  by  the  railroad  and  the 
remainder  by  the  state,  county  and  town  in  the  same  pro- 
))ortion  as  for  the  construction  cost  of  the  highway. 

Nevada. — Owing  to  a  comparatively  light  travel  and  the 
Infrequency  of  train  service,  the  expense  of  overhead  cross- 
ings and  subways  have  been  considered  inadvisable.  In 
relocating  an  existing  road,  it  is  the  policy  of  the  Highway 
Department  to  eliminate  grade  crossin.gs  where  possible 
by  changing  the  location  of  the  existing  road.  As  the  ad- 
ditional cost  of  such  changes  is  not  great  and  there  is  no 
law  requiring  the  railroads  to  pay  a  portion  of  this  cost, 
the  entire  amount  is  borne  out  of  the  construction  fund. 

North  Dakota. — The  boards  of  County  Commissioners 
take  up  the  matter  with  the  railroad  company  and  if  they 
are  willing  to  install  an  overhead  crossing,  it  is  done  as  a 
voluntary  arrangement,  the  railroad  company  being  re- 
quired to  bear  the  entire  expense  of  that  portion  of  the 
improvement  w-hich  is  on  its  own  property.  In  case  the 
county  and  railroad  company  cannot  come  to  an  agreement, 
the  county  may  petition  the  State  Raihvay  (Commission, 
which  will  then  order  a  hearing  and  upon  facts  presented, 
order  a  crossing  put  in,  if  it  is  deemed  advisable.  In  either 
case,  the  railroad  pays  the  entire  cost  within  the  confines 
of  its  right  of  way. 

Ohio. — The  cost  of  constructing  the  improvement  au- 
thorized, including  the  making  of  ways,  crossings  or  via- 
ducts, above  or  below  the  railroad  tracks,  and  the  raising 
■or  lowering  of  the  grades  of  the  railroad  tracks  and  side- 
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tracks  for  such  distance  as  may  be  necessary   bv  such  iiii-  r\                *.'      ^      r^                        <•      --T^ 

provement,  together  with  the  cost  of  land  or  property  pur-  ^peratlllg      LiOStS      OI       1  raCtOT, 

chased   or   appropriated,   and   damages   to  owners   of  abut-  IVlirke  anA    <SanH    ^nrt^^n 

Img  property,  or  other  property,  shall  be  borne  one-half  by  l  U»^tV»   ailU    oailU    oCltieil 

compamef "'' """ """"'"  ''''  """ '"'""""  ™""""' "''  ^^^  Loadef  in  Road 

Oklahoma.— The    state    has    no   authority    to    compel    tlio  Maintenance 

railroads^  to   eliminate   grade   crossings.     It   has    been    per-  ],.    niaiutaining    ....untv    roads   in    ,hc    vicinilv    of   Denver 

formed  by  agreement  where  the  count  es  pay  for  the  cos.  ,he  Colorado  Ilighwav  bepartmenl  is  e.nploy  ng  a  tractor 

o.  gradtng  .Mnd  surfacmg  of  such  roads  and   the  railroads  .rucks,  and  a  sand  eieva.or,  screen  and  louden     ThL  com- 

erect  the  .strt.ctures.  m  which  case  the  railroad  companies  pie.o  outfit  consists  of  the  following:     One  C.  L.  Be.st  cate^- 

carry  about  90  per  cent  of  the  cost.  pHlar  gas   .ractor  of  40.HP.   drawbar  capacity,   weight  28;- 

Oregon.--The  matter  of  railroad  crossings  is  in  the  hands  "00  lb.,  cos.ing  $6,000;  one  grader  with  scarifier  and  blade 

of  the  Public  Service  Commission.     Recent  decisions  of  the  ."ttaclinien.,    costing    $800,    and    .wo    light    drags;    2    W^hite 

Commission  have  divided  the  cos.  50  per  cent  for  state  and  •">ton    trucks    and    a    Kelly-Springfield    .i-ton   truck,"  costing 

.50  per  cent  for  railroads  on  trunk  lines  under  contracts  by  ^(i.OOU  each;  an<l  a  Callion  sand  elevator;  screen  and  loader, 

the  state,  but  in  some  cases  where  the  State  Highway  De-  costing   ^il.I^OO. 

partment  is  doing  the  work,  it  has  divided  the  cost  30  per  Some    in. cresting    information    on    llie    operation    of    this 

cent   for  the  state,   30   per  cent   for  the   county  and   JO   per  ''Quipnient   is   given    in   a   bulletin   of  the   Highway   Depart- 

cent  for  'the  railroad.  nient  by  James  E.  Maloney,  Chief  Engineer  of  the  Uepart- 

Pennsylvania. — The      Public      Service      Commission      has  ""'"'      '''lie  tractor,  grader  and  one  drag  are  generally  used 

charge  of  the  elimination.    Sometimes   the  division   of  cost  '"Se.her  and  can  be  operated  by  iw^o  men.     If  the  work  is 

is  made  on  a  50-50  basis,  but  more  often  the  Public  Serv-  ■'^i"iPl.v  dragging,  or  smoolhing  with  the  grader,  a  distance 

ice  Corporation  pays  the  cost  of  the  structure  and  the  state  "'  ""  ™'''^*'  might  be  covered;   that  is,  if  one  round  trip  is 

paves  the  roadway.     The  grading  of  the  approaches  is  very  '"''<J<^  'ney  would  cover  10  miles  of  road;  if  two  round  trips 

often  paid  for  by  the  state.                                                              '  ^■'^'''"  necessary,  then  .■)  miles  of  road  would  be  covered.    The 

Rhode 'island.-  This  work  is  handled  bv  the   Public  Ktili-  '^'t*-'' .«sni-e  might   be  taken  as  an  average  in  all  kinds  of 

.ies   Commission.      The   matter   first   is   taken   up   with   the  "'■''"''•'^"-'^  '">■  'h''  digging. 

raii'oads  by  town  or  city  authorities.     The  Public  Utilities  '"  many  places  i.   is  necessary  to  scarify  the  surface  in 

Commission   decides   as   .o   the   necessity   for  the   improve-  '"'dei'  to  reshape  it  and  remove  the  chuckholes  and  waves. 

ment   contemplated   in   case   of  disagreement.    The   proper-  *'"    ^"'''^   "^  "''**   lal.er  class   the   tractor  and   grader   are 

tioning  of  the  cost  is  a  matter  for  agreement  between  the  ''^*'''   ^'*''"-^'   successfully,  except  on   macadam  or   very  solid 

railroads  and  the  towns  or  cities,  and  court  action  is  the  gravel  roads,  where  it  is  found  that  the  scarifier  is  loo  light 

last  resort  in  case  of  disagreement.  ''"''   ''   ''^  necessary  to  use  the  heavy-toothed  scarifier.    On 

Tennessee.— There  are  no  state  laws  relating  to  the  elitn-  scarifying  and   reshaping  it   has  been  found  that  about   y^ 

ination  of  grade  crossings.    The  State  Highway  Departmen.  '"'"'  ■'*"'"  ''''•^'  """'''  *""  ''"  '^^'erage  day's  work. 

anticipates  doing  tlie  work  in  some  cases   on  a  50-50  basis.  'ri'f  ■''i""  "f  $-50  per  day  has  been  taken  as  the  cost  of  the 

In  all  cases  the  right  of  ^vay  is  secured  by  .he  county,  ex-  operation  of  this  particular  outfit.     This  figure  is  obtained 

cept  that  portion  of  it   which  is  traversed  by  .he  right   o.'  '•■"   follows: 

way  of  the  common  carrier.  I'aterijillar  tractor.  fxi>eiis.»  per  day: 

Texas.— The  state   has   no  law   regarding   the   removal   of  Matnt"nam','' ' "^'-t'^io 

railroad   grade  crossings.  iip'-raKu-    ■■■.■■.•■...'.'..'.'...'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.','.'.'.'.','.',    .^^flo 

Vermont.— Their  statute   provides   that   the   elimination   of  lH:i,ri.iiation     il:,as«l    on     assumption    of    life  'of't 

,                 .             X,    ,,  ^      ^        ,,,,,,„,,.       ,  .Mars    lor    t-iiKinc    ant.    InO    workiriK    days    in    each 

grade  crossings  shall  be  handled  by  the  Public  Service  t'om-  yian    ; s..=ii) 

mission  and  that  the  township  shall  pay  not  more  than  in      ^.  $JO.oo 

per  cent  of  the   cost   and   the   state   not   more   than   25   per      ' ''y\ll(lt^nli,X(-"]^!':'::  .'''!^'!'!'^  .'^^!.  !^!r. %-i.m 

cent,  and  the  railroad  the  balance.  i.abor    '.'.'.'.'.'..'.'.'.  \'.:,» 

The    Commission   usually   apportions   the   cost   at    10    per  "-P'-'-i^'tio,,  .based  on  iso  working  days  per  y-^'^'"' -^^^^^^  ^^^ 

cent  to  the  town  and  25  per  cent  to  the  state,  and  ihe  bal-  .,                                                                                            — -^ — 

ance  to  the  railroads  as  required  by  the  law.     In  a  few  ex-  '  "''''    JSO.itO 

traordinary  conditions,  a  greater  portion  has  been  charged  Some  ui^satisfactory  features  should  be  noted:    The  trac- 

against   the   railroad   and   the    percentage   to   the   township  "'"'  '^  ^'■''"^    'i^'^^'J'  "'"'  ""  unsafe  load  on  many  of  Ihe  old 

reduced.      They   have    an    act    which    requires    the    railroad  t'fi'igt^s.     It  is  unwieldy,  requiring  a  cross-road  intersection 

companies  to  spend  $75  per  mile  each  year  for  the  eliniina-  "■'  ■'  '""   ""'^'^  ''"'"'  f"''  'iirning.     The  lighter  size  tractor 

tion  of  railroad  grade  crossings.  "*  -•^  '"'•  "'  "'^  drawbar  is  free  from  these  objections,  and 

Wisconsin.— The   state   law  requires   that   the  determina-  ^'•;'"  ''"  "'O'''  "''  "'«  "'""''^  *'">'  can  be  done  with  the  larger 

tion  of  the  necessity  for  a  grade  crossin.g  separation  and  ^''''C- 

.he  apportionment   of  cost   shall   be   made  by   the  Kailroad  The    two   trucks   and    screening,  and    loading   plan,    have 

Commission.      In    some    cases    the    Commission    has    deter-  heen   used   in   resurfacing  some   pieces   of  road    with   sand 

mined  that  the  railroad  company  shall  bear  the  cost  of  .he  and  gravel,  and  the  trucks  have  used  the  drags  occasion- 

l.roportion    of   the    improvement   which    lies    in    their    right  ally.     The   use   of  the   .rucks   on   anything   but   Ihe   lighter 

of  way.     In  other  cases,  they  have  apportioned  the  cost  on  lorms   of  drags   has   not   been   entirely   satisfactory,   so  the 

a  percentage  basis,  usually  70  per  cent  to  the  railroad  com-  IJepar.ment  employed  them  largely  on  hauling  and  spread- 

pany  and  30  per  cent  to  the  municipality.  ing  materials  for  repairs  of  surfacing.     The  trucks  are  both 

West    Virginia.— They    have    no    definite     law     on     grade  of  the  dumping  and  sl)readlng  .ype  and  are  working  satis- 
crossing  elimination.  faclorily, 

In    charging   u])   the   work    lo   the   various   roads   Ihe   fol- 

Cost   of   Road   Work   in    Alabama    in    1917   and    I918.-The  ''.wing  has  been  adopted: 

cost  of  road  work  in  the  Sou. hern  States  averaged  50  per  i:.\iicnsc  for  ili.-  yoar: 

,„_,„    ,,  .       ,„,.  ,    ,„,_       ,„,       ..   ,,        .  1  ijiLM-ator.  10  months,  at  SKiO ?l.iii|ci 

cent  greater  in  1918  than  in  191ii  and  191  i.     The  lollowing  .\faini.:nantc.  oil  an.,  jrns I'.oti" 

average  costs  are  from  items  in    Alabama    road    work  ami  i i.'Prcciation.  j.';  p.r  o.-nt  or  iIip  cost i..iOu 

....        ,,       T..     .^     X-   1,  ,■    .      TT-    1  T,       •  I  iverlnad    and    iniKlemal 000 

Cited   by   Mr.   W.   S.   Keller,   State  Highway   Engineer,   m   a  

paper  presented  at  the  recent  meeting  of  the  American  Asso-  •.•■■lal   $.5,400 

elation  of  State  Highway  Officials,  as  giving  an  idea  of  .he  I'or    IS.i    working   days    this    equals    ?30    per    day.      This 

increase:  charge   for   the   sand   ele\;i.or   and   loauer  is   based   on   the 

]!'17.            lOls,  lollowing: 

Earth   excavation    (rock    excliulcin,    [v.-r  cu.    yil....$0.22           .>0.3:;S  ,„    ,                 ,    .                                      ,    ,„„ 

24  in.  D.   S.  vit.  clay  pipe,  p.r  !:n.   ft 1  S2  21^1  Operator.   ISO  .ays.  a(   ?■-■';■■■ >    630 

Sand-clay  surfacing  (within    I    mil.),   pei-  cu.   v<l..     .:;2>i  ..'.•'  ..as.in.l   oil    l^u  days,  at  SI-.^O 270 

Claiss  A,  concrete,  per  cu.   yl l.'.OU  2fi.0.j  I ;.  pairs   and    maintenan.-e 4:)0 

I'lO) 
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Depreciation,  20  per  ccnl  of  cost SOO 

Overhead.   labor,    toniiis  and   Incidentals 2,SnO 

Total    » • . . . JI.BOO 

For  ISO  workinK  ilnys  this  oiiimls  %'-•'  per  ilny,  and  this 
into  is  chained  to  the  loml  upon  which  the  work  is  being 
iloni'. 

Minnesota  Engineers  and  Recon- 
struction 

The  Decetnber  Bulletin  of  the  Affiliated  Engineering  So- 
cietie.'!  reprints  the  editorial  from  our  Nov.  13  issue,  entitled 
•'What  Engineering  Societies  Should  Do  to  Assist  in  Provid- 
ing for  Soldiers  and  Others  Who  Will  Soon  Be  Out  of  Work." 
In  commenting  on  the  editorial,  the  editor  of  the  Bulletin 
points  out  what  Minnesota  engineers  are  doing  and  can  do 
toward  securing  public  works  construction.  We  quote  from 
the  Bulletin  as  follows: 

In  keeping  with  the  suggestions  outlined  in  the  editorial 
comes  an  appeal  from  our  State  Highway  Commission  for 
assistance  in  Ilnding  a  way  to  avail  ourselves  of  the  proper 
legislation  to  secure  approximately  :$4, 000,000  federal  aid 
for  road  building  in  1919.  Minnesota  will  be  able  to  avail 
herself  of  this  amount  under  the  provisions  of  an  amend- 
ment now  pending  before  Congress  provided  the  State  ac- 
cepts the  fund  with  the  assurance  that  it  will  appropriate 
a  similar  amount  for  the  same  purpose.  Certain  State 
Constitutional  blocks  no\V  stand  in  the  way  and  some  way 
must  be  found  to  get  around  these  restrictions. 

The  engineers  of  the  stale  of  Minnesota  are  well  equipped 
with  society  organization  with  which  to  shape  public  opin- 
ion as  well  as  to  direct  in  the  selection  of  proper  projects 
to  which  precedence  should  be  given.  In  this  respect  we  are 
fortunately  in  advance  of  some  of  our  sister  states,  there- 
fore no  time  need  be  wasted  upon  organizations  through 
which  must  come  the  concentration  of  our  efforts  lo  produce 
immediate  and  lasting  results. 

Jn  the  state  as  a  whole  the  first  duty  imposed  upon  the 
societies,  viz.,  "that  of  deciding  what  new  public  works 
would  be  of  the  greatest  value  to  the  public,"  is  a  com- 
paratively simple  one,  for  the  mind  of  the  engineer  as  well 
as  of  the  layman  quickly  reverts  to  two  projects,  good  roads 
and  good  drainage. 

The  second  duty  imposed,  that  of  influencing  the  public 
to  accept  the  decision  of  the  engineers  and  lo  act  promptly 
upon  that  decision,  is  where  the  real  skill  and  ingenuity  are 
required.  In  these  virtues  the  engineers  as  a  whole  are  sadly 
lacking,  and  for  that  reason  it^s  the  more  urgent  thai  our 
societies  cooperate  with  other  public  spirited  organizations 
toward  accomplishing  this  essential  feature  of  the  program. 

As  a  beginning  toward  constructive  accomplishments 
along  the  lines  proposed,  the  Minnesota  joint  board  has  al- 
ready spent  some  lime  in  making  a  study  of  a  reconstruc- 
tion program  and  have  made  certain  recommendations  to 
the  Affiliated  Societies.  The  St.  Paul  Society  has  appointed 
a  committee  to  recommend  definite  activities  toward  re- 
construction. The  Minnesota  Slate  Society  committee  chair- 
man and  officers  will  take  definite  action  immediately  to- 
ward recommending  necessary  legislation  tending  toward 
the  speeding  up  of  highway  and  drainage  work. 

The  one  point  of  vital  importance  for  engineers  to  re- 
member is  that  continued  and  constant  publicity  is  required 
to  gain  the  desired  results  and  in  this  connection  the  Bul- 
letin stands  ready  to  publish  articles  which  must  be  written 
and  published  if  our  efforts  are  to  bring  action. 

Governor  Burnquist  has  in  the  past  been  ready  to  accept 
and  act  upon  recommendations  from  the  Affiliated  Societies, 
and  being  now  personally  interested  in  securing  more  funds 
for  good  roads  will  undoubtedly  cooperate  if  some  definite, 
sane  and  progressive   plan  is  placed  before  him. 

In  the  St.  Paul  Dispatch,  page  9,  under  date  of  Dec.  3rd, 
is  found  a  discussion  on  this  subject  by  our  State  Highway 
Commissioner.  It  behooves  us,  as  progressive  engineers, 
to  at  once  get  busy  on  this  all  important  matter  and  do  our 
utmost  to  assist  in  bringing  about  this  very  material  aid  to 
our  state  highways. 


Topographical    Surveys    in  Con- 
nection with  Rural  Planning* 

By  W.  II.  NORRISH. 

We  have  nil  been  luore  or  less  interested  in  the  various 
proposed  modifications  of  our  system  of  surveys  so  as  to 
form  community  or  rural  villages.  I  think,  though,  that 
most  of  us  have  been  inclined  to  smile  al  the  apparent  fu- 
tility of  all  such  schemes  which  consist  merely  of  a  com- 
plicated geometrical  figure,  and  do  not  take  into  considera- 
tion the  topography  of  the  ground.  I  think  we  are  agreed 
that  if  there  is  to  bo  any  change,  it  must  be  based  on 
topography,  and  that  we  do  not  want  another  geometrical 
system,  though  some  of  us  may  feel  that  lliese  geometrical 
solutions  may  help,  by  giving  us  suggestions  as  to  meth- 
ods of  planning  rural  developments.  One  outstanding 
point  to  be  noticed  in  many  of  the  proposed  plans  of  town- 
ships is  that  the  lots  are  triangular  in  shape  and  converge 
on  community  centers.  I  fear  that  the  practical  farmer 
will  not  take  kindly  to  the  triangular  form. 

Soil  and  Land  Surveys  for  Assessment  Purposes. — Cal- 
ifornit  has  recently  undertaken  soil  classification  surveys 
with  the  primary  object  of  properly  assessing  the  land. 
The  work  has  consisted  of  making  soil  and  topographic 
surveys  and  maps  lo  show  the  boundaries  of  the  different 
types  of  soils  grading  them  as  1,  2  or  3  of  each  type,  or  as 
unfit  for  cultivation.  All  areas  in  permanent  crop  such 
as  orchards,  vineyards,  alfalfa,  hops,  etc.,  are  shown. 

The  topography  shown  consists  of  streams,  dry  chan- 
nels, irrigation  or  drainage  ditches,  levees,  roads,  buildings, 
fences,  brush  or  timbered  areas,  etc. 

The  maps  are  made  by  compass  and  pacing,  being  plot- 
ted in  the  field  or  by  traverse  plane-table.  The  finished 
maps  on  white  paper  with  colored  inks  show  soil  acreages, 
acreages  in  each  permanent  crop,  acreages  in  roads,  right 
of  way,  etc. 

These  maps  are  accompanied  by  a  report  on  the  soils 
showing  for  what  crops  they  are  best  adapted,  a  compari- 
son  of  values  and  the  irrigation  or  drainage  possibilities. 

The  type  of  soil  is  considered  to  be  the  most  important 
consideration  in  fixing  land  values.  Some  of  the  previous 
errors  in  assessment  in  California  were  that  the  same  soil 
at  different  points  the  same  distance  from  the  railway  was 
assessed  much  differently,  and  that  all  lands  of  certain 
districts  were  assessed  at  the  same  rate  even  though  some 
soils  were  worth  five  times  as  much  as  others. 

All  deeds,  recorded  surveys,  or  approximate  surveys  if 
obtainable,  or  the  original  public  land  surveys,  were  plot- 
ted on  the  maps  before  they  were  sent  out. 

The  scale  used  was  1  in.  lo  5  chains  and  cross-section 
paper  was  used  for  plotting.  Other  details  shown  were  the 
variety  of  orchards  or  vineyards,  and  whether  good,  bad, 
etc.,  the  annual  crops  such  as  hay  and  grain,  the  cost  of 
clearing  brush  6n  timbered  lands,  the  value  of  buildings, 
the  size  of  irrigation  or  drainage  ditches,  the  condition  of 
roads,  levees,  etc.,  and  the  depth  of  water  in  wells.  The 
soil's  are  named  in  accordance  with  the  soil  surveys  of  the 
United  States  Department  of  Agriculture.  Samples  of  soil 
for  analysis  are  taken  from  representative  areas  and  bor- 
ings are  made.  Surface  alkali  is  shown  by  the  presence  of 
weeds  and  under-surface  alkali  by  electrolytic  instruments. 

The  cost  of  these  soil  classification  surveys  in  California 
varied  from  3  to  6  ct.  per  acre,  including  office  costs.  It 
should  be  borne  in  mind  that  on  account  of  the  nature  of 
the  country  such  surveys  would  probably  be  considerably 
more  expensive  than  surveys  of  a  like  nature  in  the  west- 
ern provinces  of  Canada. 

What  a  Topographical  Sheet  Should  Show. — A  great 
wealth  of  detail  can  be  shown  on  a  scale  of  6  in.  to  a  mile. 

A  very  complete  set  of  symbols,  such  as  used  by  the 
r.  S.  Coast  and  Geodetic  Survey,  should  be  devised  so  as 
to  add  to  the  amount  of  detail  which  can  readily  be  shown. 
In  addition  to  all  natural  topography  and  contours  I  think 
a  tcpographical  sheet  should  show: 

(1)  Careful  soil  notes  together  with  the  delineation  of 
the  boundary  of  each  class  of  soil.    To  aid  in  soil  classiflca- 


*Froni    paper    presented    at    the    last    annual    meeting    of    the 
.Association  of  Dominion   I^and   Surveyors. 
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tion.  borings  should  be  made  and  samples  of  each  grade 
of  soil  analyzed.  The  sheet  should  then  be  accompanied 
by  a  report  on  the  crops  which  couTd  be  successfully  grown 
on  each  soil,  and  a  climate  report.  Surface  alkali  shouTu 
be  shown  and  underlying  alkali  detected  by  electrolytic  in- 
struments and  shown. 

(2)  All  areas  under  cultivation  and  nature  of  crops.  The 
additional  areas  fit  for  cultivation  should  be  clearly  traced 
from  the  topography  and  soil  notes. 

(3)  All  fences,  buildings,  roads,  railways  and  other  im- 
provements, together  with  all  survey  monuments  found. 

(4)  All  areas  of  bush  land  with  notes  as  to  the  probable 
cost  of  clearing,  if  such  areas  are  suitable  for  agriculture. 
If  not  suitable  for  agriculture  and  if  vacant  crown  lands, 
data  should  be  shown  which  would  indicate  the  possible 
use  such  areas  could  be  put  to,  or  if  they  would  be  better 
held  as  forest  reserves. 

(5)  The  name  of  the  occupant  of  each  parcel  of  land  and 
the  name  of  the  owner.  Where  parcels  of  patented  land 
are  found  vacant  particular  care  should  be  taken  to  obtain 
full  information,  including  the  probable  value  of  the  land 
and  improvements. 

The  latter  information  would,  in  my  opinion,  be  very  val- 
uable in  the  hands  of  the  Government.  If  a  way  could  not 
be  found  to  force  the  cultivation  of  the  land,  the  Govern- 
ment might  purchase  it  and  sell  it  over  to  an  incoming 
settler,  or  arrange  the  purchase  for  him.  The  Govern- 
ment would  be  in  a  position  to  give  the  settler  trustworthy 
information  and  take  the  deal  out  of  the  hands  of  un- 
scrupulous real  estate  agents.  The  province  of  Nova  Scotia 
appointed  a  commission  in  1912  to  purchase  vacant  lands, 
improve  them  and  resell  them  to  bona  tide  settlers.  If  a 
policy  such  as  this  could  be  inaugurated  the  Dominion  Gov- 
ernment would  regain  control  of  the  lands  and  where  neces- 
sary to  properly  plan  the  development  of  the  district  the 
land  might  be  resubdivided.  • 

I  think  the  time  has  come  when  the  Government  of  this 
country  can  nc  longer  afford  to  leave  the  incoming  set- 
tler entirely  to  his  own  resources  and  his  own  discretion 
in  the  choosing  of  land.  The  best  of  information  should 
be  at  his  disposal  and  he  should  have  the  help  of  capable 
and  truthworthy  Government  officials.  It  should  also  be 
noted  that  the  survey  I  have  suggested  would  show  the  ex- 
act amount  of  good  land  in  each  parcel,  the  class  of  soil 
and  the  crops  it  is  suitable  for.  This  would  be  the  very 
best  of  Information  to  give  the  banks  in  order  to  secure 
credit  for  the  prospective  settler.  Care  should  be  taken 
that  land  shown  to  be  worthless  by  the  survey  should  be 
held  as  crown  lands,  and  no  chance  given  to  a  settler  to 
take  it  up  and  waste  his  time  and  money  trying  to  farm  it. 

The  uses  to  which  a  topographical  survey  as  above  out- 
lined could  be  put  would  be  many  and  varied.  Better  roads, 
drainage  and  irrigation  schemes  could  be  laid  out  on  paper 
and  afterwards  surveyed  on  the  ground.  The  system  of 
subdivision  as  far  as  it  remains  under  Government  control, 
or  in  so  far  as  Government  control  could  be  secured,  might 
be  modified  where  necessary  to  provide  for  the  future  de- 
velopment and  settlement  of  the  land.  If  deemed  advisable, 
provision  could  be  made  for  rural  villages  or  community 
centers. 

Snow  Removed  at  Buffalo  with  Prison  Labor.— Prisoners 
from  the  county  jail  were  employed  by  the  city  of  Buffalo, 
N.  Y..  in  snow  removal  work  in  the  winter  of  1916-17.  The 
prisoners  were  placed  on  the  outskirts  during  the  day  where 
streets  were  drifted,  being  impassable  for  fire  protection, 
vehicular  traffic  and  pedestrians.  At  night  they  were  placed 
on  the  down-town  streets.  They  were  furnished  with  warm 
gloves,  caps  and  rubbers,  and  in  some  cases  where  prisoners 
did  not  have  warm  underwear  it  was  furnished  to  them. 
They  also  were  given  tobacco  every  other  day,  furnished 
with  pipes  or  cigarette  papers,  and  their  lunch  and  hot 
coftee  were  carted  to  the  places  where  they  were  working. 
On  the  outskirts  salamanders  were  kept  going  for  warming 
the  men  and  also  for  keeping  the  coffee  hot.  The  prisoners 
were  paid  25  cents  per  day,  which  was  given  them  upon 
their  discharge.  The  report  of  the  Bureau  of  Streets  esti- 
mates that  the  city  saved  over  ?15,000  through  the  work 
done  by  the  prisoners. 


English    Experience    with    Road 
Corrugation* 

The  introduction  of  mechanically-propelled  vehicles  on 
highways  has  produced  a  troublesome  and  perplexing  fea- 
ture of  road  wear — namely,  corrugation — which,  owing  to 
the  existing  war  conditions,  when  the  main  roads  of  this 
country  arc  heavily  traflicked  and  their  maintenance  much 
neglected,  has  become  serious. 

'Hie  object  of  this  paper  is  to  slate  the  present  position 
of  the  problem  with  regard  to  road  construction  and  vehicle 
design,  and  to  indicate  probable  causes  of  the  trouble,  with 
some  suggestions  for  preventing  or  alleviating  it. 

The  phenomenon  of  wave  formation  or  corrugation  is  met 
with  in  most  cases  of  rolling  motion  on  a  plane  surface. 
As  a  general  rule,  the  formation  of  waves  on  a  road  sur- 
face is  accompanied  by  longitudinal  movement  of  the  road 
material  in  the  direction  of  the  traffic,  and  this  movement 
usually  depends  on  the  tractive  resistance  of  the  particular 
material;  consequently,  water-bound  macadam  is  more 
likely  to  become  wavy  than  tar  macadam,  and  so  on. 

Horse  traffic  alone  may  cause  waves  to  develop,  but  the 
damage  to  a  road  in  this  respect  is  only  slight  compared 
with  that  done  by  motor  traffic.  The  action  of  the  driving- 
wheels  of  motor  traffic  is  similar  to  the  pulling  action  of 
horses'  hoofs,  and  causes  the  upper  layers  of  the  road- 
material  to  be  moved  backwards — i.  e.,  in  the  opposite  di- 
rection to  the  traffic:  setts,  for  instance,  are  tilted  back- 
wards. And  therefore  the  combined  effect  of  forward  move- 
ment as  a  whole  and  tilting  or  backward  movement  of  the 
surface  is  to  produce  ridges  and  hollows. 

The  effect  of  a  wheel  passing  over  the  hollows  of  a  cor- 
rugated surface,  or  even  potholes,  is  to  produce  a  blow  on 
the  opposite  side  of  the  hollow,  and  this  is  shown  to  depend 
W  v'  F 

upon   where   W,  v,   1   and   r  are   unsprung  weight, 

r- 
speed,  width  of  hollow,  and  radius  of  wheel. 

It  is  generally  admitted  that  the  road  roller  will  form 
initial  waves  unless  great  care  is  exercised,  and  that  traffic 
will  quickly  accentuate  them.  The  Crompton  three-axle 
roller  introduces  a  principle  which  is  of  great  importance 
in  considering  the  road  wave  problem.  , 

The  action  of  a  two-axle  motor  vehicle  may  be  studied  by 
observing  the  effect  when  the  front  wheels  meet  with  an 
increased  resistance  due  to  a  ridge  or  a  pothole.  The  lead 
of  the  body  of  the  vehicle  on  the  front  axle  is  increased 
and  the  lead  of  the  back  axle  on  the  body  is  likewise  in- 
creased, owing  to  the  greater  resistance  to  the  driving 
effort;  in  other  words,  vibration  of  the  vehicle  as  a  whole 
is  set  up  by  the  distance  between  the  front  and  back  axles 
changing  with  a  definite  period,  according  to  the  type  and 
suspension  of  '  lie  vehicle.  The  wheel-base  appears  to  have 
some  definite  relation  to  the  period  of  the  waves  formed, 
and  a  long  wheel-base  assists  the  springing  of  the  vehicle, 
and  enables  ic  to  hold  the  road  at  speed  when  the  surface  is 
rough  or  wavy. 

Considerable  improvements  in  the  suspension  of  the 
heavier  motor  vehicles  are  needed,  the  present  practice  only 
allowing  of  the  absorption  of  shocks  vertically,  and  not  in 
the  direction  of  the  reaction  of  the  blow  on  the  road;  in 
this  respect,  auxiliary  springs,  check  springs,  and  shock 
absorbers  are  very  useful. 

The  effect  of  the  differential  gear  in  continuing  waves 
along  and  across  a  road  cannot  be  too  strongly  urged,  and 
it  is  this  feature  of  motor  omnibuses  which  probably  ac- 
counts for  the  rapidity  with  which  tliey  propagate  waves. 
If  one  wheel  leaves  the  road  surface,  racing  takes  place,  and 
impulsive  driving  in  both  wheels  is  set  up;  when  the  wheel 
returns  to  the  surface  of  the  road  it  produces  a  strong  grind- 
ing effect  on  the  material.  The  same  action  takes  place 
when  braking  the  rear  wheels,  except  that  the  grinding  ac- 
tion is  in  the  direction  of  motion  of  the  vehicle. 

An  interesting  feature  of  road  corrugation  is  that  it  often 
commences  earlier  on  down  gradients  and  at  bends  than  on 

•  \bKtract  of  a  paper  prpscntc'i  Dec.  3  before  the  Institution  of 

Civil' KiiKineors  by  Ernost  L.  Lcmlns. 
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straight  level  longtlis  of  road.  In  the  cuse  of  the  down 
gradient,  the  reasons  for  nipid  wave-development  may  be 
stated  as  follows : 

(a)  It  induces  increased  speed  and  vibration. 

(b)  It  increases  the  unsprung  weight. 

(c)  llriving  action  and  braising  action  are  greater  than 
on  level  roads. 

(d)  The  road  material  is  subjected  to  very  great  push- 
ing stresses  in  a  downhill  direction. 

The  increased  wear  at  bends  is  due  mainly  to  the  action 
of  centrifugjil  force  bringing  greater  weight  on  the  outer 
wheels,  and  to  the  differential  gear,  assisting  racing  and 
grinding  action.  The  camber  of  a  road  also  has  some  in- 
fiuence  on  wave  formation. 

The  pitch  of  the  waves  is  not  easily  determined  from 
vehicle  dimensions,  since  it  often  varies  at  different  points 
on  the  same  road  under  similar  conditions  of  trafiic.  The 
occurrence  of  rudimentary  waves,  together  with  fully  de- 
veloped waves,  is  another  interesting  feature  of  road  corru- 
gation. Generally,  the  pitch  is  less  when  the  speed  is 
greater;  it  is  also  quite  independent  of  the  kind  of  road 
material  laid  down. 

With  regard  to  the  different  classes  of  roads  laid  at  the 
present  time,  blocli-paved  roads  are  only  capable  of  offering 
resistance  to  wave-formation  when  laid  on  a  concrete  foun- 
dation. Where  blocks  are  laid  on  a  yielding  and  inelastic 
foundation,  corrugation  will  be  quickly  set  up  and  consider- 
able tilting  and  lateral  movement  will  result  from  heavy 
traffic.  Moreover.  Durax  paving  and  wood  blocks  do  not 
seem  able  to  resist  the  destructive  forces  of  modern  traffic, 
and  sooner  or  later  waves  develop. 

It  is  suggested  in  this  paper  that,  wherever  possible,  setts 
or  blocks  should  be  laid  arch-shape  in  plan,  to  oppose  the 
movement  caused  by  traffic  in  particular  direction,  so  that 
the  paving  may  be  rendered  unyielding  both  vertically  and 
horizontally. 

In  the  case  of  macadam  and  tar-macadam  roads  the  former 
is  quite  useless  where  heavy  traffic  is  concerned,  and  even 
tar-macadam  offers  no  real  solution  to  the  problem. 

The  bituminous  road-surface  appears  to  be  the  most  suit- 
able for  modern  traffic,  on  account  of  its  great  strength  and 
also  its  elastic  qualities,  which  go  far  to  compensate  for  the 
unsprung  weight  of  vehicles.  Further,  traction  and  vibra- 
tion are  reduced  to  a  minimum.  The  development  of  waves 
on  a  bituminous  surface  is  analogous  to  the  formation  of 
waves  in  the  rolling  of  hot  armor  plate. 

It  is  possible  that  concrete  as  a  surface,  under  good  con- 
ditions, m;~ht  prove  a  suitable  material,  but  it  has  not 
been  sufficiently  tried  in  this  country  to  enable  definite  con- 
clusions of  its  wave-resisting  qualities  to  be  formed. 

The  conclusions  of  the  paper  show  that  unless  two-axle 
vehicles  can  be  provided  with  reasonably  good  springing, 
such  as  results  from  the  air-cushion  of  the  pneumatic  tire, 
some  development  in  the  direction  of  providing  three  axles, 
and  increasing  the  number  of  driving-wheels,  accordingly, 
for  heavy  vehicles  is  necessary  to  alleviate  the  trouble  of 
road-waves. 


Mechanical  Hauling  Displaces  Team  Hauling  in  Michigan 
Road  Work. — In  a  paper  presented  at  the  Chicago  meeting 
of  the  American  Association  of  Highway  Officials.  Mr.  Frank 
F.  Rogers,  State  Highway  Commissioner  of  Michigan,  stated 
the  mechanical  hauling  had  very  largely  displaced  team 
hauling  in  road  work  in  that  state.  He  cited  one  instance 
where  a  motor  truck  was  making  five  trips  with  3-yd.  loads 
of  gravel  on  a  haul  so  long  that  teams  working  on  the  same 
job  made  two  trips  with  2-yd.  loads.  The  truck  thus  de- 
livered 15  yd.  as  compared  with  4  yd.  for  each  team. 


Road  School  at  Purdue  University. — The  .5th  annual  road 
school  of  the  department  of  civil  engineering,  Purdue  Uni- 
versity,. La  Fayette,  Ind.,  will  be  held  Jan.  7,  8  and  9,  in  co- 
operation with  the  County  Road  Superintendents'  Associa- 
tion, the  County  Surveyors'  Association  and  the  State  High- 
way Association.  Prof.  R.  C.  Yeonans,  Purdue  University,  is 
in  charge  of  the  school. 


What  Is  an  Engineer? 

KIscwhere  in  this  issue  we  discuss  several  definitions  of 
the  word  "engineer,"  including  the  one  lately  put  forward 
ly  Mr.  A.  Krom,  Director  of  10n>;ineering  of  the  U.  S.  Em- 
ployment Service.  The  following  discussion  of  Mr.  Krom's 
delinition  is  reprinted  from  a  lotlcr  in  the  llnginecring  and 
Mining  Journal: 

I  note  with  interest   a  delinilion,  by  A.  Krom,  appearing 

in  the  Nov.  16  issue  of  the  Journal,  which  reads  as  follows: 

"An  engineer  is  one  who  economically  directs  manpower, 

and,  by  scientific  design,  utilizes  the  forces  and   materials 

of  nature  for  the  benefit  of  mankind." 

A  new  definition,  to  be  worthy  of  attention,  must  be  com- 
plete. The  first  point  of  criticism  with  that  quoted  is  that 
it  fails  to  take  cognizance  of  recognized  usage.  In  the 
United  States  the  operator  of  a  railroad  engine  or  a  .sta- 
tionary motive  plant  is  an  engineer.  The  word  has  been 
generally  accepted  in  that  sense;  it  is  widely  used;  and 
no  stroke  of  the  pen  can  summarily  displace  it.  If  cus- 
tom dictates  a  change,  a  change  will  result — but  in  slow- 
stapes.  It  is  illogical  to  exclude  recognized  usages  in  de- 
fining the  word  "engineer."  If  they  are  uncomtnon  or  sec- 
ondary, they  can  be  placed  in  a  position  which  is  subordi- 
nate to  the  primary  significance. 

Mr.  Krom's  definition  appears  to  me  to  lack  pertinence. 
Had  I  seen  it  by  itself,  or  had  I  been  asked  to  give  a  typical 
example  of  one  who  "econotnically  directs  man-power,  and, 
by  scientific  design,  utilizes  the  forces  and  materials  of 
nature."  my  mind  might  have  turned  to  some  captain  of 
department-store  industry,  such  as  John  Wanamaker  or 
(^.ordon  Selfridge.  "Science,"  as  Huxley  said,  "is  nothing 
but  trained  and  organized  common  sense";  and  a  scientific 
mind  is  an  asset  in  any  branch  of  endeavor. 

With  regard  to  the  economical  direction  of  man-power, 
I  have  encountered  many  brilliant  engineers  who  were  dis- 
tinctly wasteful  of  the  resources  at  their  command.  The 
history  of  perhaps  the  most  widely  advertised  mechanical 
product  of  the  twentieth  century — the  Liberty  Motor — 
would  seem  to  indicate  that  the  question  of  economy  was  a 
factor  of  little  or  no  importance.  An  engineer  who  directs 
man-power  economically  may  be  preferable  to  one  who  is 
lavish,  but  that  does  not  make  him  any  more  of  an  engi- 
neer, per  se  Again,  no  human  effort  could  be  consum- 
mated without  enlisting  the  aid  of  natural  forces  and  ma- 
terials. The  great  inventor  from  whom  a  brilliant  idea 
may  spring  surely  utilizes  them — his  own  perceptions  and 
his  own  brains — just  as  another  engineer  uses  steel  and 
concrete  and   available  water  pressure. 

The  second  part  of  Mr.  Krom'<i  definition  appears  to  be 
unduly  altruistic.  A  few  engineers  may  carry  out  their  du- 
ties with  no  other  thought  than  the  resultant  benefit  to 
mankind,  but  they  are  indeed  few.  Others,  and  they  con- 
stitute the  great  majority,  work  primarily  for  a  salary, 
wage,  or  bonus;  others,  again,  in  the  hope  that  their  inves- 
tigations and  inventions  will  result  in  ultimate  material 
profit  to  themselves. 

Practically  all  honest  effort  results  in  a  benefit  to  man- 
kind in  general,  but  little  of  it  is  performed  with  this  ob- 
ject in  view  as  the  primary  consideration.  These  are  plain, 
blunt  facts;  but,  nevertheless,  they  state  conditions  as  they 
are.  Much  engineering  effort  is  beneficial  to  mankind,  but 
it  would  be  invidious  to  emphasize  this  fact  in  the  formula- 
tion of  a  definition  of  an  engineer.  German  invention  of 
recent  years  has  shown  that  the  subjugation  rather  than 
the  benefit  of  mankind  was  the  main  object  of  many  devil- 
ish, though  none  the  less  brilliant,  engineering  achieve- 
ments. 

Mr.  Krom's  definition  has  served  to  point  out  the  inad- 
equacy of  available  information;  and  the  great  body  of 
professional  men  will  appreciate  the  initiative  in  his  effort 
to  standardize  nomenclature  in  this  direction.  The  primary 
need  for  such  a  revision  arises  from  the  fact  that  the  en- 
gineer's work  must  be  emphasized.  There  are  engineers 
and  engineers.  The  purely  mechanical  class  will  not  be 
deprived  of  their  accustomed  appellation  by  a  new  defini- 
tion which  ignores  their  existence.  A  wider  recognition  of 
the  fundamental  meaning  of  the  word  will  do  much  good, 
and  the  secondary  significance  will  gradually  become  oh 
solete. 
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Engineering,  to  my  mind.  i.s.  primarily,  creative  etfort. 
An  engineer  may  direct  man-power  or  lie  may  worlv  alone. 
He  may  utilize  the  material  forces  or  products  of  nature  in 
consummating  his  ideas,  but  this  is  of  secondary  impor- 
tance. His  difference  from  his  fellow  lies  not  in  the  eco- 
nomical way  he  can  handle  labor,«  or  by  the  science  which 
he  may  apply  to  his  work.  Neither  are  his  efforts  under- 
taken for  the  benefit  of  mankind,  any  more  than  those  in 
many  other  groups  of  human  endeavor.  His  main  charac- 
teristic is  an  ability  to  bring  to  his  work  a  creative,  in- 
ventive spirit  of  initiative,  which  marks  him  as  distinct  from 
the  technician  who  merely  works  under  his  instructions. 

1  would  suggest  a  complete  definition  as  follows: 

rOngineer:  1.  A  technician  who  applies  creative  effort  to 
the  solution  of  a  problem,  or  the  operation  of  an  enterprise. 
2.  One  who  is  skillful,  or  artful  in  design.  3.  The  operator 
of  an  engine  or  other  mechanical  equipment — an  engine 
driver.  A.  W.  ALLEN. 

New  York,  Nov.  20,  1918. 


center  line  of  the  railroad  and  to  have  all  obstructions  such 
as  brush,  high  banks,  etc.,  removed  so  that  a  man  can  see 
both  up  and  down  the  track  when  traveling  any  part  of  the 

600  ft. 


Plan    for    Reducing    Traflfic    Hazards   at 
Railroad  Grade  Crossings 

Relocation  of  roads  and  buildiiit;  a  short  stretch  of  road 
at  the  crossing  parallel  to  the  track  were  sug.gested  by 
Rodman  Wiley.  State  Commissioner  of  Public  Roads  of  Ken- 
tucky, as  precautions  at  grade  crossings.  He  stated  that 
where  a  road  parallels  a  railroad  tor  some  distance  before 
crossing,  the  road  should,  if  possible,  be  at  least  300  ft.  from 
the  track  and  the  crossing  should,  if  feasible,  be  made  at 


Grade    Crossing    With    Short    Safety    Roads    Paralleling    Railroad. 

right  angles  to  the  track.  In  addition,  all  obstructions  to 
the  view  should  be  removed  so  that  when  a  man  makes  the 
turn  preparatory  to  crossing  the  track  he  can  see  both  ways 
up  and  down  the  railroad  for  some  distance. 

As  an  added  precaution,  he  suggests  that  it  would  be  well 
to  build  a  road  parallel  to  the  railroad  track  for  a  distance 
ot  perhaps  300  ft.  each  side  of  the  main  road,  and,  in  all 
probability,  this  should  be  on  the  railroad  company's  right- 
of-way.  The  surface  of  the  road  .should  be  at  the  same  ele- 
vation as  the  top  of  the  rails.  In  case  a  man  saw  he  coukl 
not  clear  the  track,  or  in  other  words,  that  he  was  caught,  ■ 
be  could  turn,  either  to  the  right  or  left,  off  the  main  high- 
way and  run  his  car  parallel  to  the  track  and  prevent  a  col- 
lision. 

Of  course,  such  things  as  electric  lights,  electric  bells, 
etc.,  should  be  used  in  all  cases  because  they  always  serve 
as  a  good  warning. 

Important  crossings  should  be  well  paved,  the  paving  to 
be  level  with  the  top  of  the  rails  so  as  to  prevent  a  man 
killing  his  engine  on  the  track;  also  to  save  the  wear  and 
tear  on  vehicles. 

Less  important  crossings  could  be  paved  with  timber,  say 
2-in.  thick,  set  on  edge,  sized  so  as  to  make  it  level  with  the 
top  of  the  rails,  the  timber  to  be  nailed  to  the  ties  and  to 
each  other  and  all  points  of  contact  to  bo  tarred.  This 
would  make  a  rather  inexpensive  improvement  and  it  is  be- 
lieved the  results  would  be  admirable  as  2xls  spiked 
together  and  tarred  have  been  used  very  successfully  as 
flooring  for  bridges  in  Kentucky. 

As  a  general  proposition,  it  would  be  well,  as  has  been 
advocated,  to  make  the  road  straight  and  level  with  the  top 
of  the  track  for  a  distance  of  at  least  300  ft.  each  side  of  the 


Prof.  Baker's  Statement  Regarding 

His  Report  on  Chicago 

Pavements 

Some  months  ago  Professor  Ira  O.  Baker  of  the  Univer- 
sity of  Illinois,  made  a  "Report  on  Pavements"  in  Chicago 
which  contained  criticisms  of  the  engineers  and  inspectors 
of  the  Board  of  Local  Improvements. 

These  criticisms  were  challenged  and  in  an  investigation 
made  ut  the  direction  of  the  Chicago  Civil  Service  Com- 
n.ission  it  was  admitted  by  Professor  Baker  that  some  of 
his  statements  and  conclusions  were  based  on  premises 
lound  to  be  incorrect. 

The  Illinois  Society  of  Engineers  after  a  thorough  in- 
quiry felt  that  public  acknowledgment  should  be  made  of 
this  fact  and  has  obtained  from  Professor  Baker  the  follow- 
ing letter  which  is  intended  for  publication  and  which  re- 
tracts the  original  statements  reflecting  upon  the  engi- 
neers: 

To  the  President  of  the  Illinois  Society  of  Engineer.s; 

Sir:  fnder  date  of  Nov.  20,  1316,  I  forwarded  lo  the  Com- 
mittee on  Finance  of  the  City  of  Chicago  the  manuscript  of  a 
report  entitled  "Report  on  Pavements  Recently  Built  by  the 
Board  of  Local  Improvements  of  the  City  of  Chicapo."  That 
report  implied  that  there  had  been  a  considerable  shortage  in 
the  thickness  of  all  concrete  foundations  of  pavements,  and  also 
in  the  thickness  of  the  binder  course  and  of  the  wearing  coal 
of  all  she(»t  asphalt  i)avements.  which  statements  have  l>een 
strongly  objected  t»»  by  the  engineers  of  the  Board  of  Local 
Improvements. 

In  preparing  those  jiarts  of  my  report,  I  inquired  specincall.\' 
of  the  en,Lrineers  of  the  technical  staff  as  to  wh<'ther  or  not  the 
inspectors  selected  pavements  of  particular  contractors  or  pave- 
ments th;. I  were  known  to  be  faulty;  and  received  an  answer  thai 
convinced  me  that  the  pavements  examined  by  tlie  inspectors 
were  fairly  representative.  I  next  inquired  of  the  staff  whether 
or  not  the  summary  of  observations  by  the  inspectors  included 
all  the  obser\-aUoiis  m.ade.  .and  I  was  informed  that  they  did.  ! 
asked  for  the  inspector's  reports,  and  compared  them  with  m>" 
report  and  found  them  to  agree  with  the  summary  which  the 
staff  liad  furnished  me. 

I  had  no  reason  for  believing  that  my  report  was  in  error  in 
any  of  these  three  mailers  until  I  heard  the  testimony  of  one  of 
the  inspectors  during  the  proijress  of  the  investigation  conducted 
by  a  Board  appointed  by  the  Chicago  Civil  Service  Commission. 
-March  o-ii.  1»17.  I  then  learned  for  the  first  time  that  if  the 
inspector  found  any  defects  in  a  pavement,  he  prepared  .-i 
somewh.it  elaborate  report  from  his  field  notes  .and  filed  that 
report;  but  if  he  found  no  defects,  he  filed  no  report  thereof. 
The  data  furni.-hed  lo  me  was  a  summary  of  these  special  re- 
ports, and  diii  not  include  any  statement  that  other  pavements 
had  been  insiiected  and  found  to  be  according  to  the  .specifica- 
tions. 

All  of  my  inlercour.-ic  with  the  staff  engineers  convinces  me 
that  their  only  desire  was  to  have  the  facts  correctly  presented: 
and  I  feel  quite  sure  that  they  were  entirely  innocent  of  wrong 
intention  in  the  matter. 

It  is  plain  that  as  a  numlier  of  observations  were  made  and 
il.fe<ls  found  in  o»ly  some  cases,  it  was  wrong  lo  assume  that 
ihe  observations  in  which  defects  were  discovered  were  repre- 
sentative of  all  the  work  done  by  the  Board  during  that  season. 
I  am  very  sorry  that  n:>-  leporl  was  not  correct  in  these  par- 
ticulars: and  am  son->-  lo  have  made  erroneous  statements  which 
have  been  considered  as  rellecting  upon  the  honor  ot  engineers 
of  the  Board  of  Local  Improvements.  I  inlendcd  no  such  re- 
lleclion. 

Public  acknowledgment  of  the  errors  in  my  report  has  been 
li.Jayed  for  a  year  and  a  half  on  account  of  the  fact  that  three 
ir.vestig.it ions  of  the  Kiqiort  have  lieen  pending.  I  believed  that 
awaiting  the  outcome  cf  these  invc.-tigalions.  any  statement 
concerning  the  matter  by  me  might  be  considered  as  an  at- 
tempt to  forestall  the  verdict  of  the  investigating  body.  I  do 
not  think  that  the  delay  in  his  acknowledgment  has  done  an.v 
serious  harm,  since  in  the  invest  italion  conducted  a  year  and  a 
half  ago  by  the  Board  appointed  by  the  Chicago  Civil  Servl-:e 
Commission,  I  freely  acknowledged  my  error,  and  !:ince  the  find- 
inss  of  that  Poard   have  been  given  wide  piil>licity. 
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Cost  of  Obtaining   Road   Gravel 

with  Sluicing  and  Washing 

Outfit 

A  small  portable  sluifiiii;  aiul  washing  outfit,  employed 
by  Alex  McKay,  County  Roads  Engineer  of  Calhoun  County, 
Mich.,  for  obtaining  road  gravel,  was  described  by  Mr. 
Frank  F.  Kogers.  Slale  Highway  Commissioner  of  Mich- 
igan, in  a  paper  presented  at  the  Chicago  meeting  of  the 
American  Association  of  State  Highway  Oflicials. 

The  washing  plant  is  now  at  its  fourth  location.  On  the 
first  location  an  average  of  100  cu.  yd.  of  gravel  per  day 
was  obtained  for  most  of  the  time,  but  the  later  sets  have 
been  in  more  ditticult  situations.  At  the  third  set,  work 
began  March  19,  191S,  and  ended  Aug.  31,  1918.  The  pros- 
pect was  so  poor  that  the  plant  was  located  at  that  point 
only  after  every  other  prospect  had  been  investigated  and 
over  $100  had  been  spent  digging  into  every  hill  and  run- 
ning down  many  reports  within  a  radius  of  three  miles. 
The  pit  was  cross-sectioned  before  and  after  working,  thus 
the  ligiires  as  to  yardage  moved  are  quite  accurate.  All 
the  gravel  was  hauled  by  the  yard,  so  that  is  another  check 
on  the  total  amount  of  material  secured. 

The   largest  day's  run  was   44   yd.   and  the  smalUest  15 

yd.    Men  employed  were:     Foreman  at  ?5,  engineer  at  $3.50, 

houseman   and   general  helper   each   ?3.     About  28   gal.   of 

kerosene   were   used  each   day   in   two  engines.     A   15-HP. 

engine   ran  a  3-iu.   centrifugal  pump  giving  approximately 

250  gal.  per  minute  at  about  20  lb.  pressure  at  the  nozzle 

through  500  ft.   of  6-in.   spiral   pipe.     A  6-HP.   engine   was 

used  to  run  a  revolving  screen  and  elevator.     A  bar  "gris- 

ley"  on  top  of  bins   removed  oversize  stone.     Water  was 

secured  from  a  nearby  creek.    The  fine  screen  was  a  square 

mesh    of    1/1 6-in.    opening,    but    there    was   very   little   fine 

sand  carried  over.     Operating  data  follows: 

Total  days  worked.  10  hour3  each l:n 

Total  yards  gravel  secured 3.200 

Average  daily  yardage   25 

.\vcrage  daily  cost  of  operations $19. IG 

Total  cost  of  operation $2,511.81 

Total   yards    moved    from    pit 10,500 

Average    cost   per   yard    in   bin $O.T.S 

After  getting  all  the  available  gravel  in  that  location  the 
plant  was  removed  to  the  fourth  or  its  present  location,  1% 
miles  farther  from  the  road.  This  pit  was  much  more 
stony  and  required  an  additional  man  to  fork  stone  away 
from  the  sluices.  This  pit  had  been  worked  two  years  be- 
fore and  abandoned  on  account  of  the  large  amount  of 
oversize  stone  and  number  of  sand  packets.  For  this  loca- 
tion the  cost  was: 

Total  cost  of  moving $162.00 

In  operation  from  Sept.   S  to  Xov.  15.  total  number  of  days 

worked.    10   hours  each 56 

Total    yardase   secured 2.0:i6 

Average  cost   per  day $21.00 

Average  yardage  per  day 36 

Average  cost  per  yard  in  bins $0.59 

It  will  be  noted  that  no  depreciation  of  machinery  is  fig- 
ured. The  total  plant  cost  is  around  $2,500.  The  experi- 
ence with  washing  gravel  has  been  that  it  is  possible  to 
■work  over  a  large  amount  of  poor  material  and  secure  a 
good  road  building  metal  at  reasonable  cost.  The  plant, 
however,  cannot  compete  with  good  pits  located  advan- 
tageously unless  due  credit  is  given  for  the  excellence  of 
the  material  thus  obtained.  * 


11,261  Civil  Engineering  Graduates  in  21  Years. — The 
Icilal  iiuniher  of  eiigiiu'ering  gi'ailuates  from  ISSt'i  to  l!(l(i  was 
35,777,  according  to  a  circular  of  the  U.  S.  Bureau  of  Ed- 
ucation. Of  this  total,  n.()21  were  civil  engineering  grad- 
uates. The  number  of  shulcnls  laking  engineering  courses 
in  1916  was  33,106. 


Steam  Shovel  on  Snow  Removal. — During  the  winter  of 
1916-17  the  Ihireau  of  Streois  worked  one  steam  shovel  and 
one  steam  "skimmer"  on  snow  removal  work.  These  ma- 
chines, according  to  the  report  of  the  Bureau,  were  success- 
ful and  did  the  woric  but  the  cost  was  not  reduced  over  that 
of  hand  labor. 


Personals 

Martin  C.  Polk,  city  engineer  of  Chico,  Cal.,  has  been  elected 
county   road  engineer  ol'    Hullo  County,   California. 

Charles  J.  Peters  has  been  appointed  city  engineer  of  Toledo. 
O.,  succeeding  Lloyd  O.  Uunkle,  who  resigned  recently. 

MaJ.  T.  R.  Agg,  recently  of  the  98th  Engineers,  has  resumed 
hi.s  work  as  professor  of  highway  engineering  at  Iowa  State 
College. 

Lt.  Col.  A.  Marston,  recently  in  command  of  the  97th  En- 
gineers, has  returned  to  his  duties  as  dean  of  engineering  at  Iowa 
State  College. 

N.  F.  Coffman,  Chehalis,  Wash.,  was  elected  president  of  the 
Washington  State  Good  Hoads  Association  at  the  recent  conven- 
tion at  Pasco,  Wash. 

Maj.  Lincoln  G.  Kelly,  formerly  state  auditor  of  Utah,  has 
been  apjiuiiilcd  a  nu-iiiluT  of  the  Federal  Board  of  Contract  He- 
view  of  liif  < 'onslruction  l)ivision.  This  board  pas.ses  on  contract 
cancellations  and  tho  adjustment  of  obligations  of  the  various 
departments. 

C.  L.  Rood,  Toledo.  O..  has  been  elected  president  of  the 
Northwestern  Ohio  Engineering  Society,  which  held  its  annual 
meeting  at  Findlay,  O.,  Dec.  22.  The  other  officers  are:  Elmer 
Hilly.  Findlay,  vice  president,  and  William  .Schepllin,  Wapa- 
koneta,  secretary  and  treasurer. 

H.  P.  Pearsons,  of  Evanston,  111.,  was  elected  president  of  the 
Illinois  Municipal  League,  which  held  its  5th  annual  convention 
at  Chicago  Dec.  14.  The  other  officers  elected  are:  John  E. 
Hurley,  Aurora,  first  vice  president;  George  H.  Crichton,  Herrin. 
second  vice  president:  L.  H.  Hall,  Morris,  third  vice  president; 
John  A.  Fairlie,  Urbana,  secretary-treasurer;  Clifford  G.  Roe, 
Chicago,  general  counsel;  W.  G.  Adkins,  Chicago,  statistician. 

Charles  Frederick  Gray,  consulting  electrical  engineer,  has 
been  elected  mayor  of  Winnipeg,  Man.  Mr.  Gray  was .  born  in 
England  in  1879  and  wa."?  educated  at  Dulwich  College,  London. 
From  1902  to  1904  he  was  on  the  staff  of  the  Interborough  Rapid 
Transit  Co..  New  York,  and  for  th^  next  two  years  was  engineer 
for  the  Metropolitan  District  Underground  R.  R..  London.  From 
1906  to  1912  he  was  construction  superintendent  for  the  Canadian 
Westinghouse  Co.  He  entered  private  practice  at  Winnipeg  in 
1912. 

Dr.   J.   A.    L.   V\/addell,  consulting  engineer  of  New  York   and 

Kansas  City,  has  been  elected  a  corresponding  member  of  the 
.Academic  des  Sciences  of  L'Institute  de  France.  The  Academie 
des  Sciences  was  inaugurated  in  1795,  and  during  the  succeeding 
123  years  there  have  been  only  IS  corresponding  members  chosen 
from  the  United  States.  Dr.  Waddell  making  the  nineteenth.  Of 
these  eighteen  three  are  still  living,  viz.,  the  astronomers  Dr. 
Edward  Charles  Pickering  of  Harvard  Univei'sity  and  Dr.  George 
EUery  Hale  of  Washington.  D.  C,  and  the  geographer.  Dr.  Wil- 
liam Morris   Davis,  of  Cambridge,   Mass. 


Propose  Spending  $30,000,000  for  Road  Work  in  Washing- 
ton.— A  2,000-mile  system  of  arterial  highways  in  Washing- 
ton to  be  financed  by  bonding  motor  vehicle  license  fees  is 
advocated  by  the  Thurston  County  Good  Roads  Associa- 
tion. It  is  estimated  that  by  issuing  20-year  bonds  on  the 
license  fees  ?30,000,000  could  be  raised  for  expenditure  dur- 
ing the  next  6  years. 


Obituaries 

John  K.  Harris,  a  contractor  of  Providence,  R.  I.,  died  Dec.  17. 

William  H.  Haney,  a  contractor  of  Denver,  Colo.,  died  Dec.  18, 
aged  39. 

James  L.   Howell,  of  the  contracting  firm  of  Jas.  L.  Howell  & 
Son,   Nashville,  Tcnn.,   died  Dec.   18,  aged  71. 


Uniform  Traffic  Laws. — The  American  Association  of 
State  Highway  Officials  at  its  convention  last  month  in  Chi- 
cago passed  a  resolution  that  the  Association  go  on  record 
as  favoring  a  uniform  traflSc  law,  a  uniform  regulation  of 
motor  trucks  and  passenger  motors,  and  a  uniform  law 
covering  the  regulation  of  head  lights  on  motor  vehicles. 


Industrial  Notes 

E.  A.  Williams,  Jr..  president  of  The  Garford  Motor  Truck 
Co..  announces  a  new  and  very  important  department  for  his 
company.  It  will  be  the  department  of  highway  develojiment. 
under  the  management  of  S.  M.  Williams,  who  has  been  for  the 
last  four  years  sales  manager  for  the  Garford  Co.  Mr,  WiUiams 
has  for  years  devoted  a  great  deal  of  time  to  the  study  and  in- 
vestigation of  highways  throughout  the  United  States  and  their 
relation  to  the  motor  vehicle  industry,  and  he  has  constantly 
urged  the  necessity  of  highway  development  to  meet  the  eco- 
nomic demands  of  the  country  in  highway  transportation.  In 
addition  to  his  duties  as  sales  manager,  he  has  for  the  last  year 
been  president  of  the  Highway  Industries  Association  and  has 
just  been  re-elected  for  1919.  In  relieving  Mr.  Williams  of  the 
responsibility  of  sales  and  placing  him  in  charge  of  such  a  de- 
partment. The  Garford  Motor  Truck  Co.  realizes  that  highway 
development  is  ju-st  starting  and  as  a  result  of  the  many  uses 
to  which  trucks  were  put  as  a  war  necessity  the  future  of  the 
motor  truck  is  doubly  assured  and  that  all  over  the  country 
better  highways  must  be  built  in  order  that  the  motor  truck  may 
best  serve  in  the  growth  and  the  expansion  of  the  country,  which 
is  inevitable. 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roads  (c)   Street   Cleaning 

(b)  Streets  id)    Municipal    Miscellanies 

Waterworks   and  Hydraulics — 2nd  Wednesday 

(a)   Waterworks  (o)    Irrigation    and    Drainage 

lb)   Sewers  and  SanI-  Id)    Power 
tatlon 


Railways  and  Govt.  Works — 3rd  Wednesday 

la)    Excavation      and  (c)   Harbors   and    Docks 

Dredging 
(b)   Rivers  and  Canals       id)    Railway    Construction 

Buildings  and  Structures — 4th  Wednesday 

la)    Buildings  ic)    fehlp    Construction 

lb)    Bridges  Id)    Miscellaneous    Structures 
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E.  &  C.  Index  Furnished  Only  on 
Request 

Hitherto  it  has  been  customary  to  send  the  index  of  our 
articles  to  every  subscriher.  In  order  to  conserve  paper  the 
index  for  the  six  months  ending  Dec.  31  will  he  sent  only 
to  subscribers  who  send  a  postal  card  or  letter  requesting 
a  copy  of  the  index.  We  will  then  list  your  name  so  that 
you  will  receive  the  index  twice  each  year  without  the  ne- 
cessity of  writing  us.  It  will  assist  us  if  those  desiring  tlie 
index  \\in  notify  us  at  once. 

Should  Our  Government  Own  the 

Telephone  and  Telegraph 

Systems  ? 

In  urging  Government  ownership  of  the  telephone  and  tele- 
graph systems,  Postmaster  General  Burleson  recently  said: 
"Extension  of  the  wire  service  should  be  determined  by 
public  needs,  not  the  opportunity  for  private  gain."  The 
Implication,  of  course,  is  that  under  Government  owner- 
ship tlie  -wire  systems"  would  be  more  greatly  extended 
than  they  have  been  under  private  ownership.  If  this 
theory  is'  sound  we  should  find  more  extensive  systems  of 
telephony  in  England  and  France  where  Goveinment  own- 
ership exists  than  in  America,  whereas  the  reverse  is  true. 
The  number  of  telephones  per  100  inhaliitants  in  America 
is  9.5,  as  compared  with  0.9  in  France.  1.5  in  the  Fnited 
Kingdom,   and    2   in   Germany. 

Somehow  or  other  the  incentive  of  -private  gain"  in 
America  has  proved  to  be  far  more  effective  in  .giving  peo- 
ple telephone  service  than  has  the  political  ideal  of  'pub 
lie  need"  that   has   been   tried  out  in  Europe. 


Director  General  of  Railways  AlcAdoo  has  said  that  "an 
ounce  nt  experience  is  worth  a  ton  of  theory."  America 
has  nari  a  bit  more  than  an  ounce  of  experience  in  teleg- 
graphy  and  telephony.  From  the  day  that  the  American 
.\lorso  made  telegraphy  practical,  all  noteworthy  advances 
in  the  science  of  conveying  intelligence  over  electric  wires 
have  been  made  by  Americans  under  the  incentive  of  "pri- 
vate gain"  which  Mr.  Burleson  finds  so  reprehensible  that 
he  would  do  away  with  it.  Europe  has  done  nothing  more 
than  follow  the  lead  of  our  reprehensible  Morses,  Bells. 
Pupins.  Barretts  and  Cartys,  not  to  mention  the  business 
men  who  have  financed  these  geniuses.  Government  own- 
ership of  the  "wire  systems''  in  Europe  has  led  to  noth- 
ing but  poor  imitations  of  American  methods.  The  "public 
needs"  of  Europe  have  not  been  effective  in  giving  Euro- 
peans as  extensive  wire  service  as  in  America  even  with 
the  great  American  models  before  them.  What  "wire  sys- 
tems" Europe  would  have  today  had  it  not  been  for  these 
.Xmerican  models,  we  leave  our  readers  to  imagine. 

Mr  Burleson  has  studied  neither  experience  nor  human 
nature  to  much  advantage  if  he  believes  that  a  vague  and 
dilut'd  sentiment  has  a  fraction  of  the  driving  power  that 
exists  in  a  definite,  concentrated  desire  to  increase  one's 
personal  income.  The  sentiment  that  he  would  invoke  is 
the  desire  on  the  part  of  Government  office  holders  to  in- 
crease public  welfare  by  extending  and  improving  telegraph 
and  telei/hono  servicer  Well,  that  same  altruistic  senti- 
ment has  been  at  work  in  Europe  a  very  lon.g  time,  whereas 
in  America  we  have  seemingly  had  only  the  egoistic  de- 
sire to  make  money  by  operating  the  wire  systems.  The 
results  ct  the  two  methods  are  before  us.  and  if  we  doubt 
our  own  ability  to  weigh  the  results,  lot  us  employ  a  com- 
mission of  impartial  engineers  to-  investigate  and  report 
upon  th."=  "wire  systems"  in  .America  and  Europe. 
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Incidentally  it  nmy  be  iidiltui  that  even  ii  money  making  II    hns   been  snlil   tliat   moro   tliiiii    hall'   ol'   ;iU   tlic   workers 

telephone  company  is  not  witliout  its  iiiosUs  of  serving  the  in  Grout  Rritain  wore  ouRiinod  oilhi-r  diroctly  or  indirectly 

public  where  no  iidrqiiate  prolit  is  In  sight.    At  a  rate  hear-  in  the  war.     If  thero  had  boon  no  war  theso  workors  would 

ing   before   the    Public    Service   Commission    of    New    York  have  had  to  live,  and  they  would  have  expended  practically 

a  few  yeura  ago,   it   was  shown  that   the   Now   York  Tele-  all  their  earnings  to  support  themselves  and  thoir  dopend- 

phone   Co.   was  operating   lis   rural   lines   and   the   lines   in  ents.   The  war  served  to  cUanuo  the  cliaractor  of  their  work, 

the  small  cities  at  a  net  return  of  less  than  -I  per  cent  on  in  most  cases,  but  it  did  not  chango  thoir  living  expenses 

ihe  capital  invested  in  those  lines.     The  company  had  de-  save  to  increase  them.     Hence  it  follows  that  if  these  men 

liher.itely   extended    Its   rural   lines   to   give   service   to   the  are  paid  for  their  Ave  years'   war  work  by  Great   Britain. 

farmers  at   rates   that   would   not  yield   even   legal  interest  and  if  Great  Britain  then  collects  thoir  entire   war  wages 

on    the   investment.     The   company   considered    this    to   be  from  Germany,  Ihesa  workers  will  have  eaten  all  tlioir  cake 

part  of  its  duty  in  rendering  "state  wide'' telephone  service.  and   yet   will   still   have   most   of  it;    for   what    belongs    to 

The  great  president  of  tlie  American  Telephone  and  Tele-  Great   Britain   belongs   to  all  her   people. 

graph  Co.    (Bell  system),  Theodore  N.  Vail,  has  shown  as  j-jq^v  jg  [ho  true  cost  of  a  war  to  a  given  jiart  of  society 

keen  an  interest  in  the  public  and  its  welfare  as  it  he  had  ^ji.p  Qrcut  Britain,  to  be  determined?     Without  going  into 

been  directly  employed   by  the  public.     He  is,   we  believe,  some  of  the  minor,  yot  important  elements  of  the  problem. 

(luite  as  much  of  an  idealist  as  Mr.  Burleson;  but  he  shows  ,yg  ^^-m  outline  the  major  elements  and  the  general  method 

a  practical  idealism  in  aiming  to  make  the  telephone  sys-  q{  procedure  in  solving  it. 

tem  as  a   whole   yield   a   fair   return   on   the   invested   cap-  -when  an   individual   is  deprived  of  property  by  condem- 

ital.    By   so  doing,   his   company  has   been   able   to   finance  nation   for   public   use,   the   law   provides   that  he   shall   be 

extensions  and  improvements  at  a  rate  that  has  been  truly  p^jfj  ;„  money  a  sum  that  will  give  him  as  good  an  income 

amazing,  and   with  corresponding  benefit   to  the   public.  after  the  loss  of  the   property  as  he  would   have   enjoyed 

In  contrast,  look  at  the  unprogressive  Government  owned  jiad   it   remained    in   his    possession.     Applying   this     "rule 

telephone   systems   ot   Europe.     In    fact,   look   at    our   own  of  reason"  to  a  nation  that  is  to  be  recouped  for  war  losses. 

Government   plants    in   general.     Every    patent    office   com-  ;[  -would  follow  that  the  nation  should  at  least  bo  left  as 

missioner  for  years  has  begged  Congress  for  larger  appro-  wealthy  after  the  war  as  it  would  have  been  had  there  been 

priations,  and  with  uniform  lack  of  success  in  spite  of  the  y^Q  ■^^ij.     i(_  then,  the  nation  had  been  increasing  its  wealth 

fact  that  the  revenues  of  the  patent  office  greatly  exceed  at  the  rate  of,  say.  .5  per  cent  a  year  (after  making  proper 

the  expenditures.  allowance  for  changes  in  prices) ;  and  if  the  war  had  lasted 

Look  at  our  national  hig'^ways  and  contrast  their  rela-  5  years,  then  the  5  per  cent  compounded  for  5' years  would 
tive  poorness  with  the  relative  excellence  of  our  railways.  be  more  than  25  per  cent  of  the  pre-war  wealth.  From 
The  Federal  Government  has  done  virtually  nothing  in  all  this  should  be  deducted  the  nation's  actual  increase  in 
its  history  to  improve  our  roads,  anrt  most  state  Govern-  wealth  during  the  war,  at  pre-war  prices.  The  remainder 
ments  have  been  almost  as  negligent.  Yet  there  was  as  would  be  the  loss  in  wealth  as  a  result  of  the  war,  pro- 
great  economic  need  for  road  improvement  as  for  rail-  vidcd  none  of  the  pre-war  property  were  destroyed  by  the 
way  improvement.  war.    Any   pre-war   property   destroyed   by    the   war   would 

Look  at  our  admirable  Reclamation  Service,  and  note  the  ^e,  of  course,  a  war  damage. 

very  small  size  of  the  appropriations  it  has  thus  far  been  ^^  v^^.^f^  gj,  appraisal  of  national  wealth  just  prior  to  the 

able  to  secure  for  irrigating  and  draining  lands,  contrasted  ^^,^^.  ..^oi'ld  be  deducted  from  an  appraisal  made  after  full 

with   the   truly    enormous    acreage    that   needs    either   irri-  resumrtion  of  normal  peace  activities,  using  pre-war  prices 

gation  or  drainage.  ^^  jj^t,,  cases;    then  the  difference  between  these  two  ap- 

In   fact,   turn   where  you   may,  you   will   see   legislatures  praisal  ••  should  be  deducted  from  the  normal  increment  in 

either  going  to  one  extreme  in  pork  barrel  wastage  of  pub-  i^ational    wealth    that    would     have     occurred     during    that 

lie  funds  for  postoffices   and   the  like,  or  to  the  other  ex-  pprjcrl,   and   the  remainder   would   be   the   loss   in   national 

treme  of  picf.yune  appropriations  for  public  works  of  really  .yealth   incident  to  the   'war. 

great  economic   importance.     Certainly  this  ton  of  experi-  ,j,^  ^■^^^  j^^g  j^  „,ealth  should  be  added   the  total  value 

ence  weighs  more  than  Mr.  Burleson's  ounce  of  theory.  ^^^   j,^p   U^.^j.    destroyed   and   lost   earning   capacity    of    the 

"  maimer^  and  injured.     And  finally  there  should  be  added  a 

Common  Errors  in  Estimating  the  ^7 indTmnS.  '^  ^'  '^""'^'^"^"-  ''"'  ^°^^' ''""''  ''  ''^ 

Cost  of  the   War  Refoi-e   the   war  the   wealth   of   the   leading   nations   was 

^^    ,                  ,                            ■       ■           .,              *  »  ,    t  estimated  to  be  as  follows: 

The  true  cost  of  a  war  to  a  nation  is  not  the  sum  total  ot  ._^  „„„  „„„  „„ 

ii_         United   States  $190. 000. 000, ooo 

its  expenditures  for  the  war,  nor  is  it  that  total  plus  the       Great  Britain  and 'Ireland 85.000,000.000 

capitalized  decrease  in  gross  earning  power  of  its  citizens.       British  possessions,  including  India  -^!lnA-!ll!A'AAS 

France  r^o.ooi'.ooo.uuo 

In  fact  we  have  never  seen  even  an  approximately  correct      Russia  .'.'.'.'.'.'.'.'.'.'.'.'.'. 40.ooo.ooo,oOfl 

statement  of  the  true  cost  of  any  war  to  any  nation.  Italy  ..'.'.'.'.'.'.'.'.'.'. -a'Ann'nnA'SSfl 

Belgium  y.ooo.ooo.uou 

Because   Great   Britain   has    expended    40    billion   dollars      Gemany "...'.'.'.'. ..'.'.'. so.ooo.oon.ooo 

in  prosecuting  the  great  war,  it  does  not  follow  that  that      Austria-Hungary  25.000.000.000 

sum  represents  the  true  net  cost  of  the  war  to  that  parr  The  war  expenditures  ot  all  nations  are  said  to  have 
..f  society  known  as  Great  Britain.  A  simple  illustration  totaled  nearly  200  billions  of  dollars.  The  indemnity  claims 
will  show  the  absurdity  ot  any  such  estimate.  When  the  of  the  Allies,  it  is  estimated,  will  exceed  120  billions,  or 
war  started,  Great  Britain's  -n-ealth  (exclusive  of  her  20  per  cent  more  than  the  pre-war  wealth  of  Germany  and 
provinces  and  India)  was  about  85  billion  dollars.  Suppose  Austria-Hungary  combined.  Lloyd  George  has  announced 
Germany  were  now  to  pay  Great  Britain  the  40  billion  dol-  that  in  equity,  Germany  should  be  made  to  pay  the  entire 
lars  thnt  she  has  expended.  Great  Britain  would  then  war  expenses  of  the  Allies  plus  damages  to  property.  Prop- 
have  approximately  125  billions  of  wealth,  less  the  net  de-  erty  damages  in  France  and  Belgium  are  estimated  va- 
crease   in   her  shipping   values.     Probably   some   deduction  riously  at  5  to  25  billions  of  dollars. 

should    also    be    made    for    other    antebellum    property    de-  It  is  apparent  that  great  diversity  ot  opinion  will  exist  as 

stroyed  during  the  war.     An  inventory  would  show  about  to  what  the  indemnity  to   be  paid  by  the  defeated   enemy 

120  billions  of  property  at   the   end  of   five  years,  instead  should  be.     On  the  theory  that  it  should  include  the  entire 

of  the  S5  billions  at  the  beginning  of  the  war.     In   short,  war  expenses  of  the  allied  nations,  the  total  would  be  far 

by  merely  "recouping  her  war  losses.''  Great  Britain  would  different  from  that  arrived  at  by  the  appraisal  method  above 

find   herself   nearly   50   per   cent   wealthier   than   when   the  snsrgestcd. 

war  began!  It   seems  to  us  that  the  finding  of  the  true   cost  of  the 

Cleaily  something  is  wrong  with  the  reasoning  that  leads  war  to  each  of  the  allied  nations  is  primarily  a  prol)lem 
to  such  a  result.  The  error  arises,  in  part,  from  failure  to  of  engineering  economics.  It  certainly  is  not  a  mere  mat- 
deduct  the  normal  cost  of  living  from  the  cost  of  the  war.  tor  of  bookkeeping     Y'et  even  in  accounting  it  is  erroneous 
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to  consider  only  the  debit  side  of  a  ledger  without  due 
regard  to  the  credit  side.  A  national  ledger— in  distinction 
from  a  nation's  ledger— has  yet  to  be  posted  to  show  the 
net  lose  to  any  nation  as  a  result  of  a  war. 


How  the  "War  Gardens"  Can  Be 
Made  Profitable  Peace  Gardens 

It  has  been  announced  by  the  National  War  Gardens 
Com3i]is'5ion  that  5,285,000  "war  gardens"  in  America  last 
year  yielded  vegetables  whose  market  value  was  $525,000,- 
000  or  about  $100  per  garden.  Most  of  these  gardens  were 
at  least  partly  irrigated  with  water  from  city  water  works. 
Probably  it  is  not  an  over-estimate  to  say  that  even  this 
partial  irrigation  increased  the  total  crop  by  20  per  cent. 
If  so  city  water  works  systems  should  be  credited  with 
having  added  about  one  hundred  million  dollars  to  the  na- 
tional income  in  1918. 

In  round  numbers  the  total  investment  in  American  city 
wat«r  supply  systems  is  about  two  billion  dollars.  Since 
•1100,000,000  is  5  per  cent  of  this  investment,  and  since  the 
increased  tonnage  of  coal  used  for  pumping  for  garden  "ir- 
rigation was  relatively  small,  it  seems  probable  that  the 
increased  yield  of  war  gardens  as  a  result  of  irrigation 
alone  amounted  to  about  5  per  cent  on  the  entire  invest- 
ment in  water  works  systems. 

Whether  the  foregoing  figures  are  correct  or  not,  they 
are  sufficiently  close  to  the  truth  to  make  clear  the  great 
economic  po,^sibilities  of  using  city  water  for  garden  irri- 
gation. 

For  many  years  Engineering  and  Contracting  has  been 
urging  the  irrigation  of  city  and  suburban  gardens.  We 
have  shown  repeatedly  that  vegetable  crops  can  be  doubled 
even  in  the  humid  states  by  irrigation,  and  that  the  profits 
from  garden  irrigation  alone  would  pay  a  handsome  dividend 
on  the  entire  investment  in  water  works  plants.  It  has  been 
objected  that  while  this  might  be  true,  i.  would  be  imprac- 
ticable to  get  many  people  to  raise  gardens  in  cities.  The 
war  has  answered  this  objection  by  leading  nearly  si.x 
million  city   families   to   raise   vegetables. 

There  are  fewer  than  twelve  million  families  living  in 
municipalities.  The  existence  of  more  than  five  million 
war  gardens  last  year  proves  that  nearly  half  the  city 
families  were  easily  persuaded  to  go  into  truck  garden- 
ing. Since  the  average  garden  yielded  $100  worth  of  vege- 
tables, it  is  evident  that  war  gardening  was  not  only  worth 
while  as  a  food  production  measure  but  that  it  was  so 
profitable  as  to  warrant  its  continuance. 

No  water  works  superintendent  should  hesitate  here- 
after to  use  his  best  efforts  to  promote  garden  irrigation. 
If  existing  pumps,  reservoirs  and  pipes  are  too  small,  now 
is  the  time  to  urge  city  councils  to  appropriate  money  for 
additions  and  improvements.  Let  experienced  hydraulic 
engineers  be  given  the  problem  of  providing  more  water 
where  more  water  is  needed.  Also  let  these  engineers  es- 
tablish schedules  of  water  rates  that  will  encourage  irri- 
gation while  at  the  same  time  providing  an  annual  net  re- 
turn of,  say,  5  per  cent  on  the  total  investment  in  the  plant. 

In  order  to  encourage  the  greater  use  of  water  for  gar- 
den irrigation,  all  consumers  should  be  metered,  and  a  low 
rate  per  1,000  gal.  put  into  effect  for  all  water  in  excess  of 
the  amount  needed  for  other  domestic  purposes.  In  short, 
the  precedent  established  so  successfully  by  electric  com- 
panies should  be  followed,  namely,  the  giving  of  a  very 
low  "wholesale  rate."  In  many  cities  electric  companies 
charge  one-tenth  as  much  per  kilowatt  hour  for  current 
used  in  large  quantities  for  power  as  they  charge  for  small 
quantities  of  current  used  for  domestic  lighting.  In  this 
way  electric  companies  have  built  up  a  very  large,  profita- 
ble "power  load." 

Nearly  all  water  departments  of  cities  and  water  com- 
panies have  always  regarded  water  as  a  commodity  that 
needed  no  advertising.  But  behold  what  the  general  ad- 
vertising of  war  gardens  has  done  in  the  brief  space  of  two 
years  I  It  has  educated  five  million  city  families  to  raise 
vegetables  where  not  one-tenth  that  number  were  for- 
merly interested   in   vegetable  gardening.     Incidentally,  the 


majority  of  them  have  had  to  use  water  to  pull  their  crops 
through  dry  spells.  Suppose  they  had  all  been  encouraged 
to  use  water  judiciously.  Suppose  pamphlets  had  gone  out 
with  every  water  user's  bill,  telling  what  the  U.  S.  Depart- 
ment of  Agriculture  has  discovered  about  the  increased 
yield  of  irrigated  gardens.  In  short,  suppose  city  water 
had  been  regarded  as  a  commodity  to  be  advertised,  can 
any  one  now   doubt  the  effect  of  such  publicity? 

Water  works  superintendents,  city  engineers  and  civil 
engineers  in  general,  an  enormous,  undeveloped  field  lies 
before  you— the  field  of  garden  irrigation.  Not  only  every 
vacant  lot  but  nearly  every  back  yard  can  be  converted 
into  a  profitable  garden,  and  its  yield  increased  enor- 
mously by  irrigation  with  city  water.  It  is  well  within 
possibility  thus  to  raise  two  billion  dollars  worth  of  vege- 
tables each  year  in  our  municipalities  and  their  immediate 
suburbs. 

Public  Utility  Rates 

To  the  Kditor;  In  your  issue  of  Dec.  11,  Mr.  John  J. 
.^loore,  'owner  and  manager  of  Water  Works  Companies, 
Boston,  Mass.,"  makes  an  argument  favoring  increase  of 
water  rentals  and  cites  a  number  of  cases  where  public 
utility  comm.issioners  have  determined  a  fair  rate  of  inter- 
est on  the  fair  valuation  of  the  property  to  be  from  6  per 
cent  to  8  per  cent  over  and  above  operation  and  deprecia- 
tion. 

The  war  conditions  have  certainly  had  more  effect  than 
simply  to  raise  wages;  they  have  caused  public  utility  com- 
mission also  to  raise  rates  of  interest  to  what  I  consider  ab- 
surd figures.  Government,  state  and  municipal  bonds,  even  in 
these  war  times,  seldom  bring  more  than  5  per  cent.  Ten 
million  dollars  worth  of  iVz  per  cent  Denver  Water  Co. 
bonds  were  offered  at  95  and  were  oversubscribed,  $2,000,- 
(lOo  within  24  hours,  and  in  less  than  a  week  were  being 
sold  at  91  Vn.,  and  this  in  the  face  of  the  last  liberty  loan 
drive. 

-Money  which  is  secure  in  its  interest  is  not  worth  nor 
will  it  bring  more  than  5  per  cent  even  in  war  times  when 
oftered  in  any  considerable  amount.  Assuming,  however. 
that  5  per  cent  return  is  the  value  of  money  in  peace  times, 
why  make  the  return  on  water  plants  6,  7  or  8  per  cent? 
The  returns  are  practically  guaranteed  by  the  interven- 
tion, control  and  decision  of  the  public  utility  commissions. 
If  the  interest  return  is  guaranteed  it  should  be  no  higher 
than  that  of  good  first  class  bonds  of  the  municipality  cov- 
ered by  the  utility. 

But,  you  say,  this  is  war  times.  To  be  sure  it  is,  and 
we  are  all  called  upon  to  bear  our  proper  burdens;  no  man 
should  profiteer.  As  a  whole  we  all  lose  money  and  are 
poorer  at  the  end  of  the  war  than  at  the  beginning.  Why 
not  the  owners  of  a  water  plant  also?  Why  increase  the 
nornuU  loss  ot  the  consumer  by  trying  to  maintain  to  its 
full  measure  the  dividends  of  a  water  plant?  This  war- 
time cost  raising  is  no  mere  merry-go-round  because  it 
spirals  always  upward;  raise  the  price  of  labor,  raise  the 
price  of  raw  materials,  raise  the  returns  of  public  and 
other  utilities,  raise  rates  of  interest,  and  then  start  all 
over  again.  This  would  not  be  an  unjust  procedure  if 
'labor'  included  all  men,  but  it  has  a  very  restricted  mean-  , 
iiig  today,  with  the  result  that  half  of  the  peoi)Ie  and  half 
of  the  business  is  left  on  the  ground  while  the  H.  C.  L. 
climbs  a  polo  for  the  benefit  of  the  other  half.  But  the 
war  will  soon  bo  over  and  then  it  will  take  a  brick  to  bring 
prici's  down.  (See  cartoon  in  Saturday  Evening  Post  of 
Dec.  21.) 

The  i>()int  1  nuike  is,  in  short,  this,  whenever  the  public 
assumes  to  guarantee  through  its  public  utility  commis- 
sions a  reasonable  return  on  the  investments  that  very 
guarantee  eliminates  practically  all  risk  of  the  investment 
and  gives  the  utility  a  monopoly,  and  the  interest  return 
should  not  bo  more  than  the  interest  rate  on  bonds  of  the 
niunicii)ality  itself.  Also  the  assessed  value  for  the  pur- 
pose of  taxation  should  be  the  same  as  the  valuation  for 
rate-making  purposes. 

T'nless  the  public  utilities  commissions  prove  to  be  true 
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and  honest  mediators  between  the  owner  and  consumer, 
unless  they  make  their  own  investigations,  or  they  decide 
the  questions  merely  on  "the  evidence  presented" — the 
utility  presents  voluminous  evidence  and  data,  the  con- 
sumer almost  never  presents  any  whatsoever— these  com- 
missions will  bo  a  failure.  The  result  will  lie  some  effort 
on  the  part  of  the  consumers  to  devise  soiue  new  method 
of  control;  probably  the  commissions  will  be  made  elec- 
tive and  become  the  football  of  the  agitrttor,  reformer  and 
Bolsheviki  politician,  with  the  result  that  the  utilities  will 
be  dealt  with  unjustly  and  unreasonably,  and  their  geese 
now  laying  golden  eggs  will  begin  to  nioull  and  many  will 
die. 

Now  that  the  war  is  over,  let  us  sit  steady  in  the  boat 
for  a  while  and  see  "where  we  are  at"  and  "where  we  go 
from   here." 

Denver.  Colo.  .lOlIX  E.   FIELD. 


Absurdity  of  One  Stock  Argument  Against 
Metering 

As  an  argument  against  the  installation  of  meters  it  is 
frequently  claimed  in  the  public  press  that  the  e.xtravagant 
use  of  water  serves  to  flush  out  the  sewers  and  thus  im- 
proves the  sanitary  condition  of  the  community.  The  ab- 
surdity of  this  argument  is  well  pointed  out  as  follows  by 
Mr.  Edward  E.  Wall,  Water  Commissioner  of  St.  Louis,  Mo., 
in  his  annual  report  for  the  year  ending  April  1,  1918: 

The  flow  necessary  to  accomplish  any  flushing  of  conse- 
quence would  require  a  depth  of  at  least  4  in.  in  the  sewers 
with  a  velocity  of  2  ft  per  second.  All  house  drains  in 
St.  Louis  connected  to  laieral  sewers  12  in.  or  more  in  di- 
ameter. The  quantity  of  water  necessary  to  produce  the 
above  flow  in  each  of  these  12-in.  sewers  would  approxi- 
mate 300.000  gal.  per  day,  which  would  have  to  be  supplied 
at  the  upper  end  of  each  lateral  sewer.  There  are  usually 
less  than  50  houses  connected  to  the  upper  SCO  ft.  of  these 
sewers.  Assuming  that  50  houses  are  inhabited  by  250 
persons,  the  daily  per  capita  use  of  water  to  provide  the 
300.000  gal.  necessary  for  adequate  flushing  would  be  1,200 
gal.,  which  is  almost  nine  times  the  actual  average  daily 
per  capita  for  the  year  1917-18.  That  is  to  say.  all  of  the 
pumps  in  the  water  work.s,  operated  at  full  speed,  could 
furnish  but  little  more  than  one-ninth  of  the  water  neces- 
sary to  flush  the  sewer  system  to  a  very  limited  extent. 
In  all  probability  the  actual  normal  dry  weather  flow-  in 
each  of  these  sewers  does  not  exceed  20,000  gal.  per  day. 
A  continuous  rainfall  of  O.l  in.  per  hour  over  the  area 
drained  by  the  upper  800  ft.  of  these  lateral  sewers  would 
be  equivalent  in  quantity  to  the  flow  above  specified  neces- 
sary for  flushing  the  sewers.  An  ordinary  rainfall  of  % 
in.  or  %  in.  in  au  hour  would  do  more  good  in  flushing  out 
sewers  than  all  the  water  pumped  by  the  water  works  in 
a  week,  even  if  it  all  could  he  discharged  into  the  sewers 
of  St.  Louis  within  two  hours. 


Government  Forms  Bureau  to  Revive  public  Works  Con- 
f  struction. — A  nev.'  bureau^ — the  division  of  public  works  and 
con.=tri;ctJon  development — has  been  established  by  the  V. 
S.  Department  of  Labor.  The  activities  of  the  bureau  will 
be  devoted  to  pressing  the  construction  of  public  works  and 
private  building  enterprises  to  provide  jobs  for  the  jobless 
durine  the  critical  period  of  reconstruction.  According  to 
figures  in  possession  of  the  department  of  labor  $3,000,000,- 

000  worth  of  public  and  private  building  construction  have 
been  postponed  because  of  the  war.     It  will  be  the  purpose 

01  the  new  bureau  to  press  immediate  renewal  of  work  on 
these  enterprises.  Franklin  T.  Miller,  President  of  the 
Dodge  Reports  Co.,  is  director  of  the  Bureau. 


The  city  of  Los  Angeles,  Cal..  contemplates  an  expendi- 
ture of  $600,000  for  supplying  aqueduct  water  to  the  West- 
age  annexed  district. 


"An    Economic    Crime    to    Burn 
Coal  for  Mere   Heating" 

Ly  llALBEUT  P.  GILLETTE. 

Charles  P.  Stelnmet/.,  Consulting  Engineer  of  the  tien- 
eral  Electric  Co.,  recently  said: 

"It  is  an  economic  crime  to  burn  coal  for  mere  heating 
without  llrst  taking  out  as  much  high-grade  energy,  me- 
chanical or  electrical,  as  is  economically  feasible.  It  is 
this  feature,  of  using  the  available  high-grade  energy  of  the 
coal,  before  using  it  for  heating,  which  makes  the  isolated 
electric  station  successful,  though  it  has  every  other  fea- 
ture against  it." 

Engineers  know,  but  few  other  men  do,  tliat  in  generat- 
ing power  from  coal  only  about  12  per  cent  of  the  chem- 
ical or  thermal  energy  of  the  coal  it  utiliJ.ed.  The  rest  of 
the  energy   is  lost  unless  it  is  used  for  healing   purposes. 

In  round  numbers  America  uses  annually  about  jno  niillion 
tons  of  coal  for  heating  and  200  million  tons  for  generat- 
ig  power  It,  however,  all  the  coal  used  for  heating  'were 
also  used  so  as  to  generate  power  at  a  thermal  efficiency 
of  10  per  cent,  It  would  require  only  240  million  tons  to  do 
all  the  heatinij;  and  furnish  all  the  power  of  40o  million  tons 
now  used  In  other  words.  40  per  cent  of  the  40o  million 
tons  could  be  saved  annually. 

Mr.  Steinmetz  says: 

"It  is  obvious  that  we  never  could  completely  accom- 
plish this:  but  oven  if  we  recover  only  one-quarter,  or  even 
only  oie-tenth  of  this  waste,  it  would  be  a  vast  increase 
in  our  national  effloiency." 

While  it  is  true  that  it  is  impracticable  to  secure  a  40 
per  cent  saving  in  fuel  in  this  manner,  there  are  other 
savings  that  can  readily  be  accomplished  which  would  re- 
sult in  a  total  saving  of  fully  40  per  cent.  For  example,  the 
average  household  furnace  has  a  heating  efficiency  of  only 
no  per  cent,  due  partly  to  poor  design,  partly  to  failure 
to  insulate  the  furnace  and  pipes,  and  partly  to  poor 
methods  of  firing  the  furnace.  This  efficiency  can  be 
raised  from  50  to  65  and  even  to  75  per  cent. 

About  half  the  heat  "radiated"  from  a  building  is  "radiat- 
ed" through  the  windows.  Double  windows  would  almost 
cut  this  loss  in  two. 

One  of  the  greatest  engineering  problems  of  the  future 
will  be  the  problem  of  conserving  the  rapidily  diminishing 
supply  of  fuel.  As  nearly  as  can  now  be  predicted,  the  so- 
lution of  this  great  problem  will  be  along  the  following 
lines: 

1.  Coal  will  be  entirely  separated  from  the  slate  that 
now  forms  such  a  considerable  percentage  of  the  "com- 
mercial coal."  This  will  probably  be  accomplished  by  float- 
ing the  coal  on  an  agitated  mixture  of  stone  dust  and  water, 
the  specific  gravity  of  this  mixture  being  greater  than  that 
of  the  coal  and  less  than  that  of  the  slate.  By  eliminating 
the  slate  entirely  the  thermal  efficiency  of  the  fuel  will  be 
increased  about  10  per  cent. 

2.  The  coal  will  be  ground  to  powder,  mixed  with  water 
and  pumped  from  the  mines  to  the  central  markets.  There 
it  will  be  dried  and  burned. 

3.  The  powdered  coal  will  be  burned  in  central  power 
plants,  being  fed  by  compressed  air  into  furnaces,  or  it 
will  be  exploded  in  the  cylinders  of  "gas  engines.  '  About 
20  to  25  per  cent  of  the  thermal  energy  of  the  coal  will 
thus  bo  converted  into  power. 

4.  The  heat  not  utilized  in  generating  power  will  then 
be  used  to  heat  buildings,  being  carried  in  steam  or  water 
through  heat  Insulated  pipes.  A  very  high  efficiency  of  in- 
sulation w'ill  be  secured  by  lagging  the  pipes  with  gran- 
ular or  fibrous  material  in  air-tight  casings  filled  with  dry 
carbonic  acid  gas  having  halt  the  conductive  power  of  the 
nitrogen   and   oxygen   which   constitute   nearly   all    the   air. 

5.  Every  building  will  be  so  designed  as  to  reduce  heat 
losses  to  an  economic  minimum.  All  windows  will  hava 
double  panes,  hermetically  sealed  and  filled  with  carbonic 
acid  gas.  The  walls  and  roofs  of  buildings  will  be  prop- 
erly insulated.  See  my  article  on  Heat  Transfer  in  Engi- 
neering  and   Contracting. 

As   engineers  know,  it  is  idle  to  talk  of  heating  buildings 
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with  electricity  goneriUed  Ijy  steam  power;  lor  so  long  a.s 
only  25  per  cent  of  the  thermal  energy  of  the  coal  can  he 
converted  into  electric  power,  at  best,  it  will  involve  a  loss 
of  more  than  three-fourths  of  the  heating  power  of  the 
fuel  to  heat  buildings  by  electricity. 

Central  steam  heating  plants  already  exist  in  a  good 
many  cities.  The  detailed  costs  given  in  Chapter  19  of 
the  Handbook  of  Mechanical  and  Electrical  Cost  Data,  by 
Gillette  and  Dana,  mjike  It  very  clear  that  steam  heating 
of  buildings  from  a  central  station  is  now  economically 
effected.  That  the  economy  can  be  greatly  increased  them 
is  no  doubt.  The  heat  lost  in  transmission  through  a  well 
designed  system  of  underground  steam  pipes  is  only  .5  uei- 
cent  as  a  rule,  and  need  never  exceed  10  per  cent.  But  the 
investment  in  the  piping  system  is  rather  larger — larger 
than  it  need  be  if  a  better  heat  insulator  than  wood  be 
used.  I  have  already  indicated  what  I  believe  should  be 
done  to  incease  the  eiflciency  and  reduce  the  first  cost, 
of  the  heat  insulator. 

In  order  to  reduce  the  size  of  the  underground  steani 
pipes  it  may  ultimately  become  the  practice  to  use  steani 
under  higher  pressure  than  is  now  common,  thus  follow- 
ing the  precedent  furnished  by  many  sas  companies. 

The  problem  of  heating  buildings  with  exhaust  steam 
from  a  central  station  is  fascinating  in  the  extreme,  for 
it  presents  enormous  possibilities  of  effecting  economies 
hitherto  unattained:  nor  are  these  possibilities  merely 
speculative.  Our  knowledge  of  the  laws  of  thermal  con- 
ductivity and  radiation  is  much  greater  today  than  it  was 
even  a  few  years  ago.  The  successful  use  of  powdered  coal 
has  already  demonstrated  our  ability  to  make  every  grain  of 
coal  do  effective  work.  The  recently  discovered  fact  that 
coal  can  be  floated  on  an  agitated  mixture  of  sand  and 
water  points  the  way  to  a  method  ot  perfectly  separating 
coal   from   slate. 

Although  some  ot  the  above  given  suggestions  for  fuel 
conservation  may  sound  visionary,  there  is  not  one  of  them 
that  does  not  rest  upon  actual  test. 


Methods 


and   Costs    of  Thawing  Water 
Mains  and  Services 

Data  on  the  1917-18  experiences  of  90  cities  with  frozen 
water  mains  and  services  are  included  in  the  report  of  a 
special  committee  of  the  New  England  Water  Works  Asso- 
ciation. The  methods  employed  by  these  cities  in  thawing 
are  summarized  in  the  following  table: 

Miiins.       Services. 
Xo.  ('ities.  No.  cities 

Bleclricity     36  .'!1 

Steam    ^  ; 

Hot  water   t  ,',' 

Electricity,    hot   water    :>  - ' 

Electricity,    steam     •'  '' 

Electricity,   hot  water,    steani -  <" 

One  city  reported  that  the  blow  torch  was  employed  in 
thawing  services;   another  city  employed  Are. 

The  cost  of  thawing  with  electricity  per  job  varied  from 
$20  to  ?1.    A  si-mmary  of  the  costs  is  as  follows: 
Ko   cities  Reported  co.?t.     Xo.  cities.  lieponed  msi. 

:; $20 

1 :s 

3 $ir,  to  $10 

3 12 


n 


10 «io 

:{ $s  to  $10 

'n  $.'i  to  $> 

fi $:!  to  $:. 

5 Less  tliaii  $:: 


The  cost  of  thawing  with  steam  ranged  from  $4. .50  to  $To, 
the  later  figure  being  reported  by  Stamford,  Conn.  One  city 
reported  a  cost  of  $5,  one  a  cost  of  $17.70,  one  $20,  one  $9.41, 
one  $7.G:;,  one  $4.50,  one  $7.50,  one  $C.50,  one  $](.;. 50.  and 
one  $14. 

The  reported  cost  of  thawing  with  hot  water  ranged  from 
$2  to  $20.  Four  cities  reported  the  cost  as  being  $2.  One^a 
cost  of  $2.67;  three  a  cost  of  $3;  five  a  cost  of  $4  to  $5; 
three  a  cost  of  $5  to  $C;  one  a  cost  ot  $11.20;  one  $14.  one 
$17  and  one  $20.  One  city  reported  the  cost  as  being  5  ct. 
per  foot  of  pipe  thawed. 

Three  cities  reported  on  the  cost  of  thawing  by  fire.  In 
■one  case  the  cost  was  $11.16,  in  another  $10.69  and  in  the 
third   $10   to   $30. 


Actual  Quantities  of  Water  Used 

on  Irrigation  Projects  of  U.  S. 

Reclamation  Service 

(Jfucrul  data  on  tlie  experience  of  tlie  V.  S.  Reclamation 
.Service  in  the  use  of  water  on  its  several  irrigation  projects 
are  given  by  Mr.  E.  A.  Moritz,  Engineer  of  the  Service,  in 
the  Koclamation  Record,  from  which  tlie  matter  following 
is  takiui. 

The  data  have  a  bearing  only  on  the  reclamation  of  arid 
lauds  by  irrigation.  They  give  information  on  the  quanti- 
ties of  water  used  in  the  past,  which  will  obviously  be  a 
large  factor  in  determining  tha  cjuantity  to  be  used  as  a 
liasis  in  the  study  of  further  development. 

It  is  widl  known  that  possible  irrigation  development  is 
limited,  not  by  the  area  of  the  arid  laud,  but  by  the  quan- 
tity of  water  available.  A  reduction  in  the  quantity  ot 
ivaitr  used  on  any  area  will  therefore  result  in  a  corre- 
sptmding  increase  in  the  area  that  can  be  supplied  with 
water  and  raise  crops.  The  determination  of  the  correct 
quantity  of  water  to  be  figured  on  in  planning  and  build- 
ing an  irrigation  system  is  therefore  a  large  and  important 
problem — and  a  very  difficult  one. 

To  a  very  large  extent,  past  experience  must  govern  in 
the  solution  of  this  problem.  What  has  this  experience 
been  and  how  can  it  be  made  use  of?  The  general  results 
obtained  by  the  Reclamation  Service  on  its  several  projects 
are  shown  in  Table  I.  To  make  intelligent  use  of  this  in- 
formation requires  that  it  be  carefully  analyzed  in  the  light 
of  local  conditions  and  requirements  and  a  careful  consid- 
eration of  all  controlling  or  modifying  factors. 

This  discussion  deals  only  with  quantities  of  water  de- 
livered to  the  land  and  does  not  include  seepage  and  other 
losses  from  the  carriage  system  and  reservoirs,  knowledge 
of  which  is  ot  equal  importance  in  determining  the  total 
quantity  of  water  required  for  a  given  area  of  land. 

The  original  Reclamation  Act  was  passed  in  1902  and 
construction  of  irrigation  projects  thereunder  was  begun 
within  a  year  or  two  thereafter.  In  the  10  years  that  have 
passed  since  the  act  became  operative,  irrigation  works 
have  been  built  to  supply  water  to  l,GtiO,000  acres  of  land, 
of  which  over  1,000,000  acres  are  now  being  irrigated.  The 
projects  are  scattered  throughout  all  the  states  west  of 
the  lOOth  meridian  and  vary  in  area  from  10,000  to  200,000 
acres.  They  probably  embrace  all  temperature,  precipita- 
tion, and  soil  conditions  that  exist  in  the  arid  regions  and 
taken  together  represent  a  composite  picture  of  reclama- 
tion by  irrigation  in  the  United  States. 

For  this  reason,  the  results  obtained  by  the  Reclamation 
Service  in  the  use  of  water  for  irrigation  arc  of  general 
value  and  applicability  throughout  the  arid  regions  of  the 
West.  The  results  are  of  special  interest  and  value  be- 
cause the  operations  on  all  these  projects  have  been  stand- 
ardized to  the  greatest  practical  extent  and  the  results  are 
therefore  morn  susceptible  of  direct  comparison  than  if 
they  had  been  obtained  under  conditions  of  divergent 
methods  of  record  keeping,  operation,  and  general  manage- 
ment. 

Data  on  use  of  water  have  been  accumulating  on  some 
of  the  projects  lor  10  years  or  more,  but  the  operations 
were  not  sufficiently  standardized  on  all  the  projects  till 
about  1912 — and  some  were  not  in  operation  before  that 
year— so  that  a  sufficient  degree  of  confidence  could  be 
imposed  in  the  comparative  data  collected  before  that  time. 
The  data  herein  are  therefore  limited  to  the  years  1912  to 
1917. 

In  19M  the  Reclamation  Extension  .\ct  was  passed  by 
Congress,  which  included  a  provision  that  operation  and 
maintenance  charges  to  be  paid  by  the  water  user  should 
be  based  on  the  quantity  of  water  used.  To  carry  this 
provision  into  effect,  it  became  necessary  to  measure  the 
water  to  each  individual,  or  in  some  cases  to  groups  of 
individuals  who  used  the  supply  in  rotation,  and  this  re- 
quired considerable  modification  and  extension  of  the  water 
measuring  system  in  some  cases.  The  results  of  water 
measurement  may  therefore  be  considered  as  more  accurate 
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for  the  years  1915,  1916  and  1!U7  than  for  the  years  1912, 
1913  and  19H,  because  diirUiK  the  latter  tliroo  years  some 
approximations  or  estituales  liuU  to  be  made  to  round  out 
the  data. 

The  information  contained  in  the  table  was  compiled 
from  the  annual  operation  and  miUntenauce  reports  of  the 
several  projects.  Kach  of  these  reports  is  a  careful  and 
olaborute  compilation  of  the  results  of  the  year's  operation 
prepared  by  those  in  direct  charge  of  the  work  under  the 
■■supervision  of  the  project  UKiuager.  Printed  forms  with 
detailed  instructions  for  their  use  are  used  both  for  col- 
lecting and  reporting  the  information,  which  makes  it  all 
directly  comparable  us  far  as  methods  are  concerned. 

The  great  mujorlty  of  water  measurements  are  made 
over  sharp-edged  Cipolletti  weirs,  but  in  many  cases  this 
method  of  measurement  is  impracticable  due  to  lack  of  the 
necessary  drop  in  water  surface  or  because  of  silt  accumu- 
lations, and  as  substitutes  submerged  oriflces  are  mostly 
used. 

Thecllmatologlcal  data  are  taken  with  standard  Weather 
Bureau  outfits,  and  the  means  and  totals  are  reported  for 
t>ach  month.  The  weather  stations  are  generally  located 
.it  the  project  headquarters  and  on  some  of  the  large 
projects  there  are  no  doubt  variations  in  remote  parts  of 
the  project  from  the  climatic  conditions  as  determined  at 
the  weather  station.  These  variations  are,  however,  In- 
suflicient  to  vitiate  the  general  applicability  of  the  meas- 
ured data  to  the  whole  project.  The  annual  report  gives 
the  means  and  totals  for  each  month  of  the  year. 

At  the  close  of  each  irrigation  season  a  crop  census  is 
taken  by  the  ditch  riders  and  water  masters.    The  area  in 


each  kiiul  of  crop  is  estimated  by  visual  inspection.  No 
instrumental  surveys  are  made,  as  the  estimates  can  be 
nuulo  siilllciently  accurate  without,  and  any  errors  made  in 
individual  cases  are  probably   balanced  in  the  total. 

Columns  3  to  S  of  tln'  tahlo  give  the  depth,  in  I'eet,  of 
water  delivered  to  the  land.  Each  tlguro  given  is  obtained 
by  dividing  the  total  iiuantily  delivered  to  the  land  lor  the 
whole  project  by  the  total  area  irrigated.  The  llguro  given 
is  thereioro  the  average  depth  of  water  applied  to  each  acre 
of  the  total  area  that  was  irrigated.  't;olunin  9  gives  the 
arithmetical  means  of  the  hgures  In  columns  3  to  8. 

Column  10  give.s  the  total  precipitation,  in  leet,  during 
the  irrigation  months.  Column  11  gives  the  sum  of  the 
figures  in  columns  9  and  lo  and  represents  the  total  depth 
of  water  applied  by  irrigation  and  rainfall  during  the  irri- 
gation months. 

The  precipitation  during  the  winter  and  spring,  before 
irrigation  commences,  is  an  important  factor  iulluencing 
•  the  quantity  of  water  required  during  the  succeeding  sea- 
son, especially  during  the  earlier  months  thereof,  and  the 
purpose  of  the  tigures  in  column  12  is  to  give  sonic  idea  of 
the  extent  of  this  influence.  The  mean  temperature  and 
wind  movement  during  the  irrit;ation  season  also  affects 
the  water  requirements.  These  are  given  in  columns  13 
and  14.  Data  on  wind  movement  are  available  for  only 
about  half  the  projects. 

Another  important  factor  affecting  the  water  require- 
ments is  the  character  of  the  crops  grown.  The  percent- 
ages of  areas  in  different  types  of  crops  are  given  in  col- 
umns 15  to  19.  The  figures  are  weighted  averages  for  the 
six  years  of  record  and  are  therefore  not  applicable  to  any 
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"3      Percentage  of  area  in 
.2  different    crops. 
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State. 


Project. 


1912  1913  1911  1915  1916  1917 


e      ^  ^    5-? 


Arizona    Salt  River  .. 


3.7 


Arizona-Cali-   Tuma    4.6 

fornia. 
California Orland    . . . 


Colorado   Uncompahgre. 

Idaho    Boise    

Do     Minidoka    .... 


4.0 

4.8 
1.9 
4.3 


Montana 


. .  JHuntley   1.5 


Do    Milk  River   . .. 

Do     Sun   River   ... 

Montana-  Lower     Tel- 

North  Da-         lowstone. 
kota. 

Nebraska-  North  Platte  . 

Wvoming. 

Nevada Truckee-Car- 

?on. 

New  Mexico   .Carlsbad    


New    Mexico-  Rio  Grande*  ..     .=5.4 

Texas. 

Oregon    Umatilla   S.2 

Oregron-Cali-    Klamath   1.1 

fomia. 


2.9 
4.4 
3.0 
5.1 
2.4 
5.0 
1.5 
.9 
1.5 
1.3 

2.5 
2.3 
2.3 
4.3 


2.4 
3.7 
■!.l 
5.1 
2.6 
4.3 
1.4 
.8 
1.7 
1.6 

2.9 
3.3 
2.4 
5.7 


2.9 

3.3 

3.4 

5.6     6.1 

2.S     3.6 

3.9     3.7 

1.0     1.1 


1.1 
1.4 

1.4 
2.9 
2.1 
5.9 


2.8  =2.7 
3.2  3.7 
4.1  3.5 
6.0 
3.1 
=2.4 
1.1 
1.0 
1.4 
l.S 


1.2 

1.2 

2.2 
3.3 
2.4 
6.7 


2.1 
3.1 
2.3 

8.4 


2.89 
3.81 

3.67 
5.43 

2.72 
3.34 
1.28 
.82 
1.44 
1.43 

2.22 
2.90 
2.42 
6.07 


0.65 


«  o 

3  01 


rt  to 


3.54 

4.03 
4.02 
6.03 
3.33 
3.89 
2.02 
1.53 
77  2.21 
So     2.28 


.22 
.3,". 
.60 
.61 
.55 
.74 
.71 


.91 

.24 

1.08 


3.13 
3.14 
3.50 


.65     6.72 


C3 


S.2 
0.68 

.22 
1.57 

.86 
1.19 
1.04 
1.16 
1.15 
1.06 
1.24 

1.26 
.42 

1.24 
.82 


,.2  o- 

Cm  S 

■"  r  ncC 

ed  b£  a;  o 

^  c  '    ^ 

69 


74 
70 
60 
61 
59 
63 
56 
59 
C2 

62 
59 
66 
67 


3,602 


67       2 


4,214     35 

8 

32 

48 

...     32 

TOO     35 

..     38 


4.486 
3.857 


5.428 
2,936 


7.695 
6.093 


46 

54 

35 
10 
26 
24 


46 
87 
43 
47 
55 
38 
61 
51 
43 

51 
86 
55 
62 


3  10 

2  17 
2 

14  5 

3  .. 
6  7 

2  25 

1  .. 

3  .. 

2  1 

4  10 


Character  of  soils  on  the 
irrigable  area. 


Sandy  loam  -nith  clay  in 

places. 
Rich  alluvium. 

Sandy  and  gravelly  loam, 

silt  loam. 
Red  sandy  gravel,  adobe, 

clay  loam. 
Clayey   loam,    light  sandy 

loam,   sandy  loam. 
Sandy  loam,  clayey  loam. 

valcanic  ash. 
Ranges   from    heavy   clay 

to  light   sandy   loam. 
Sandy  loam,  clayey  loam, 

and  some  gumbo. 
Sandy  loam,   clay,  adobe, 

and   alluvium. 
Deep  sandy  loam  predom- 
inates: some  alkali  and 

gumbo. 
Sandy  loam. 

Sandy  loam.  sand,  adobe, 
clay,  and  volcinic  ash. 

Pecos  sandy  loam  with 
large  lime  content. 

Rich  alluvium. 


8.4     7.1     5.6     .i.O     6.2     6.87         .34     7.21       .80     62     6.093       3     84       6       5       2     Sandv  loam. 
1.2     1.0     1.1     1.0     1.0     1.11         .39     1.50     l.U     60     37     60     . .       2       1      DLsintegrafed  basalt,  vol- 
canic    ash     and     diato- 
maceous     earth,     being 
largely       classified       as 

„  Yakima  sandv  loam. 

1.1     1.4     1.4       .4       .8     1.2     1.06         .83     1.S9     1.25     64     7.434     50     47     . .       1       2      Hea\-y     clay     soil,     sandy 

loam. 

-1.2     1.6     2.6     2.4     2.5     2.5     2.13         .41     2.54     1.09     62     6     37     50       7     ..      Volcanic    a.sh.    sand,    and 

gravel. 

3.1     3.1     3.3     3.0     2.5     32     3.04         .2!)     3  33       .62     61     13     56     19       9       3     Volcanic  ash.  sandy  loam. 

2.3     2.3     2.1     1.8     2.2     2.3     2.15         .20     2..35       .78     84     23     44     12     19       2     Volcanic   ash. 

1.7     2.1     2.4     2.1     2.3     2.1     2.11         .46     2.57       .54     56     40     56     . .       2       2      Light      sandy     and      clay 

'On  the  Salt  River.  Yuma  and  Caiflsbad  projects  this  item  is  principally  cotton  and  cotton  seed  and  on  the  Huntlev  and  North 
Platte  projects  it  is  principally  sugar  beets 

=no°s  not  include  water  used  in  November  and  December,  wh  ich  is  small.  Irrigation  is  practiced  on  the  Salt  River  project 
thronirhont  the  year. 

'Piimnine   unt    only,    embracing   about    one-half    the    total    irri  2-ated  area  of  the  project. 

•On  the  Rio  Crande  project  water  has  been  furnished  by  the  Reclamation  Service  to  numerous  community  ditches  and  records  of 
the  quantity  of  water  applied  to  the  land  are  not  available. 

-Water  shortage. 


South  Dakota. Belle  Fourche. 

Washington      Okanogan     . . . 

Do    Snnnyside    ... 

Do    Tieton    

Wyoming    Shoshone    .... 
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one  year,  but  should  be  considered  in  conjunction  with  the 
mean  water  application  given  in  column  it. 

The  la.'^t  important  factor,  the  character  of  soils  on  the 
irrigable  area,  is  given  in  column  20.  This  information  is 
very  general.  The  descriptions  of  soil  are  approximately 
as  stated  in  the  annual  reports  of  the  Reclamation  Service 
to  the  Secretary  of  the  Interior.  There  is,  of  course,  a 
large  variety  of  soils  on  every  project,  but  certain  types 
predominate  and  fix  the  quantity  of  water  needed  as  far 
as  this  factoi  controls.  The  predominating  soils  only  arc 
therefore  mentioned. 

The  map  shows  the  geographical  location  of  the  several 
projects. 

In  interpreting  the  signiticunce  of  the  figures  in  columns 
3  to  9.  several  other  factors  not  indicated  in  the  table 
should  be  taken  into  consideration.  These  may  be  stated 
as  follows: 

(a)  The  figures  do  not.  in  innst  i-ases,  represent  the  quan- 


Results  of  Cleaning  Water  Mains 
at  St.  Louis 

.\s  a  result  of  cleaning  the  water  mains  the  carrying  ca- 
pacity in  certain  sections  of  the  distribution  system  of  St. 
l.oiiis  has  been  nearly  d.^ubled.  Tip  to  April  1,  1918,  153,900 
lin.  ft.,  of  G  in.  to  20  in.  mains  of  a  50  mile  contract  had 
been  cleaned,  in  handling  the  work  prompt  house  to  house 
inspections  were  made  before  and  after  cleaning  and  as  a 
result  consumers  were  inconvenienced  but  slightly  from 
ciiokc'd  service  connections.  The  incrustations  removed  in 
ifip  cleaning  process  were  coir;posed  of  lime,  salt  and  mud 
mixed  with  an  iron  deposit  which  adheres  firmly  to  the 
sides  of  the  pipe.  In  addition  to  this  natural  incrustation, 
r'lcks,  "ticks  and  various  other  articles  were  removed 
during  the  cleaning  process.  In  the  report  of  Kdward  E. 
Wall.    Water    Commissioner,    for    the    year   ending   April    1, 


While   ^Machine    is   Movin;^ 
Through  .Main. 


s[    .-i.s    Ahii'liiii'-    IS    Kj 
iTdin    .Main 


■If.il 


Various  Stages  of  Cleaning   of  20- 

tity  needed  to  successfully  raise  crops,  but  the  qtiantity 
used.  This  is  because  generally  there  was  an  abundant 
supply  available  and  there  was  no  great  incentive  for  ex- 
ercising rigid  economy. 

(b)  In  most  cases,  there  was  a  considerable  area  of  new 
land  brought  under  irrigation  each  succeeding  year,  which 
required  much  larger  quantities  of  water  than  land  that 
has  been  under  irrigation  for  several  years.  This,  of 
course,  raises  the  average  quantity  used  and  required  on 
the  whole  area. 

(c)  The  methods  and  practi<'es  of  irrigating  often  have 
not  been  highly  efficient. 

The  information  given  in  the  table  is  intensely  practical. 
It  shows  results  that  have  been  obtained  in.  the  use  of 
water  during  a  period  of  six  years  by  an  organization  which 
made  every  effort  to  get  satisfactory  results  and  keep  ac- 
curate records  thereof.  The  information  should  therefore 
be  of  considerable  value  for  predicting  future  conditions. 


Ohio  Storage  Reservoir  Act  Constitutional.— The  U.  S 
Supreme  Court  in  a  decision  handed  down  Dec.  :!1,  declares 
constitutional  the  Ohio  act  providing  for  the  construction 
of  storage  reservoirs  for  flood  prevention  purposes.  The 
opinion  was  given  in  proceedings,  brought  officially,  to  test 
the  legality  of  $25,000,000  in  expenditures  made  for  con- 
servancy purposes  in  the  Miami  River  Valley  district,  but 
it  also  affects  similar  expenditures  made  under  the  act  in 
other  parts  of  the  state.  The  act  was  attacked  on  the 
ground  that  it  would  levy  a  tax  upon  residents  of  other 
states  owning  property  in  Ohio,  and  that  the  money  would 
not  be  used  for  drainage  purposes,  but  for  the  erection  ol 
artificial  interferences  with  drainage. 


An  expenditure  of  $1,235,000  is  contemplated  by  the  Hen- 
ham  Falls  Irrigation  Co..  of  Eugene.  Ore.  The  company  pro- 
poses to  irrigate  83.300  acres  of  land.  The  supply  will  be 
from   the   McKenzie   River. 


.\s    W'aii-r    is   ri.-.-iT-ine    I'lt  < 'i.-ar   Wa't-r  CfntiiiiK   'J'iirough 

Clean   Main. 

n.  Water  Pipe  at  St.   Louis,  Mo. 

last,  tables  are  given  showing  tlie  progress  of  the  cleaning 
and  the  results  obtained.  One  table  shows  that  from  151.- 
■j11  lin.  ft.  of  niains,  7,182  cu.  ft.  of  dry  incrustation  was  re- 
moved. The  total  weight  of  this  incrustation  was  246.12 
tons.  The  weight  of  the  incrustation  per  lineal  foot  of  pipe 
cleaned  ranged  from  0.42  lb.  to  28  lb.  This  latter  deposit 
was  foiuid  in  a  73(j  tt.  section  of  20  in.  pipe  in  Broadway. 
A  deposit  of  ft  lb.  per  lineal  foot  was  removed  from  a  5,270- 
ft.  section  of  2u  in.  main  in  Tower  Crove  Ave.  The  aver- 
age weight  of  1  cu.  ft.  of  dry  incrustation  was  68.5  lb.;  the 
average  weight  of  1  (ui.  ft.  of  wet  incrustation  w-as  84.7  lb. 
The  lollowing  table,  reprinted  from  Mr.  Walls  report. 
shows  the  increased  carrying  capacity  obtained  as  the  re- 
sult  1)1   I'leanirg: 


|i|    11?        %         It  I 

I.atl"-<U-     \\cniif    from    (Jrand 

a\  cnuc  to   Kln^'shli;hway   .  .   -I.S  '.*2  80  92  G 

f'liontt'au  avcmn'  ii'oni  St.  An^e 

.ivciiUf   to  Craiid  avenue...    Hi;  lOS  !iT  9:{  20 

.^t.  I.ouis  a\a-nue  fl'oni  Fifteenth 

,stri-.-t    to  fJrniicl   avenue    ...    .'i  I  100  92  8r.  12 

I'o.-tlieiints  of  New  Pipe; 

■;■•     104 

I-"     10!i 

: 111..-. 

The  Xaiional  Water  Main  Cleaning  Co.,  Xew  York  City,  is 

i;ie  c(Ui'r:"-tor  ''ir  ;  leaning  the  mains. 

Drainage  Work  Advertised  In  Soutti.  Drainage  districts 
in  Southern  stales  are  now  calling  for  bids  on  ditch  work 
requiring  several  million  yards  of  excavation.  The  Middle 
River  District  of  Franklin  County.  Georgia,  opens  bids  Jan. 
15  on  1.000, OHO  cu.  yd.  of  work:  The  Turkey  Creek  District 
of  York.  S.  C.  also  opens  bids  .Ian.  15  on  861.000  cu.  yd.  of 
work. 
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Opera ti Hi:   Features   of  the  Chain 
of  Rocks  Filter  Plant 

DurlDg  1917-iyiS.  SS.f.lL"  million  gnllons  of  water  were 
tiltorod  M  ft  oosl  of  $2.74  per  million  gnllons.  The  amount 
lilleroil  lioos  not  Im-liule  tlio  wator  usoil  for  wasliine  lilters, 
illssolvinB  aluminum  .-sulitlMto.  otc.  This  cost,  states  Mr. 
August  fi.  Nolle,  Suiieriuleiulent  Filter  Plant,  In  his  last 
annual  report.  Includes  the  cost  of  operation,  maintenance, 
repair,  light  anil  power,  coal  anil  the  chemicals  used  in 
the  applied  and   Altered  water. 

The  40  filters  were  continually  In  service  except  for  short 
perlod.-i  when  minor  repairs  were  being  made.  The  rate 
of  tiltration  during  the  year  varied  from  a  maximum  of 
143.1  million  gallons  per  acre  per  day  to  a  mininuiin  of 
31.1,  averaging  Sr>.2  million  gallons  per  acre  per  day.  The 
maximum  run  of  a  (liter  was  20G.7.-.  hours  filtering  22.63 
million  gallons,  the  minimum  run  was  7.G7  hours  filtering 
1.24  million  gallons  and  the  average  run  was  50.23  hours 
filtering  aX>6  million  gallons. 

During  the  year  S,904  lilters  were  washed,  using  614.38 
million  gallons  of  water  or  1.57  per  cent  of  the  water  fil- 
tered. 

In  December.  1916,  and  again  in  December,  1917.  the 
depth  of  the  sand  beds  In  each  filter  were  measured.  Ten 
of  the  40  filters  showed  an  average  depth  increase  of  % 
In.  of  sand,  three  of  them  showed  no  change  in  depth  and 
the  remaining  27  filters  showed  a  loss  of  %  in.  of  sand. 

The  rate  of  wash  during  the  year  has  been  kept  fairly 
constant,  being  about  15  gal.  per  square  foot  per  minute. 
With  this  rate  of  wash  the  mud  balls  do  not  accumulate,  but 
with  a  lower  rate  the  increase  in  number  and  size  is  quite 
noticeable.  Once  every  month  each  filter  is  washed  at  a 
rate  of  17  gal.  per  square  foot.  At  this  time  a  %-in.  screen 
is  pulled  through  one  section  in  each  half  of  the  filter  unit. 
The  number  of  mud  balls  caught  on  the  screen  are 
counted;  if  there  is  an  increase  over  the  previous  month 
the  rate  of  wash  is  increased  until  the  mud  balls  are  again 
normal.  In  this  way  a  good  check  is  kept  on  the  condition 
of  the  sand  bed. 

A  considerable  amount  of  sand  was  found  on  top  of  the 
strainer  plates,  varying  from  %  in.  to  1  in,  in  depth:  some 
of  the  lateral  channels  were  completely  filled  with  sand. 
The  depth  of  sand  under  the  plates  varied  from  3  in.  at  the 
east  and  west  ends  of  the  filter  to  nothing  toward  the  cen- 
ter. 

Part  of  the  effluent  pipe  was  removed  and  an  examination 
of  the  interior  of  the  under-drains  were  made.  Sand  was 
found  in  the  10  in.  Pipe  connecting  the  outlet  castings  in 
the  filter  bottom.  Concrete  and  rubbish  were  found  in  the 
four  10  in.  elbows  in  the  underdrain  system  which  reduced 
the  area  from  30  to  50  per  cent.  This  material  was  re- 
moved by  drilling  1%  in.  holes  in  the  under-drains  and 
loosening  the  material  with  a  chisel  and  flushing  with  a 
hose. 

Two  cracked  center  plates  and  about  twelve  broken  U- 
bolts  were  found  and  some  of  the  end  plates  were  not 
properly  grouted,  particularly  the  end  of  the  plate  near 
the  wall,  leaving  sufficient  room  for  sand  to  get  by.  A 
large  number  of  holes  in  all  of  the  plates  were  found  stopped 
up  with  sand  and  underneath  all  of  the  plates  there  was 
a  soft  greenish  scale  forming,  which  is  now  about  1/32  in. 
thick  in  places  This  scale  reduced  the  area  of  a  large 
number  of  holes.  An  analysis  of  the  scale  gave  the  follow- 
ing results: 

Loss    on    ignition    10.6  per  cent 

ZnO     38.7  per  cent 

Sio 2.9  per  cent 

Cuo     41 .0  per  cent 

Al.Os     3.0  per  cent 

Ca  and  Ms    trace 

Pb  SO< 2.2  per  cent 

All  of  the  sand  in  the  lateral  channels  was  flushed  to  the 
central  channel  with  a  hose  and  removed  with  scoops.  The 
center  plates  were  replaced  and  the  end  plates  grouted 
where  necessary.  After  cleaning  all  of  the  holes  in  the 
plates  and  replacing  the  gravel  and  sand,  the  fllter  was  put 
In  operation.  The  loss  of  head  in  washing  was  reduced 
from  16  ft.  to  7.8  ft.  by  the  overhauling. 


On  .luly  2."ith  it  was  found  lh.it  a  slick  could  be  shoved 
through  the  llltering  nmterial  to  a  bare  slVainer  plate  in 
the  north  half  of  Filter  No.  2  while  washing.  On  exam- 
iuaiion  it  was  found  that  several  end  stvainor  plates  were 
loose,  which  had  caused  the  gravel  in  three  places  to  be 
washed  out  in  heaps.  The  loose  plates  were  fastened  and 
rei;rouli>d. 

On  Feb.  11th,  1918,  after  draining  down  Filter  No.  25, 
preparatory  to  washing,  a  large  hole  was  observed  in  the 
sand  bed  on  the  north  half  of  the  filter.  Upon  exposing 
the  strainer  plates  it  was  found  that  one  U-bolt  had  broken 
in  an  end  plate,  causing  the  plate  to  be  slightly  bent  up. 
This  break  probably  occurred  on  the  previous  wash.  Several 
cubic  feet  of  sand  wore  found  in  some  of  the  latleral  channels 
at  and  near  the  break  as  well  as  some  sand  in  the  under- 
drain pipe.  This  sand  was  removed  as  in  Filter  No.  23. 
Debris,  concrete,  etc.,  was  likewise  removed  from  several 
elbows. 

U-bolts  are  probably  broken  by  admitting  the  wash  water 
too  rapidly  at  the  beginning  of  the  wash.  Every  U-bolt 
that  has  thus  far  broken  was  found  to  be  a  defective  one, 
half  of  the  section  showing  an  old  break.  The  break  al- 
ways occurs  at  the  bottom  of  the  U.  In  going  over  our  stock 
of  U-bolts  it  was  found  that  about  25  per  cent  could  be 
Droken  very  easily  by  merely  pulling  apart  with  the  hands. 
The  total  amount  of  air  entrained  during  a  single  run  of 
each  of  eight  filters  was  measured  once  during  each  month 
from  July  to  .January.  The  measurements  were  made  as 
follows:  The  filter  was  drained  preparatory  to  washing  to 
within  a  few  inches  of  the  top  of  the  sand.  The  effluent 
valve  was  shut  and  quick  measurements  taken  to  com- 
pute the  apparent  amount  of  water  required  to  fill  the  filter 
to  the  overflow  of  the  lateral  gutters.  Wash  water  was 
then  very  slowly  admitted  until  the  w-ater  was  about  to 
overflow  in  the  gutters.  During  this  interval  all  of  the  en- 
trained air  was  liberated.  The  actual  amount  of  water  ad- 
mitted was  gieasured  in  the  wash  water  tank.  The  differ- 
ence between  the  actual  amount  and  the  computed  gave  the 
volume  of  entrained  air  at  less  than  atmospheric  pressure. 
The  water  temperature  was  taken  at  each  measurement. 
The  average  for  8  filters  was  as  follows:  At  (i.8°C.  tem- 
perature of  water,  6.87  cu.  ft.  of  air  per  M.  G.  of  water 
filtered  per  hour:  at  7.6°C..  2.90  cu.  ft.;  at  12.4°C..  1.06  cu. 
ft.:  at  21.5"'C.,  .89  cu.  ft.;  at  2G.4°C.,  51  cu.  ft. 

In  October  and  November,  1917,  a  test  was  made  on  each 
of  the  40  filters  to  determine  the  accuracy  of  the  rate 
controllers  while  filtering  at  various  rates.  The  results 
show  that  the  average  indicated  rate  is  about  iy2  per  cent 
higher  than  the  actual  rate. 

During  the  year  1922.48  tons  of  aluminum  sulphate  have 
been  used.  The  average  cost  of  unloading  is  $0,203  per 
ton. 

The  aluminum  sulphate  is  added  to  the  water  in  solution 
form,  the  strength  of  solution  depending  on  the  charge. 
The  charge  has  varied  during  the  year  from  a  minimum  of 
0.11  grains  per  gallon  to  a  maximum  of  3.68  grains  per 
gallon,  the  average  being  0.GG34  grains  per  gallon  of  water 
filtered.  The  solution  strength  has  varied  from  1  per  cent 
to  3  per  cent.  The  solution  is  kept  as  weak  as  possible  to 
prevent  unnecessary  corrosion  of  the  metal  parts  with 
which  it  comes  in  contact. 

The  concrete  dissolving  boxes  were  thoroughly  over- 
hauled during  the  year.  The  concrete  surface  was  chipped, 
resurfaced  with  sand  and  cement,  painted  with  a  heavy 
coat  of  pitch  and  then  two  coats  of  asphalt  paint  were  ap- 
plied. The  outlet  piping  from  the  dissolving  boxes  and  all 
elbows  and  tees  placed  horizontally  have  been  renewed. 

The  waterproofing  on  the  bottom  of  the  solution  tanks  has 
been  worn  off.  but  on  the  side  walls  it  is  still  intact.  The  ex- 
posed concrete  surface  at  the  bottom  is  in  fair  shape,  only 
the    finish   being    raveled. 

The  agitator  shafts  in  the  chemical  solution  tanks  are 
constantly  exposed  to  the  action  of  the  sulphate  solution 
\  new  shaft  was  put  in  No.  3  tank  last  June,  and  it  is  prob- 
able that  those  in  the  remaining  tanks  will  need  replacing 
during  the  coming  year. 

All  of  the  3  in.  gate  valves    (twelve  in  number)   around 
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the  chemical  solution  pumps  leaked  badly.  They  were  re- 
paired by  casting  new  gates  and  scraping  the  seat  in  the 
body  of  the  old  valve.  The  repairs  were  made  in  September 
and  no  trouble  has  been  experienced  since. 

All  of  the  3  in.  bronze  piping  around  the  chemical  pumps 
has  been  taken  apart  during  the  year  and  the  interior 
scraped  and  painted  with  asphalt.  The  scale  in  the  pipe  was 
very  hard  and  about  %  in.  thick.  Aside  from  this  scale 
Uie  interior  of  the  pipe  is  in  very  good  condition,  the  hard 
scale  protecting  the  metal  from  corrosion. 

Ill  November  a  new  set  of  impellers  and  labyrinth  rings 
were  put  in  each  of  the  two  chemical  pumps,  the  old  parts 
being  corroded  to  such  an  extent  that  it  was  becoming  im- 
possible to  pump  enough  solution  to  supply  the  demand. 

The  sulphate  solution  is  pumped  through  two  4  in.  lead 
lines  to  a  receiving  trough  at  the  north  end  of  the  filter 
plant.  The  excess  is  returned  to  the  pumps  through  a  single 
4  in.  lead  line.  The  west  discharge  line  is  connected  up  by 
1^4  in.  lead  pipe  to  the  influent  pipe  at  each  tilter.  Several 
times  during  the  year  these  pipes  have  had  to  be  cleaned 
of  the  deposit  that  settles  out  from  the  sulphate  solution. 

The  greater  part  of  the  soft  deposit  is  flushed  out,  but 
there  is  a  rather  hard  scale  that  forms  in  the  pipe  that 
must  be  scraped  out  with  a  disc.  An  analysis  of  the  hard 
scale  follows: 

Less  on  ignition   \  'rpp^         V^o  '"^"'  ^"^"I 

I  HjO  1.!.9  per  cent 

SiO 6.4  per  cent 

Fei   O3    57. !>  per  cent 

AI;    O."!     6.4  per  cent 

PbO   0.:i  per  cent 

Ca  and   Mg    trace 

Except  for  a  period  of  20  days  during  the  mouth  of  Feb- 
ruary the  equivalent  of  14  lb.  of  sulphate  in  solution  form 
was  added  to  each  filter  after  washing. 

The  bronze  outlet  casting  in  the  orifice  boxes  of  the  auto- 
matic chemical  meters  and  the  conical  plugs  that  regulate 
the  area  of  the  outlet,  have  been  corroded  by  the  sulphate 
solution  to  such  an  extent  that  the  automt.tic  control  does 
not  properly  change  the  amount  of  solution  to  be  fed  in  pro- 
portion to  the  amount  of  vfater  passing  the  .S  ft.  meters. 
Regulation  must  frequently  be  made  by  hand.  These  parts 
will  be  replaced  in  a  short  time. 


Dissolved  Oxygen  as  Index  of 
Pollution 

Ever  since  the  appointment  of  the  Harbor  Pollution  Com- 
mission of  New  York  City  in  1903,  a  systematic  attempt 
has  been  made  to  keep  track  of  the  pollution  of  the  harbor 
viater.  The  Metropolitan  Sewerage  Commission,  Dr.  Geo. 
A.  Soper,  president,  recognized  the  value  of  dissolved  oxy- 
gen determinations  as  a  measure  of  the  digestive  capacity 
of  the  water  and,  inversely,  of  its  pollution,  and  tests  begun 
by  the  Commission  in  1909  have  been  continued  by  the 
Board  of  Estimate  and  Apportionment  of  the  city,  of  which 
Nelson  P.  Lewis  is  Chief  Engineer,  to  the  present  time.  The 
results  of  these  tests  are  very  significant  and  show  a  sur- 
prising and  persistent  decline  in  the  degree  of  saturation 
in  all  parts  of  the  harbor,  especially  in  the  Harlem  and 
lower  East  Rivers.  As  is  recognized  by  sanitary  engineers 
conversant  with  the  situation,  this  is  a  matter  of  consid- 
erable importance  to  the  w-elfare  of  this  great  seaport,  and 
especially  to  those  living  or  owning  property  in  the  vicinity 
of  its  shores.  In  a  paper  presented  last  month  at  the  Chi- 
cago convention  of  the  American  Public  Health  Associa- 
tion, Mr.  Kenneth  Allen,  Engineer  of  Sewage  Disposal  of 
the  Board  of  Estimate  and  Apportionment,  shows  to  what 
extent  the  pollution  of  the  main  parts  of  the  harbor  has 
progressed,  as  manifested  by  determinations  of  dissolved, 
oxygen. 

In  all  2,342  samples  were  analyzed  by  the  Metropolitan 
Sewerage  Commission  and  l.sr,9  by  the  Board  of  Estimate 
and  Apportionment.  In  the  interpretation  of  results  a  dis- 
tinction must  be  made  between  those  tests  made  in  cold 
weather  and  those  made  in  summer.  While  there  is  a  pro- 
gressive decrease  in  the  warm  weather  saturations,  the  win- 
ter figures  remain  high  throughout.  Even  as  late  as  April 
this  holds  good,  as  will  be  seen  from  the  following: 


In  .April  of  this  year,  the  percentage  saturation  found  in 
the  Hudson  River  varied  from  70.8  per  cent  to  73.3  per  cent; 
in  the  Harlem  River  from  G9.8  per  cent  to  79.0  per  cent;  in 
the  Lower  East  River,  from  7G.0  per  cent  to  79.3  per  cent, 
in  tlie  Upper  Bay,  from  G2.0  per  cent  to  77.0  per  cent,  and 
in  the  Kill  Van  Kull,  from  05. .5  per  cent  to  68.0  per  cent. 

The  lowest  average  percentage  of  saturation  is  seen  to 
Ije  02  per  cent,  while  others  range  up  to  79  per  cent;  a 
condition  of  the  water  that  in  this  regard  may  be  called  en- 
tirely satisfactory. 

The  general  conclusion  to  be  drawn  from  this  is  that  there 
is  no  danger  of  the  development  of  putrefactive  conditions 
with  their  attendant  odors  in  any  of  the  main  bodies  of 
water  in  New  York  Harbor  during  the  cold  months  of  the 
year.  And,  as  a  corollary,  it  follows  that  for  an  indefinite 
time  no  steps  to  prevent  such  putrefactive  conditions  dur- 
ing cold  weather  will  be  necessary.  In  fact,  the  saturation 
figures  are  so  high  that  oven  fish  life,  which  in  general  may 
be  said  to  require  about  hi)  per  cent  dissolved  oxygen,  is 
not  likely  to  be  seriously  affected.  This  refers  to  the  water 
of  the  main  channels  only. 

The  significant  determinations  are  therefore  those  made 
during  the  warm  months,  and  for  our  purposes  those  con- 
fined to  the  months  of  .lune.  July,  August  and  September 
only  have  been  compiled,  the  averages  at  certain  stations 
being  as  follows: 

lOOO*   inif  1S1?,«  1914     1915     1916     1917 
Pet.    Pel.     Pet.    Pet.     Pet.    Pet.     Pet. 

The    Narrows    &3         76         69         68         7S         63         6.'! 

ITpper  Bav— Rolibins  Reef.   67         72         G6         71         72         64         5C 


Hudson    River    72  62 

IlMilem    River   .1.',  42 

I'pper  East  River    86  69 

Lower    East    Hiver 65  .'.4         43 


50  43  46  42 

3(1  28  24  22 

50  . .  47 

40  33  26  2;i 


*.V  few  of  these  were  tested  between  Oct.  1  and  June  1. 
The  latter  show  graphically  the  general  increase  of  pollu- 
tion in  the  harbor.  Stated  roughly,  it  may  be  said  that  in 
tlie  Harlem  River  and  the  East  River  there  is  but  half  as 
much  dissolved  oxygen  in  summer  as  there  was  in  1909,  and 
in  the  rest  of  the  harbor  but  about  three-fourths  as  much 
as  in  that  year.  The  increase  in  population  during  this 
period  directly  tributary  to  the  harbor  (omitting  New  Jer- 
sey), which  is  the  chief  contributing  factor  in  the  depletion 
of  oxygen,  is  shown  below: 

Estimated  population  of  New  York  City  directly  tributary-  to 
errtain  branches  of  the  harbor: 

Increase 
1909.  1917.  Pet. 

1  -pper  Eav  and  Narrows 526.000  712,000        T;5 

Hudson   River— Lower    711,000  855,000         20 

Harlem  River     620.000  833.000         34 

Lower  East    River    2.107.000         2. 709.000         2.S 

Now,  while  odors  may  occur  with  the  discharge  of  large 
volumes  of  septic  sewage  or  by  the  generation  of  gas  bub- 
bles by  fermentation  of  the  underlying  sludge,  they  are  not 
produced  in  polluted  w^ater  until  the  dissolved  oxygen  is 
entirely  used  up  The  change  is  then  rapid  to  the  putre- 
factive stage  With  its  repulsive  odors.  The  importance  of 
avoiding  this  condition  is  evident,  and  it  follows  that  min- 
iiiuim  saturations  are  of  prime  significance.  These,  for 
several  points  in  the  harbor,  are  given  below: 

lll(i:i     mil      1912     1913     1914     1915     1916     1917 
Pit.    Pet.     Pet.    Pot.     I'et.    Pet.     Pet.    Pet. 

The   NalTOWS    65  ^  " 

Ilobbins    Reef    62 

Hudson  River 

Pier  ■■A"    57 

l.-.5th    St.    55 

.Spiiyten  nuy  1  .  -  .   ■>5 
Harlem  River- 
Morris  HeiKhts   .... 

Willis    ..\ve 54 

Lower  F.a.st  Kivcr — 

23rd   St 52 

Pier   10    52 

As  the  worst  conditions  naturally  occur  near  sewer  out- 
lets and  at  other  points  near  the  shore  where  currents  are 
retarded  and  where  deposits  of  sludge  have  formed,  we  may 
infer  from  these  figures  that: 

(a^  The  conditions  in  the  Lower  East  River  and  the 
Harlem  River  are  such  that  local  nuisances  from  foul  odors 
may  be  looked  for  at  any  time  after  several  days  of  very  hot 

w  eat  her. 

(b)  The  conditions  in  certain  parts  of  the  Hudson  River 
and  of  the  Upper  East  River  are  approaching  those  that 
already  obtain  in  the  Lower  East  River. 


62 
64 

61 
53 

43 
38 

45 
70 

54 
58 

48 
51 

46 
42 

49 
57 

51 

25 
50 

31 
36 
64 

25 
22 

29 
28 

25 
20 

46 
29 

6 
0 

t; 

i 

1 
0 

49 

49 

39 
13 

28 
19 

11' 

17 

10 
19 
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Rates   Anil    Duration   of    Flow   in 
SerNice  Pipes* 

ny  c"ai.i:b  mii.ls  saviuj;:. 

MiiiinK'T  ami  I'tiU'f  KmrliioT.  Wator  liepftrtiiu'iit,  llartfoiil.  Conn. 
Very  little  liiformution  seems  to  be  avnilablo  In  regard 
to  rates  of  flow  In  servloe  pipes  and  ihoir  duration  and  no 
device  was  found  on  the  market  for  goltlnj;  an  aulographic 
record  of  the  cimtiniioiis  use  of  water  through  service  pipes 
and  meters.  Having  had  some  experience  with  the  Freiz 
automatic  rainfall  register,  the  writer  suggested  to  one  of 
his  assistants  the  possibility  of  adapting  the  recording 
mechanism  of  this  machine  to  the  required  purpose.  After 
some  experimentation.  Mr.  .1.  K.  tJarratt,  Ofllce  Engineer 
of  the  department,  made  suitable  electric  connections  be- 
tween the  meter-counter  and  a  rain  gage  recorder,  and  car- 
ried out  In  an  able  manner  the  field  work  of  investigation. 
The  upparatus  is  rather  clumsy  to  talce  about,  but  it  an- 
swers the  purpose  very  well  and  from  its  record  some  very 


Apparatus    for    Recording    Flow    in    Service    Pipes. 

interesting  facts  have  been  learned  regarding  use  and 
waste  of  water.  The  apparatus  is  carried  in  a  box  18x18x20 
in.,  and  including  box  weighs  about  4  lb.  The  Instrument 
is  crude  and  probably  not  extremely  accurate,  nevertheless 
the  records  are  submitted  at  this  time  as  an  indication  that 
may  throw  some  light  on  the  matter  of  water  unaccounted 
tor  in  systems  where  the  services  are  very  thoroughly 
metered.  At  any  rate  the  subject  of  meter  accuracy  of 
registration  at  low  flows  and  the  loss  of  head  on  high  ones 
seems  to  be  well  worth  careful  study  in  the  interests  of 
economy,   etiiciency   and   conservation. 

The  registering  apparatus  consists  of  an  8-day  clock  with 
driving  mechanism  for  rotating  a  cylinder  about  4  in.  in 
diameter  around  which  the  chart  is  wrapped  in  one  fold. 
A  very  ingenious  device  carrying  the  recording  pen  is  oper- 
ated by  electric  contact  at  each  tip  of  the  bucket  in  the  rain 
gage  or  each  revolution  of  a  counter  in  the  case  of  a  meter. 
The  driving  mechanism  is  so  constructed  that  the  drum 
makes  an  entire  revolution  every  six  hours  and  the  feed  is 
so  regulated  that  the  pen  describes  a  spiral  on  the  rotating 
chart,  the  lines  of  which  are  about  %  in.  apart,  and  thus 
avoid  being  superimposed.  Rate  of  flow  is  indicated  by  the 
number  of  contacts  registered  by  the  pen  on  a  chart.  Each 
of  these  contact  marks  is  in  the  form  of  a  step,  the  char- 
acteristic trace  being  five  steps  down  and  five  steps  up. 
From  top  to  top  of  any  series  of  steps  there  are  10  contacts. 


•From   a   oaoer   presented   at    the   December    meeting   of   the 
N"ow  England  Waterworks  Assotiation. 


The  chart  is  marked  vertically  in  live  minute  lines.  At  a 
glance,  therefore,  it  is  possible  to  rend  the  number  of  steps 
or  revolutions  In  any  .uiven  i)eriod  and  also  observe  the  time 
at  which  the  water  was  drawn.  One  defect  in  the  regis- 
tering device  is  Its  inability  to  rt>cord  sudden  Hows  of  less 
than  1  cu.  ft.,  although  the  total  quantity  is  registered. 

Kor  an  example  of  the  use  of  the  recorder,  on  the  No.  576 
Karmlngton  .\ven\ie  chart  (Fig.  1)  the  record  began  about 
10:  HI  a.  m..  T\iesday,  June  12,  and  the  preparations  tor 
lunch  are  clearly  shown.  At  11:47  a  draft  of  about  2.5  cu. 
ft.  per  minute:  at  12  noon  another  draft  of  a  similar  amount. 
Throughout  the  afternoon  there  was  some  use  up  to  about 
;!  p.  in.,  then  a  period  of  comparative  rest  until  about  C 
p.  m.,  when  for  2  hours  during  the  dinner  period  there  was 
intermittent  use.  At  about  10:2,"i  a  use  of  about  5  cu.  ft.  in 
four  minutes  indicates  possibly  the  filling  of  a  bath  tub. 
From  this  time  until  0:17  the  next  morning  there  was  no 
flow,  indicating  either  remarkably  tight  plumbing  or  a  meter 
which  failed  to  register  small  flows.  I-Yom  7:10  to  8:50  a 
considerable  use  of  water  is  noted,  used  probably  for  bathing 
and  for  the  family  breakfast.  The  maximum  use  in  the  house 
I'll  this  day  was  1.25  cu.  ft.  per  minute,  and  it  is  noted  that 
ihe  recording  mechanism  checked  the  meter  reading  of  68 
cu.  ft.  for  the  24  hours'  use.  For  the  week  that  this  house 
was  under  observation  the  fo'llowing  consumption  and 
maximum  rates  were  shown: 


Thursday.  June  5 
Frida,\ .    .tune    1>    . . 
Sntiirday.  June  7 
Sunday.  June  8    . . 

Monday.   June   9    S2 

Tuesda>'.  June  10  .... 
Wednesday.  June  11  . 
Thursday,  June  12  . . . 


Consum 

ption ^ 

Max.  rate 

Duration 

Gals. 

per  min. 

of  max. 

u.  ft. 

per  cap. 

cu.  ft. 

T-ate  min. 

6.T 

SI 

i.eo 

3.0 

24 

36 

1.65 

2.0 

46 

5» 

1.33 

1.5 

34 

42 

« 

*f 

S2 

64 

2.20 

2.0 

43 

53 

1.30 

2.5 

68 

85 

1.00 

2.0 

68 

85 

1.25 

4.0 

♦Pen  out  of  order. 

In  Table  I,  made  up  from  the  chart  record  of  the  same 
house  June  .">  and  G,  many  interesting  features  appear 
which  seem  to  be  characteristic  of  this  class  of  service.  The 
rates  of  flow  of  this  house,  and  also  from  an  apartment 
house  for  a  24-hour  run,  made  up  from  the  autographic 
records,  are  shown  in  Fig.  1.  From  this  study  it  appears 
that  probably  in  the  first  house  (upper  chart  of  Fig.  1)  at 
least  11  per  cent  of  the  water  delivered  was  unrecorded 
by  the  meter,  while  for  the  entire  24  hours,  except  for  3 
minutes  at  about  10.43  a.  m.,  the  rate  of  draft  was  below  2 
gallons  per  minute.     The  upper  chart  (Fig.  1)   shows  these 


TABLE  I— RECORD  FROM  %■ 

IXGTON  AVENUE, 

1  2  3  4 

Observed 

quantity. 


Time. 


a 

15 
52.5 
22..'i 
30 
45 
37.5 
37.5 
15.0 
15.0 
45.0 
0.0 
2-2.5 
22.5 
C7.5 
45.0 
30.0 


IN.  MOTER  ON  NO.   576  FARM- 
JUNE  5  AND  6,   1916. 

5  6  7  8 


10:50-11:10     . 

12   n 

1:40    

...20 
...50 
. ..100 

3:1.T     

3:45     

...95 
...  30 

4:35     

6:45     

ii:25     

...50 

...130 

.    160 

10:20     

.  .  .    55 

10:50     

7    a.    m 

s    

...30 
...490 
...    60 

s:20     

'.  .    20 

9:15     

10.40     

...    55 
.  .  .    85 

10:43    

10:50     

...     3 

rtr'-' 

K- 

0.75 

1.05 

.23 

.32 

1.50 

.75 

.29 

.10 

.27 

1.50 

.00 

.38 

1.13 

1.22 

.53 

10. OO 

1.07 


5=^ 

1.40 

3.5 

6.9 

6.6 

2.1 

3.5 

9.0 

11.1 
3.8 
2.1 

34.0 
4.2 
1.4 
3.8 
5.9 


i^  t,  C  J, 

.c  *_.    . 
rt  £  S  01 

0.91 
.93 
.80 
.85 
.96 
.91 
.80 
.60 
.80 
.95 

'M 
.94 
.94 
.90 
1.00 
.93 


'3o 


«  >>  ■ 

rr  u  m 
•S  ?  = 

16.5 
56.5 
28.1 
35.3 
46.8 
41.3 
47.0 
25.0 
18.7 
47.3 

26.5 
23.9 
71.8 
50.0 
30.0 
8.1 


1,440       68       510.0  .36     100.0  0.89         572.8 

6  persons   86  gal.  per  capita 

Recorded   amount    510  0  gal.  in  24  hr. 

Probable    amount    572.8  gal.  in  24  hr. 


Unrecorded     62.8  gal.  in  24  hr. 

11  per  cent  not  recorded. 

Column  7  of  the  table  was  obtained  by  straight  line  proportion 
between  the  low  rate  giving  98  per  cent  and  the  rate  giving  90 
per  cent  for  the  given  sized  meters  based  on  the  schedule  of  the 
Meter  Exchange.  From  present  information  available  it  ap- 
pears that  the  percentage  of  registration  between  the  given 
limits  varies  as  a  curve  instead  of  a  straight  line  and  the  actual 
rondition  is  less  than  that  used  here. 
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rates  graphically  for  the  single  dwelling,  while  the  lower 
chart  shows  the  rates  for  the  apartment  house  meutioned 
below.  The  most  interesting  matter  in  relation  to  both  of 
these  diagrams  is  perhaps  a  condition  which  is  clearly 
brought  out,  namely,  that  for  most  of  the  time  the  flow 
through  the  meter  lies  in  the  zone  between  the  90  per  cent 
and  98  per  cent  accuracy  ordinarily  guaranteed  from  disc 
meters.  If  this  condition  is  characteristic  of  meter  per- 
formance it  at  least  offer.s  an  explanation  for  accounting 
tor  some  of  the  hitherto  unaccounted  for  water  reported 
from  fully  metered  water  departments,  ordinary  rates  ap- 
pearing to  occur  on  that  portion  of  the  scale  where  the 
registration  is  the  least  accurate  in  the  meters  used. 

The  house  under  consideration  is  a  one-family  dwelling 
in  the  best  residential  part  of  Hartford,  built  perhaps  Vl  or 
15  years  ago.  It  is  generally  occupied  by  six  persons  and 
in  the  year  191fi  had  a  total  use  of  1G.400  cu.  ft.,  equivalent 
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lo  an  average  per  capita  consumption  of  .50  gals,  per  day. 
The  water  pressure  here  is  about  70  lb.  The  premises  were 
originally  served  through  a  %  in.  meter.  A  complaint  was 
made  of  inadeciuate  service  and  a  new  1  in.  service  pipe 
had  been  installed  by  the  owner.  A  request  for  a  1  in.  meter 
was  made  on  advice  of  the  plumber,  a  %  in.  meter  was  at- 
tached and  the  owner  was  rather  put  out  at  first  because 
the  larger  sized  meter  was  not  installed.  The  water  fixtures 
in  this  house  comprised:  Three  set  tubs  in  laundry  with 
hot  and  cold  water,  1  sink  in  laundry  with  hot  and  cold 
water,  1  sink  in  kitchen  with  hot  and  cold  water,  2  water 
closets,  tank  type,  J  wash  stands  with  hot  and  cold  water, 
1  bath  tub  with  hot  and  cold  water,  2  %  in.  hose  bibs  in 
garage,  1  %  in.  sill  cock. 

Tn  investigating  this  house  the  following  report  was 
made:  "With  two  cold  water  faucets  open  in  the  basement 
laundry  and  one  hose  connection  in  the  garage  only  a  fair 
flow  of  water  was  obtained  in  the  bath  room  faucets  on  the 
second  floor.  With  this  demand  the  %  in.  meter  showed  a 
rate  of  2.2.5  cu.  ft.  per  minute,  which  is  in  excess  of  the 
■maximum  proper  rate  of  flow.'  A  yi  in.  meter  is  recom- 
mended."   This  installation  has  been  perfectly  satisfactory. 

In  one  of  the  highest  class  apartment  houses  recently 
built,  containing  12  separate  suites  and  having  an  average 
population  of  40,  the  use  of  water  in  1910  was  at  a  rate  of 
72  gals,  per  capita.  The  static  pressure  in  the  street  main 
is  about  70  lb.  per  sq.  in.  There  is  a  1  in.  meter  on  the 
premises  which  is  giving  satisfaction. 

This  house  was  fitted  with  the  most  modern  plumbing 
throughout  and  has  a  garage  attached. 

Table  II  shows  average  rates  from  noon  on  Wednesday, 
,Iune  22.  1910.  together  with  computations  indicating  con- 
ditions which  exist  relative  to  recorded  use  of  water: 

According  to  this  record,  there  was  comparatively  ac- 
curate registration  of  the  amount  of  water  supplied  for  less 
than  7  hours.  During  the  remainder  of  the  21  hours  the 
registered  amount  of  water  seems  to  have  been  at  least 
from  8  per  cent  to  10  per  e.Mit  less  than  that  actually  <Ie- 
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llverod  ami  during  o^s  hours  probably  only  ti  very  smiill 
proportion  was  recorded.  Applying  the  probable  per  cent 
roiiistnitlon  slven  in  i-oliinin  G  to  the  amount  delivered  in 
column  o.  cohiiiin  7  results  with  a  total  di.'*cropancy  of  about 
\i  cu.  (t.,  or  3.7  per  cent  unaccounted  for  in  this  service. 
At  12  ct.  per  100  cu.  ft.  this  condition  means  a  loss  of  $15.13 
per  year  to  the  dopartineni. 

Six  dollars  per  year  Is  about  the  amount  paid  on  many 
services  supplying  small  families  on  which  Si-in.  meters 
are  installed  nt  a  present  cost  of  $15.  There  seems  to  be 
no  logical  reason  why  it  is  not  as  desirable  to  receive  pay 
for  the  water  passing  through  the  service  whether  It  be  a 
large  or  small  consumer.  If  a  more  accurate  measuring 
device  than  those  in  present  use  will  necessitate  paying  a 
higher  price  than  the  present  type  of  meter  costs,  water 
departments  can  well  afford  to  pay  the  additional  cost  It 
they  can  be  assured  of  more  accurate  results  than  seem 
possible  with  the  present  meter. 

The  records  of  the  use  of  water  in  both  the  private  liouse 
and  the  apartments  are  representative  of  conditions  in  a 
large  number  of  houses  In  Hartford  and  elsewhere.  Prob- 
ably the  demand  in  these  houses  is  much  larger  than  in 
many  others,  yet  even  In  these  examples  It  appears  that 
the  maximum  rales  observed  are  only  just  within  the  limits 
of  the  4  per  cent  accuracy,  which  is  the  best  the  meter 
manufacturers  are  willing  to  guarantee.  The  bulk  of  the 
use  of  water  in  a  private  house  of  the  class  here  noted  is 
apparently  at  a  rate  of  from  0.5  to  1.0  gal.  per  minute.  The 
accuracy  of  registration  for  this  rate  on  the  basis  of  the 
meter  manufacturers'  schedule  for  this  size  meter  is  prob- 
ably about  9-  per  cent,  that  is,  on  such  service  in  ordinary 
use  about  S  per  cent  of  the  water  used  is  not  accounted 
for.  A  'H-in.  meter  would  account  for  a  much  greater  pro- 
portion of  the  water  drawn.  On  the  other  hand,  its  use 
would  be  totally  unsatisfactory  to  the  consumer,  because 
It  would  cut  down  the  pressure  when  large  quantities  of 
water  were  required  and  so  interfere  with  the  efficient  op- 
eration of  the  plumbing. 

All  that  has  been  said  regardins;  the  accuracy  of  regis- 
tration of  water  for  the  private  house  applies  with  equal 
force  to  the  apartment  house.  In  this  case  with  the  1  in. 
meter  a  rate  of  flow  of  %-sal.  per  minute  only  is  guaran- 
teed for  registration  within  90  per  cent  accuracy  and  flows 
of  from  1  to  1.3  gals,  per  minute  would  probably  be  re- 
corded within  from  92  to  95  per  cent  of  the  true  amount. 
An  inspection  of  the  chart  for  this  service  indicates  that 
for  at  least  during  IS  out  of  the  24  hours  the  demand  for 
water  was  less  than  1.5  gals,  per  minutes  and  at  rates 
which  from  90  to  95  per  cent  only  was  recorded  for  pay- 
ment to  the  department. 


Temperature  Variations  in  Con- 
crete of  a  Retaining  Wall 

In  the  reconstruction  of  the  Compton  Hill  reservoir  in  St. 
Louis,  Mo.,  a  concrete  retaining  w-all  was  built,  enclosing 
the  basins.  This  wall  being  subjected  to  large  variations 
in  temperature,  it  was  determined  to  make  some  investiga- 
tions to  determine  the  temperature  changes  in  the  con- 
crete during  and  subsequent  to  setting.  For  this  purpose 
three  resistance  bulbs  for  an  electrical  thermometer  were 
set  in  the  concrete  as  it  was  placed.  The  results  of  the  in- 
vestigation are  summarized  by  Mr.  F.  R.  Wiederholdt,  As- 
sistant Engineer,  in  the  last  annual  report  of  the  Water 
Commissioner  ot  St.  Louis. 

The  wall  is  10  ft.  high,  18  in.  thick  and  extends  around 
the  basins  on  top  of  the  earth  embankment.  In  the  east 
wall  three  thermometers  were  placed;  Xo.  1  3  in.  from  tfce 
east  face:  Xo.  2  in  the  center,  and  Xo.  3  3  in.  from  the  west 
face  of  the  wall.  All  three  thermometers  were  in  the  same 
vertical  plane  and  4  ft.  below-  the  top  of  the  wall.  A  fourth 
thermometer  was  placed  close  to  the  wall  by  the  other 
thermometers. 

All  the  temperature  readings  in  the  concrete  were  taken 
with  a  Leeds  &  X'orthrup  electrical  resistance  thermometer: 
the  temperatures  of  the  air  were  taken  with  a  mercury 
thermometer. 
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At  the  time  of  placing  the  concrete  the  air  temperature 
was  50°  F.  and  the  temperature  of  the  concrete  was  Gl"  F. 
During  the  llrst  21  hours  readings  wore  taken  every  hour, 
after  which  readings  were  taken  at  3-hour  intervals  for  a 
l)eriod  of  several  days.  In  the  13  hours  immediately  follow- 
ing the  placing  of  the  concrete  the  temperature  gradually 
rose  to  G8'4°  F.,  while  during  the  same  period  the  air  tem- 
perature fell  to  31°  F.  In  the  next  24  hours  the  air  tem- 
perature varied  from  31°  F.  to  57°  F.,  while  the  loniporature 
of  the  concrete  gradually  fell  to  G4'/^°  F.  The  thermometers 
nearer  the  face  of  the  w-all,  i.  e.,  Nos.  1  and  3.  were  more 
atTected  by  the  outside  temperatures  than  No.  2  in  I  he  center 
of  the  wall. 

About  120  hours  after  the  placing  of  the  concrete  the  tem- 
peratures of  the  air  and  concrete  followed  each  other  more 
closely,  although  the  changes  in  the  temperature  of  the  con- 
crete were  somewhat  slower  than  the  variations  in  the  air 
temperature. 

Readinsrs  were  taken  at  various  intervals  extending  over 
a  period  of  11  months,  readings  being  obtained  for  tempera- 
tures ranging  from  — 1G°  F.  to  10G°  F.  As  those  extreme 
temperatures  lasted  for  only  a  comparatively  short  period 
of  time,  the  difference  between  the  corresponding  concrete 
temperatures  was  somewhat  less,  namely, — 10°  F.  and  100° 
F.,  respectively,  or  a  total  variation  of  110°  F.  in  the  con- 
crete  wall. 

In  Table  I  are  shown  the  readings  taken  during  the  first 
;n  hours  after  pla'-ing  ot  the  concrete,  and  in  Table  II  are 
shown  the  readings  taken  at  various  times  under  the  ex- 
tremes  of  temperature. 

T.VBT.K  I— TEMPER.VTt'RES   OF  COXCKETE   AND   AIR   DUR- 
ING FIRST  ■!!)  HOURS  AFTER  PL.\CING  CONCRETE. 

, Temper.ilure  Readings , 

No.  1  No.  3 

No.  4  East  No.  2  West 

Date.  Time.        Outside.  Face.  Center.  Face. 

Feb.    21.  1917 3:00  p.  in.         58°  59°  58%°  58%° 

Feb.    21.  1917 3:15  p.m.         57°  59V4°  62°  61° 

Feb.    21,  1917 4:15  p.m.         51°  59°  63°  61° 

Feb.    21,  1917 5:15  p.m.         48°  59Vj°  63°  61° 

Feb.    21.  1917 6:15  p.m.         44°  59%°  63°  61" 

Feb.    21,  1917 9:15  p.m.         38°  59%°  63i/4°  60%° 

Feb.    21,  1917 10:15  p.m.         38°  59%°  GSVi"  60%° 

Feb.    22.  1917 12:15  a.m.         37°  59%°  63%°  61° 

Feb.    22,  1917 1:15  a.m.         35°  59%°  64%°  61%° 

Feb.    22.  1917 2:15  a.m.         34°  60%°  67^4°  63^4° 

Feb.    22,  1917 3.15a.m.         33°  62°  6Si4°  64%° 

Feb.    22,  1S17 5:15  a.m.         31°  63°  6814°  65° 

Feb.    22.  1917 6:15  a.m.         30°  63%°  68°  65° 

Feb.    22,  1917 S:15  a.  m.         3S°  63',4°  67°  65° 

Feb.    22,  1917 9:15  a.m.  42°  63>4°  66%°  6414" 

Feb.    22.  1917 ■10:15  a.m.         42°  631.4°  66°  KSVi" 

Feb.    22,  1917 11:15  a.m.         43°  63°  66°  63%° 

Feb.    22,  1917 12:15  p.m.         46°  63°  66°  63%° 

Feb.    22,  1917 6:15  p.m.         52°  63%°  65°  G3%° 

Feb.    22.  1917 9:15  p.m.         49°  6314°  65°  64° 

Feb.    23,  1917 12:15  a.m.         52°  63>4°  64%°  63%° 

Feb.    23.  1917 3.15  a.m.         57°  63%°  64%°  63%° 

Feb.    23,  1917 9:15  a.m.         52°  64°  64%°  64%° 

Feb.    23.  1917 12:15  p.m.         40°  63%°  64%°  63%° 

Feb.    23.  1917 4:15  p.m.         36°  61°  63°  611/2° 

Feb.    24,  1917 8:00  a.m.         32°  51%°  53%°  53%° 

Feb.    24,  1917 12:00  p.m.         59°  51V2°  62%°  51Vi° 

Feb.    25.  1917 11:00  a.m.         53°  45°  45°  45° 

Feb.    25.  1917 1:00  p.m.         6J°  46%°  46°  46° 

Feb.    26,  1917 8:00a.m.         60°  53%°  53%°  54° 

Feb.    26,  1917 .'12:00  p.m.         62°  56°  55°  55° 

TABLE  II— READINGS  TAKEN  AT  VARIOUS  TIMES  UNDER 
.     EXTREMES  OF  TEMPERATURE. 

, Temperature  Readings > 

No.  1  No.  3 

Date                            Time.  Outside.      Face.         No.  2  West 

No.  4  East  Center.  Face. 

.Tune    25,    1917 S:00  a.  m.  89°             88%°         86°             84° 

.Tune   25.    1917 9:00  a.m.  96°             92°             88°  84° 

.Tune    25.    1917 10:00  a.m.  99°             95M°         89%°  85° 

.Tune   25,    1917 12:00  p.m.  101°             96%°         91%°  87° 

June    25,    1917 2:00  p.m.  99°             94%°         93°  91° 

.Tune   25.    1917 3:00  p.m.  98%°         93%°         92%°  94%° 

.Tune   25,    1917 4:00  p.m.  96%°         93°             93%°  98° 

.Tune   25.    1917 .-.:00p.m.  96°             92°             94°  101%° 

June    25,    1917 6:00  p.m.  92%°         92%°         94%°  104° 

Juno  25,    1917 7:00p.m.  90%°         92%°         95%°  105%° 

June    23.    1917 S:00p.m.  89°             92%°         96°  104S 

.Tune   26.    1917 8:00  a.m.  96°             88%°         89%°  S(° 

June   26,    1917 10:00  a.  m.  106°             98%°         93°  88° 

June    26.    1917 ll:0Oa.  m.  102°  100°             95°  89° 

June   2P.    1917 12:00  p.m.  104°  100°             96°  90° 

June   26.    1917 1:00  p.m.  104°  100°             Ofi%°  92° 

Juno    26,    1917 2:00  p.m.  101°             99°             97°  94% 

June  26,    1917 3:00  p.m.  101%°         98°             9i  96-:, 

.Tune    26,    1917 4:00p.m.  98°             9,%'         9.1.4°  100° 

June   26.    1917 5:00  p.m.  9t°             9<°             98°  102 

Tune   26     1917 6:00p.m.  93°             96%°         98%°  104° 

■Tunl   26;    1917 7 :00  p.  m.  90°             96°             98%  105 .4° 

Jan.    11.    1918 11:00  a.m.  —1°             10°             12%  10 

.Tan.    12.    1918 8:30  a.m.  —16°  —10°  —8           —12 

Jan.    12.    1918 9:30a.m.  —11°  —11  — •%  — S 

Jan.    12.    1918 10:30  a.m.  —8°  — 5!, »  ~-,               -» 

Jan.    12,    1918 11:30  a.m.  —5°  —7%  — o  — d 
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Unit  Figures  for  Estimating  Cost 
of  Laying  Pipe 

Useful  data  on  the  cost  of  installing  undtTgruund  gas 
pipes  have  been  compiled  hy  Mr.  Ceo.  VVehrle,  Superintend- 
ent of  the  Gas  Department  of  the  Denver  Gas  &  K^lectric 
Light  Co.  These  data  were  made  public  by  Mr.  Wenrle 
in  an  arlicle  in  The  Gas  Age,  from  which  the  following 
is  taken: 

Factors  on  Which  Cost  Tables  Are  Based. — With  the  idea 
in  view  of  getting  out  a  universal  or  standard  cost  chart 
on  the  work  of  installing  underground  gas  pipes.  Mr.  Wehrle 
enlisted  the  aid  of  an  appraisal  engineer,  and  it  was  de- 
*  cided  that  the  first  and  salient  factor  of  such  a  cost  chart 
must  be  the  man  power  expended  in  each  class  of  w-ork 
and  from  that  factor  working  to  a  unit  cost  for  that  class 
of  work.  It  was  decided  that  under  average  conditions  a 
man  would  trench  and  backfill  9  cu.  ft.  of  trench  per  hour, 
and  that  the  cost  of  trenching  would  equal  twice  the  cost 


of  back  filling.     The  labor  cost  per  hour  was  fixed  at  1  cent, 
which  gave  a  imit  cost  per  cubic  loot  of  $0.00111. 

The  cubical  contents  of  a  bell  hole  was  considered  to  be 
ihat  contained  within  a  space  of  8  in.  wide  and  18  in.  long 
extending  from  a  point  8  in.  above  the  pipe  to  a  point  8  in. 
deeper  than  the  bottom  of  the  trench  on  each  side  of  the 
pipe  and  across  the  bottom  of  the  trench  under  the  pipe. 
Reducing  this  to  a  formula  the  cubical  contents  of  a  bell 
hole  for  a  given  size  of  pipe  equals: 

J  X  S  X  IS  X      (diam.     of     pipe  -f  IG)  '-f  S  X  18  X  (width     of 
trench). 

Dividing  this  result  by  12,  which  was  considered  to  be  the 
length  of  a  joint  of  cast  iron  pipe  in  feet,  gives  the  cubical 
contents  of  a  bell  hole  per  lineal  foot  of  trench.  Multiply- 
ing this  figure  by  O.oolll  gives  the  unit  cost  of  bell  boles 
ixi-r  lineal  foct. 

In  finding  trenching  costs  for  screwed  steel  pipe  the 
same  unit  cost  is  used  as  for  a  given  size  of  cast  iron  with 
the  omission   of  the  bell  bole. 

Pavement  and   crib   timbering  costs  have   not  been   con- 


'^  c.vST  n:ox  beli>  .axd  spigot  pipk,  .\.  g,  i.  st.\xd.vrd,   u'  ft.  lengths. 

Laying    Pipe. 

Unit  cost  per 

c-i„p  nf  ^Xumher    of    men.-s       Weight  of  pipe    Wcislit  of  pipe      Foct  of  pipe         Foot  of  pipe         foot  at  $0  01 

Aine  Foreman.         Pipemen.        nor  ft.  in  ibs.      por  tiian-hour.      por  man  hour,      laid  per  hour.        per  inan-hr. 

P'V  1  •>  '^       in  3'!  4''.'.  2i.;is  Of). on  $0.00045.5 

i 1  2  3b"25  425  M.O.'.  42.15  .000711 

° 1  4  420S  425  lO.Oi)  50.45  .000991 

,X 1  4  os'li  425  7.60  .'iS.OO  .001316 

JX 1  6  7;!S:;  425  5.75  40.25  .001739 

\l i  r,  112:58  425  3.77  26.39  .0026.52 

1» 1  ,;  i-,3  S3  425  2.76  19.32  .003623 

Z 1  s  2rt6;41  425  2.06  1.<!.54  .           .0048.54 

li 1  s  2S4.00  425  1.49  13.41  .006711 

Xot'fc^Tolind  'locarcosts   per  foot   multiply   unit   cost   per   |-oot     from  tal.le  l.y  the  local  wage  scale  per  hour  for  pipemon. 

Jointing    Pipe. 

I  nit  cost 

a„  x-„.-r,i,<...  of  men ,  Lb.  load         .Joints  per         Ft.  i)ipo  jmm-  ft.  at 

of"         rlik-     Yarn-       Lead^         WeiHl.t   of  lead   in   lb.-     Weight  of  yarn  in  lb.-       per  man-         hour  for  .iointcd  $0.01   per 

pipe.       ''ert       'er..  men.  Per^^oint.  Per  ft.  Per  Joint.  Per^ft.  hour.  gan^.  per  hr.  man-Jjn 

4 }  }  1  ^  7.5  ■47  '.OMl  12.5  4.16  49.92  .000601 

I I  ]  1  {•>  'I'ou  .56  .0466  12.5  3.12  37.44  .000801 

,1 ]  ]  ]  In  133  .65  .0541  12.5  2.34  2S.0X  .O0106S 

" }  1  ]  "9  1S3  .75  .0025  12.5  1.70  20.40  -.001470 

\l ]  \  1  3fi  3  0  1.06  .0S83  12.5  1.03  12..36  r002427 

16 I  I  '  4  16  1.34  .1116  12.5  1.25  15.00  .00:1333 

25 i  I  \  fi'l  5:i6  1.60  .1.3.33  12.5  1.01  12.4S  .004006 

•'"■Xn,,;^fo   tind    local   cost    i.er   foot    nniltii.ly    unit    cost    iicr   foot    from  table  by  the  local  wa'^e  scale  por  hour  for  calke.s. 

Trenching   and    Bacl<filling.  ,  ,       ,  ,.,,■ 

< Osl  of  trenching  and  backfilling  at 

Man-powor  .liii.iil  por    man-hour. 

Himensions ,  ■ ("u.    ft.    per  ft. ^         per  hour  ,. Fnit   cost. > 

•""Z«  ot                                                           Widtl                Depth              Trench.           Pellholes.         in  cu.  ft.  Por  cu.  ft.  Trench.          Rollholes. 

pipe                                                                ^Vn',.  '■              i>!>;h.                  ^  ^.^                    ^^.                       ^  $fl.ii(illl  $0.001S4             $0.00045 

4 7,.,,.                            1-                         I'sT                     '459                          9  .linill                 .00203                   .00051 

6 .-J,,                          \,                       .>'nil                    '51.3                        9  .011111                .00223                  .011057 

8 ;7.„                            y                         «'ifi                     '.-,40                          9  .011111                  .110239                   .OftMOIl 

10 -'„                            y                         050                      '594                           9  .00111                  .110277                   .00066 

12 :;;„  i,  T,r.r,  Vfl-i  .,  nniii  .00333  .11007s 

16 ■  n„                          ,.                       V33                    '7X3  9                         .00111  .00369                  .000.<;7 

-0 '„                          ;.                       V66                    ''!61  9                         .00111  .00406                  .00096 

2t n.,                          {■                       416                  I.'OOO  9                         .00111  .00461                  .00111 

•'I-;,,' ■■   To  find  loral'cost'ner' foot   multiplv  unit  cost  per  foot   for  trench    from  table   by  the   dejMh   of  the  trench   in  feet;    then   add 

Summary    of  Unit  Costs.  ,,  ,  ,,  , 

T  .ibor - V  , Materials. ^     General  su- 

Size :  TT       ,  VS'ni'  pei-\'ision.   en- 

Xe  '^'"^Ti;'e'n?ir'"'^'eimo"Vf-     Layi^^^^  .loinMng.  Pipe  '--I-  ^'-p'-         Drayase.  StoraKe..t.inoorin«-.    misc. 

'-r^- *0.^18,  |0|i045  .,.f0«.55  $0,000405  $M,«66  $0.o;.0  $0.00030.  $0,00966  4^  1^ 

^y-y----y------ ■  -il      i       r^^i     =     :--i     :oi^"     :=     --   -      -i 

10 n02M  -ZfiaK  of'  001470  .03691  .01S3  .000625  .03691  ir,  lOT. 

16 00.33.!                  .OOOiS              ■      S  -,;-               n03;!33  07777              .0416             .1101116              .07777         4^'.                   10% 

20 0036^                  -OOOS.                     •'■;•                 mm-.  10320              .0516              .00i:-,33              .10320         4<-.                   10% 

2* ',',Z                [Zni             .om-Tll             :I'o.5S20  :1.204             .0625             .001666             .1..204         4%                 10% 

^,^.,     ,-T.     ornr-vr  \r'V     TiPIF     Frui     C  V.'^T     IRnX  rolumn  D— Co.st  fior  foot  for  jointincr  pipe  at  a  1   rt.  per  hour 

EXPLAX.VTION     OF     SUMM.U.1      T-ATILI.     FOK        .\.  ^^^^^^  ^^^^^^      ^_^__  ^^^^^  ^^^^^   ^^^__  ^^^^^  multiply  by  local  wau-e  scale 

B.ctr^.llii..  ..,,                                                                                                    ' 

[.or  Imiir  for  oalkers.  • 

Column     \— Cost    per    toot    for    tronchiim-    and     backfillinK    a  foiumn   F,— Cost    por   fof.t   of  pipe   at    $1    per  ton    f.    o.    b.    local 

trench  1  ft.  deep  at  a  labor  cost  of  1  ct.  per  hour.     l''or  local  cost  ^.j^.      p^^,  j^^.^,  ^.^^^  p,,,.  (^^^  mulliply  by  local  cost  per  ton. 

per  foot  multiply  by  depth  of  trench    in   feet   and   by  labor  wase  'column  F— Cost  per  foot  for  load  at  1   ct.  per  pound.     For  local 

scale   per  hour.  cost  per  foot   multiply  In-  local  cost  por  poimd  of  lead. 

rolnn-m  B— Cost  per  foot  for  tr.ncbin:,'  and  backfilling  a  r.,lumn  r-.—  Cost  p<-r  foot  for  yarn  at  1  ct.  per  pound.  For 
french  1  ft  deep '  at  a  labor  cost  of  1  ct.  p  r  hour.  Cost.=  per  ,„„,,  „,^,  „f.r  foot  nuiUiply  by  local  cost  per  pound  of  yarn. 
f  t  mnltirvK-  bv  local  wa-e  scale  nor  hour.  The  sum  of  the  column  II-Drayape  cost  por  foot  at  a  rate  of  $1  per  ton- 
local  costs  of  columns  A 'and  B  equal  the  total  cost  of  tren<-b-  „,„,,.  p-or  local  co.st  per  foot  multiply  by  local  drayage  rate  per 
ino-'  and  backfillins  of  which  two-thirds  may  bo  char.sod  to  ,on-mile.  ,  .  ,  , 
re%chiit  and  one-third  to  backfilling.  Column  I-Storase  and  band  .„«  cost  as.sumed  to  be  4  per 
trencbni.-,    ana   one                                                .        .»   ,    wt     nor  hour  cent  of  total  material  co.st  reuardless  of  locality. 

Column   C— Cost  per  foot    for   layiiis   pipe   at   a    i   <  i.   i"  •  CoUimn     .T— ."Supervision,     enfrineerins    and     contingencies    as- 

wage  scale.     For  local  cost   per  foot  multiply  by  local  wage  scale  ^^^_  .^^  ^^  ^^  ,  .,  ,^  p,.^  ^^,„^  ^f  ,(,,.^1  co-st  roKardless  of  locality, 

per  hour  for  pipelayers.  I 
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STANDARD   SCRKWlon  STIOIOI.  PlI'I' 
Laying   Pipe. 


I'Vi't  of  pipe  I'nit  cost  per 

WolKlil  of  pipe    Wt'lifht  or  plpo       Koi'l  of  pip>>        laid  per  liom-  fl.  at  JO. 01  por 

piT  ft.  Ill  lb.      PIT  man-hour,     prr  miiii-liour.          b.v  kiiiik.  man-hour. 

2.28                         237.B                         1U4.2                         ■M2.r,  JU.IH)OOSI6 

2.7S                         2.16.4                          fi«.6                         2ii0.0  .000110 

3.6S                         23S.2                          05.0                         lil5.0  .1100154 

7.62                         278.9                          .S6.6                          UO.O  .000i;7:i 

10.89                         289.6                          26.6                           80.0  .000:i7ii 

H1.19                           :>03.2                             15.8                             47.5  .000(1:13 

28.81                         302.5                           10.5                           52.5  .000962 
jjotV-^Laylnit  pipe  covers,  revereliitr  of  couplliiKs  mid  huiuUins  of  tlu'   pipe   from   the   curb   lln<>   to   tho   trt-iu'h   and  lowering   Into 

.•«inu>      Tho  welKht  of  pipe  per  muii-hour  Is  not  i-on»lnnl  due  to   tho   reversluK  of  a  vurliiblo   number  of  coupllnKs  per  unit   weight 
of   dUTorent   8l«<>    pipes.     To    Iliul    iho    loeiil    cost    per    foot    multiply   unit  cost  by  local  plpemen  liourly  wage. 


sue   of  plp«. 
Inches, 
IV, 


— Number  of  men. — , 

Koremnn.  Plpemen. 

I  2 

1  2 

1  2 

I  2 

1  2 

I  2 

I  4 


sue 

of 

pipe. 

IS 

3 
4 


-l^lnienslons.— 
Width,     nepth 


Trenching    and    Backfilling. 

Cost  of  excavating  and 
backlUIIng   at    $0.01 

. per  man-hour. ^ 

Per  cu.  ft.       I"  nit  cost 
of  exca- 


Cu.  Man 

rt.  per  power 

foot  of  per  hour 
trench,  in  cu.  ft. 

1.60  9 

1.50  9 

1.50  9 

1.60  9 

1.66  9 

1.83  9 

2.00  9                           - 
To  tliul   Iwal  cost   per  foot  per  troncjilng  and  backfilling-  mul- 
tiply unit   cost   p«-r  foot  by  local  wage  per   mun-hour. 


is- 
is- 

18" 

is- 

20" 
34* 


!■ 

r 
1* 
r 
1' 
1' 
1' 


vatlon. 

50.00111 
.00111 
.00111 
.00111 
.00111 
.00111 
.00111 


per 
foot. 
$0.00166 
.00166 
.00166 
.00166 
.00184 
.00203 
.00222 


Size  of 
pipe. 

H4... 

H4..- 


Number 
of  men. 

2 


Jointing. 

.lolnts  per 

hour  per 

gang. 

9 

8 

B 

I 

3 

2 


I"'l.  of  pipe 
per  hour 
per  gang. 

ISO 
160 
120 

80 

CO 

40 

40 


I'liit  cost 
per  ft.  at 
$0.01  per 
nian-hr. 

$0.000111 
.000125 
.000166 
.000250 
.000333 
.000500 
.000750 


Note — Jointing  pipe  covers  the  work  of  entering  and  screwing 
up  pipe  in  the  trench.  The  number  of  joints  per  man-hour  varies 
as  the  diameter  of  the  pipe.  To  llnd  local  cost  per  foot  multiply 
unit  cost  per  foot  by  locai  wage  scale  per  hour. 


Slio 
of 

pipe. 
Inches. 


Trenching 

and 

backlllllng. 

A 


SUMJLVRY  OF  UNIT  COSTS. 
■  Labor. >       r 


lu    J0.00166 

1 »; 00  ine 


.00166 
.00166 
.00184 
.00203 
.00222 


Laying. 
B 

$0.000096 
.0011116 
.000154 
.000273 
.000376 
.000633 
.000952 


Jointing. 
C 

$0.000111 
.000125 
.000166 
.000250 
.000333 
.000500 
.000750 


Pipe. 
D 

$0.01 
.01 
.01 
.01 
.01 
.01 
.01 


Material. 


Drayage. 
E 

$0.00114 
.00130 
.00184 
.00381 
.00544 
.00959 
.01440 


Storage. 

P 
4% 
4% 
4% 
4% 
4% 
4% 
4% 


General 

supervision, 

engineering, 

contingencies. 

G 

10% 

10% 

10% 

10% 

10% 

10% 

10% 


EXPL.VNATION     OF     SUMMARY     TABLE     FOR     STAND.VRD 
SCREWED   STEEL   PIPE. 

Column  A — Cost  per  foot  for  trenching  and  backfilling  a 
trench  1  ft.  deep  at  a  labor  cost  of  1  ct.  per  hour.  Por  local 
costs  per  foot  multiply  by  deptli  of  trench  in  feet  and  by  labor 
wage  rate  per  hour. 

Column  B — Cost  per  foot  for  laying  pipe  at  a  1  ct.  per  hour 
wage  scale.  For  local  cdsts  per  foot  multiply  by  local  wage  rate 
in  cents  per  hour. 

Colunm  C — Cost  per  foot  for  jointing  pipe  at  a  1  ct.  per  hour 


wage  scale.  For  local  cost  per  foot  multiply  by  local  wage  scale 
in  cents  per  foot. 

Column  D — Cost  per  foot  of  pipe  at  1  ct.  Substitute  local  cost 
per  foot. 

Column  B — Drayage  cost  per  foot  at  $1  per  ton-mile.  For 
local  cost  per  foot  multiply  by  the  local  drayage  rate  per  ton- 
mile.  ' 

Column  F — Storage  and  handling  cost  assumed  to  be  4  per 
cent  of  material  cost  regardless  of  locality. 

Coiumn  G — Supervision,  engineering,  contingencies,  assumed 
to  be   10  per  cent  of  total  cost  regardless  of  locality. 


sidered,  as  they  are  of  a  very  variable  character  and  best 
handled  individually. 

The  labor  ot  installing  pipe,  which  in  the  case  of  cast 
iron  covers  the  handing  of  pipe  from  the  curb  line  to  the 
trench,  swabbing  out,  inspection  and  lowering  into  trench, 
and  for  steel  pipe  the  work  of  reversing  couplings,  handling 
from  curb  line  to  trench,  swabbing  out,  inspection  and  low- 
ering into  trench,  was  worked  out  by  establishing  an 
amount  of  pipe  in  lineal  feet  that  could  be  handled  in  a 
given  time  by  a  standard  pipe  gang  composed  of  a  straw 
boss  and  a  certain  number  of  men  tor  each  size  of  pipe, 
based  upon  the  weight  of  a  foot  of  pipe  ot  a  given  size  and 
the  size  ot  gang  required  to  handle  a  standard  length  of 
pipe. 

In  arriving  at  the  number  of  men  required  to  handle  the 
pipe  it  was  considered  that  all  pipe  under  12  in.  in  diameter 
would  be  lov.-ered  into  the  trench  by  means  of  ropes  held 
by  the  men,  while  12  in.  and  larger  would  be  let  into  the 
trench  by  means  of  a  portable  derrick. 

A  ratio  ot  weight  per  man-hour  was  established  which 
in  the  case  of  cast  iron  pipe  was  found  to  be  approximately 
425  lb.  of  any  size  of  pipe. 

The  unit  cost  per  foot  for  jointing  cast  iron  pipe  was 
calculated  in  the  same  manner  as  for  laying,  except  that  the 
weight  of  lead  per  joint  instead  of  the  weight  of  pipe  per 
foot  was  used  as  a  base.  The  number  of  men  comprising 
the  jointing  gang  was  first  decided  and  then  the  number  of 
joints  that  they  could  make  in  a  given  time  was  calculated 
by  establishing  a  ratio  between  the  weight  of  lead  and  a 
man-hour.    It  was  found  that  this  ratio  was  12.5. 

In  jointing  steel  pipe  the  number  of  joints  per  man-hour 
is  considered  to  vary  as  the  diameter  of  the  pipe  which 
takes  into  consideration  the  friction  to  be  overcome  in 
jointing  pipes  of  different  sizes  as  well  as  the  weight  of  the 
pipe  per  foot  of  length. 

The  cost  of  pipe  per  foot  used  in  the  tables  is  figured  at 
$1  per  ton  for  cast  iron  and  1  ct.  per  foot  for  steel  pipe. 
Lead  and  yarn  are  figured  at  1  ct.  per  pound  each. 


Store  expense,  which  should  cover  the  cost  of  maintain- 
ing a  pipe  storage  yard  or  warehouse,  unloading  from  cars, 
checking  material,  etc.,  has  been  estimated  at  4  per  cent 
of  the  total  cost  of  materials.  This  figure  was  obtained  by 
checking  the  cost  in  several  cities,  and  while  it  may  not 
hold  absolutely  true  in  these  days  of  abnormal  prices,  will 
not  prove  an  error  of  great  consequence  when  it  is  consid- 
ered that  at  this  time  storage  labor  cost  has  also  advanced 
above  normal. 

Drayage  covers  the  cost  of  transporting  materials  from 
storage  yard,  warehouse  or  cars  to  the  job,  and  is  based 
upon  a  cost  of  $1  per  ton  mile. 

Supervision,  engineering  and  contingencies,  which  in- 
cludes the  time  of  the  general  foreman,  watchman,  water- 
boy,  etc.,  the  cost  of  preliminary  surveys  and  estimates,  run- 
ning levels,  lines,  etc.,  as  well  as  permits  and  overhead  ex- 
pense's or  contingencies  not  otherwise  classified,  is  esti- 
mated as  10  per  cent  of  the  total  cost  of  the  job. 


New  York  Conservation  Commission  Recommends  That 
State  Construct  Power  Dams,— The  New  York  State  Con- 
servation Commission  in  its  last  annual  report  advocates 
a  water  power  policy  involving  state  regulation  of  stream 
flow  by  storage  reservoirs,  the  leasing  of  state-owned  power 
sites  to  municipaliiies  and  power  companies,  and  the  gen- 
eration, transmission  and  distribution  of  power  by  the  mu- 
nicipalities or  the  companies.  The  commission  recommends 
that  the  state  itself  construct  power  dams  upon  the  power 
sites  owned  by  the  state,  as  permanent  improvements  to 
the  sites,  and  that  it  then  proceed  to  lease  the  power  privi- 
leges at  those  sites  to  municipalities  or  private  corpora- 
tions, leaving  it  to  the  Public  Service  Commission  properly 
to  regulate  both  rates  and  service. 


The  Little  River  Drainage  District  of  Cape  Cirardeau,  Mo., 
contemplates  adding  40,000  acres  in  Stoddard  and  Bolinger 
Counties.  The  necessary  50  miles  of  canals  will  require 
1.400,000  cu.  yd.  of  excavation  estimated  to  -cost  $250,000. 


(14) 
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Calaveras  Dam  Slide    Report  on 

Failure  of  Hydraulic  Fill  Dam 

During  Construction 

In  connection  with  hydraulic  dam  construction  contem- 
plated by  the  U.  S.  Reclamation  Service,  an  investigation 
of  the  slide  which  occurred  at  the  Calaveras  Dam  of  the 
Spring  Valley  Water  Co.,  near  San  Francisco  on  March  2i, 
191S,  was  made  by  D.  C.  Henny  and  Charles  H.  Swigart, 
Consulting  Engineers  of  the  Service.  Their  report  is 
printed  in  the  Reclamation  Record,  to  which  we  are  in- 
debted for  the  matter  following. 

The  elevation  and  principal  dimensions  of  the  Calaveras 
Dam  as  originally  designed  are  as  follows: 

Surface  bed   rock  at  center  line,   SCO  ft. 

Earth  at   center   line,   590   ft. 

Spillway  crest  at  center  line,  790  ft. 

Top  of  dam,  800  ft. 

Top  of  dam  above  surface  bed  rock,  240  ft. 

Top  of  dam  above  surface  earth,  210  ft. 

Top  of  dam  above  spillway  crest,  10  ft. 

Top  width,  25  ft. 

Water  slooe,  3  to  1. 

DiT  slope,  2%  to  1  with  one  20-ft.  bcrm  100  ft.  below  ton 

Length  at  top,   1,300  ft. 

The  design  has  been  amended  so  as  to  raise  the  top  10 
ft.  by  steepening  the  upper  portion  of  the  slopes,  with  the 
object  of  increasing  spilhvay  overflow  capacity. 

Water  control  was  to  be  had  by  a  conduit  on  rock  foun- 
dation passing  through  the  dam   with  concrete  gate  tower 


of  10  ft.  per  second  without  causing  serious  trouble,  and 
the  percentage  of  solids  carried  was  stated  to  be  from  lo 
lo  15,  which  would  hardly  be  compatible  with  a  50  per  cent 
proportion  of  coarse  material.  It  was  stated,  however,  that 
the  percentage  of  solids  carried  was  occasionallv  some- 
what smaller. 

The  original  plans  for  an  all  hydraulic  till  dam  were  car- 
ried out  until  the  pond  in  the  dam  had  reached  an  eleva- 
tion of  4?,  ft.  above  stream  bed.  Early  in  1915  some  doubt 
ixisted  as  to  the  ability  of  the  outer  slopes  to  hold  the 
liquid  inner  core  in  place,  due  to  excess  of  clay.  Part  ot 
the  pumped  clay  was  accordingly  wasted  into  the  reser- 
voir in  an  effort  to  secure  a  greater  proportion  of  coarse 
material  by  the  hydraulicking  process.  The  next  stej)  was 
the  changing  of  plans  to  the  extent  of  dumping  dry  ma- 
terial on  the  downstream  slope  from  wagons  loaded  by 
steam  shovel  from  a  new  pit  near  the  west  abutment  of 
the  dam. 

Some  time  during  ISlC  a  more  radical  change  was  made, 
it  being  decided  to  dump  dry  material  on  both  slopes,  the 
yeneral  scheme  being  to  place  in  this  manner  about  one- 
third  of  the  mass  upstream  and  one-half  of  the  mass  down- 
stream of  the  center  line  of  the  dam.  The  large  amount 
of  material  so  handled  caused  a  change  of  conveyance 
from  team  to  dump  cars  on  tracks  laid  on  trestles  and  on 
the  dam  itself. 

The  material  was  dumped  loose,  no  spreading  or  rolling 
tjeing  done.     The  toe  of  the  dump  toward  the  inside  of  the 
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Fig.   1 — Cross  Section   of   Calaveras   Dam   Approximately   at   Point  of    Maximum    Height. 


near  the  water  toe.  An  overflow  spillway  is  provided  in 
rock  through  a  saddle  near  the  west  end  of  the  dam. 

The  total  volume  in  the  dam  is  stated  as  3,085,000  cu. 
yd.  The  intention  was  to  place  all  the  material  by  the  hy- 
draulic process.  The  material  was  derived  from  Borrow 
pits  upstream  from  the  dam  and  on  the  west  side  of  the 
reservoir. 

The  work  was  started  in  1913.  Material  in  the  borrow 
pit  was  loosened  by  powder  and  washed  down  by  giants 
to  a  pump  pit,  from  which  motor-driven  pumps  conveyed 
it  through  14-in.  steel  pipes  to  the  dam.  As  the  elevation 
of  the  work  increased  booster  pumps  were  installed  on 
the  pipe  line. 

The  material  consists  of  shale  rock,  with  some  inter- 
vening layers  of  sandstone,  the  rock  being  overlaid  with 
a  few  feet  of  earth.  The  shale  broke  up  readily  by  the 
action  of  the  jet  which  partially  converted  it  into  clay,  so 
that  the  material  as  it  passed  through  the  pipe  and  was 
discharged  on  the  dam  consisted  partly  of  rock  fragments, 
the  balance  being  clay.  All  evidences  indicate  that  there 
was  practically  no  gravel,  and  the  percentage  of  sand  is 
also  very  small,  being  derived  from  the  breaking  down  of 
the  sandstone. 

The  material  was  delivered  to  the  dam  on  the  outer 
slopes  between  which  a  pond  was  maintained  toward 
which  the  coarser  deposits  sloped  and  which  consisted  of 
pure  clay.  The  relative  proportion  of  these  materials  has 
been  stated  to  be  about  50  per  cent  of  each.  It  is  thought 
that  this  understates  the  proportion  of  clay.  The  mixture 
as  it  was   pumped  passed  through  the  pipes  at  a  velocity 
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dam  projected  over  into  the  core  and  as  the  work  prog- 
ressed there  was  an  ever-increasing  mass  which  rested  on 
the  mud  core.  The  water  face  of  the  dam  was  finished  to 
the  slope  shown  on  the  plans  (Fig.  1),  the  lower  part  up  to 
a  vertical  height  of  GO  ft.  being  paved  with  concrete  3% 
in.  thick.  The  original  intention  of  an  all  concrete  paved 
slope  was  aliandoned  at  the  stated  height  and  for  the 
higher  work  rough  riprap  was  substituted.  The  down- 
stream fill  was  deposited  by  dumping  from  cars  and  the 
slope  was  not  filled  out,  but  was  brought  up  somewhat  ir- 
regularly at  the  angle  of  repose,  with  occasional  berms. 
which  were  to  be  filled  out  later  by  additional  material  to 
the  intended  slope  of  2V^  to  1. 

In  this  manner  the  work  proceeded  until  June  18,  1917, 
when  the  sluicing  operations  were  stopped,  as  a  move- 
ment on  the  water  face  of  the  dam.  amounting  at  some 
points  to  IS  in.,  had  been  observed.  At  that  time  a  further 
movement  of  part  of  the  water  face  occurred,  of  6  in.  in 
12  hours.  This  movement,  however,  ceased  and  sluicing 
was  resumed  on  July  7,  1917,  but  was  again  stopped  after 
IL'  days'  work. 

The  dumping  of  dry  material  on  both  slopes  was  contin- 
ued. The  overlapping  of  this  dry  mass  over  the  edge  of 
the  mud  pond  resulted  in  serious  settlement,  the  surface 
sinking  down  from  3  to  5  ft.  at  a  time.  Coincident  with 
this  sinking  was  a  rise  in  the  pond  level,  which  had  mount- 
ed in  September,  1917,  when  one  of  the  authors  visited  the 
work,  to  over  .">  ft.  and  which  subsequently  increased  to 
18   ft. 

On   Feb.   12.   1918,   sluicing  was   again   resumed,  but   fur- 
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tlior  luovemout  bt'cominK  apparent  it  was  stopped  on 
Mart-h  4.  The  inaxiiiuini  inovonioiit  toward  the  reservoir 
which  was  measured  amounted  to  -i  ft.,  uulil  the  niorning 
of  March  24.  when  a  mass  estimated  at  800,000  cu.  yii.  slid 
into  the  reservoir. 

At  that  time  the  work  had  been  carried  up  so  that  tlui 
outer  slopes  were  within  -10  ft.  and  the  pond  level  within 
CO  ft.  of  the  ultimate  top  of  the  dam  (elevation  810)  and 
the  dam  as  to  earth  volume  was  over  90  per  cent  complete. 

h>om  statements  made  to  Messrs.  Hcnning  and  Swigart 
crushing  or  grinding  sounds  were  heard  by  a  man  passing 
over  the  dam  about  7  a.  m.  on  the  day  of  the  slide,  who 
reported  also  having  received  liie  impression  that  the  top 
of  the,  concrete  facing  which  projected  about  12  ft.  above 
the  water  had  bulged  out  of  line.  The  only  observer  at 
the  time  of  the  slide,  which  started  at  about  7: So  a.  m.  and 
lasted  a  few  minutes,  was  the  young  daughter  of  the  engi- 
neer, who  saw  the  gate  tower  sway  and  topple  and  the 
front  of  the  dam  move  out  toward  the  reservoir. 

The  exact  movement  of  the  slide  is  a  matter  of  specula- 
lion.  Some  of  the  outer  slope  material  moved  toward  the 
reservoir  some  COO  ft.,  as  is  evidenced  by  a  telephone  pole 
which  was  set  in  the  slope  near  the  top  of  the  dam  at  its 
west  end  and  which  i\ow  stands  far  out  in  the  reservoir. 
Much  of  the  water  slope  material  has  moved  a  smaller 
distance.  The  entire  mass  may  have  moved  as  a  body  to- 
ward the  reservoir  with  a  slightly  swinging  motion,  which 
caused  a  breaking  away  of  the  body  from  the  east  abut- 
ment. The  space  thus  opened  permitted  the  mud  contained 
in  the  pond  to  flow  out  into  the  reservoir.  This  removed 
the  support  from  under  the  dry  water  face  fill,  which  broke 
down  in  large  bodies.  A  roadway  which  was  originally  on 
lop  of  the  dam  now  rests  about  halfway  between  its  pre- 
vious position  and  the  water  toe  and  inclines  downward  to- 
ward the  center  of  the  dam  base. 

The  mud  flow  extended  to  the  water  line,  which  was  at 
elevation  654.2,  or  about  IIG  ft.  below  the  top  of  the  dry 
fill  and  9G  ft.  below  pond  level.  In  its  progress  it  probably 
gouged  a  deeper  channel  through  the  outer  fill  and  finally 
left  the  bottom  of  the  curved  mud  channel  on  a  plane  reach- 
ing from  the  water  level  back  into  the  core  space  at  a  slope 
of  about  1  to  20. 

The  moving  mass  knocked  the  upper  part  of  the  gate 
tower  over,  probably  leaving  its  lower  part  and  founda- 
tion undisturbed.  Some  mud  entered  the  outlet  conduit, 
but  the  inflow  appears  to  have  been  quickly  stopped  by 
deep  burial  of  the  opening  under  the  mass  which  followed. 

A  cross  section  of  the  dam  at  its  highest  point  as  it 
stands  at  present  is  sketched  on  Fig.  1.  It  will  be  noted 
that  part  of  the  loose  fill  on  the  dry  face  of  the  dam  veas 
taken  out  with  the  slide.  The  short  upward  grade  toward 
the  reservoir  does  not  indicate  any  sliding  plane,  as  the 
core  mud  at  this  point  flowed  largely  in  a  direction  parallel 
to  the  center  line  at  the  dam  and  toward  the  opening  at  the 
east  abutment. 

While  the  slide  itself  was  unexpected  the  repeated  dis- 
continuation of  sluicing  and  the  change  in  design  from  an 
all-hydraulic  fill  to  a  partial  dry  fill,  as  well  as  close  watch 
of  progressive  movement  and  tests  of  pond  material,  in- 
dicate that  the  engineers  in  charge  were  cognizant  of  pos- 
sible danger. 

Typical  tests  of  pond  material  quoted  from  a  large  num- 
ber are  as  follows: 
Jan.  23, 

Depth  below 
pond  level. 
Feet. 
10 
20 
30 
40 
SO 
60 


1915. 

March 

14.  1916. 

Water 

con- 

Water    con- 

tents 

by 

Depth  below 

tents    by 

volume. 

pond  level. 

volume. 

Per  cent. 

Feet. 

Per   cent. 

77 

20 

71 

70 

30 

73 

71 

40 

65 

58 

48 

64 

63 

62 

53 

49 

69 

46 

Tests  were  also  made  by 
core  material  from  a  boat. 


forcing  a  1%-in.  pipe  into  the 
Penetrations  were  had  of  from 
75  to  90  ft.  Later,  6-in.  cast-iron  ball  tests  were  made,  the 
depth  to  which  such  ball  sank  being  45  ft.  while  sluicing 
had  been  in  progress,  which  reduced  to  12  ft.  and  5  ft.,  re- 
spectively, 6%  and  S%  months  after  discontinuance  of 
sluicing.     Tests  of  material  removed  with  an  augur  from 


a  well  driven  into  the  core  since  the  accident  occurred  gave 
•i  water  content  of  from  :!5  to  45  per  cent. 

Some  addlliouul  information  may  be  presented  regard- 
ing the  nature  of  the  dry  fill  as  observed  from  the  borrow- 
pit  and  in  the  dam.  11  has  been  described  as  principally 
sand  rock.  Messrs.  lleuny  and  Swigert's  observation  is 
that  only  a  small  percentage  is  sand  rock,  and  that  the 
rock  i)ortion  is  principally  shale.  This  material  as  dumped 
loose  may  have  contained  40  per  cent  or  more^voids  and 
in  mass  may  have  a  weight  of  about  90  lb.  per  cubic  foot. 
The  fill  as  it  sank  down  in  the  pond  probably  did  not  be- 
come mixed  with  the  clay  mud,  but  drove  it  bodily  down 
and  to  the  side,  causing  the  pond  to  rise. 

The  mud  surface,  as  left  after  the  accident,  had  cracked 
Irom  drying,  but  showed  moist  a  few  inches  below  the 
surface  and  had  free  water  standing  in  the  cracks  from 
I  to  2  ft.  down.     It  could  not  sustain  a  man's  weight  and  a 


Weight  of  dry  matenal       90  /is  per  ca  ft 
Preisure  of  liqwd  mud     1^  times  that  of  water 
GoldbecM  found  at  16'deptti  of  mud  ttiet  pressure  was 
1. 4J  times  tttat  oftvater  fSeeEnj  Neta  Record.  Apr  IB. 
■  l3tS.  a  7S0.J 

A         A,  - 


Assume  as  dry       A  B  C  D 
Assume  as  liquid  A  D  D,  A, 

Oy^Ttnfi  ABCO   tS.OQO^uffperlmfrtfdam. 
W-  13,000  '90'  1,170000  Ibi 

u-  i  '&^so'loo'/Tse'lij  •  797,000  in. 

KeMlrant  /?  jc«/m  640,000  Ibi 
Homrnftmanr      -      410,000    - 
(Vf        -  -       ^90,000 

5l,d,y  factor  0.3J 


Assume  as  dry       A,  8,0,0, 
Assume  as  lie^uid    A,  D,  D  A 

Confmnts  A.B.CD,  /4.000cu  H  pv  Imfttf  dam. 

W,-IA.000'50-1. 160000  lbs. 

U'lfMSO-IOO'V? -fi  ■  568,000 Iba. 

RKSulTant  R,     scMl€3   930,000  Ii3 

Hor  component t       ■         400,000      ' 

Vtrt.  -        640,000     ■ 

Slidinq  factor  0.43 


Fig.   2 — Diagram    of    Forces. 

lath  could  easily  be  made  to  break  through  the  thin,  dry 
crust  and  be  pushed  down  its  full  length. 

The  extent  to  which  the  liquid  mud  gains  in  compact- 
ness at  increasing  depth  from  the  surface  of  the  pond  can 
only  be  surmised  from  the  tests  above  quoted,  the  inter- 
pretation of  which  for  this  purpose  is  uncertain.  It  appears 
that  at  depths  of  GO  and  70  ft.  the  material  still  remains  su- 
persaturated. In  order  to  present  at  least  some  attempt 
at  analysis  of  acting  forces  our  conception  of  the  condi- 
tions in  the  interior  of  the  dam  are  roughly  indicated  on 
Fig.  1. 

For  purposes  of  approximate  calculation  Fig.  2  was  pre- 
pared, in  which  the  lines  AD  and  A,D,  are  assumed  to  rep- 
resent planes  of  demarcation  between  liquid  mud  trans- 
mitting pressure  as  freely  as  water  and  compacted  mate- 
rial or  loose  filh  The  rough  conclusion  which  may  be 
drf^wn  on  the  basis  of  assumptions  made  is  that  a  sliding 
factor  of  about  one-half  for  the  dry  mixed  rock  and  earth 
fill  used  in  the  dam  is  safe  and  that  when  this  factor 
reached  eight-tenths  sliding  took  place. 

The  assumptions'  on  which  the  above  study  is  based  are 
entirely  compatible  with  the  fact  that  the  slide  occurred 
several  weeks  after  sluicing  had  stopped. 

The  additional  dry  material  which  was  placed  during 
the  interval  could  have  but  little  influence  on  the  vertical 
load  on  any  low  sliding  plane.  Its  penetration  into  the  mud 
core,  however,  had  the  effect  of  raising  the  surface  of  the 
mud  pond,  thus  increasing  the  hydraulic  pressure  against 
the  slope  fills. 


Ditch  Laws  of  Ohio  to  Be  Codified. — A  commission,  con- 
sisting of  A.  G.  Fuller  of  Findlay,  O.,  Frank  E.  Bailey,  Wa- 
pakoneta,  O.,  and  Perry  Ford,  County  Surveyor  of  Putnam 
County,  Ohio,  has  been  appointed  by  the  Governor  of  Ohio 
to  codify  the  state  ditch  laws. 
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Operating  Results    of    Purification  ""'"^  "'''•  '^^'•^■"''er  removed  31  per  com  of  the  tolal  sus- 

DI                    X     o         T      "Y  ponded  matter  present  in  the  river  water.    Over  50  per  cent 

"lant      OI     St.    L/OUiS  °'  ""'*  material  is  of  such  fineness  that  it  will  pass  through 

Interesting    information    on    the    operation    of    the    water  ^J'^'-'nesh  sieve.    The  matter  deposited,  amounting  to  111,- 

purification  plant  of  St.  Louis  during  the  year  ending  April  ~''^  ''"'  ^'''■'  ^^'^^  flushed  bac-k  into  the  river.     The  chamber 

1,  191S,  is  given  by  Mr.  August  V.  Graf,  Chief  Chemist  of  the  ^^"^  cleaned  on  an  average  of  once  a  week,  the  periods  be- 

plant,  in  his  annual  report,  from  which  the  following  notes  '^^',''^'"  cleanmgs  vai;ying  from  four  days  to  two  weeks, 

have   been   abstracted;  'I"'is  lime  was  added,  for  the  greater  part  of  the  year,  to 

During  the  year  1917-18,  39,317  million  gallons  of  water  "^''^  '"•^''^'  "'»'<"'  as  it  entered  the  mixing  conduit  and  the  sul- 
were  pumped  into  the  basins.  To  this  amount  of  water  P'ial<5  of  iron  as  the  water  left  the  conduit.  The  points  of 
were  added  1,C3G  tons  of  sulphate  of  iron  and  15, COS  tons  of  ■'•Pl'Iication  of  the  milk  of  lime  and  sulphate  of  iron  de- 
lime,  or  an  average  of  0.5S  grains  per  gallon  of  the  former  I'f'i<le<l  upon  the  condition  of  the  raw  water.  With  a  water 
and  5.5G  grains  per  gallon  of  the  latter.  '''"'^  '"  color  and  low  in  turbidity  the  iron  is  added  before 

To  the  39,373  millions  of  gallons  of  water  filtered  were  ''"•  """^  ^^''^''  S"'"'  results.  If  the  high  color  is  accompanied 
added  1,922  tons  of  sulphate  of  alumina  and  76,352  lb.  of  "^  '"'•  '-""''-"'dity  of  200  to  300  parts  or  more  per  million,  bet- 
chlorine,  or  an  average  of  0.C8  grains  per  gallon  of  the  ''^'  results  are  obtained  by  adding  the  sulphate  of  iron  as 
sulphate  and  1.94  lb.  per  million  gallons  of  the  chlorine.  The  ^^^  water  leaves  the  mixing  conduit.  With  high  turbidity, 
aluminum  sulphate  was  added  before,  and  the  chlorine  after,  ^''"  ''™®  ''^  always  added  at  the  first  opening  and  the 
filtration.                                                                                              '  sulphate  of  iron  at  the  last.  With  low  color  and  low  turbidity 

The  average  cost  per  million  gallons  for  lime  was  $2.81,  ''""-'  '°  colloidal  matter,  the  sulphate  of  iron  is  added  at  the 

for  sulphate  of  iron  $0.55,  for  sulphate  of  alumina,  $1.12,  and  "''"'  opening,  v.-hich   allows  a   mixing  through   one-half  of 

for  chlorine,  $0.27.    These  costs  are  for  chemicals  alone  and  '•'''',  conduit 

do  not  include  the  cost  of  handling  or  application.     A  com-  "^'^^  coating  on  the  sides  and  bottoms  of  the  mixing  con- 

parison  of  the  costs  of  the  various  parts  of  the  purification  '^^''  ''"^'^  decreased  instead  of  increasing,  as  was  expected, 

work  done  during  the  past  5  years,  based  on  the  quantity  '^^'"^  unusually  large  amount  of  water  passing  through  the 

of  water  delivered  to  consumers,  is  shown  in  Table  I.  conduit  at  times  of  maximum  j^nping.  no  doubt,  was  the 

The   complete   purification   system   was   not   in   use   until  cause  of  the  removal  of  some  of  the  coating. 

October,  1915.     The  heading,  November,  1915-April.  1916,  is  Of  the  353,980  tons  of  material  removed  from  the  water 

included  to  show  the  costs  of  purification  after  the  system  during    the    year    by    the    grit    chamber    and    purification 

was   completed.     These   figures   are   included    for   the   year  processes,  approximately  130,934  tons  have  been  cleaned  out 

1915-1916.  in  the  usual  manner  with  labor  and  teams.    The  remainder, 

Sulphate  of  alumina  was  purchased  under  the  same  speci-  excluding  the  sand  removed  by  the  grit  chamber,  has  been 
fications  as  last  year  Basic  sulphate  of  alumina  containing  flushed  out  through  the  sewers  by  opening  the  mud  gates 
not  less  than  17  per  cent  of  available  water  soluble  alumina.  about  6  in.  for  a  half-hour  period  at  varying  intervals  and 
ALO,,  was  required.  Lime  was  purchased  under  a  speciflca-  o.s  the  basins  were  drained  for  cleaning.  The  heavier  mat- 
tion  requiring  a  lime  containing  85  per  cent  CaO  with  a  t^r  can  not  be  flushed  out.  193,976  cu.  yd.  of  which  have 
bonus  or  penalty  of  1%  per  cent  of  the  contract  price  for  been  removed  during  the  year  from  10  basins  in  16  clean- 
each  per  cent  of  CaO  above  or  below  the  required  85  per  '"gs,  at  a  cost  of  $2,203. 

cent.     All  lime  was  sampled  as  it  came  from  the  crusher  The  water  used   in  cleaning,  draining,  flushing,  etc.,  has 

after  unloading  and  the  samples,  together  with  the  samples  approximately  870  million  gallons,  being  divided  as  follows: 

obtained   from   the  daily   supply   hopper,   were   analyzed   in  Flushing,  207  millioij  gallons:  draining,  299  million  gallons; 

the   laboratory.  cleaning,  364  million  gallons.     Filtered  water,  to  the  amount 

of  287  gallons,  was  used  in  draining  and  cleaning  and  is  in- 

TABLE  I— COST  PER  MILLION  G.\LLONS.  B.^iSED  OX  eluded  in  the  above  given  amounts. 

CONSUMPTION.^  The  cost  per  cubic  yard  of  removing  the  mud  from  the 

■^°^'to"'''''  sedimentation  basins  was  0.72  ct..  and  from  the  clear  water 

Old  Plants       HI13-14  1314-15  I9l5-li;  .\pril,  11116  1916-17  lfll7-ls  basins.  31.3  Ct.     The  costs  given  are  for  labor  and   teams 

Iron''.;::;:::::;.;*i;92        *2.02       ^l.'S       ":"       ■^^ii'       *";":  ""'y-     ■\'o  charge  has   been  made  for  water  u.sed  in  draw- 

Unloadiiig    11           .10           .OS           .07           .ms           .On  ing  down,  cleaning  or  flushing. 

°'nancl"^and'^re-'^'  ''■'^'^  presence  of  macroscopic  and  miscroscopic  organisms, 

pairs .42           .35           .47           .51           .S8          .41  not  bacteria,  in   the   clear  water  basins  occasioned   an  un- 

^eTc';'''.  .f°.^,'.'..°'.':     .0.-.           .04           .n:)           .04           .03           .05  usual  amount  of  trouble  during  the  past  year.     It  has  been 

Light  and  power..    .04           .o:i           .0?           .07           .04           lio  neessary  to  keep  both  of  the  south  basins  at  iiissell's  Point 

Bairn'?^eaning^.V.:    fl          .'if          lu           .OS           .It'        f'  o"'  "^  service  for  140  days,  and  the  Baden  basin  for  3<J  days, 

Basin -repair.s ...             (i::           .o:>           .01           .02  because  of  the  presence  of  organic  growth  in  these  basins. 

Total,  old  plant. $4. 76        ?4.52        $4.S7        ?3.54        $.3.54        .$4.69  The  large  amount  of  filtered  water  used   in  basin  opera- 

Alumim?m~s  u  1  -  ""'^  '''"'^^  ''""  '"  frequent  draining  and  cleaning  of  the  clear 

phate  $o.7f;  ?l.on  $0.79  $1.13  water  basins  to  rid  them  of  the  organisms,  both  macro- 
Chlorine .IS           .15           .14           .27  scopic  and  miscroscopic.  which  infested  the  water  in  these 

Operatmg.  mamte-  ,       .            ,,.           ...                  ,    .              .,.        . 

nance    and-    re-  basms.      Since   the   complete    purification    system   has   been 

pairs .S3           .9S           .SO           .77  in  use  the  number  of  cleanings  of  the  sedimentation  basins 

Coal.  miscellaneou.s  ,            ,                 ,           ,     .     ,                        ,                                           "".jiuo 

.supplies  and  ex-  liave  become  less,  but  the  reverse  has  been  true  of  the  clear 

penses .14           .26           .20;-          .36  water  basins.     The  greater  clearness  of  the  water  offers  a 

Light  and  power ....             .14             .lo             .11             .21  ,..■■■          i.              ■,              ^,           ,     ,                      v-'oc* 

— —       better  condition   lor  the   rapid   growth  and   development  of 

Total    .l':^       _li:       1^'^       1?^       ^''^       iJl^  algae  upon  the  side  walls  and  bottoms  of  the  basins. 

Total  consumption  The  average  comparative  turbidities  of  the  river,  settled, 

ffon^lalion"  .'".''30,927      33.971      32.5S3      13.138      35.633      38.090  applied    and    filtered    waters    were:      River,    1220;    settled 

water,   24;    applied   water,   11;    filtered   water,   0;    water  to 

Cost  of  Chemicals— t  ni-iini;     fi 

Lime,  per  ton,  av.  iMaiiib,    u. 

2  contracts. $4.61       $3.4S       $3.65         ....        .$4.49       $c.S6  Although  the  turbidities  of  the  river   water   were   some- 

^pe?^'^'n.  average jo.oo       10.00       10.00         ....        12.50       12.S4  what  greater  than  for  the  previous  year  and  a  lesser  amount 

Sulphate  of  alum-  of  sulphate  of  iron  was  used,  the  turbidities  of  the  settled 

aN-e'rage*^.'.  ..*°".' 21.00       22.25  water  is  but  slightly  greater  and  the  turbidities  of  the  ap- 

Chlorine.  per  lb...     .10           .10            OS         ....         „-^''"''   ,    ■Pi>>  plied   water  is   the  same.     No   turbid   water  was  delivered 

191S-omitte''d''o%l"r  vtt'rs.  Iwa'tir  S1;;^flm'r  plant '''o''perl?iJn  to  the  mains  at  any  time.     Sulphate  of  alumina  was  added 

1916-1917    and    1917-1918— omitted     other     years.       tlndndes     all  ^„   ,),(>   influent    flume   for   but   one  day   during   the   year 

fn^tl"rfhln?e"?r\^^^^  ^'^^^^ ofli^^  °'"  """'   '"""""'  "■"'"  The  average  color  of  the  river,  settled,  applied  and  effluent 

(17) 


42 


KXGIXKHKING    AND    CONTRACTIXC 


\'ol,  51,  No.  2. 


waters  was  as  follows:     RiviT.  T2:  setlleil.  11.  iiiiplioit,  \'2:  z^-^.,,     ii                   /">          j          •      ^                  t>         _ 

effluent.  10.  Ciity  Hoiiie  Ciardening  as  a  Peace 

The  color  of  the   rivi>r   wali-r   was   voiy    low   Uurlug   llic  lVlP'1»JIir<* 

past   year,  the  iiinximum   color  olilalnoil   being   -IS  and   Iho  x*.-«aun.^ 

average   22.     In   the   latter  part  of   Kebriiary  a   rise   in   the  lii  ;i   i>.ipi'r  prepared  for  pri'sentalion  ul   llic  :;lsl   anniuil 

Upper  Mi.'Jsisslppi  and  the  Illinois  Klvers  gave  ns  a  highly  meetinu    of    the    League    of    California    MunlcipalitieH,    Mr. 

-■olored   water,   will,  a  turbidity  of  only  :tOO  parts  per  mil-  ,^^.5    (.,,„^i,„ck    points    out    the    advantages   of   continuing 

"°High  stages  in  the  Mississippi  and  Illinois  Rivers  and  a  """'"   P'^-denlng   work.     While   his   conclusions   are   drawn 

low   stn.i;e   in   the   Missouri    results   In   the   worst  condition  f'"'"  conditions  in  one  city,  they  are  nevertheless  applica- 

for  the  treatment  of  the  water.     The  high  color  of  the  Mis-  ble  to   practically  all  sections   of  the  country.     His   paper. 

>issi|ipi.   together   with   the  colloidal   matter   in   the   Illinois  practically  in  full,  follows. 

uuide   the    water   extremely    har.l    to    handle.      The    use   of  ^,„p  National  War  Garden  Commission  reports  food  val- 

siilpnate  of  iron  as  a  coagulant  at  this  tune  was  accompanied 

W  some  dUIiculty.     The  coloring  matter  of  the  water    com-  •""''  »'   $^>-'.->.000.000  grown  in  ;>,28.'->,000   war  gardens  in  the 

bined  with  the  iron  and  instead  of  a  diminution  in  color,  the  Iniled  States  in  IStlS,  an  increase  of  more  than  50  per  cent 

color  was   increased.     The   suspended   matter   being   really  of  what  was  grown  in  1317.     In  its  tabulations,  the  city  of 

.•olloidal  and  some  of  the  iron  hydroxide  remaining  in  the  Riverside   is   credited   witli   nearly   3,000  gardens   and   crop 

colloidal   condition,   the   turbidity  of   the   water  after   pass-  ^,^,^,^  ^^  ^^^^^^^^                  ^^                                ^^^               ^,^^ 

ing  through  the  six  sedimentation  basins  was  greater  than 

that  of  the  river  ''''^'  average  value  of  crops  per  garden,  as  estimated  by  the 

This    highly    colored    and    turbid    water    was    much    less  National  War  Garden  Commission,  is  close  to  $100. 

LunenaMe    to    treatment    with    sulphate    of    alumina.      The  Assuming   that   those   figures   are   approximately   correct. 

.imoiint  of  sulphate  of  alumina  required  to  give  the  required  are  they  of  much  importance  in  connection  with  the  world 

tlocculation  of  the  suspended  matter  was  4  grains  per  gal-  war  or  otherwise?    Can  the  effort  put  forth  largely  by  chil- 

lon.    With  this  large  amount  of  sulphate,  the  water  passing  dren.  some  women  and  a  few  men  have  had  an  appreciable 

(he  (liters  was  clear  but  sHN  of  high  color,  the  iron  content  effect  in  helping  to  provide  food  supplies? 

being  eight  to  ten   times  as  great  as  normally.     No  reliet  i^acking  as   we   have   been   in   this  country   in   ideas  and 

was    experienced    from    this    condition    until    the    Missouri  ,^y,,i^.,  „f  „,^jf,^  ^.^  ^^^^^^  j^jj  ,^  appreciate  the  importance 

River   run-off   was   increased   and   gave   us   a  turbid   water  ^,(.  ,^^,   „,eiuies   until  they  are   mobilized   into  muekles,  the 

which  ottered  enough  suspended  matter  for  the  rapid  sub-  „,i,i^   5^,^^   millions.     The   Government's   Thrift   Stamp   and 

sidence  of  the  floe  of  ferric  hydroxide.  War  Savings  Stamp  campaign  to  secure  milions  of  dollars 

The  total  reduction  in  hardnes-s.  due  to  removal  of  part  ^^^    ^^.^^   purposes    by    asking    the    people    to    lend    to    the 

of    the    dissolved    bicarbonate    of   calcium    and    magnesium  ^,j^n^^   gt^tes   their   2.5   ct,   pieces   of   monev   is   a   striking 

present  in  the  river  water,  was  84  parts  per  million.     For  ii,i,s,ration    of    the    value   of   the    littles    when    aggregated. 

every  part  per  million  of  lime  added  there  was  a  reduction  ^,j^,  ^^^  1^^,^^  ^^^  ^j^,,^  ^j^^  ^^^,^  ^^^^^  ^^^^  ,^  j^^,  dollars' 

in  hardness  of  O.ST  part  per  million.     Kifty-five  per  cent  ot  ^^^^^  ^j.  f^o^gtufl^g  i„  g^^jj  ^^g  ^f  jjj^  millions  of  war  gar- 

the  calcium  and  47  per  cent  of  the  magnesium  present  in  ^^^^  ^^^^.  ^.^^^  ^^  g„,^„  p^^^^  .^  ^j^^  ^^^^^  j.^^^  j^^  freedom, 

the  river  water  were  removed  by  the  added  lime.  j5,.g„  though  the  total  value  of  linited  States  farm  products 

This  reduction  in  hardness  of  84  parts  per  million  means  ^^^.  ^^^^_  ,^^^^^  stupendous   effort  by  the  farmers,  with  the 

,-,  saving  in  soap  of  95  cents  per  1.000  gal.  of  water  used  for  ^^.^istance  of   all   Government   facilities,   reaches    the   enor- 

washing  purposes.     This  reduction  in  Uardness  also  means  .^^^^^  ^^^^^  ^^  $15,000,000,000,  $1   of  every  $30  of  this  vast 

the  reduction  of  the  scale  forming  solids  from   1.3  lb.  per  ^^^^   ^^,jj,   ^^^.^  ^^^^  produced   in   war  gardens,   largely   by 

1,000  gal.  in  the  river  water  to  €.7  lb.  per  1,000  gal.  in  the  ^^j.  ^^^^  ^.^^  ^,^^^^  ^^^^  .^  ^^^  ^^.^^  ^^  tj^^     ^^^  ^j^^  ^^.^^^ 

water  to  mains.  total  of  $525,000,000  in  food  values  produced  in  war  gardens. 

The  average  number  ot  bacteria  on  agar  in  the  river  water  ^^  against  $755,000,000  put  into  Thrift  Stamps  and  War  Sav- 

was  7.030,  and  in  water  to  mains  it  was  11.    In  the  previous  ^^^^  stamps,  is  a  wonderful  achievement, 

years  the  average  of  the  river  water  was  S,2O0  and  of  the  „•         -j   .■•■..    •                      j                ,     ..         , 

■     ^       ^                  ,,  Has    Riversides    limit   in    war   garden     production     been 

water  to  mains  11.  u    ,>.    r,^!,             *•         ,.        .    ^  ;     ,          T    j         j 

_.                   ...  1  „f  »!,„  .   ,.,1  „,.„,i,„„  „f  ono  Ko/^toT.io  :eached?    The  question    has    but  to  be  asked,  and  an  em- 

The  per  cent  removal  of  the  total  number  of  20     bacteria  ..,,,.,                          .                          „     . 

was  99.8  and  of  the  37»  bacteria  was  99.9.  P'^f.t'^   negative   will   be   the   answer.     As   a   means   of  yis- 

The  water  to  consumers  has  been  safe  at  all  times  during  "'^''f  "S   "^^.,^,'f".^t'-°°;    '^'    "'    '""^.^f""  .^    """"tf   ^^  *''! 

the  vear      No  unusuallv  high  counts  of  bacteria   were  re-  S^Tden  possibilities  of  Riverside  s  Mile  Square,  the  one  ot 

corded.     The  count  on  "agar  is  the  lowest  yet  attained  by  '^/^  i^.^Z'^'l          fJ^  area  that  is  the  most  improved.      n 

.      .  the  170  blocks  in  this  area  there  are  nearly  2.000  50xl50-ft. 

' home  lots.    Each  of  these  lots  contain  1/12  of  an  acre.    If  a 

•«  ^-x-  r>  o  j-_  d-iio  Ann  nnn  *„-  o,.i,ii^  'Mr^^u^  dwelling  and  lawn  occupied  the  front  GO  ft.  of  each  lot,  there 
40  Cities  Propose  Spending  $123,000,000  for  Public  Works.  »  ,u  »■  r.r.  -n  *..  <  c^a  !,* 
-Reports  made  public  bv  the  r.  S.  War  Labor  Policies  ^^""''1  ^'■"  ^e  on  the  rear  portion  SOxoO  ft.  or  4,500  sq.  ft.,  out 
Board  show  that  40  of  the  larger  cities  of  the  country  are  "f  « ^ich  at  least  3,000  sq^  ft.  should  be  available  for  gar- 
prepared  to  spend  $122,850,000  in  appropriations  and  bond  ^'^n  and  poultry  run,  which 'would  total  nearly  140  acres  in 
issues  for  public  works  and  buildings.  In  response  to  in-  "^^^  Mile  Square  that  might  be  devoted  to  food  production, 
quiries  from  the  board,  which  was  anxious  to  learn  ho«-  this  on  the  assumption  that  there  was  not  plethora  of  busi- 
much  buffer  employment  could  be  provided  for  returning  "'^'^^  houses,  and  that  all  the  home  lots  were  made  oO  by 
soldiers  and  war  workers,  mayors  of  the  various  cities  re-  ]f  ".  and  were  occupied.  As  a  matter  of  fact  however, 
ported  showing  that  12  cities  in  the  eastern  district  were  t^ere  are  more  than  200  vacant  lots  in  the  Mile  Square, 
prepared  to  spend  $46,543,500;  13  cities  in  the  central  dis-  «^°°"gh  to  make  up  160  acres  ot  land-a  quarter  section- 
n-ict  $41?48  720-  nine  cities  in  the  western  district,  $30,-  that  might  or  should  be  made  available  for  food  production. 
.^21  000    and  six  in  the  southern  district,  $4,537,000.    Among  This  area  for  war  gardens  could  be  more  than  duplicated 

,    '    .              ,  .,        „.„  _„„„„toj  „.o--,.  in  each  of  the  square  miles  of  Riverside  s  area  immediately 

the  cities  and  the  amounts  reported  were.  .,          \        j         »,      „  ^i.           ^     ,                     j     ^,i, 

.                                                                  $15,100  000  t°  'h^  north,  east  and  south  of  the  central  square  and  still 

Philadelphia i:)!ooo!oo(i  there  would  be  more  than  20.000  acres  within  the  city  limits 

oevefitndV  Ohio-  ■;•.:•.;:::::::::;:::::;:::::::  'klloS  'argeb-  available  for  food  production. 

Sacramento.  Cal Vnooooo  ^"t  can  we  extend  war  garden  work  without  taking  too 

Sal"  LSse^CUy  '..!!!!!!.!!!''!  !i' ^..  iiii  i^ .     liLioiooo  much   of  the  children's   time  from   school   work   and  other 

Los  Angeles     S'^^'noo  home  duties,   imposing   added   burdens   upon   already   over- 

Foston^'... . ^"'. '..!.' ^'.i.i.iii.-   ''-•■•■•■• .    s!40o!ooo  taxed   mothers,   and    interfere   with   the   fathers'   business? 

Buffalo  ^. s'i?n'onn  ^^^'  '^  ^'®  bring  the  practice  ot  economy  to  bear  on  time. 

i;yra<use   ....   .             .        . .      .  ■  ■  ■  -  -  ■  •  '  ■  ■      2.362.000  as  we  are  called  upon  to  do  otherwise.    Probably  in  no  other 

(18) 


January  8,  1919. 


ENGINEKRING    AND    COXTKACTING 


43 


way  do  we  squander  so  recklessly  as  with  that  precious 
commodity  made  up  of  golden  moments  that  are  so  match- 
less that  the  wealth  of  the  world  cannot  duplicate  them. 
Yet  does  any  one  question  if  all  who  live  in  the  Mile  Square 
and  are  physically  able  to  do  garden  work,  of  whom  there 
are  probably  4,000,  would  probably  economize  their  time 
that  at  least  2,000  hours  could  be  made  available  daily  tor 
food  production  work?  On  the  8-hour  basis,  that  would  bo 
the  equivalent  of  the  time  of  250  men — a  force  sufficient  to 
carry  on  a  pretty  big  and  very  intensive  truck  farming  en- 
terprise. 

But  what  value  is  there  in  working  out  on  paper  such 
data  based  largely  on  estimates?  Will  not  these  who  can 
make  war  gardens  and  are  willing  to  do  so  do  it  anyway? 
Well,  the  Government  statisticians  evidently  did  a  good 
deal  of  figuring  on  paper  to  determine  how  many  men  be- 
tween the  ages  of  18  and  45  would  register  Sept.  12  for  war 
service,  and  they  came  pretty  close  to  the  resulting  figures. 
With  this  and  other  war  measures,  it  was  essential  to  their 
success  that  the  figuring  be  done  so  as  to  reach  aggregate 
conclusions  as  a  means  of  driving  the  facts  home  to  the 
people  who  must  meet  the  issues. 

If  the  boy  is  father  to  the  man.  may  not  the  child  gar- 
deners of  today  be  the  progenitors  of  those  who  will  be  filled 
with  the  same  lofty  spirit  with  which  the  "embattled  farm- 
ers" were  imbued? 

The  garden  is  not  simply  a  plot  of  ground  on  which  to 
grow  things  to  eat — a  place  where  Aunt  Pollys  may  incar- 
cerate at  hard  labor  the  Tom  Sawyers  when  they  want  to 
go  fishing,  or  perhaps  have  filched  a  huckleberry  pie:  it  is 
the  most  wonderful  laboratory  in  all  the  world  in  which  not 
only  the  freshest  and  best  food  can  be  produced,  but  thrift, 
health,  energy,  moral  and  militant  courage,  love  of  beauty, 
respect  for  law,  and  the  clearest  conception  that  knowledge 
is  power.  Here,  under  proper  and  companionable  guidance. 
Nature  will  unveil  her  mysteries  to  the  sympathetic  soul, 
so  tempered  as  to  gently  lead  by  easy  stei  s  from  simple  but 
related  facts  to  an  understanding  of  some  of  her  most  pro- 
found forces  and  laws,  until  one  is  brought  to  bow  in  rev- 
erence before  the  Creator. 

No  other  calling  brings  one  into  so  wide  and  intimate 
touch  with  the  forces  and  tacts  of  life  as  does  agriculture, 
and  none  other  gives  one  such  command  of  himself.  It  re- 
quires heroism  and  sacrifice,  and  the  spirit  of  the  pioneer 
and  adventurer  to  discover  and  harness  the  subtle,  yea,  the 
stubborn,  forces  of  Nature  that  encompass  him  and  per- 
meate his  fields  to  their  very  atoms  and  the  battle  brings 
out  that  martial  spirit  which  William  .James  in  his  "Moral 
Equivalent  for  War,"  says  "cannot  and  must  not  he  tamed 
within  us." 

Why  is  it  that  of  the  successful  business  men  of  the  day, 
we  find  nearly  90  per  cent  were  brought  up  on  farms?  Be- 
cause these  farm-raised  boys  were  in  touch  in  their  homes 
with  a  productive  industry  (a  desideratum  of  educational 
worth  in  any  home)  and  were  taught  habits  of  thrift,  power 
of  observation,  quick  decision  and  initiative,  and  hand  and 
brain  were  both  trained.  No  other  life  will  so  well  prepare 
a  child  in  body,  mind  and  soul  for  world-wide  activities  as 
will  that  on  the  farm;  and  no  other  scheme  of  education 
will  so  efficiently  fit  a  person  for  highly  specialized  work  as 
one  which  includes  the  experience  of  childhood  and  youth 
on  the  farm  and  a  well  rounded  course  of  study  in  an  ag- 
ricultural college.  The  town  and  city  home  garden  can  and 
should  be  made  to  supply  for  the  urban  child,  so  far  as  possi- 
ble, what  the  farm  child  is  receiving  in  this  particular. 
Why  should  not  every  home  in  a  community  like  this  from 
which  a  child  goes  to  the  public  school  be  required  to  have 
a  food  production  plant  (garden  and  poultryi,  this  to  be 
used  by  the  pupils,  educationally,  under  school  direction,  as 
systematically  as  is  the  living  room  of  the  home  for  study? 
Children  in  apartments?  There  should  be  no  such  animals, 
and  societies  for  the  prevention  of  cruelty  to  animals  and 
children  should  be  clothed  with  legal  authority  to  require 
that  every  home  in  which  there  are  children  should  have 
a  garden  attached,  as  much  so  as  to  have  sanitary  facilities. 
And  perhaps  as  an  after-the-war  measure  this  will  be 
brought  about  in  the  interest  of  public  welfare 


Experience  of  U.  S.  Reclamation 
Service  With  Large   Res- 
ervoir Outlets 

When  the  U.  S.  Reclamation  Service  began  the  construc- 
tion of  its  lirst  large  dams,  there  were  no  well  established 
precedents  which  could  be  followed  in  the  design  of  the 
large-capacity  outlet  works  required,  and  it  was  therefore 
necessary  to  do  much  development  work  before  this  prob- 
lem was  solved.  The  data  obtained  during  the  course  oJ 
the  earlier  developments  were  applied  to  later  designs  and 
led  to  some  very  successful  installations.  In  a  paper  pre- 
sented before  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers,  Mr.  James  M.  Gaylord. 
Electrical  Engineer,  U.  S.  Reclamation  Service,  discusses 
some  of  the  phenomena  observed  and  the  methods  used  in 
overcoming  these  early  difficulties.  He  also  describes  one 
of  the  most  successful  later  installations.  Extracts  from 
his  paper  follow: 

The  experience  of  the  United  States  Reclamation  Service 
in  the  construction  of  large  reservoir  outlets  clearly  estab- 
lishes the  fact  that  the  design  of  the  outlet  channel,  pipe 
or  tunnel  is  of  no  less  importance  than  the  proper  design 
of  the  regulating  devices  themselves.  In  fact,  the  valves 
have,  as  a  rule,  withstood  the  service  better  than  the  other 
parts  of  the  outlet  works. 

Sliding  Gates  at  the  Roosevelt  Dam.  -One  of  the  first 
head-gate  problems  was  at  the  Roosevelt  Dam,  where  regu- 
lation of  the  discharge  up  to  a  maximum  of  ;;,iinO  second 
feet  is  required,  and  where  the  head  reached  a  maximum 
of  226  ft.,  measured  from  the  crest  of  the  spillway  to  the 
stream  bed.  In  the  construction  of  this  dam,  the  stream 
was  diverted  through  a  sluicing  tunnel,  driven  through  solid 
rock  at  the  south  end  of  the  dam  about  river-bed  elevation. 
The  installation  includes  two  sets  of  three  gates  each,  the 
down  stream  set  for  regulation  and  the  upstream  set  for 
emergency  closure  to  inspect  or  repair  the  regulating  gates. 
Each  gate  doses  an  opening  10  x  5  ft.  and  is  operated  by  a 
hydraulic  cylinder  located  in  a  well  extending  down  from 
the  to))  of  the  dam  to  a  point  ?,:',  ft.  above  the  flow  of  the 
sluicing  tunnel.  The  gate  and  frame  is  provided  with  bat- 
tered lironze  facing  strips.  The  batter  of  the  stationary 
face  corresponds  to  that  of  the  movable  strip,  and,  when  the 
gate  is  closed,  these  faces  come  into  contact.  As  soon  as 
the  gate  is  raised  slightly  the  load  is  transferred  to  roller 
trains  operating  between  the  stationary  and  the  movable 
track.  Under  maximum  head  of  220  ft.,  the  total  water  load 
on  each  gate  leaf  amounts  to  800,000  lb.  and  on  each  4  in. 
roller  the  load  is  l.S.OOO  Ih. 

Water  was  turned  through  the  gates  for  the  first  time  in 
.lune,  19fiS.  All  the  gates  were  opened  wide  and  allowed 
to  discharge  freely  for  several  months,  during  which  time 
the  head  rea(  bed  a  maximum  of  90  ft.  In  the  following 
.May  an  examination  was  made  of  the  tunnel  and  gates,  and 
damage  to  the  outlet  works  was  discovered.  All  the  roller 
trains  were  broken  or  gone.  Some  of  the  deflection  plates 
belonging  to  the  walls  above  the  gates  had  been  carried 
away  or  loosened.  The  bronze  gate  seats  were  all  damaged 
by  blows  from  loose  parts.  Practically  all  of  the  nuts  and 
bolts  had  been  loosened,  apparently  by  the  vibration,  and 
even  the  large  nuts  fastening  the  leaves  to  the  piston  rods 
were  turned,  one  being  4  in.  out  of  place.  The  concrete  in 
the  roof,  floor  and  piers  was  badly  damaged;  a  piece  about 
10  ft.  in  diameter  had  fallen  from  the  roof  about  20  ft.  be- 
low the  gates.  The  concrete  floor,  extending  20  ft.  below, 
had  been  undercut  several  feet  hack  toward  the  piers.  Tem- 
porary reiniirs  were  made,  and  in  an  attempt  to  supply  an 
urgent  demand  for  water  the  gates  were  operated  for  two 
days.  .\t  the  end  of  this  time  it  was  found  that  the  entire 
concrete  floor  and  much  of  the  concrete  in  the  piers  had 
been  washed  out  and  in  one  case  a  passage  made  under  the 
sill  of  a  gate. 

These  results,  together  with  unsatisfactory  reports  from 
ihe  operation  of  sliding  gates  elsewhere,  indicated  the  ad- 
visability fif  attacking  the  problem  from  a  different  angle. 
It  w:is  aiiparent  that  the  damage  had  resulted  not  only  fron. 
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the  scouring  action  of  the  hish-veloclty  disihnrge  but  also 
from  violent  disturbance  cnusod  by  the  obstnu'tion  which 
the  Kale  leaf,  in  partially  oponeil  positiou.  oltors  to  the  flow 
of  water.  The  nature  of  these  disturbances  received  further 
study,  anil  certain  relief  measures  were  taken  in  connection 
with  the  sliding  gates  at  the  PathHnder  Uani.  which  will  be 
described  later. 

Ensign  Balanced  Valve  Installation  at  Roosevelt  Dam.— 
At  the  Roosevelt  Dam,  however,  regulation  by  means  of 
the  "slidln!;  gates  was  abandoned,  and  new  designs  were 
prepared  in  which  the  central  idea  was  to  produce  an  effi- 
cient device.  The  new  valves  are  known  as  the  Ensign  bal- 
anced valves.  They  have  been  made  in  several  diflerent 
designs,  the  most  successful  of  which  is  the  type  tor  mount- 
ing on  the  face  of  the  dani,  completely  submerged  in  the 
reservoir.  Three  valves  of  this  type  are  installed  at  the 
Roosevelt  Oam. 

The  device  consists  essentially  of  a  cylindrical  piston 
with  one  end  pointed  to  guide  and  regulate  the  discharge. 
The  other  end  is  provided  with  a  bull  ring  of  larger 
diameter,  fitting  a  stationary  cylinder  in  which  it  moves. 
The  cylinder  is  attached  to  the  circular  base  casting  by  a 
supporting  grillage  through  wbich  the  water  flows  in  a 
radial  direction.  Striking  the  pointed  end  of  the  plug,  the 
flow  is  turned  through  an  angle  of  90°  and  discharged 
axially  through  the  base  casting  into  the  circular  outlet  pipe. 
One  of  the  principal  advantages  of  this  type  of  valve  is  the 
ease  with  which  it  can  be  controlled.  While  a  sliding  gate 
requires  for  its  operation  external  power  to  overcome  very 
heavy  forces  due  to  frictional  resistance  and  weight  of  mov- 
jng  parts,  the  balanced  valve  is  operated  by  means  of  the 
pressure  of  the  water  in  which  it  is  submerged,  by  simply 
balancing  or  unbalancing  the  pressures  acting  on  the  mov- 
able piston.  The  resultant  is  a  net  opening  force  on  the 
piston  which  will  slowly  move  it  from  its  closed  position. 

If  It  is  desired  to  close  the  valve,  the  outlet  from  the 
cv^inder  Is  closed,  and  as  the  pressure  accumulates  in  the 
cylinder  through  the  clearance  space  the  valve  is  unbal- 
anced in  the  opposite  direction,  since  the  pressure  in  the 
cylinder  is  the  same  as  that  on  the  annular  ring  and  the 
pressure  on  the  pointed  end  is  less  than  reservoir  pressure 
on  account  of  the  velocity  of  the  water.  The  reaction  of 
the  jet  also  enters  into  this  calculation  as  an  opening  force, 
but  the  net  result  is  a  force  tending  to  close  the  valve.  The 
balanced  valves  at  Roosevelt  have  given  good  service.  They 
have  been  operated  under  heads  tip  to  110  ft.  during  7  years 
and  are  still  in  serviceable  condition.  Certain  phenomena 
have,  however,  been  observed  in  this  installation  which  have 
been  of  much  assistance  in  studying  the  valve  problem  and 
which  have  necessitated  further  changes  in  the  outlet  works. 
The  resistance  tube  control  has  proved  unreliable  as  a 
means  of  close  regulation,  owing  to  the  fact  that  the  point 
of  equilibrium  is  not  well  defined  and  a  slight  accumulation 
of  sediment  at  any  one  of  the  resistance  points  will  dis- 
turb the  balance  and  cause  a  movement  of  the  piston. 

\nother  unexpected  difficulty  has  been  the  chemical  ac- 
tion of  the  water  on  the  cast  iron  of  the  cylinder.  The 
reservoir  water  contains  salt  in  considerable  quantities  as 
well  as  gases  in  solution.  These  chemicals  have  caused  the 
scaling  of  the  inner  surfaces  of  the  cylinder,  and  the  scale 
thus  formed  is  gradually  wearing  the  cylinder  lining  and 
piston  and  increasing  the  leakage  clearance  around  the  bull 
ring  making  it  difficult  to  open  the  valves.  As  they  are 
submerged  in  the  reservoir  and  therefore  inaccessible  ex- 
cept at  low  water,  repairs  cannot  be  made  when  required. 
It  has  been  decided  to  install  within  the  outlet  tubes  steel 
lininsrs  connected  to  the  valves  by  bronze  throat  pieces  and 
to  extend  these  pipes  through  the  tunnel  to  the  face  of  the 
cliff  where  motor-operated  needle  valves  are  to  be  installed. 
The  steel  linings  are  fitted  with  outside  buttstrap  joints  for 
both  circumferential  and  round  seams,  and  counter-sunk 
rivets  and  patch  bolts  are  used  so, that  the  finished  pipe  will 
be  perfectlv  smooth  on  the  inside.  The  space  between  the 
«teel  lining  and  the  cast-iron  pipe  is  to  be  filled  with  grout 
through  holes  provided  for  the  purpose  in  the  steel  Iming. 
Bevond  the  cast-iron  pipes  it  is  planned  to  continue  the  out- 
lets as  reinforced-concrete  pipes  connecting  with  the  valves 
at  the  face  of  the  cliff. 


New  Design  of  Ensign  Balanced  Valves.  -The  new  valves 
are  of  the  lUHnUe  type  and  are  operated  by  means  of  a  screw 
and  nut  driven  by  a  motor.  This  valve  was  designed  to 
meet  the  following  requirements:  (1)  A  jiositivo  seU'-lock- 
ing  operating  mecliaiiism ;  (2)  no  close  lits  under  water 
except  at  narrow  guides;  (3)  free  access  of  air  to  the  jet; 
(1)  absorption  of  energy  at  a  point  safely  below  the  works, 
and  (,'))  a  valve  accessible  tor  inspection  and  repairs.  The 
valve  has  a  free  opening  equivalent  to  .M  in.  in  diameter 
and  is  designed  to  produce  a  clear  solid  jet  with  maximum 
efficiency.  The  needle  is  provided  with  four  bronze  shoes 
and  slides  in  a  bron/.clined  cylinder  suiiported  in  the  center 
of  the  w'ater  passage  by  means  of  radial  ribs.  The  up- 
stream end  of  this  inner,  stationary  cylinder  terminates  in 
a  conical  casting  which  serves  to  prevent  impact  of  the  in- 
coming water  against  the  rear  end  of  the  needle.  The  shaft 
extends  through  a  stuffing-box  and  is  threaded  tor  a  bronze 
nut  which  operates  between  heavy  roller-thrust  bearings. 
Tlie  nut  is  driven  by  a  motor  and  worm  gear,  all  gearing 
being  submerged  in  oil.  The  end  of  the  shaft  is  squared 
to  prevent  rotation,  and  is  provided  with  an  indicator  and 
limit  switch  contacts.  A  certain  amount  of  water  pressure 
can  be  removed  from  the  needle  by  venting  the  space  behind 
the  needle,  and  tor  this  purpose  G  in.  motor-operated  valves 
are  to  bo  installed. 

Sliding  Gates  at  Pathfinder  Dam.- -At  the  Pathfinder  Dam 
in  Wyoming  sliding  gates  were  installed  when  the  dam  was 
built.  The  installation  is,  in  many  respects,  similar  to  that 
of  the  Roosevelt  Dam,  but  the  gates  were  of  a  different 
type,  being  sliding  gates  of  very  massive  construction  and 
special  design.  The  Pathfinder  gates  have  clear  openings 
:;  ft.  S  in.  x  0  ft.  2  in.,  and  are  operated  by  hydraulic  cylin- 
ders 24  in.  in  diameter.  The  gate  leaves  are  of  massive 
construction,  the  frames  are  very  heavy  and  the  piers  were 
lined  with  heavy  boiler  plate.  The  head  above  the  gate  sills 
attains  a  maximum  of  ISO  ft.  with  full  reservoir,  and  the 
discharge  has  been  regulated  by  means  of  these  gates  up 
to  this  maximum. 

The  installation  of  the  gates  was  completed  in  April,  1908. 
and  during  the  summer  of  that  year  they  were  operated 
vide  open.  During  the  season  of  1909  the  gates  were 
operated  at  full  and  partial  discharge  up  to  heads  of  175  ft. 
In  June,  it  was  discovered  that  water  was  backing  up  In 
the  gate  chamber  through  a  2  in.  pipe  connecting  with  the 
tunnel  below  the  gates,  indicating  that  the  tunnel  was  oper- 
ating under  pressure  at  this  point  and  that  something  had 
gone  wrong.  The  reservoir  was  emptied  in  the  fall  of  1909 
and  the  tunnel  carefully  inspected.  The  floor  of  the  tunnel 
was  found  to  be  torn  up  for  a  distance  of  130  ft.  below  the 
gates,  the  steel  plate  linings  were  about  one-third  gone  and 
a  portion  of  the  concrete  lining  was  destroyed.  A  large 
slab  of  rock  had  rolled  into  the  tunnel,  partially  blocking  it 
and  causing  the  pressure  indications  above  noted. 

A  careful  study  was  made  of  the  various  phenomena,  and 
it  was  concluded  that  the  major  part,  if  not  all,  of  the  trouble 
■.vith  the  gates  and  outlet  chambers  could  be  attributed  to 
vacuum  effects  of  the  jet  and  the  resulting  vibrations  and 
disturbances.  This  conclusion  was  supported  by  the  ob- 
servation that  a  discharge  through  the  gates  of  sufficient 
volume  to  cause  the  sealing  of  the  tunnel  below  these  gate 
chambers,  and  the  consequent  exclusion  of  air  therefrom, 
would  at  the  same  time  cause  an  increasing  series  of  dis- 
turbances in  the  tunnel  below  these  outlet  chambers,  rang- 
ing from  tremendous  periodic  surging  of  air  with  an  ac- 
companying booming  noise  resembling  distant  thunder,  to 
explosive  gusts  accompanied  with  peals  and  detonations  of 
great  violence,  apparently  in  proportion  to  the  volume  of 
water  discharged  and  the  degree  of  air  exclusion  effected. 
The  cure  for  the  greater  part  of  these  troubles  was  very 
simple  and  effective.  The  tunnel  was  repaired,  air  was  ad- 
mitted through  the  lower  gate  shaft  mentioned  above,  and 
the  discharge  limited  to  an  amount  which  does  not  seal  the 
tunnel  outlet.  This  has  effectually  eliminated  the  vacuum 
below  the  gates  and  the  gates  have  been  operated  to  date, 
as  occasion  demanded,  without  material  damage.  As  regu- 
lating devices  under  heads  above  GO  or  80  ft.,  the  use  of 
a  sliding  gate   is   not  recommended,  and   the  operation  of 
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these  gates  for  9  years  under  heads  up  to  ISU  ft.  is  cited  as 
a  remarkably  good  showing. 

The  .sliding  gates,  as  a  means  of  regulating  the  outllow 
froni  the  Pathfinder  reservoir,  have  been  superseded  by  six 
balanced  valves  installed  in  the  south  tunnel  in  the  spring 
of  1912.  These  valves  are  duplicates  of  Ihose  installed  at 
Roosevelt. 

High  Pressure  Valves  at  Arrowrock  Dam.— 
When  the  design  of  the  outlet  works  of  the  Arrowrock  Dam 
in  Idaho  was  undertaken,  the  experiences  at  the  Hoosevelt 
and  Pathfinder  Dams  were  available  precedents,  and  the 
successful  operation  of  the  Arrowrock  high-pressure  valves 
is  proof  that  progress  has  been  made  toward  the  solution 
of  this  difficult  problem.  The  head  at  this  dam  varies  from 
60  to  230  ft.  and  the  regulated  flow  reaches  a  maximum  of 
about  9,000  second  feet.  The  dam  is  of  the  concrete  gravity 
type,  arched  upstream  on  a  radius  of  CCO  ft.  The  main  out- 
lets consist  of  20  straight  tubes  52  in.  in  diameter  extend- 
ing on  radial  lines  through  the  dam,  the  jets  being  allowed 
to  fall  freely  into  a  pool  below  the  toe.  The  tubes  are  ar- 
ranged in  two  horizontal  tiers,  CG  feet  and  1.53  feet,  respec- 
tively, above  stream  bed.  and  each  tube  is  controlled  by  a 
.'.8  in.  Ensign  balanced  valve.  Of  each  set  of  10  valves, 
three  are  provided  with  special  sleeve  controls  and  are  used 
as  regulating  valves,  while  the  remaining  seven  are  pro- 
vided with  plain  controls  and  are  used  only  for  full  open 
discharge.  The  lower  valves  are  provided  with  trash  racks 
while  the  upper  valves  have  none. 

In  general  design,  the  valves  are  almost  identical  with 
those  at  Pathfinder  and  Roosevelt,  but  in  the  method  of 
control  of  the  regulating  valves  there  is  a  radical  difference. 
In  the  sleeve-controlled  valve,  the  control  pipe  connects  at 
the  cylinder  head  with  a  movable  sleeve  extending  into  the 
main  cylinder  and  operated  from  a  chamber  inside  the  dam 
by  means  of  shafting  and  gears.  On  the  main  piston,  op- 
posite the  movable  sleeve,  is  an  acorn-shaped  seat  which, 
when  in  contact  with  tl  e  inner  end  of  the  sleeve,  cuts  oft 
all  outflow  from  the  cylinder.  The  control  shaft  is  carried 
inside  of  the  control  pipe  to  the  chamber  in  the  dam,  where 
it  passes  through  a  stufHng-box  and  terminates  in  a  crank 
and  indicator.  When  it  is  desired  to  open  the  valve  the 
sleeve  is  withdrawn  from  its  seat,  which  relieves  the 
pressure  in  the  cylinder  and  allows  an  opening  movement 
of  the  piston.  This  motion  continues  until  the  seat  ap- 
proaches the  movable  sleeve,  partially  closing  the  outlet 
and  building  up  the  pressure  in  the  cylinder  until  the  move- 
ment of  the  piston  is  checked.  To  close  the  valve,  the  con- 
trol crank  is  rotated  fast  enou.sh  to  keep  the  sleeve  in  con- 
tact with  its  seat  and  the  outlet  through  the  control  pipe 
entirely  closed  while  the  piston  is  forced  to  its  seat  by  the 
pressure  accumulating  in  the  cylinder. 

The  six  sleeve-control  valves,  all  of  which  are  operated 
at  partial  opening  for  regulation,  are  provided  with  throat 
pieces  of  semi-steel  just  below  the  valve  and  air  is  supplied 
at  this  point  through  a  large  number  of  small  holes  extend- 
ing half  way  around  the  pipe.  The  air-inlet  castings  con- 
nect with  pipes  extending  to  the  top  of  the  dam.  The  op- 
eration of  the  valves  for  three  seasons  under  heads  as  high 
as  130  ft.  has  been  perfectly  satisfactory.  The  control  of 
the  discharge  is  absolute,  and  no  damage  ha,s  occurred 
either  to  the  valves  or  to  the  outlets.  This  excellent  record 
is  attributed  largely  to  the  efficiency  of  the  outlets,  which 
permits  the  greater  part  of  the  energy  of  discharge  to  be 
passed  on  and  absorbed  in  the  pool  below  the  dam.  The 
perfectly  straight  alignment  of  the  tubes  and  the  admission 
of  air  at  the  throat  of  the  regulating  valves  have  materially 
Improved  the  efficiency  and  have  made  the  satisfactory  op- 
eration possible. 


38,136  Square  Miles  of  Soil  Surveys  in  1918.— Detailed  soil 
surveys  covering  38.13C  square  miles  were  made  during  the 
fiscal  year  1918  by  the  Bureau  of  Soils  of  the  United  States 
Department  of  Agriculture.  Prior  surveys  of  41.'i,S25  square 
miles  make  the  total  -183,901  square  miles.  Twenty-two 
states  and  fou?  bureaus  of  the  Federal  Government  are  now 
actively  co-operating  in   soil-survey  wori<. 


Office   Records  of  the   St.   Louis 

Water  Division,  Distribution 

Section' 

Th"  ;m  rs(MUKl  ot  the  force  comprises  an  engineer-in- 
cliarge,  assistant  engineers,  superintendents  of  construc- 
tion, laboi.  stables  and  vehicles,  meters,  inspection;  a  chief 
draftsman,  chiet  clerk  and  the  draftsmen,  clerks,  stenog- 
raphers and  helpers  working  under  these  men. 

For  distribution  purposes,  the  city  is  divided  into  six  dis- 
tricts, each  having  a  station  building,  with  a  station  fore- 
man in  charge.  The  most  central  of  these  stations  is  used 
as  the  construction  superintendent's  headquarters,  and  is 
known  at  the  "main  distribution  office,"  from  which  all 
urd.rrs  emanate,  and  to  which  all  reports  are  sent.  Another 
station,  known  as  the  "pipe  yards.''  is  used  as  a  supply 
depnt  and  meter  testing  station.  Each  district  is  divided 
into  sections,  in  charge  of  section  men  reporting  to  the 
station  foreman. 

All  ;naterial  is  tested  before  being  used;  the  pipe,  valves, 
hydrants,  si.ccia-t  castings  and  littings  are  tested  at  the 
place  of  manufacture,  and  all  other  material  at  the  city 
testing  laboratory.  The  test  records  are  kept  at  the  main 
office  in  the  city  hall.  Pipe  for  contract  work  is  delivered 
by  railroad  to  depots  in  different  parts  of  the  city,  con- 
venient to  the  work.  .Ml  other  material  is  stored  at  the 
pipe  yards  and  delivered  as  needed.  Records  are  kept  at 
the  pipe  yards  showing  in  detail  the  exact  stock  on  hand  at 
all  times. 

Oil  rcfcipt  of  petitions  for  water  mains  from  property 
holders  on  certain  streets,  or  upon  notice  from  the  street 
division  that  certain  streets  (without  water  mains)  are  to 
be  paved,  or  when  new  mains  appear  to  be  needed  for  dis- 
trilmtion  purposes,  record  cards  are  made  out.  showing  the 
names  and  extent  of  the  streets.  An  inspector  then  ascer- 
tains the  number  and  story-heights  of  all  bouses  on  the 
street,  and  the  kind  of  pavement,  if  paved.  An  engineer 
then  determines  the  size  and  length  of  pipe,  number  of  fire 
hydrants,  valves  and  special  castings  needed;  estimates  the 
cost  ol  material  and  labor  and  total  cost,  and  tabulates 
these  items  on  the  card.  The  engineer-in-charge  will  then 
place  on  the  card  a  check  mark  in  such  a  way  as  to  show 
at  a  glance  whether  the  work  is  recommended  or  not 
recommended.  In  a  somewhat  similar  way  various  requests 
f o  •  additional  fire  or  sprinkling  hydrants,  private  connec- 
tions, fire  lines,  etc.,  are  received,  considered  and  either 
recommended  or  not  recommended.  These  records  are  then 
filed  foi   future  reference. 

AH  contract  worn  recommended  must  be  approved  by  the 
Board  of  Public  Service  and  contracts  awarded  for  the  work. 
A  record  is  kept,  year  by  year,  of  all  bids  received,  and  the 
supply  clerk  keeps  a  card  index  of  the  current  prices  of  all 
material  used  by  the  water  division.  On  piiie  lines,  lower- 
ings,  etc.,  the  engineers  make  plans  and  profiles  of  the 
work,  stake  out  the  line  and  enter  their  notes  in  the  cus- 
tomary engineer's  field  hook.  The  plan  and  profiles  and  a 
copy  of  the  engineer's  notes  are  then  given  to  the  contractor, 
or  in  case  of  work  to  be  done  by  the  distribution  section,  to 
the  superintendent  of  construction,  with  instructions  to  lay 
the  pipe,  castings,  etc.  On  small  jobs  simple  instructions 
are  issued  to  do  the  work,  accompanied  when  necessary  by 
sketches  and  memoranda  giving  all  necessary  data.  On  the 
larger  jobs  regular  jiipe  laying  inspectors  are  assigned.  On 
the  smaller  jobs,  the  station  foremen  act  as  inspectors. 
Longer  jobs  (not  contracts),  pipe  aying  and  pipe  lowering 
are  done  by  pipe  laying  foremen  in  el  arge  of  what  are 
known  as  "floating  gangs."  These  men  work  in  ali  sections 
iif  the  city,  reporting  to  the  superintendent  of  construction 
at   the  main  office. 

The  pipe  laying  inspectors  keep  a  daily  record  of  labor 
•  ind  material  used,  and  obtain  and  record  measured  loca 
lions  of  all  pipe,  hydrants,  valves  and  special  castings,  etc. 
This  record  is  known  as  the  "inspector's  notes."  On  the 
smaller  jobs  and   routine   work   the   section  men  fill   out   a 
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"daily  report  sheet."  ruled  In  three  columns,  viz.:  "Name," 
"Time,"  "Work  done  nnd  material  used."  The  station 
roremen  obtain  and  roi-ord  Iho  measured  locations,  which, 
with  the  "daily  report,"  are  collected  by  the  siiporintondoiit 
o(  construction  and  brought  to  the  main  dlstrllmlion  olllce. 
Mere,  under  the  direction  of  tlio  chief  dork,  a  stcnogniplier 
types  these  memoranda  into  sheets  known  as  distribution 
notes,  if  the  work  is  done  for  the  city,  and  "private  connec- 
tion notes"  If  done  for  private  parties. 

At  the  end  o(  each  month  the  chief  clerk  forwards  to  the 
chief  draftsman  a  "recapitulation  sheet"  of  all  "distribution 
notes"  and  "private  connection  notes"  sent  down  from  the 
:naln  ollice.  This  list  is  checked  against  the  chief  drafts- 
nmn's  "posting  record,"  and  must  agree  with  it,  so  that  no 
notes  can  be  lost  in  transit  between  oflices.  The  engineer's 
notes,  profiles,  distribution  notes,  nnd  private  connection 
notes  are  now  turned  over  to  the  chief  draftsman,  who  num- 
bers the  notes  serially,  nnd  enters  them  in  a  "posting  book, ' 
and  is  then  responsible  for  the  correct  platting  and  re- 
oordlng  of  the  work  done  on  all  the  drafting  room  records, 
.ind  of  indexing  and  filing  these  records,  so  that  they  will 
be  Instantly  available  when  needed. 

The  resrular  drawings  of  hydrants,  special  castings,  valves, 
tools,  buildings,  etc.,  are  filed  in  a  vertical  steel  plan  file, 
and  indexed  In  the  usiuil  way.  Profiles  and  foreign  draw- 
ings are  rolled  up  and  filed  serially  in  numbered  tubes  in 
metal  pigeonhole  cases,  and  card-indexed  according  to  sub- 
ject matter. 

The  draftsmen  may  then  post  the  maps  and  other  records 
in  the  following  order: 

First  Posting. — This  is  done  on  the  distribution  map.  Tliis 
is  a  map  of  the  entire  city,  on  a  scale  of  1,320  ft.  to  the  inch. 
on  which  high-pressure  mains  are  shown  in  blue  and  low- 
pressure  mains  in  red.  The  size  of  the  pipe  is  accurately 
indicated  by  the  thickness  of  the  line;  1/5  in.  indicates  48- 
in.  pipe,  1/6  in.,  36-in.  pipe,  1/8  in.,  30-in.  pipe,  1/16  in., 
20-in.  pipe,  1/20  in.,  15-in.  pipe,  1/32  in.,  12-in.  pipe,  1/40  In., 
10-in.  pipe.  1/G4  in.,  8-in.  pipe,  a  sin.ele  thin  line,  6-in.  pipe. 
and  a  single  thin  dotted  line  3-in.  or  4-in.  pipe.  No  hydrants, 
valves  or  special  castings,  except  the  separating  valves  be- 
tween high  and  low  pressure,  are  shown  on  this  map.  On 
all  other  records  the  size  of  the  pipe  and  nature  of  the  spe- 
cial castings,  etc.,  are  shown  by  the  conventional  signs  or 
symbols.  Thus,  three  lines  close  together,  two  of  them 
dotted,  enclosing  a  central  full  line,  indicate  48-in.  pipe; 
two  full  lines  enclosing  a  central  dotted  line,  36-in.  pipe: 
three  full  lines,  30in.  pipe;  one  full  line  and  one  dotted  line, 
20-in.  pipe:  two  full  lines.  15-in.  pipe;  two  dashed  lines,  12- 
in.  pipe;  sin.gle  dashed  line,  10-in.  pipe;  single  dot  and  dash 
line,  S-in.  pipe;  single  full  line,  6-in.  pipe;  single  dotted  line, 
3-in.  or  4-in.  pipe,  the  size  being  written  on  the  line  if  neces- 
sary. Conventional  signs  are  used  for  different  types  of 
valves,  hydrants  and  other  accessories. 

Second  posting;  section  maps.  These  maps  are  on  a 
scale  of  200  feet  to  1  in.,  only  19  being  required  for  the  en- 
tire city.  About  125  city  blocks  appear  on  each  section 
map.  Cloth  blue  prints  of  these  maps,  mounted  on  map 
rollers,  are  kept  at  the  various  stations.  These  maps  are 
invaluable,  especially  to  the  "night  station  foreman."  The 
numbered  separation  valves  are  shown  on  these  maps  as 
well  as  all  other  valves,  special  castings,  hydrants,  etc.  If  a 
water  main  of  any  size  should  burst  or  a  joyrider  break 
off  a  hydrant  and  a  flood  threaten  any  locality,  the  foreman 
refers  to  the  map  of  the  scene  of  the  accident  and  orders 
his  gang  to  close  the  proper  valves  until  repairs  are  made. 

Third  posting:  loose-leaf  plat  book.  These  plat  books  are 
on  a  scale  of  100  ft.  to  the  inch.  278  of  them  being  required 
tor  the  entire  city.  About  30  city  blocks  are  shown  on  each 
plat.  Oa  these  plats  a  given  city  area  occupies  four  times 
the  space  it  occupies  pn  the  second  map,  and  of  course 
shows  the  pipe,  hydrants,  valves  and  other  specials  far  more 
clearly  and  distinctly.  These  plats  are  consulted  on  all 
occasions  where  exact  measured  distances,  pressures, 
grades,  etc.,  are  not  required. 

Fourth  posting;  street  intersection  cards.  These  are 
on  a  scale  of  50  ft.  to  the  inch,  over  6,000  being  required 
!or  the  entire  city.  These  cards,  when  completed,  show 
on  one-half  of  the  card  the  building  and  curb  lines  of  all 


street  Intersections,  luui  measured  locations  of  all  water 
nmins,  valves,  hydrants,  etc.,  within  a  radius  of  one-halt 
I  ho  distance  troni  the  given  street  Intersection  to  the  next 
nearest  street  Intersection  along  any  street.  On  the  other 
iKilf  of  the  card  are  listed  references  pertaining  to  the 
water  main,  1.  e.,  the  engineer's  book  and  page,  inspector's 
book  and  jiage,  i)rolllo  number,  date  of  laying,  pressure  in 
pipes  and  grade  of  street  intersection  at  center  lines  of 
street.  On  the  back  of  the  card  ajtpears  the  name  of  the 
street,  under  which  the  card  is  classified  and  alphabetically 
filed,  and  on  the  front  the  name  of  the  intersecting  street. 
A  serial  number  on  the  back  indicates  the  place  of  the 
particular  card  in  the  "run"  under  which  it  is  indexed.  A 
transparent  envelope  protects  the  card  from  soiling  or 
blurring.  These  cards  are  in  daily  use,  answering  the  thou- 
sand and  one  queries  received  from  the  i)ublic  or  from  other 
city  departments,  where  exact  and  specific  information  is 
required. 

Fifth  posting;  separmion  cards.  These  are  made  for  all 
intersections  at  the  boundaries  of  high  and  low  districts, 
and  differ  from  the  street  intersection  cards  only  in  that 
the  high  pressure  mains  are  shown  in  blue,  and  low  press- 
ure mains  are  shown  in  red,  and  the  numbered  separation 
valves  are  shown. 

Sixth  posting;  sprinkling  hydrants.  A  very  complete  and 
accurate  list  of  sjirinkling  hydrants  is  kept.  This  list  shows 
the  number  of  "Sprinkling  Districts,"  42  in  number,  in  the 
•city,  showing  tlie  number  and  location  of  the  hydrants  in 
each  district,  the  total  number  of  which  on  .Tan.  1.  1918,  was 
1.S94  hydrants. 

All  additions  or  removals  during  the  previous  year,  and 
deductions  to  be  made  on,  account  of  oiled  streets,  and  the 
amount  due  by  sprinkling  contractors  for  the  use  of  the 
hydrants,  are  also  accurately  shown.  In  addition  to  this 
list,  all  hydrants  are  shown  of  a  complete  city  map,  scale 
1,320  ft.  to  the  inch,  divided  into  sprinkling  districts.  Each 
hydrant  is  numbered,  the  number  appearing  on  the  map 
adjacent  to  the  hydrant.  Enlarged  maps  of  each  section 
on  scales  varying  from  200  to  600  ft.  to  the  inch,  are  also 
kept  so  that  the  distances  between  hydrants  can  be  scaled 
at  any  time. 

Seventh  posting;  drinking  fountains.  All  fountains  are 
shown  on  a  complete  city  map.  scale  1,320  ft.  to  the  inch. 
The  character  of  the  fountains  is  designated  by  conventional 
symbols  for  the  various  fountains  installed  by  the  city,  by 
humane  societies,  saloons,  etc.,  these  fountains  being  tor 
horses  and  in  some  instances  for  dogs  or  other  small  ani- 
mals. Special  symbols  also  indicate  special  ordinances  foun- 
tains, metered  fountains,  or  the  new  type  known  as  "bub- 
bling" fo'mtains,  from  which  citizens  may  drink  when 
thirstv  without  danger  of  contamination.  A  numerical  "Dis- 
trict Book"  of  fountains  and  an  alphabetical  card  index  giv- 
ing exact  location,  ownership,  date  of  installation,  memo- 
randa relative  to  the  maintenance  and  care  and  condition 
of  the  fountains,  date  of  withdrawal,  etc.,  are  also  kept. 

Eighth  posting:  pressure  records.  Pressure  gages  are 
maintained  at  six  carefully  selected  points  in  the  city,  and 
the  charts  from  them  are  collected  and  filed  daily,  thus 
keeping,  as  it  were,  a  finger  on  the  "water  pulse"  of  the 
city.  Tn  addition,  numerous  speci.al  gage-readings  have  been 
taken  at  a  number  of  well  chosen  points,  at  various  grades, 
and  platted  in  a  city  map,  scale  2,000  ft.  to  the  inch.  By 
making  allowance  tor  differences  in  grades,  we  have  com- 
puted reliable  maximum,  minimum,  and  average  pressures, 
for  practically  the  entire  city.  These  pressures  are  recorded 
on  the  "Street  Intersection  Cards." 

Ninth  posting :  pitometer  records.  A  large  number  of 
pitometer  readings  have  been  taken  at  points  selected  with 
a  view  toward  determining  the  direction  and  volume  of  the 
flow,  by  night  or  day,  from  the  pump  mains  into  the  feed 
mains,  and  thence  into  the  distribution  mains  to  the  con- 
sumer. These  readings  are  recorded  on  a  complete  city 
map,  scale  800  ft.  to  the  inch.  On  this  map  are  drawn  three 
sets  of  concentric  circles,  at  1-mile  intervals,  covering  the 
entire  city.  The  center  of  one  set  of  these  circles  is  at  the 
Baden  High  Pressure  Pumping  Station,  one  at  the  Bissell's 
Point  Low  Pressure  Pumping  Station,  and  orfe  at  the  Comp- 
ton  Hill  Reservoir. 
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These  are  the  principal  records  to  be  posted;  and  as  each 
record  is  posted,  the  draftsman  marks  on  the  inspector's 
or  distribution  note  an  abbreviation  of  the  name  of  the 
record,  as  "D"  for  distribution  map;  "SP"  for  sprinklins; 
map,  etc.  When  the  notations  on  the  note  show  that  all 
records  have  been  posted,  the  chief  draftsman  O.K.s  the 
note,  and  it  is  then  pasted  in  a  numbered  "gummed  stub" 
liook.  As  the  sheets  are  pasted  in,  they  are  paged  serially, 
and  index  cards  made  up  alphabetically,  by  street  names. 

In  all  municipalities,  inherited  records  are  more  or  less 
faulty  and  incomplete,  owing  in  a  large  measure  to  con- 
tinual changes  in  administration,  poor  systems  in  the  past, 
the  personal  or  human  equation  of  the  employes,  or  in  some 
instances,  as  in  that  of  our  own  city  of  St.  Louis,  to  a  fire 
at  the  city  hall  some  years  ago,  which  destroyed  a  num- 
ber of  records.  It  is  frequently  found  that  measured  loca- 
tions are  cither  altogether  missing,  doubtful  or  evidently 
incorrect.  To  remedy  this  condition  as  far  as  possible,  two 
methods  were  used  with  great  success  by  the  present  ad- 
ministration, in  the  St.  I.«uis  Water  Division: 

1.  Copies  of  the  section  maps  previously  referred  to  were 
laid  out  on  a  table  at  the  main  office  of  the  distribution 
system.  The  section  foremen  were  then  called  in,  one  after 
another,  and,  with  the  chief  draftsman,  went  over  the  maps 
carefully  and  minutely.  Where  the  section  man  recognized 
an  error,  or  was  in  doubt  as  to  any  point,  notes  were  raadt^ 
of  the  error  or  doubtful  condition,  and  the  corrections  made 
when  correct  information  was  obtained,  by  inspectors  dele- 
gated to  this  work.  A  very  large  number  of  important  cor- 
rections were  made  in  this  manner. 

2.  In  the  drafting  room  a  set  of  cards  known  as  "Infor- 
mation Cards"  (known  among  the  draftsmen  and  engineers 
as  "I.  C."  cards),  are  kept,  and  on  them  are  entered  re- 
quents  for  information  on  any  doubtful  point,  for  corrected 
locations,  or  for  missing  locations  which  develop  in  the 
course  of  the  day's  work.  On  each  card  is  marked  the  num- 
ber of  the  section,  from  which  the  information  desired  is  to 
be  obtained;  and  on  the  back  of  the  card  is  marked  the 
name  of  the  street  under  which  the  card  is  classified.  On 
the  face  of  the  card  is  marked  the  intersecting  street,  very 
much  as  in  the  case  of  the  street  intersection  card.  The 
cards  are  then  grouped  by  sections,  the  streets  being  al- 
phabetically arranged  in  their  group.  It  is  then  a  compara- 
tively easy  matter  to  send  out  inspectors  to  obtain  the  neces- 
sary information  or  obtain  it  direct  from  the  section  man  in 
charge   of   the   section. 

By  use  of  these  two  systems  the  faulty  or  missing  infor- 
mation cases  have  been  reduced  to  a  minimum,  and  tlie 
value  of  the  record  sys'tem  has  been  rendered  nearly  In" 
per  cent,  In  the  present  distribution  system. 


Engineering  Defined* 

By   CLEMENT   C.   WILLIAMS, 
Professor  of  Railway  Engineering-,  T'niversily  or  Kans.i.^. 

The  old  definition  of  Tredgold's  given  in  1S28  and  fre- 
quently quoted,  that  "Engineering  is  the  art  of  diverting 
the  forces  of  nature  for  the  use  and  convenience  of  man," 
has  doubtless  done  the  profession  much  harm,  or,  at  least. 
the  conception  thus  expressed  has  done  it  harm,  because 
of  its  incompleteness  and  inadequacy.  It  served,  perhaps, 
for  the  beginnings  of  engineering,  but  it  should  scarcely 
be  used  to  define  the  limits  or  to  sot  the  boundaries  of  en- 
gineering at  the  present  time.  The  delinition  would  more 
nearly  fit  the  modern  profession  if  it  read:  "Engineering 
is  the  science,  art  and  business  of  diverting  economically 
the  forces  and  materials  of  nature  for  the  use  and  conve- 
ience  of  man,"  for  engineering  is  all  of  these. 

Engineering  is  a  science  because  it  requires  an  intimate 
knowledge  of  scientific  laws  and  principles  for  its  success- 
ful practice.  It  takes  the  high  potential  concepts  of  pure 
science  and  steps  them  down  through  its  transformers  of 
plans  and  specifications  so  that  the  lay  constructor,  con- 
tractor or  carpenter  can  understand  and  aiiply  tlie  same. 
It  is  an  art,  for  it  has  to  do  with  achievement.  There  is  a 
vast  deal  of  difference  between  knowing  how  to  do  a  thing 


and  knowing  how  to  get  the  thing  done.  Engineering  reC 
nizes  this  fact  and  couples  to  the  knowledge  of  science  the 
art  of  achievement.  Kngineering  is  also  a  business,  for  it 
has  a  commercial  aspect;  it  aids  its  practioner  in  making 
a  living  and  it  is  directly  concerned  with  producing,  ex- 
changing and  distributing  the  world's  wealth.  Moreover, 
unless  a  given  engineering  work  is  connected  up  and  cor- 
related in  the  scope  of  the  plans  to  these  phases  of  eco- 
nomic organization,  there  is  still  something  lacking  in  Its 
design.  This  last  sentence  perhaps  should  be  Simplified 
somewhat. 

Engineering  economics  has  been  too  narrowly  conceived. 
To  select  a  structure  or  machine  so  that  the  total  annual 
charge  or  cost  consisting  of  fixed  charges,  maintenance, 
(iejireciation,  and  operating  expenses  shall  be  a  minimum 
is  certainly  not  the  sum  total  of  engineering  economics. 
This  simple  mathematical  relationship  is  neither  complete 
nor  adeiiuate.  Minimum  annual  cost  is  not  more  impor- 
tant, perhaps  it  is  less  important,  than  maximum,  annual 
net  earnings.  Engineering  has  been  held  in  rather  low 
esteem,  a  sort  of  necessary  evil,  by  capitalists  and  man- 
agers, because  it  has  concernetl  itself  so  completely  and 
has  been  so  inextricably  associated  with  the  spending  of 
money  rather  than  with  the  earning  of  money.  More  em- 
phasis :sh()uld  be  placed  on  the  value  and  benefits  derived 
from  enginee^ring  operations  and  less  on  the  details  of 
spending  the,  money,  although  the  careful  study  of  this 
latter  phase  should  be  by  no  means  neglected.  Engineering 
economics,  therefore,  should  take  into  consideration  the  ul- 
timate purpose  of  the  structure,  machine  or  project.  Irri- 
gation projects  have  failed  in  many  instances,  notwith- 
standing the  fact  that  dam.  canal,  headworks  and  all  other 
parts  were  selected  on  sound  scientific  and  "economic" 
principles,  because  the  ultimate  phase  of  the  problem, 
namely,  the  settling  ol  the  population  on  the  land,  the  till- 
age of  the  soil  and  the  marketing  of  the  crops,  was  not 
considered.  Many  hyro-electric  plants  have  been  failures 
to  a  greater  or  lesser  extent  not  because  the  plant  and  ma- 
chinery were  not  well  designed  but  on  account  of  a  lack  of 
market  for  the  power  developed.  Railroads  have  gone  into 
the  receiver's  hands  in  many  instances  not  because  the 
grades  and  alignment  were  poorly  selected,  but  because 
there  was  no  traffic  or  else  the  location  was  not  properly 
designed  to  serve  well  the  traffic  that  was  secured.  In 
these  cases,  and  others  might  be  mentioned,  the  ultimate 
relationships  were  not  duly  considered. 

Another  definition  of  an  engineer  that  contains  a  grain 
ol  truth,  and  a  pound  of  untruth  because  of  its  incomplete- 
ness, should  be  mentioned  in  this  connection.  It  is:  "An 
engineer  is  a  man  who  can  do  with  one  dollar  what  a  fool 
could  do  with  two."  The  lact  is  that  an  engineer  may  be 
the  man  who  can  do  well  and  adequately  with  two  dollars 
what  a  fool  will  try  to  do  with  one.  If  the  additional  ex- 
penditure would  make  the  project  in  character  and  scope 
commensurate  with  the  technical  and  economic  needs  of 
the  situation  while  the  smaller  amount  would  not,  the  nig- 
gardly expenditure  certainly  would  not  be  in  accordance 
with  good  engineering. 

The  sum  of  the  matter  is  that  the  perspective  or  point 
of  view  of  engineering  operations  should  be  from  the  con- 
sideration of  the  ultimate  and  complete  function  of  the 
project  and  its  relation  lo  the  complicated  social  and  eco- 
nomic organization  rather  than  from  its  immediate  and 
limited  connection  as  a  technical  problem,  and  that  students 
should  be  taught  to  seek  the  complete  and  final  analysi.-^ 
of  ,1  jiroblem  rather  than  the  immediate,  and  perhaps  par- 
tial  or  fragmentary,  application  of  its  principle. 


♦■From     tlie    Journal.     Sooifly    for    I'roinotion    ..f    Knuin.-rin^' 
Kducation. 


Water  Power  Possibilities  in  New  York, -Figures  com- 
|)iled  by  the  New  York  State  Conservation  Commission  show 
that  th(^  state  has  within  its  borders  and  exclusive  of  the 
power  possibilities  in  the  St.  Lawrence  River  and  Niagara 
Falls,  something  like  I'.tl.-.O.lin  HP.,  while  but  079.119  HP. 
lias  been  developed.  A  further  study  discloses  the  fact  that 
vxliereas  'he  state  owns  or  has  an  interest  in  sites  where 
l.li'i;.r,i;n  HP.  could  be  developed,  it  has  only  utilized  7,060 
HP.  On  ihe  other  hand,  private  interests  have  developed 
onlv  i;'.'ii,iiiii)  HP.  at  sites  which  are  owned  by  such  interests. 
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Increasing  Flow  of  VVateriiiDrilled 
Wells  by  Shooting 

By  CHAS.  F.  HIGGS. 

Thore  arp  man)  drilled  wells  thruiitilioiit  Ihe  oouiitry 
th:u  do  not  s-.iipply  as  much  water  as  inav  be  needed  on 
the  place,  oi'tcnciai-s  these  wells  are  hored  to  a  depth 
of  from  lOu  to  I'oo  ft.  Frequently  the  drilling  is  through 
solid  rock.  The  water  runs  into  the  well  through  little 
crevices  whioh  may  not  be  large  eiuiugh  to  permit  water 
which  may  be  plentiful  enough  in  the  rock  near  the  bore 
hole  to  tUiw  into  the  well. 

To  remedy  those  conditions,  it  is  necessary  to  enlarge 
the  cavity  at  the  bottom  of  the  bore  hole  and  to  break  into 
some  o'  the  larger  subterranean  courses  that  may  be  near 
the  bore  hole.  Oftentimes  a  drill  bit  will  pass  within  a 
few  inches  of  a  good  body  of  water. 

It  is  very  easy  to  make  wells  of  this  character  furnish 
an  abundance  of  water  at  comparatively  small  cost.  A 
method  that  1  have  successfully  used  to  do  this  is  as  fol- 
lows :  • 

I  had  a  tinsmith  make  a  tin  tonuiiner  of  a  diameter  that 
will  go  down  the  bore  hole  and  large  enough  to  hold  about 
2i;  lb.  of  CO  per  cent  gelatin  dynamite.  The  cartridge  paper 
must  be  removed  from  the  dynamite,  which  can  then  be 
packed  solidly  into  the  container.  An  electric,blasting  cap 
is  Inserted  in  the  dynamite  and  the  top  of  the  container  is 
then  closed  with  the  exception  of  the  small  hole  through 
which  the  cap  wires  protrude.  This  hole  -should  also  be 
scaled  up  from  the  outside  to  keep  water  from  getting  into 
the  charge.  It  is  best  in  an  operation  of  this  kind  to  use 
waterproof  electric  blasting  caps.  It  is  also  advisable  to  use 
insulated  connecting  wire  which  should  be  long  enough  to 
reach  up  to  the  top  of  the  bore  hole  where  it  is  connected 
with  the  leading  wire  running  oft'  to  the  blasting  machine. 
The  container  should  have  a  handle  at  the  top  to  which 
may  be  fastened  a  piece  of  wire  or  binder  twine  which 
is  usee  in  lowering  it  to  the  bottom  of  the  well.  When  all 
is  ready,  the  blasting  machine  is  operated  and  the  charge 
firod. 

If  a  test  indicates  that  the  supply  of-  water  is  not  yet 
sufficient  after  the  first  blast,  it  may  be  repeated.  Some- 
times this  is  necessaiy.  If  I  use  25  lb.  of  dynamite  in  my 
first  shot  and  find  a  second  shot  necessary,  I  usually  use 
50  lb.  the  second  time. 

One  unfamiliar  with  the  action  of  dynamite  might  as- 
sume that  charges  of  this  kind  would  tear  out  great  quan- 
tities of  rock  and  obstruct  the  well.  However,  I  have  not 
found  this  to  be  the  case.  The  shot  generally  springs  a 
pocket  about  the  size  of  a  barrel.  This,  of  course,  increases 
the  capacity  of  the  well  and  the  shot  also  enlarges  and  in- 
creaf.es  the  number  of  crevices  In  the  surrounding  rock 
which  may  be  depended  upon  to  increase  the  flow  of  water 
provided  there  is  any  additional  water  supply  near  where 
the  ijlast  is  set  off. 

It  is  necessary  to  use  the  tin  container  for  well  blasting 
shots  1'eci.use  dynamite  will  not  explode  under  certain 
water  r-res-sure.  The  container  prevents  the  water  pres- 
sure from  coming  in  direct  contact  with  the  charge.  Water 
aoe.s  not  hurt  gelatin  dynamite  and  the  charge  would  go 
off  all  right  even  if  not  loaded  in  a  container  provided  the 
•water  iressure  were  not  beyond   the  given   limit. 


Tonnage  on  New  York  Canals  in  1918. — The  total  tonnage 
on  the  New  York  stale  canals  in  191S,  according  to  the  re- 
port of  the  State  Superintendent  of  Public  Works,  was 
1,159,270  tono.  distributed  as  follows:  By  Erie  Canal.  667.- 
374  tons;  by  Champlain  Canal,  434. 7S4;  by  Oswego  Canal, 
44,CC1;  by  Cayuga  and  Seneca  Canal,  7,509;  by  Black  River 
Canal,  4.932.  According  to  the  records,  the  value  of  the 
commerce  in  191S  amounted  to  ?34,212.4.")9,  as  compared 
v.'ith  an  appraisal  of  ?24,757,077  placed  on  last  year's  freight. 
Also  a  greater  movement  of  boats  through  the  canal  was 
seen  d\iring  the  year  just  past,  the  statistics  showing  that 
the  total  miles  traveled  by  freight  boats  in  1918  was  576,- 
731  n-.'Vs  as  against  474,504  miles  in  1917.  The  report  states 
that  there  was  a  greater  use  of  the  canal  for  the  movement 


of  high  class  freight  than  ever  before,  and  the  efflcioncy  of 
the  ciinal  for  the  ourrying  of  such  higher  class  commodi- 
ties has  been  demonstrated.  I'ractically  for  the  llrst  time 
the  waterway  was  used  by  such  large  private  enterprises 
as  the  Staiuhu-d  Oil  Co.,  the  General  Klectric  Co.,  Ihe  Valve- 
line  Oil  Co.  and  olhcis. 


Personals 


F.  J.  H.ioer  liiis  bei-u  appuuilnl  e'lumnl.ssloner  of  Public  Works 
of  IJi.in.-.    .\.    V. 

John  Wallace  lins  rcslKiied  ns  assistant  to  Citv  Manager  Nagle 
of  WluollnK,   W.  Va. 

Lieut.  W.  H.  Steiner,  clt.v  cnslnoor  of  Muisluilltown,  la.,  has 
returned  to  lliat  elly,  havlUK  been  mustered  out  of  army  service 
lasi  week. 

Winters  &  Dove,  eivll  and  hydraulic  onfrincers.  Fort  Smith, 
Ark.,  have  dissolved  partnership.  W.  L.  Winters  has  assumed 
entire  eoiilrol  of  the  oHlce  and  business  of  the  llrm. 

Dwight  P.  Robinson  <£,  Co.,  Inc.,  the  orjfanization  of  which 
was  mentioned  in  oiu"  J^ee.  11  issue,  has  it.s  oltlces  at  til  Broad- 
way, .New  Voik  C'it.v.  In  the  previous  note  this  address  was 
ineorreetly  Hiven  .'ls  Sixth  and  Broadway. 

R.  Stuart  Royer,  formerly  city  manager  of  Fredericksburg, 
Va.,  has  been  elected  business  manager  of  the  Chamber  of  Com- 
merce of  -Mexandria.  Va.,  at  a  salary  of  $1,000  per  year.  Mr. 
Koyer  is  a  civil  engineer  and  an  expert  in  municipal  management. 
He  resigned  as  city  manager  to  enter  the  army  service  and  was 
recently  mustered  out  of  the  Engineering  Corps  of  the  army. 

Ira  E.  Taylor  has  been  apix)inted  .assistant  engineer  of  the 
nrainage  and  tn'igalion  l-.»eparlment.  Extension  J_)ivision  of  the 
Kansas  State  Agricultural  College  at  Manhattan.  Kans.  Mr. 
Taylor  has  just  returned  from  the  Engineer  Uflieers"  Training" 
School  at  Camp  Humphreys,  Virginia.  He  is  .a  graduate  of  the 
Kansas  State  .Vgrieultnral  College,  class  of  l'J13.  and  has  had  a 
number  of  years  of  practical  experience  in  thi.s  kind  of  work. 
He   will  .specialize  in  farm  drainage. 

The  Field,  Fellows  &  Hinderlider  Engineering  Co.  has  by  mu- 
tnal  consent  of  its  nienibers  been  dissolved.  Mr.  Fellows  having 
entered  the  .service  of  the  I'nited  States  a.s  irrigation  engineer. 
Department  of  Agriculture.  .John  E.  Field  and  M.  C.  Hinderlider 
have  removed  their  oftices  to  51"  Kitlredge  building,  Denver, 
Colo.,  where  they  will  continue  the  general  practice  of  civil 
t*gineering,  as  consulting  and  sui>ervising  engineers,  with  par- 
ticular reference  to  investigations,  estimates  and  reports,  liti- 
gation   and    supei-vision   of   construction. 

Obituaries 

Charles  E.  Phelps,  foriin-riy  chief  engineer  of  the  Public  Serv- 
ice Commission  of  Marj-land,   died   Dec.   2.3. 

William  J.  Galbraith,  a  superintendent  of  construction  for  the 
Foundation   Co.,   died   Dec.    I'l   at  Westmount,  Que.,   aged  32. 


Industrial  Notes 


A.  W.  Greetham  lias  r-'Signet.!  as  .sales  manager  of  the  exca- 
vating maehinery  department  of  pawling  &  Harnischfeger  Co.. 
Milwaukee.  W'is..  and  has  accepted  the  position  of  assistant 
sales  manager  for  the  T.   I^.  Smith  Co.,  .Milwaukee. 

The  Garford  Motor  Truck  Co.,  Lima,  C.  announces  the  se- 
lection of  J.  F.  Bowman  of  Detroit  as  sales  manager,  succeed- 
ing S.  M.  Williams,  who  takes  charge  of  the  new  Garford  de- 
partment known  as  the  Highway  Development  Department.  Mr. 
Bowman  is  well  known  in  the  motor  truck  industry,  and  though 
a  voung  man.  comes  to  the  Garford  company  with  many  years 
of  "work  in  the  motor  truck  field.  Mr.  Bowman  has  more  re- 
centlv  been  identified  with  the  Federal  Motor  Truck  Co.,  where 
he  acted  as  director  of  rales  for  several  years,  and  during  the 
last  period  of  the  war  was  interested  in  ITnited  States  govern- 
ment contract  work  in  connection  with  the  production  of  Liberty 
trucks    in    Detroit. 

The  Youngstown  Sheet  &  Tube  Co.'s  annual  calendar  for  101!l 
is  out  and  is  perhaps  the  handsomest  of  the  interesting  series 
issued  by  that  company.  It  contains  twelve  new  views  S.xlB 
inches,  in  two  colors,  each  showing  one  of  the  spectacular  opera- 
tions in  a  modern  steel  mill.  The  illustration  on  the  front  page 
is  a  night  view  of  the  main  plant  while  it  was  speeded  up  on 
war  work  and  flood-lighted  as  a  wartime  precaution.  This  re- 
markable picture  was  made  from  a  photographic  plate  which  had 
been  exposed  two  hours  and  is  regarded  as  a  triumph  of  night 
photography.  The  calendar  will  be  sent  to  any  address  on  re- 
ceipt of  4  cents  in  stamps  to  pay  expense  of  mailing.  Requests 
for  it  should  he  addressed  to  the  Publicity  Department.  Youngs- 
town Sheet  &  Tube  Co.,  Youngstown,  O. 

The  Garford  Motor  Truck  Co.,  Lima,  O.,  announces  another 
new-  department  \vhich  will  be  known  as  the  Department  of 
Branch  Supervision,  and  the  appointment  of  T.  B.  Fogg  as 
Ijranch  supervisor.  .Mr.  Fogg  comes  froni  Toledo,  where  he  has 
been  identified  in  a  number  of  successful  enterprises.  The  hand.- 
ling  of  large  affairs  following  an  extensive  experience  with  rail- 
road and  transpoi-^ation  i.roblems  fits  Mr.  Fogg  particularly  foi 
the  work  of  branch  supei-i-isor.  of  dealing  through  its  branch 
managers  with  the  large  clientele  of  the  Garford  company.  Mr. 
Fogg's  previous  connections  cover  association  with  the  Gould 
interests  as  general  industrial  and  immigration  agent  for  the 
Gould  Southwestern  Railroads.  Later  being  identified  with  tlie 
Toledo  Terminal  Railroad  as  general  manager,  following  whicii 
connection  he  was  appointed  receiver  by  the  Federal  Court  for 
the  Toledo  Stone  and  Glass  Sand  Company,  which  receivership 
he  carried  through  to  a  most  successful  termination.  His  head- 
(luarters  will  be  at  the  office  of  The  Garford  Motor  Truck  to. 
at  Lima,    O. 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roads  (c)   Street  Cleanlnc 

(b)  Streets  (d)    Municipal    Miscellanies 

Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Waterworks  (c>   Irrigation    and    Drainage 

(b)  Sewers  and  SanI-  (d)    Power 

tation 


Railways  and  Govt.  Works — 3rd  Wednesday 

(a)  Excavation      and  (c>    Harbors   and    Docks 

Dredging 

(b)  Rivers  and  Canals       (d)   Railway    Construction 

Buildings  and  Structures — 4th  Wednesday 

(a)  Buildings  (c)   Ship   Construction 

(b)  Bridges  (dl    Mlscellaneoua    Structures 


Copyright,   191<3,   by  the   Engineering   and    Contracting   Publishing     Company. 


Volui 


LI. 


CHICAGO,  ILL.,  JANUARY  15.  1919. 


Xumber  3. 


E.  &  C.  Index  Furnished  Only  on 
Request 

Hitherto  it  has  been  customary  to  send  the  inde.x  of  our 
articles  to  every  subscriber.  In  order  to  conserve  paper  the 
index  for  the  six  months  ending  Dec.  31  will  be  sent  only 
to  subscribers  who  send  a  postal  card  or  letter  requesting 
a  copy  of  the  index.  We  will  then  list  your  name  so  that 
you  will  receive  the  index  twice  each  year  without  the  ne- 
cessity of  writing  us.  It  will  assist  us  if  those  desiring  the 
index  will  notify  us  at  once. 


Some  Mistakes  of  Mr.  Burleson  in 

Recommending  Government 

Ownership  of  the  "Wires" 

Postmaster  General  Burleson  advocates  GoveraiiKMit  own- 
ership of  telegraph  and  telephone  systems,  contending  that 
whereas  the  private  companies  expect  to  earn  8  per  cent 
on  their  investments,  the  Government  will  be  satisfied  with 
4. .5  per  cent  or  less. 

The  Government,  he  says,  can  borrow  money  at  4..'>  per 
cent  and  the  implication  is  that  private  companies  can  not. 

There  are  two  economic  fallacies  in  Mr.  Burleson's  ar- 
gument, thirst,  if  the  Government  enters  upon  an  era  of 
Government  ownership  it  will  soon  discover  that  it  can 
not  borrow  all  the  necessary  money  at  4..")  per  cent.  Second, 
if  the  Government  will  protect  public  utilities  from  com- 
petition and  other  risks  of  loss,  as  it  should,  the  iiublu; 
utility  companies  will  be  able  to  borrow  numey  almost  as 
cheaply  as  the  Government  itself. 

Men  who  have  not  studied  interest  rates  very  carefully 
are  prone  to  make  the  mistake  of  supposing   that    if  every 

(1 


investment  were  as  secure  as  a  Government  bond,  money 
would  never  command  a  higher  rate  of  interest  than  the 
rate  on  such  a  bond.  That  is  false  reasoning,  for  there  is 
always  a  large  number  of  men  anxious  to  command  labor, 
and  capable  of  so  managing  enterprises  as  to  earn  a  return 
on  capital  that  is  several  fold  the  interest  rate  on  well  se- 
cured bonds.  So  long  as  the  present  financial  system  ex- 
ists, those  leaders  will  bid  more  than  4..-J  per  cent  for  money, 
and  they  will  find  thousands  of  investors  eager  to  join  them 
in  industrial  enterprises  that  yield  10,  15.  20  or  even  higher 
percentages.  Tonsequently  a  certain  percentage  of  investors 
seek  invest  icenls  that  give  reasonable  promise  of  high  re- 
turns; others  seek  investments  yielding  more  moderate 
returns:  and  still  others  seek  only  the  very  safest  invest- 
ments in  high  grade  bonds  and  mortgages. 

The  amount  of  capital  seeking  only  gilt-edge  bonds  prob- 
ably does  not  exceed  2.5  per  cent  of  all  capital  invested  in 
.\merica.  At  any  rate  it  is  only  a  fraction  of  the  total, 
and  it  is  practically  all  invested  at  any  given  moment. 
Patriotism  in  war  times  cause  great  increases  in  capital 
loaned  to  Governments  at  low  rates,  but  such  a  condition 
is  abiioinial.  In  ordinary  times  if  the  Government  were 
to  try  to  raise,  say.  twenty  billion  dollars  to  buy  the  rail- 
ways and  "wires."  it  would  soon  discover  that  4.5  per  cent 
Ixuids  totaling  such  a  sum  could  not  be  sold.  Hence  the 
fallacy  of  assuming  that  the  Government  can  go  on  rais- 
ing large  amounts  of  capital  by  selling  4. .5  per  cent  bonds. 

Important  as  this  fact  is.  there  is  another  even  more 
important.  Railways  and  large  utility  companies  in  nor- 
mal limes  have  usually  been  able  to  bond  their  plants  to 
Ihe  extent  of  half,  and  often  as  high  as  three-fourths  their 
value,  thus  raising  capital  at  a  h  per  cent  rate.  The  re- 
maiiiiim  capital  needed  to  build  the  plants  has  been  secura- 
ble  oulv   by   the   sale  of  stock   the   yield   on   which   seemed 
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liki'lv  to  be  considerably  in  excess  of  5  per  cent.     Whoro 

•  •tllion.  whether  present  or  potential,  has  faced  the  in- 

:-   ill   such   stock,  they   have  refused  to  Invest   unless 

01  of  a  nithor  hiuh  return  scorned  Kood.     In  the 

.•  t<'lephone  and  telcKraph  coiniuuiles.  there  has 

■  n  potential  competition  and  nearly  always  there 

actual    coinpeiltloii    which    the    Ciovernnicnt    has 

.1. 

few   years  ago  when   the   Bell   telephone   system 

'  \r;,.rlcan  Telephone  and  Telepraph  Co.)  effected  a  mer- 
Kir  with  the  Western  rnlon  Telenraph  Co..  the  Federal 
Government,  acting  under  the  Sherman  law.  made  those 
t"ii  companies  separate.  When  "independent  telephone" 
;anles  have  tried  to  unite  with  the  Bell  system,  time 
.iii.l  aKalii  has  the  union  been  prohllilled  either  by  the  Fed- 
eral Government  or  by  state  governments.  In  many  states, 
ns  in  Tennsylvanla.  state  laws  prohibit  the  iiiorBer  of  coin- 
lieting  telephone  companies.  That  is  bad  enough  econom- 
ics, but  when  there  is  piled  upon  that  risk  other  risks,  Is  It 
to  be  wondered  that  investors  In  telephone  stocks  seek  S 
per  rent? 

It  Is  one  thing,  however,  to  seek  S  per  cent  and  it  is  an- 
other to  pet  It,  While  it  Is  true  that  the  wonderfully  well 
nmnnged  .\merlcan  Telephone  and  Telegraph  Co.  has  paid 
S  per  cent  dividends  for  many  years,  how  about  the  divi- 
dends of  the  other  telephone  companies?  It  Is  a  well 
known  fact  that  most  of  the  so-called  "independent  com- 
panies" have  nearly  starved  to  death,  few  of  them  earn- 
ing as  much  as  1  per  cent  net  on  their  invested  capital. 
Mr,  Burleson  himself  reco.snizes  this  fact,  but  instead  of 
using  It  to  show  that  telephone  investments,  taken  as  a 
whole,  have  averaged  less  than  6  per  cent  true  net  earn- 
ings on  the  entire  investment,  he  uses  it  as  an  argument 
for  Government  ownership.  He  says  that  under  Govern- 
ment ownership  this  wasteful  competition  would  be  elim- 
inated, but  he  keeps  silent  as  to  the  efforts  of  state  public 
service  commissions  to  eliminate  this  sort  of  competition. 
efforts  that  have  been  so  often  frustrated  by  the  Federal 
Government  itself. 

The  plain  fact  is  that  all  this  telephone  competition  can 
be  eliminated  by  law.  without  going  to  the  extreme  of  Gov- 
ernment ownership.  Manv  state  public  service  commis- 
sions are  eager  to  eliminate  telephone  comi)etition.  and 
would  have  done  so  years  ago  had  it  not  been  for  the  Sher- 
man  anti-trust   law. 

Mr.  Burleson  paints  a  very  alluring  picture  of  Govern- 
ment-owned telephone  and  telegraph  plants  operated  with- 
out any  interest  charges.    He  says: 

"The  Government  as  owner  would  no  more  expect  to 
charge  for  interest  on  the  investment  than  it  would  for 
money  invested  in  postal  facilities,  navy  yards  or  other  pub- 
lic property." 

In  short,  telephone  and  telegraph  rates  would  ultimately 
he  only  high  enough  to  pay  bare  operating  expenses  and  no 
more.  While  this  may  appeal  to  those  who  have  not  stud- 
ied economics,  it  will  occur  to  others  to  inquire  how  such 
a  condition  can  be  brought  about  without  either  overcharg- 
ing present  users  of  the  wire  systems  or  taxing  the  general 
public  to  raise  the  money  invested  in  those  systems.  Doubt- 
less it  would  be  feasible  to  amortize  the  entire  investment 
in  the  "wire  systems"  in,  say,  20  years,  by  charging  more 
than  the  cost  of  service  including  interest.  But  does  the 
present  generation  wish  thus  to  burden  itself  for  the  bene- 
fit of  future  generations?  The  only  alternative,  if  there  is 
not  to  be  an  overcharge  for  the  next  20  years  or  so.  is  to 
do  just  what  Jlr.  Burleson  suggests,  raise  the  capital  by 
general  taxation.  Now  this  is  precisely  the  porkbarrel 
method  under  which  thousands  of  little  hamlets  have  se- 
cured monumental  postoffice  buildings  at  the  expense  of 
the  rest  of  the  public.  If  there  is  a  better  method  of  wast- 
ing capital  and  covering  up  unwise  investments  in  plant  than 
the  method  suggested  by  Mr.  Burleson,  we  have  yet  to  hear 
of  it. 

Every  engineer  knows  that  no  investment  in  plant  is  eco- 
nomically justifiable  unless  it  can  be  shown  that,  in  the 
long  run.  it  will  earn  directly  or  indirectly,  at  least  ordi- 
narj-  interest  on  the  investment.  Governments  are  inclined 
not  only  to  ignore  this  economic  law,  but  to  ignore  its  mate 


also,  namely:  If  any  invesliiu>n(  in  plain  will  increase  the 
net  earnings  by  an  amount  equal  to  or  in  excess  of  tlie  in- 
terest charges  and  operating  expense  incident  thereto,  then 
the  investmenl   should   be  nuule. 

When  n<>itlier  of  these  ecoiuiinic  laws  is  observed,  we  get 
just  the  sort  of  management  that  has  always  characterized 
the  postolllce  department.  Mr.  Burleson  is  no  worse  than 
his  predecessors,  and  all  Congresses  have  been  about  oni 
an  equal  level  in  wasteful  apiiropiialions  for  poslolllce 
buildings,  as  well  as  in  their  wasteful  lack  of  aiipropriatlnna 
for  labor  saving  appliances  and  plant. 

In  round  numbers  the  investment  in  the  plant  of  the  Boll 
telophone  system  is  a  billion  dollars.  The  annual  gross, 
earnings  on  each  dollar  of  jilant  Investment  have  averaged 
about  2.5  ct.:  and  the  operating  oxponsos,  depreciation  and 
taxes  have  been  18.5  ct.,  leaving  net  earnings  of  G..'>  ct.,  or 
t!.."i  per  cent  on  the  value  of  the  plant.  However,  the  out- 
standing bonds.  stocl<s  and  notes  have  averaged  a  little  less 
than  85  ct.  on  the  dollar  of  investment  in  plant  because 
most  of  the  depreciation  reserve  has  been  invested  in  the 
plant.  The  comiianies  of  the  Bell  system  have  no  "watered 
stock,"  On  this  point  the  editor  speaks  from  personal 
knowledge. 

Since  only  about  one-fourth  of  the  gross  earnings  are 
available  for  interest  and  dividends,  it  follows  that  even  if' 
the  Government  were  satisfied  with  only  two-thirds  as  great 
net  earnings,  the  resulting  reduction  of  one-third  of  one- 
fourth  would  be  only  one-twelfth  of  the  present  gross-earn- 
ings. In  other  words,  the  Government  would  be  able  to  re- 
duce the  present  telephone  rates  only  one-twelfth,  or  about 
S  per  cent.  But  even  this  small  reduction  could  occur  only 
upon  the  assumption  that  the  Government  were  to  man- 
age the  operating  and  constructing  forces  as  elTiciently  and 
economically  as  they  are  now  managed.  Who  that  is  fa- 
miliar with  Government  operation  of  anything  believes  this 
to  be  possible? 

So  long  as  Mr.  Burleson  talks  in  general  terms  and  avoids 
estimating  just  what  he  believes  can  be  saved  to  the  pub- 
lic by  Government  operation,  there  is  plausibility  in  his  ar- 
guments. But  this  is  an  economic  problem,  and  no  eco- 
nomic problem  was  ever  solved  merely  by  an  appeal  to- 
theories  and  qualitative  statements.  Quantitative  facts, 
dollars  and  cents  facts,  must  be  used  in  solving  an  economic 
problem,  but  of  such  facts  Mr.  Burleson  says  never  a  word. 


A  Common  Defect  in  Management 

A  common  defect  of  many  large  companies  and  of  nearly 
all  governments  is  the  inclination  to  follow  precedent, 
avoiding  any  experiments.  Illustrative  of  this  is  the  re- 
fusal of  the  railways  to  build  refrigerator  cars  40  years 
ago.  G.  A.  Swift,  founder  of  Swift  &  Co.,  conceived  the 
idea  that  it  would  be  more  economic  to  slaughter  animals 
in  the  west  and  ship  the  dressed  meat  in  refrigerator  cars 
than  to  ship  the  live  stock  to  the  points  of  consumiition. 
He  tried  to  persuade  several  railway  companies  to  build 
refrigerator  cars,  but  in  no  case  met  with  success.  The 
railway  companies  had  a  great  many  cattle  cars  which  they 
wished  to  continue  to  use.  but  they  also  doubted  the  eco- 
nomic feasibility  of  Mr.   Swift's  plan. 

Forced  by  the  opposition  and  indifference  of  the  railways, 
Mr.  Swift  built  70  refrigerator  cars  and  put  his  idea  into- 
practice.  Swift  &  Co.  now  own  7.000  cars,  and  that  com- 
pany is  only  one  of  several  that  own  great  numbers  of  re- 
frigerator cars. 

In  a  similar  manner  Pullman  conceived  the  idea  of  a 
sleeping  car.  but.  finding  no  encouragement  from  the  rail- 
way companies,  he  decided  to  build  and  operate  "sleep- 
ers." Only  within  recent  years  have  any  railway  compa- 
nies undertaken  to  own  their  own   "Pullmans." 

When  a  railway  company  becomes  large  and  its  stock- 
is  widely  distributed,  the  president  and  other  general  offi- 
cers usually  receive  salaries  that  are  not  determined  by 
the  net  earnings.  If  then,  these  officers  own  relatively  lit- 
tle or  no  stock,  thereMs  not  the  incentive  to  use  their  wits 
and  to  experiment  that  exists  in  smaller  companies  where- 
a  large  percentage  of  the  stock  is  owned  by  the  executives. 
This  is  the  fundamental  reason  why  so  many  railway  com- 
panies have  shown  lack  of  initiative,  and  it  explains  why 
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-men  like  Swift  and  Pullman  have  had  to  develop  ideas  that 
the  railway  companies  rejected. 

If  companies  often  show  lack  of  initiative  and  a  tendency 
to  let  well  enough  alone,  it  should  surprise  no  one  that 
governments  are  much  worse  in  this  respect.  Stockholders 
in  companies  usually  have  enough  knowledge  of  economics 
to  pay  liberal  salaries  to  at  least  a  few  of  their  executives, 
and  without  doubt  the  desire  to  merit  a  large  salary  serves 
to  stimulate  a  man  to  some  extent.  On  the  other  hand,  the 
citizens  of  a  republic  are  notoriously  averse  to  paying  lib- 
eral salaries  to  their  executives.  A  few  weeks  ago  the 
secretary  of  the  treasury  and  director  general  of  the  rail- 
ways. IMcAdoo,  resigned.  He  gave  as  reason  for  his  resig- 
nation the  fact  that  he  could  not  longer  afford  to  serve  at  a 
salary  of  $12,000  a  year.  Under  him  were  scores  of  rail- 
way executives  receiving  salaries  two  to  four  times  as  great 
as  his.     Small  wonder  that  he  quit. 

The  salaries  of  some  railway  executives  seem  large  to 
most  men,  but  railway  salaries  are  seldom  adequate  even 
where  they  are  highest.  Moreover,  there  is  too  big  a  chasm 
between  the  salaries  of  the  presidents  and  the  chief  engi- 
neers, for  example.  The  gap  between  the  salaries  of  chief 
engineers  and  division  engineers  is  also  too  great.  The 
entire  engineering  staff  of  every  railway  is  grossly  under- 
paid, considering  what  depends  upon  their  judgment. 

Salaries  of  executives  and  designers  should  bear  a  rela- 
tion to  the  total  expenditures  that  are  dependent  upon  their 
judgment.  Moreover,  the  incomes  of  such  men  should 
never  be  fixed,  but  should  be  proportionate  to  their  eco- 
nomic performance.  Schwab  pays  Grace,  the  president  of 
the  Bethlehem  Steel  Co..  a  million  dollars  a  year.  In  simi- 
lar manner  Carnegie  rewarded  Schwab.  When  the  greatest 
of  industrial  leaders  thus  illustrate  their  belief  in  "the  law 
of  reward  proportionate  to  economic  performance"  the  rest 
of  the  world  should  hesitate  to  adopt  a  contrary  policy.  Yet 
here  we  are  with  our  high  political  office  holders  drawing 
salaries  far  below  what  the- importance  of  the  position  jus- 
tifies. And  here  we  are  with  countless  managerial  and  en- 
gineering positions  in  railway  companies  likewise  under- 
paid. The  result  is  either  that  ambition  becomes  dormant 
or  that  it  deserts  the  fields  where  it  fails  to  find  stimulat- 
ing reward. 


The  First  Large  American  City  to 
Own  the  Street  Railways 

By  a  vote  of  3.5  to  1  Seattle  has  decided  to  buy  the  exist- 
ing street  railways  for  p.5,000.000.  Seattle  will  be  the  first 
large  city  in  America  to  acquire  a  complete  street  railway 
system.  San  Francisco  owns  a  f°w  lines  in  which  it  has 
invested  $7,000,000,  but  most  of  the  street  car  lines  are  still 
in  the  hands  of  a  company. 

Owing  to  their  inability  to  secure  an  increase  in  fares, 
many  of  the  street  railway  companies  in  this  country  are 
in  desperate  financial  straits.  Fares  have  been  recently 
raised  in  about  300  cities.  Ninety  of  the  1.58  cities  having 
a  population  of  40.000  or  more  now  have  increased  rates. 
The  highest  fare  thus  far  secured  is  8  ct.,  but  this  exists 
in  only  two  cities,  Sacramento  and  Wilkes-Barre.  In  most 
cases  the  increased  fare  is  G  ct. 

San  Francisco  seems  likely  to  follow  the  Seattle  prece- 
dent and  acquire  all  the  car  lines  in  the  city.  Unless  rates 
are  soon  raised  in  nearly  all  cities,  we  shall  soon  see  many 
another  city  follow  the  Seattle  precedent,  for  it  is  impos- 
sible for  many  traction  companies  to  earn  even  5  per  cent 
net  on  the  invested  capital  under  present  conditions.  We 
are  not  speaking  of  5  per  cent  on  "watered  stock" — of  which 
there  is  much  less  than  is  popularly  supposed — but  of  5 
per  cent  on  the  actual  cash  cost  of  the  street  railway  sys- 
tems. 

If  Seattle  will  subject  her  street  railways  to  the  control 
of  the  Washington  Public  Service  Commission,  as  should 
be  done,  this  municipal  ownership  experiment  may  prove 
very  instructive  to  other  American  cities.  But  if  Seattle 
insists  upon  entire  "freedom,"  it  is  likely  to  happen  that 
the  accounting  reports  of  her  street  railway  department 
will  not  be  of  much  value  for  comparison  with  those  of 
traction  companies  in  other  cities. 


7,000  Jitneys  Operating  in 
America 

Reports  to  the  War  Board  from  321  electric  railways 
showed  that  nearly  7,000  jitney  buses  arc  operating  in 
America.  Of  these  5,800  are  competing  with  street  rail- 
ways in  153  cities;  and  these  5.800  jitneys  have  a  gross  an- 
nual income  of  nearly  $14,000,000.  or  about  $2,500  per  jit- 
ney per  annum;  the  number  of  employes  being  8,200. 

At  the  height  of  "the  jitney  craze"  there  were  about  20,- 
OOu  of  these  buses  competing  with  street  railways.  b\it  many 
cities  have  passed  ordinances  that  either  prohibit  the  op- 
eration of  jitneys  or  make   their  operation   unprofitable. 

The  jitney  has  at  no  time  been  economically  desirable 
where  street  cars  exist.  It  stole  the  profitable  short-haul 
traffic  from  the  street  cars,  and  would  not  carry  the  long- 
haul  iiassengers.  Hundreds  of  street  railways  suffered  ir- 
reparable losses  from  this  unneeded  and  unregulated  com- 
petition before  city  and  state  authorities  began  to  exercise 
their  power  to  protect  the  public  agents  known  as  street 
car  companies.  Even  yet  153  cities  have  not  become 
aroused  to  the  point  of  protecting  their  own  agents — the 
traction  companies. 

From  the  jitney  competition  one  lasting  benefit  appears 
to  have  been  derived.  Driven  by  the  spur  of  necessity. many 
traction  companies  introduced  the  one-man  street  car.  Not 
only  did  this  type  of  car  do  away  with  the  necessity  of  a 
conductor,  but,  being  much  lighter  than  the  standard  two- 
man  car,  it  largely  reduced  the  amount  of  electric  current 
required.  This  innovation,  while  not  entirely  due  to  jitney 
competition,  was  greatly  accelerated  thereby,  thus  demon- 
strating anew  the  benefit  of  competition. 

One  of  the  greatest  problems  in  political  economics  to- 
day is  what  to  substitute  for  competition,  in  order  to  spur 
managers  to  experiment,  when  competition  is  done  away 
with  to  prevent  expensive  duplication  of  plant  and  labor. 


Definitions  of  Engineering 

To  the  Kditor:  The  editorial  appearing  in  your  issue  of 
the  1st  inst.  entitled  "Is  It  Worth  While  to  Attempt  to 
Define  Engineering?"  was  read  with  interest.  In  it  you 
lioint  out  the  patent  defect  of  a  definition  of  engineering 
formulated  by  the  writer  ("Engineering  is  the  science,  art 
and  business  of  utilizing  the  forces  and  materials  of  nature 
and  the  abilities  of  men  to  promote  the  welfare  and  pros- 
perity of  mankind"),  viz.,  "that  it  is  not  sufficiently  .specific, 
for  it  applies  quite  as  well  to  an  intelligent,  up-to-date  farm- 
er as  it  does  to  an  engineer."  Granted,  for  the  naost  part. 
It  is  the  writer's  opinion  that  the  same  criticism  applies 
with  equal  or  even  greater  force  to  the  definition  proposed 
in  your  editorial,  namely,  "An  engineer  is  one  whose 
vocation  is  the  systematic  study  and  application  of  science 
to  the  problems  of  production."  The  writer's  definition 
mentioned  above  is  a  very  broad  definition  of  engineering 
in  general  and  admittedly  is  not  specific  enough  to  fix  the 
limits  of  the  vocation  of  enginej|-ing.  It  was  formulated 
incidentally  ia  a  paragraph  whose  purpose  was  to  call  at- 
tention to  the  inadequacy  of  Tredgold's  definition  in  express- 
ing the  modern  conception  of  an  engineer,  rather  than  with 
a  view  to  defining  the  vocation  of  an  engineer  of  today.  (See 
S.  P.  E.  E.  Bulletin  Vol.  VIII  No.  (!).  In  fact  none  of  the 
definitions  that  have  come  to  the  writer's  attention  appears 
to  have  been  framed  with  a  view  to  setting  the  boun- 
daries of  an  engineer's  functions  hut  rather  have  been 
more  or  less  ei)igrammatic  statements  descriptive  of  cer- 
tain of  his  ideals  and  methods  of  operation. 

In  his  vocation,  the  engineer  stands  between  the  pure 
scientist,  chemist,  physicist,  mathematician,  biologist,  psy- 
chologist and  sociologist  on  the  one  hand,  and  the  artizan 
on  the  other.  He  interprets  the  concepts  and  findings  of 
the  former  by  means  of  plans  and  specifications  in  terms 
that  are  intelligible  to  the  latter,  the  carpenter  of  the 
mechanician,  and  then  directs  the  application  of  these 
principles  to  the  problems  of  economic  construction  and 
production.  This  applies  to  a  non-military  engineer;  a 
military  engineer  has  so  little  in  common  with  the  modem 
(;onception    of   an    engineer   that   his    functions    cannot    be 
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included  In  the  same  doilnltlon  with  those  of  a  noD-militiiry 
t'DKineer  and  still  rctuln  a  detiiiition  having  any  slgnitl- 
lance. 

A  more  specltlc  detlnitluu  and  ono  that,  according  to  the 
writer's  conci-ptlon  of  the  term,  dellnos  the  province  of  the 
••nglneer  would  be  expressed  soniewhiit  as  follows: 

.\n  engineer  Is  one  whose  vocation  Is  to  Interpret  the 
principles  of  science  in  terms  intelligible  to  artlzans  and 
to  dlr»>ct  the  latter  together  with  the  necessary  forces  of 
men  and  other  agencies  in  the  application  of  the  same  to 
•'conomic  construction  and  production. 

According  to  this  view,  the  engineer  must  have  suf- 
liclent  knowledge  of  pure  science  on  the  one  hand  to  enable 
!i!"'  •••  i-rnsp  Its  principles  in  their  entirety  and  sulfldent 
.  ^:'  :i;i>  of  workmen's  devices  and  methods  on  the  other 
•  '  '  iu.l.l.'  him  to  express  the  pertinent  principles  of  the 
■  r  vr  In  the  working  vocabulary  of  the  latter,  .attention 
!'.  lid  be  called  to  the  fact  in  this  connection,  moreover, 
•'  .  •  the  term  "sclenco"  in  the  above  dellnition  should  In- 
'  ;  ..ii'  not  only  mathematics  and  physical  and  biological  sci- 
.lui's.  but  psychological  and  social  sciences  as  well,  for  in 
the  administration  of  affairs  involving  the  handling  of 
men.  the  "Imponderables."  welfare,  loyalty,  morale,  esprit 
de  corps  and  mental  attitude  of  men  are  quite  as  important 
;i3  are  the  laws  of  matter  and  motion. 

C.  C.  WHLLIAMS. 
Professor   of   Railway   Engineering,   University   of   Kansas. 
I^wrence.  Kan. 


What  Is  an  Engineer? 

To  the  Kditor:  The  articles  in  your  journal  of  the  1st 
■ire  very  pertinent  as  to  the  definition  of  "What  Is  an 
i:ngineer?" 

A  little  reflection  will  disclose  that  an  engineer  may  be 
anything  from  a  mechanic  to  a  scientist  by  way  of  a  busi- 
ness man.  yet  not  all  people  in  those  vocations  would  be 
recognized  as  engineers.  At  the  same  time  there  are  many 
In  each  of  the  above  classes  who  would  define  an  engineer 
as  pertaining  wholly  to  themselves. 

It  would  simplify  the  definition  if  the  word  was  spelled 
after  the  French  "ingenleur,"  which  also  brings  out  the 
thought  or  phase  relative  to  ingenuity. 

W.  W.  WAGGONER. 

Nevada  City,  Cal. 


What  to  Do  with  the  German  Fleet 

To  the  Editor:  The  papers  tell  us  that  they  are  going 
to  sink  this  great  fleet.  Let  me  ask,  how  many  thousand 
tons  of  the  finest  grade  of  nickel  steel  and  Swedish  iron  are 
in  that  great  display  of  boats? 

Why  not  junk  the  whole  fleet  and  use  the  iron  and  steel 
for  some  construction,  spend  the  money  derived  therefrom 
for  the  education  and  betterment  of  mankind? 

Melt  up  and  sell  the  iron  and  steel,  the  war  has  wasted 
enough,  put  the  matter  in  the  hands  of  an  international  com- 
mittee with  orders  to  sell  for  junking  purposes  only;  sell  a 
few  at  a  time  and  when  prices  are  right,  so  as  not  to  flood 
the  market.  EDGAR  A.  ROSSITER. 

Chicago.  III. 


Work  on  Wetland  Canal  to  Be  Resumed. — Work  is  to  be 
resumed  at  once  on  the  completion  of  the  Welland  Canal, 
according  to  an  announcement  of  the  Minister  of  Railways 
of  Canada.  It  is  expected  that  about  800  men  will  be  em- 
ployed during  the  winter  preparing  for  a  general  reopen- 
ing of  the  work  in  the  spring.  The  estimated  cost  of  the 
four  main  contracts  of  this  project  was  $20,000,000.  of  which 
S12.000.000  has  been  expended.  In  addition  an  expenditure 
of  about  $8,000,000  additional  was  contemplated  for  struc- 
tures, bridges,  lock  gates,  etc..  etc.  Of  the  later  sum 
$4,000,000  has  been  spent. 


Only  178.362  Immigrants  in  18  months. — Immigration  al- 
most ceased  during  the  war.  Statistics  announced  Jan.  12  by 
the  bureau  of  immigration  showed  that  from  April  1.  1917, 
to  Sept.  30.  1918,  a  total  of  178.362  immigrants  arrived  in 
the  United  States  and  that  123.67(5  aliens  departed. 


Construction  Features  of  Govern- 
ment Housing  Development 
at  Cradock,  Va. 

Many  uniigue  and  elllcient  metliods  of  consiruclion  are 
being  employed  at  the  Cradock,  Va.,  development  of  the 
U.  S.  Housing  Corporation.  This  project  involves  the  build- 
ing of  a  complete  city,  capable  of  housing  5,000  or  more 
people.  The  site,  a  450-acre  tract  of  farm  land,  is  .served 
in  a  transportation  way  by  the  Virginian  U.  R.  and  the  Gil- 
merlon  branch  of  the  X'irginia  Railway  and  Power  Co.  The 
entire  project  calls  for  the  erection  of  609  houses,  each  of 
which  will  be  a  well  appointed,  substantial  home,  with  all 
modern  conveniences.  Kacli  will  have  a  lot  ranging  from 
30  ft.  by  100  ft.  to  120  ft.,  according  to  the  size  of  the  home. 
There  will  be  50  distinct  designs  of  houses,  single  and  dou- 
ble, ranging  in  size  from  four  to  eight  rooms,  the  majority 
being  six   rooms. 

Incorporated  into  the  plans  for  Cradock  are  definite  pro- 
visions for  beauty  and  community  service.  The  public  build- 
ings, town  hall,  post  office,  stores,  business  buildings  and  the 
like  will  be  built  around  the  "town  square."  The  .sites  for 
these  buildings  have  been  definitely  determined  upon,  but 
they  are  not  being  built  as  a  part  of  the  war  emergency 
construction.  There  will  be  a  community  building  and  mass 
athletic  field  to  be  known  as  "Community  Green."  as  well 
as  two  churches  and  one  large  school  building,  and  a  com- 
pletely equipped  hospital.  Parks  and  open  spaces  will  be 
numerous  and  spacious  in  Cradock.  As  far  as  possible, 
building  operations  are  being  carried  on  so  as  not  to  injure 
or  cut  down  trees,  and  young  trees  will  be  planted  along 
boulevards,  parkways  and  streets  to  supplement  present 
standing  timber. 

Engineering  work  on  the  site  of  Cradock  was  begun  on 
Aug.  7,  191S.  The  grounds  were  plotted;  lots  were  laid  out; 
parks,  playgrounds,  town  squares  and  a  community  green 
were  provided,  and  a  boulevard  system  encircling  the  city, 
which  will  connect  with  broad  parkways  running  through 
the  center  of  the  city.  Residence  streets  will  be  .'iO  ft.,  all 
curbed  and  drained.  Thirty  inch  sewer  pipes  run  through 
the  city  and  16  In.  water  mains,  connected  with  the  Ports- 
mouth (Va.)  water  pumping  station  will  provide  abundant 
water.  Fire  plugs  at  every  street  intersection  will  give  fire 
protection. 

Before  any  work  was  started  the  contractors  prepared 
careful  plans  of  operations  which  have  been  adhered  to 
practically  without  deviation.  The  exigencies  of  certain  sit- 
uations have  required  additional  labor  saving  devices  to  be 
adopted  almost  on  the  spur  of  the  moment.  But  these  al- 
ways are  worked  out  to  supplement  rather  than  to  conflict 
with  the  original  efficient  plan. 

Within  the  tract  there  was  planned  and  constructed  3 
miles  of  steam  railroad  and  switches  and  spurs  so  located 
as  not  to  interfere  with  permanent  construction  and  so  dis- 
tributed that  all  material  is  delivered  practically  on  the 
spot  where  it  is  to  be  used.  This  railroad  connects  the  Vir- 
ginian R.  R.  with  the  project.  It  runs  through  the  heart 
of  the  city  and  forms  a  complete  return  loop,  so  that  no 
time  or  efficiency  is  wasted  in  distributing  materials.  Sup- 
plementing the  railroad  are  numerous  trucks,  tractors  and 
horse  drawn  wagons. 

Before  actual  building  operations  could  be  begun  on  the 
permanent  work  extensive  temporary  buildings  had  to  be 
built.  A  central  office  building,  numerous  storage  houses,  a 
complete  saw-  mill,  temporary  housing  for  the  laborers  and 
many  smaller  buildings  were  erected.  All  trees  on  the  site 
were  boxed  to  prevent  injury,  and  fencing  was  placed  around 
important  sections.  At  the  same  time  work  on  barracks, 
to  care  tor  3,000  workers,  with  mess  halls,  canteen  and 
other  service  buildings,  was  begun,  and  now  all  are  com- 
pleted. These  barracks  are  heated,  have  running  water 
and  shower  baths  and  everything  is  comfortable  and  san- 
itary. The  colored  laborers  have  separate  barracks,  can- 
teen and  mess  hall.  The  mess  hall  is  operated  on  the  cafe- 
teria plan  and  serves  over  2.000  meals  a  day.  At 
lunch,  for  example,  on  Dec.  12.  700  men  were  served  in  17 
minutes. 
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The  concrete  tor  the  foundations  is  mixed  at  a  central 
plant  having  a  capacity  of  250  en.  yd.  per  day — enough  for 
the  foundations  of  25  houses.  It  is  distributed  in  special 
dump  boxes  mounted  on  wagon  bodies  which  are  hauled 
by  caterpillar  tractors.  It  has  been  found  that  each  of  these 
tractors  is  as  efficient  as  several  teams  of  horses.  These 
tractors  also  were  used  for  plowing,  pulling  down  trees  and 
hauling  materials  over  rough  ground  as  well  as  on  roads. 

As  a  sort  of  "morale  stimulator."  the  contractors  have 
built  a  tower  on  their  office  building,  on  which  has  been  in- 
stalled a  huge  clock  marked  in  colors  to  show  daily  progress 
on  the  work.  This  clock  can  be  seen  from  all  parts  of  the 
work,  its  hands  pointing,  day  by  day.  to  what  has  been  done 
each  twenty-four  hours. 

Once  the  temporary  work  was  completed,  construction  of 
the  permanent  houses  was  begun.  Indeed,  the  carpenters 
have  followed  close  upon  the  heels  of  the  excavators,  and 
as  this  is  written  over  200  houses  have  been  framed,  with 
many  under  roof  and  ready  for  interior  completion.  An  idea 
of  the  speed  with  which  Cradock  is  being  pushed,  despite  a 
marked  and  aggravating  scarcity  of  labor,  may  be  gathered 
from  the   work   on   a  group   of  seven   apartment   buildings. 


rolled  on  the  motor  trucks,  thus  eliminating  the  time  that 
has  been  the  rule  when  a  truck  waits  for  its  load.  A  cou 
servative  estimate  of  this  scheme  shows  that  one  truck  will 
do  the  work  that  would  require  four  if  the  old  method  were 
used. 

The  plans  for  Cradock  were  prepared  by  George  B.  Post 
<6  Sons,  of  New  York.  The  engineering  work  was  done  by 
Hill  &  Ferguson  of  New  York.  The  entire  construction 
work  is  being  done  by  the  Hegeman-Harris  Co.,  Inc..  general 
contractors,  of  New  York.  .John  W.  Harris  is  in  active 
charge   of  the    work. 


Labor    Saving    Equipment     Em- 
ployed in  Track  Maintenance 
by  B.  &  O.  R.  R.* 

By  E.  STIMSON. 
":riiiial   Sui.crliilfiulfm    Maintenance  of  Way  and   Sti'ucture.s. 
The   steam    shovel    with    the    attendant    flat   cars,    plows. 
Lidgerwood   unloaders,   spreaders,  or   dump   cars   was,   per- 
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Haul     Concrete     Over    450-Acre 


totaling  111-!  four-room  apartments.  Foundations  for  this 
group  were  begun  on  Oct.  2:'.rd.  On  Nov.  10th  one  building 
was  completed  with  plumbing,  running  water,  electric  light, 
all  installed  and  the  apartments  ready  for  occupancy.  All 
the  other  buildings,  as  far  as  construction  work  is  con- 
cerned, were  practically  completed  on  the  saine  day.  and 
turned  over  to  the  plasterers,  plumbers  and  electricians. 
This  group  of  apartment  houses  marks  a  new  departure  in 
industrial  housing.  They  are  2-story  buildings,  each  con- 
taining commodious  four-room  apartments,  with  all  modern 
conveniences.  They  are  grouped  around  a  spacious,  well 
wooded  court  for  the  tenants. 

One  of  the  many  "speed"  devices  is  the  mill  where  all 
framing  timber,  exterior  and  interior  trim  and  all  door  and 
window  frames  are  cut  so  that  the  carpenters  on  the  houses 
have  only  to  assemble  the  various  pieces  and  secure  them 
in  place.  This  elimination  of  petty  cutting  on  the  work 
saves  a  large  amount  of  time. 

Another  speed  device  is  the  use  of  temporary  platforms 
upon  which  lumber  is  loaded  from  the  railroad  cars,  and  is 


haps,  the  first  great  labor-saving  device  used  on  railroads, 
and  is  the  greatest  of  all.  It  made  possible  the  rapid  con- 
struction and  expansion  of  the  American  railways  and  has 
in  itself  and  with  its' modification,  the  steam  ditchers,  as- 
sisted in  their  maintenance. 

Ditching  Machines. — The  first  ditching  machine  of  which 
I  have  knowledge  was  developed  on  the  Illinois  division  of 
the  Baltimore  &  Ohio  R.  R.,  about  20  years  ago,  and  was 
called  the  "Mahoney  Ditcher."  The  first  machine  was  built 
at  the  company's  shop,  and  was  in  use  for  a  number  of 
years.  This  ditcher  is  best  adapted  to  work  of  cleaning 
out  or  restoring  ditches  in  standard  width  cuts.  The  bucket 
Is  shaped  to  the  ditch,  leaving  it  in  the  finished  form  with 
a  minimum  removal  of  material.  The  capacity  is  about 
:;0  cu.  yd.  per  hour  with  a  full  complement  of  5  men. 

About  the  time  the  "Mahoney  Ditcher"  was  brought  out. 
one  of  another  type  appeared,  namely,  a  small  steam  shovel 
mounted  on  skids  and  pulled  from  car  to  car  along  a  train 
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of  Dais  by  a  LiUgerwood  unloador.  This  umchlne  was  suited 
for  widoniuK  cuts.  ri'inovlnB  slides,  but  wus  not  floxiblo 
cnuii^b  in  niovi-ini'nl  to  form  ii  llnlshod  ditch.  It  was  ojilli'd 
tho  ■  T  MiT."     It  was  tlio  forcrunnor  of  the  mod- 

ern St.  (  tho  "American"  and  "Itiirnhart"  t.vpes. 

Steel  an-  duuiii  i.irs  of  about  ir«  cu.  yd.  caiiac-lty  with  a 
spreader  car  form  tho  ideal  ixiuipmonl  to  use  with  these 
ditchers.  This  type  of  ditcher  is  well  adapted  to  tho  uses 
of  0  steam  derrick  witliln  Iho  limits  of  Its  lifting  capacity. 
and  Is  of  great  use  in  unloading  and  loading  rail.  ties,  tim- 
bers, etc.  With  a  clam  shell  biicket  substituted  for  the 
dipper  arm  its  uses  are  still  further  extended. 

Kach  of  these  various  uses  of  this  machine  results  in  a 
great  saving  in  niun-power.  the  best  example  being  that 
of  ditching.  The  loading  capacity  is  about  tiO  cu.  yd.  per 
hour  in  ordinary  material'.  It  would  require  100  men  to 
load  this  amount  by  hand.  As  it  requires  but  ,'i  men  to  op- 
erate the  ditcher,  the  large  saving  is  evident.  In  handling 
rail  6  men  and  the  machine  will  readily  do  the  work  of  40 
men. 

In  connection  with  the  ditchers  there  have  been  men- 
tioned the  LIdgerwood  unloaders  and  the  plows  and  spread- 
ers to  unload  the  materials  from  the  cars  and  spread  them 
away  from  the  track.  These  are  used  to  best  advantage 
with  Hat  cars,  but  can  also  be  used  with  flat  bottom,  side 
dump  cars.  Air  dump  cars  used  where  the  haul  is  short  are 
economical.  req\iiring  a  smaller  engine  for  handling  and 
no  unloader.  They  save  tho  time  required  for  switching 
the  plow  each  time  to  the  rear  of  the  train  and  the  stretch- 
ing of  the  cable  over  the  cars.  and.  not  the  least  important, 
keep  the   flat  cars   in  revenue  service. 

Spreader  Cars. — In  addition  to  the  equipment  for  ditch- 
ing already  mentioned  there  are  several  good  types  of  steel 
constructed  spreader  cars  with  this  wings  operated  by  air 
which  level  down  and  spread  out  the  material  dumped  from 
the  cars.  Two  men  with  a  work  train  crew  operate  these 
machines.  There  is  also  a  type  of  spreader  having,  in  ad- 
dition to  tho  long  main  wing,  a  short  wing  in  the  rear  used 
as  a  ballast  section  and  roadbed  shaper  which  is  a  great 
labor  saver  where  cinders,  granulated  slag  or  gravel  is  used 
as  ballast.  These  spreader  cars  are  also  adaptable  for  use 
as  snow  flangers.  as  plows  and  for  spreading  ballast. 

Methods  and  Appliances  for  Reducing  Work  Train  Service. 
— Devices  and  methods  of  eliminating  work  train  service  in 
ditching  are  necessary  and  often  imperative  under  present 
conditions.  A  steel  side  dump  ditching  car  which  is  built 
at  the  company  shops  is  used  for  this  purpose.  It  operates 
on  a  22-in.  gage  track  laid  directly  over  the  ditch.  The  car 
is  built  low  and  narrow  so  as  to  clear  trains  in  narrow 
cuts.  The  capacity  of  the  car  is  %  cu.  yd.  and  can  easily  be 
handled  loaded  by  two  men.  The  material  loaded  is  taken 
to  the  end  of  the  cut  and  used  for  bank  widening  or  Is 
wasted.  Where  the  work  is  heavy  and  the  haul  long,  two 
and  sometimes  three  cars  are  handled  in  trains  by  a  motor 
car.  With  this  method  a  larger  gang  is  employed  and  a 
switch  is  put  in  at  the  end  of  the  cut  so  two  trains  of  cars 
can  be  handled,  one  loading  while  the  other  is  being  taken 
out  for  dumping. 

Horses  furnish  another  means  of  saving  work  train  serv- 
ice. We  have  found  that,  including  plowing,  a  1-horse 
scoop  and  driver  working  in  a  clay  cut  averaging  4  ft.  in 
height,  and  wasting  the  materia!  on  top  of  the  cut.  can 
handle  45  eu.  yd.  in  9  hours.  Another  man  is  required  for 
dressing  up  the  ditch.  The  two  men  and  one  horse,  there- 
fore, do  the  work  of  at  least  10  men.  Up  to  a  300-ft.  haul 
the  wheelbarrow  is  a  good  proposition  as  compared  with 
other  methods.  While  these  methods  may  not  show  great 
economies  over  the  steam  ditcher  and  work  train,  and  do 
require  much  greater  time  for  completion,  they  are  to  be 
recommended  where  the  matter  of  quick  completion  is  not 
vital.  They  require  but  a  small  number  of  men  and  give 
steady  employment,  which  promotes  efficiency.  With  the  in- 
tense traffic  conditions  prevailing  and  the  great  demand 
for  train  crews  and  engines  to  handle  the  business  it  is 
most  desirable  to  release  all  the  work  train  service  possi- 
ble. The  cost  of  this  service  has  increased  about  40  per 
cent  during  the  past  year  and  nearly  100  per  cent  in  the 
past    10    years.      These    considerations    make    it    desirable. 


both   from   necessity  and   from   the   standpoint  of  economy, 
to  adopt  nii'ihods  to  reduce  work  train  service. 

Rail  Handler. — A  home-made  device  which  has  proven  a 
great  labor-saver  is  an  air-operated  rail  handler.  With  it  a 
gang  of  six  men  and  a  foreman  will  load  one  rail  per  min- 
ute. Hy  hand  methods  20  men  will  load  1  rail  every  2  min- 
utes on  to  flat  cars  and  one  rail  every  ,"iVi  minutes  on  gon- 
dolas. The  machine  is  also  used  for  handling  frogs, 
switches,  ties,  scrap  and  other  nuilnlenance  niiilerials  with 
propi>r(i(UiMle  labdr  savings. 

Labor  Saving  Machines  on  Track  Work — .More  lalior  is  used 
in  surfacing  and  lining  of  track  (liiui  on  any  other  item  of 
track  work.  Normally  this  will  amount  to  about  .l."!  per  cent 
of  the  total  track  i)ayroll.  This  offers  an  attractive  field 
for  labor  saving.  About  four  years  a.go  pneumatic  tie 
tamping  machines  were  introduced  for  this  work.  The 
earlier  machines  were  limited  to  two  tampers,  but  the  later 
ones  have  the  necessary  power  to  operate  toui-»tanipers  with 
a  consequent  reduction  in  overhead  and  operating  ex- 
penses. Our  experience  indicates  that  with  a  2-tool  ma- 
chine 5  men  do  the  work  of  9  men  tamping  with  picks  and 
with  a  4-tool  machine  7  men  will  do  the  work  of  17  men 
withotit  them.  There  is  also  an  indirect  saving  made  by 
the  more  uniform  and  permanent  work  done  by  the  tamper, 
requiring  less  frequent  re-lamping  than  when  the  work  is 
done   by  hand. 

Ballast  Cleaning  Appliances.-Stone  ballast,  to  be  fully 
effective.  m\ist  bo  kept  clean  and  the  voids  unclogged. 
Where  traffic  is  heavy,  particularly  on  grades,  stone  ballast 
will  require  cleaning  at  least  once  in  three  years  and  in 
many  places  nnich  oftener.  To  raise  the  track  on  dirt  bal- 
last and  dress  off  with  clean  stone  is  poor  practice,  and 
to  clean  it  by  forking  it  over  is  slow,  expensive,  and  re- 
quires a  large  number  of  men.  A  number  of  methods  for 
cleaning  ballast  have  been  considered,  even  to  a  gigantic 
vacuum  cleaner  which,  on  account  of  cost,  is  out  of  the 
reach  of  most  of  us.  The  most  practical  is  the  ballast 
screen.  The  standard  performance  with  3  screens  and  12 
men  and  a  foreman  is  200  ft.  of  double  track  per  10-hour 
day.  To  clean  with  forks,  this  length  of  track  would  take 
the  same  number  of  men  2..S  days  or  30  men  with  forks  to 
do  the  work  of  13  men  with  the  screens. 

Removal  of  Grass  and  Weeds. — Much  labor  is  applied 
each  year  to  the  cleaning  of  grass  and  weeds  from  the  track 
and  roadbed.  Two  methods  have  been  more  or  less  effec- 
tive as  "weed  killers,"  burning,  and  spraying  with  a  solu- 
tion of  arsenite  of  soda. 

About  10  years  ago  a  western  railroad  designed  a  weed- 
burning  machine.  A  strip  7  ft.  on  each  side  of  center  line 
of  track  was  burned  at  an  average  cost  of  $9.46  per  mile. 
Two  burnings  were  necessary,  so  that  to  destroy  the  weeds 
the  cost  would  be  $18.92.  As  compared  with  hand  labor 
it  was  claimed  to  save  14  men  per  day. 

The  spraying  method  has  been  extensively  used.  In  1916 
the  cost  of  spraying  744  miles  of  single  track  averaged 
$18.11  per  mile.  Including  the  train  crew  the  work  was 
done  by  10  men,  averaging  21  miles  per  day.  To  do  a  like 
day's  work  by  hanft  where  the  growth  was  medium  heavy 
in  soft  ballast  273  men  would  be  required  at  an  average 
cost  of  $23.25  per  mile.  A  large  saving  in  men  is  thus 
effected,  though  not  so  much  in  money. 

Rail  Sawing  Machines. — The  battered  and  worn  ends  of 
otherwise  very  good  relaying  rail  makes  the  maintenance 
of  the  rail  when  relaid  difficult,  resulting  either  in  poor 
track  or  a  large  expenditure  of  labor  to  keep  it  up.  This 
labor  expenditure  can  be  reduced  to  normal  if  the  smooth 
ends  and  the  full  section  under  the  head,  insuring  a  good 
angle-bar  fit,  are  restored.  This  can  be  done  very  well  by 
sawing  off  and  redrilling  the  ends.  Machinery  for  this  pur- 
pose is  to  be  had,  consisting  of  a  steam  power  plant,  high 
speed  cold  friction  saw  and  drill  presses  mounted  on  a  flat 
car  for  ready  transportation.  With  a  full  supply  of  rail 
on  hand  from  300  to  350  rails  can  readily  be  sawed  and 
drilled  per  day.  Most  excellent  results  are  obtained  from 
rail  treated  in  this  manner,  which,  when  laid  with  new  angle- 
bars  and  well  matched  as  to  height,  rides  about  as  smoothly 
as  new  rail. 

Motor  Cars  for  Section  Men. — One  of  the  most  widely  ex- 
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ploited  of  the  labor-saving  devices  is  the  section  motor  car. 
It  undoubtedly  makes  possible  a  reduction  in  the  number 
of  men  required  to  maintain  a  section  of  track,  and  the 
longer  the  section  and  the  larger  the  gang  the  greater  is 
the  saving,  by  reducing  the  time  going  between  headquar- 
ters and  the  work.  The  motor  car  also  greatly  increases 
the  range  of  activity  of  floating  and  extra  gangs  and  avoids 
the  use  of  work  and  regular  trains  for  transporting  the 
men,  with  the  attendant  delays  and  frequent  overtime  al- 
lowance. The  use  of  the  smaller  inspection  cars  by  super- 
visors, master  carpenters,  signal  maintainers,  enable  them 
to  give  more  frequent  and  more  detailed  inspection  and 
supervision  to  their  work  with  attendant  economies  and 
labor  savings. 

Devices  for  Cleaning  Away  Snow  and  Ice. — The  broom 
and  the  shovel  are  effective,  but  are  required  in  large  num- 
bers with  a  man  to  each  one.  On  the  line  snow  plows  of 
the  various  types  and  snow  flangers  take  the  place  of  mul- 
titudes of  men  in  their  accomplishments.  Around  inter- 
locking plants  and  switches  and  in  terminals  certain  thaw- 
ing devices  are  effective.  In  an  emergency  a  yard  engine 
equipped  w-ith  a  sufficient  length  of  steam  hose,  using  live 
steam  from  its  boiler,  will  thaw  out  switches  with  great 
rapidity  which  otherwise  would  require  a  large  number 
of  men.  Steam  pipe  and  gas  jets  are  sometimes  used  under 
important  switches  in  busy  terminals.  It  would  be  difficult 
to  estimate  the  savings  in  labor  made  by  the  use  of  snow- 
cleaning  devices  as  the  work  is  generally  done  under  ab- 
normal conditions,  making  the  keeping  of  reliable  cost  data 
impossible.  It  is  apparent  that  these  savings  are  consid- 
erable. 

Minor  Labor  Saving  Devices. — The  foregoing  descriptions 
are  those  devices  and  methods  the  use  of  which  makes  for 
big  savings  in  men.  There  are  also  many  devices  of  more 
or  less  worth,  but  of  minor  importance  as  labor-savers. 
Some  of  these  are: 

Track  dolly  (running  on  one  rail,  for  trucking  a  tie  or  two 
at  a  time,  a  keg  of  spikes,  and,  by  use  of  a  box  attachment, 
small  quantities  of  ballast,  etc.);  tool  grinder;  tie  spacer; 
machine  for  driving  down  screw  spikes  and  lag  screws: 
rail  layer  (a  small  portable  hand  crana  for  laying  rails  in 
position  in  track,  taking  the  place  of  tong  men);  rapid  nut 
tightener  for  track  bolts;  rail  benders;  switch  point 
straightener;  an  attachment  to  a  motor  car  to  mow  grass 
and  weeds  for  a  limited  distance  each  side  of  the  track: 
portable  tie  and  timber  dapper;  rail  Joint  expander  (sav- 
ing the  labor  of  driving  back  the  rail) ;  milling  machine  for 
milling  a  pocket  in  the  stock  rail  of  switches  to  protect  the 
point  from  wear  and   reduce  renewal   costs. 


Breaking   Up   Brick    and    Cement   Block 
With  Dynamite 

Dynamite  was  successfully  employed  in  breaking  up  a 
brick  and  cement  foundation  for  heavy  machinery.  The 
base  was  a  solid  mass  8  to  10  ft.  deep.  The  method  used 
was  as  follows:  Eight  holes  ."i  ft.  deep  were  drilled  ver- 
tically into  the  block.  Small  charges  of  dynamite  were 
loaded  in  the  holes  and  well  tamped  in.  Electric 
blasting  caps  w^ere  inserted,  in  all  eight  charges,  and  by 
means  of  the  wires  connected  up  in  series  on  the  surface 
so  as  to  get  the  cumulative  effect  of  a  combination  shot. 
As  there  was  a  large  skylight  less  than  30  ft.  from  the 
base  besides  other  machinery  nearby  in  the  room,  it  was 
necessary  to  cover  the  bore  holes  first  with  burlap  bags 
and  afterwards  with  some  heavy  pieces  of  timber  to  pre- 
vent flying. pieces  of  masonry  from  causing  damage.  When 
all  was  ready,  the  charges  were  connected  up  to  a  blasting 
machine  and  flred.  The  result  was  that  the  block  of  ma- 
sonry w'as  shattered  so  that  the  various  pieces  could  be 
handled  and  carried  away  by  laborers.  Two  hours'  work  of 
one  man  and  a  dollar's  worth  of  explosives  were  required 
for  the  job. 


U.  S.  House  Passes  Bill  Validating  Verbal  War  Contracts. 
■ — The  House  of  Representatives  on  Jan.  9  passed  the  Dent 
Bill  providing  for  validation  of  war  contracts  estimated  at 
$2,700,000,000. 


Temperature     Records    of    Cold 
Weather  Concrete 

-V  simple  and  inexpen.sive  method  for  securing  tempera- 
t\ire  records  of  cold  weather  concrete  is  described  by  Mr. 
1-.  J.  Towne  in  the  December  Stone  &  Webster  Journal. 
The  tests  were  made  during  the  winter  of  1917-18  in  connec- 
tion with  concrete  building  foundation  work.  One  purpose 
of  the  test  was  to  secure  data  on  the  amount  of  protection 
necessary  to  prevent  concrete  from  freezing  before  setting 
can  take  place.  The  apparatus  used  in  measuring  the  tem- 
peratures is  illustrated  in  Fig.  1.  It  consisted  of  a  tin  tube 
closed  at  one  end.  in  which  was  placed  a  quantity  of  kero- 
sene oil,  a  chemical  thermometer,  a  wad  of  cotton  waste 
and  a  rubber  stopper.  The  tubes  were  buried  in  the  wet 
concrete  with  the  stoppered  end  exposed  either  at  the  top 
surface  of  the  concrete,  in  which  case  the  tube  was  set 
vertically,  or  through  a  hole  cut  in  the  form,  in  which  case 
the  tube  was  set  at  an  angle  of  about  45°.  The  tubes  were, 
of  course,  lost  in  the  test,  but  the  thermometers  and  stop- 
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Fig.    1 — Apparatus    for    IVleasuring    Temperature    of    Concrete. 

pers  were  recovered  so  that  the  net  cost  for  material  was 
nominal.  The  tubes  were  set  and  readings  taken  by  the 
inspectors  on  the  w'ork  without  extra  expense  or  special 
effort.  Readings  were  taken  by  drawing  the  thermometer 
through  the  hole  In  the  stopper  by  means  of  a  wire  until 
the  mercury  was  exposed.  It  is  thought  that  the  rubber 
stopper  and  the  plug  of  cotton  waste  effectively  insulated 
the  thermometer  from  the  outside  air  and  that  the  ther- 
mometer readings  indicated  with  reasonable  accuracy  the 
average  temperature  of  the  concrete  immediately  adjacent 
to  the  tube. 

The  concrete  for  the  work  was  all  machine  mixed  in  a 
machine  of  %  yd.  capacity.  The  mixing  water  was  heated 
and  live  steam  was  blown  into  the  drum  of  the  mixer  con- 
tinuously during  the  mixing  process  from  a  pipe  extended 
into  the  drum  parallel  to  the  water  supply  pipe.  This  method 
v.as  very  effective  in  eliminating  frost  from  the  aggregate 
and  heating  the  entire  mass  to  the  desired  temperature, 
although  a  considerable  portion  of  the  aggregate  was  so 
frozen  as  to  require  the  use  of  a  pick  to  loosen  it  from  the 
pile.  In  severe  weather,  however,  it  often  required  turning 
the  mixer  for  3  or  4  minutes  after  all  materials  were  in  the 
drum  in  order  to  bring  the  temperature  of  the  concrete  to 
4.5°  or  50°  F.;  and  it  would  probably  have  been  more  eco- 
nomical to  have  heated  the  aggregate  in  one  of  the  more 
customary  ways. 

Three  tests  were  made  on  column  footings.  The  ground 
was  frozen  solid  and  was  excavated  with  great  difficulty. 
The  concrete  was  poured  against  the  earth  .without  forms 
and  was  covered  with  about  4  in.  of  stable  manure.  All 
three  curves  for  these  tests  indicate  a  slight  decrease  in 
the  temperature  of  the  concrete,  notwithstanding  the  great 
difference  in  temperature  between  the  concrete  and  the  out- 
side air. 

Three  tests  were  made  on  comparatively  large  masses  of 
concrete  G  ft.  thick  and  10  ft.  high.  The  outside  tempera- 
tures in  the  case  of  two  tests  were  considerably  lower  than 
for  the  previous  tests;  consequently  there  was  no  increase 
in  the  temperature  of  the  concrete.  Neverthless,  the  heat 
generated  by  the  concrete  in  setting  was  sufficient  to  main- 
t^ain  a  temperature  approximately  20°  F.  above  that  of  the 
surrounding  air  with  no  other  protection  than  a  tarpaulin 
covering  the  form. 
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Two  tests  were  imide  on  reliitlvely  snuill  masses  of  con- 
crete, beini;  the  flrsl  poiirinK  of  ii  ImsenieiU  wiill  1  ft.  9  In. 
ihlrk  and  3  ft.  or  less  In  liolBht  up  to  the  const  ruction 
joint.  The  graph  shows  thiii  this  concrete  wus  unable  to 
nmlulatn  its  temperature  against  that  of  the  surrounding 
air  and  qulcklv  dropped  to  the  freezing  point.  Arrunge- 
rovnts  were  made  to  pour  the  balance  of  the  wall  and  to 
protM't  the  wall  h>  means  of  tarpaulins  and  manure,  but  a 
rapid  rise  In  the  outside  temperature  made  such  precautions 
unnecessary. 

Figure  2  Illustrates  the  behavior  of  a  wall  whidi,  con- 
trary to  the  Instructions  of  the  engineer,  was  i)oured  with- 
out pr\>fectlon  because  the  wi-alher  seemed  very  favorable 
at  the  time  of  pouring.  Huring  the  following  night,  how- 
ever, the  temperature  dropped  So"  and  on  the  third  day  fol- 
lowing, the  wall  was  frozen  to  a  considerable  depth.  The 
concrete  exhibited  the  peculiarity  of  frozen  concrete  In  that 
It  appeared  to  be  thorou.Khly  set.  It  reqviircd  iin  hour's  effort 
to  cut  out  a  piece  as  large  as  a  baseball,  which,  however. 
upon  being  placed  In  warm  water,  disintegrated  immedi- 
ntely.  The  wall  was  covered  with  tarpaulins  and  live  steam 
Introduced  vinderneath,  but  It  required  considerable  effort 
to  raise  the  temperamre  of  the  wall  above  the  freezing 
point,  and  the  rate  of  setting  was  evidently  not  sufficiently 
rapid  to  cause  any  increase  In  temperature  as  a  result  of 
the  setting  process.    It  seems  reasonable  to  assume  in  the 


Blasting    Costs    in    American 
Quarries 

in  a  bulletin.  "Hock  Q>iair>lnK  for  t'cmi'iU  Munufaeture." 
issued  last  fall  by  the  V.  S.  Uureau  of  Mines,  Mr.  Oliver 
Howies  cites  I  he  following  examples  as  being  fairly  repre- 
sentative of  the  blasting  ellUiency  attained  In  American 
(luarries  where  rock  is  obtained  for  the  manufacture  of 
Portland  cement. 

Example  1:  Conditions. — Umestone  is  thin-bedded,  with 
a  few  open  joints;  churn-drill  holes  are  r.  in.  In  diameter 
and  !)()  ft.  deep,  with  17-rt.  spacing  and  2t;-ft.  burden,  and 
are  arranged  In  a  single  row,  12  to  20  holes  being  tired  at 
one  time:  continuous  charge  of  "40  per  cent"  dynamite  is 
used,  with  three  electric  detonators  in  each  hole;  secondary 
shots  are  chiefly  by  block-holing  method;  steam-shovel  load- 
ing. 

Result. — Approximately  4  to  .">  tons  of  rock  is  obtained  per 
pound  of  explosive,  including  secondary  shots. 

Example  2:  Conditions. — Limestone  dips  :io°  to  40°;  has 
some  open  bedding  planes  and  a  few  joints:  quarry  face  is 
perpendicular  to  strike;  churn-drill  holes  are  CO  to  80  ft. 
deep,  with  Ifi-ft.  spacing  and  20-ft.  burden.  12  to  20  holes  be- 
ing fired  at  one  time  in  single  row;  charge  is  continuous, 
"GO  per  cent"  dynamite  being  used  in  bottom   of  hole  and 
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Fig.   2 — Curves   Showing    Behavior   of   Concrete    Placed    During   Freezing    Weather. 


light  of  tlie  other  tests  that,  if  the  wall  had  been  given 
reasonable  protection  at  the  start  for  a  period  of  24  hours, 
the  setting  process  would  have  maintained  the  tempera- 
ture above  the  freezing  point. 

In  general  all  tests  illustrated  the  well  known  property  of 
concrete  whereby  heat  is  generated  as  a  result  of  the 
chemical  reactions  incident  to  the  setting  of  the  cement. 
It  was  evident  that  concrete,  even  in  relatively  small 
masses,  does  not  follow  the  daily  variations  in  air  tempera- 
tures, but  lags  behind  very  considerably  due  to  the  large 
amount  of  heat  necessary  to  change  the  temperature  of  the 
mass.  These  two  factors  together  give  concrete  consider- 
able natural  resistance  against  freezing,  and  it  is  probably 
these  factors  which  have  enabled  so  much  concrete  poured 
during  cold  weather  to  come  through  in  fairly  good  condi- 
tion in  spite  of  careless  handling  and  inadequate  protection. 
To  take  proper  advantage  of  this  natural  resistance,  how- 
ever, it  is  necessary  that  the  concrete  be  placed  in  the 
forms  at  sucU  a  temperature  that  setting  can  begin  at  once 
and  that  it  be  given  immediate  protection  from  the  outside 
air  to  enable  the  action  of  setting  to  get  well  under  way. 

These  simple  tests  seem  to  indicate  that  it  is  entirely 
feasible  to  record  the  temperatures  of  concrete,  after  pour- 
ing, without  special  expense  or  effort.  Such  records  will 
often  be  of  considerable  value  in  indicating  the  efficiency 
of  any  given  means  of  protection  or  other  precaution  against 
freezing.  The  tests  are  not  sufficiently  extensive  to  warrant 
any  general  deductions  regarding  the  amount  of  protection 
required  to  prevent  the  freezing  of  concrete  under  various 
conditions.  With  a  lar.ger  number  of  tests  under  more 
varied  conditions,  it  might  be  possible  to  formulate  certain 
general  rules  for  protection  more  definite  than  those  at 
present  available. 


"40  per  cent"  dynamite  for  main  part,  and  is  fired  with  de- 
tonating fuse;  rock  is  loaded  by  hand. 

Result. — Approximately  3^^  to  4  tons  of  rock  is  obtained 
per  pound  of  explosive,  not  including  secondary  blasting. 

Example  3:  Conditions. — Cement  rock  is  thin-bedded  in 
upper  20  ft.,  with  solid  ledge  beneath;  churn-drill  holes  are 
145  ft.  deep,  with  IS-ft.  spacing  and  20-ft.  burden,  10  to  22 
holes  being  fired  at  one  time  in  single  row;  continuous 
charge,  mainly  "40  per  cent"  dynamite,  "30  per  cent"  dyna- 
mite used  near  top,  four-electric  detonators  used  in  each 
hole;    steam-shovel   loading. 

Result. — About  3%  tons  of  rock  is  obtained  per  pound  of 
explosive,   including  secondary  shots. 

Example  4:  Conditions. — Limestone  lies  flat,  is  thin-bed- 
ded near  top,  but  otherwise  sound;  20-ft.  face;  S  to  20  5-in. 
churn-drill  holes  arranged  in  two  rows  and  staggered  are 
fired  at  one  time;  continuous  charge  of  "40  per  cent"  am- 
monia dynamite,  fired  with  electric  detonators;  steam- 
shovel  loading. 

Result. — Average  for  several  years  is  3.9  tons  of  rock  per 
pound  of  explosive,  including  secondary  shots. 

Example  5:  Conditions. — Limestone  lies  flat,  is  thin- 
bedded  but  fairly  sound;  60  to  70  churn-drill  holes  19  ft. 
deep  are  shot  at  one  time,  the  holes  being  in  two,  three, 
four,  or  six  rows,  and  staggered:  "blanket"  blasting;  con- 
tinuous charge  of  "60  per  cent"  nitrostarch  blasting  powder, 
fired  with  two  No.  8  detonators  in  each  hole;  steam-shovel 
loading. 

Result. — About  4  tons  of  rock  is  obtained  per  pound  of  ex- 
plosive, including  secondary  shots. 

Example  6:  Conditions. — Limestone  dips  at  low  angle,  is 
thin-bedded,  with  few  open  and  many  closed  seams;  2o-ft. 
face;  about  20  5%-in.  holes,  with  lO-ft.  spacing,  arranged  in 
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two  rows  and  staggered  are  fired  at  one  time,  supplemented 
by  tripod  drill  holes  in  hard  bed;  broken  charge  of  40  per 
cent  "straight"  nitroglycerin  dynamite  is  used,  with  interme- 
diate stemming  in  soft  bed,  two  electric  detonators  are 
placed  in  bottom  charge,  and  one  in  top  charge;  steam- 
shovel  loading. 

Result. — About  3  tons  of  rock  is  obtained  per  pounii  of 
explosive,  including  secondary  blasting. 

Example  7:  Conditions.— Limestone  lies  flat,  is  tliiii- 
bedded  near  surface,  thick-bedded  below;  30  to  35  ft.  face; 
20  to  30  churn-drill  holes,  with  12-ft.  spacing  and  12-ft.  bur- 
den, arranged  in  two  rows  and  staggered  are  flrod  at  one 
time;  continuous  charge  of  "60  per  cent"  gelatin  dynamite, 
with  electric  detonators,  is  used;  secondary  blasting  is 
mostly  by  "mud-capping"  method. 

Result. — About  2.7  tons  of  rock  is  obtained  per  pound  of 
explosive,  including  secondary  blasting. 

Example  8:  Conditions. — Limestone  lies  flat,  is  thick- 
bedded,  with  few  seams;  22-ft.  face;  an  overburden  of  clay 
2  to  4  ft.  thick  is  shot  down  witli  rock  and  included  in  ton- 
nage, about  50  4-in.  churn-drill  holes,  with  7  to  10  ft.  spacing 
and  12-ft.  burden,  arranged  in  two  rows  and  staggered  are 
fired  at  one  time  with  electric  detonators.  60  per  cent 
"straight"  nitroglycerin  dynamite  used;  steam-shovel  load- 
ing. 

Result. — About  2%  tons  of  rock  is  obtained  per  pound  of 
explosive,  primary  blasting  only. 

Example  9:  Conditions. — Limestone  lies  flat,  is  thick- 
bedded;  30  to  .50  ft.  face;  20  to  30  churn-drill  holes  with 
18-ft.  spacing  and  18-ft.  burden  are  shot  at  one  time  in  one 
row,  with  occasional  holes  closer  to  face  and  staggered ;  60 
per  cent  "straight"  nitroglycerin  dynamite  and  electric  de- 
tonators are  used  for  primary  shots;  secondary  blasting  is 
nearly  all  by  block-holing  method,  using  hammer  drill  and 
"4m  per  cent"  dynamite;   steam-shovel  loading. 

Result. — About  2.6  tons  of  rock  is  obtained  per  pound 
of  explosive,  including  secondary  blasting. 

Example  10;  Conditions. — Limestone  lies  nearly  flat,  is 
thick-bedded,  has  some  open  bedding  seams  and  some  open 
joints;  70  to  80  ft.  face;  20  to  40  churn-drill  holes  arranged 
in  two  rows  and  staggered  are  fired  at  t-ne  time;  first  row 
has  18-ft.  spacing  and  15-ft.  burden,  second  row  has  18-ft. 
spacing  and  14-ft.  burden;  for  primary  shots  broken  charge 
of  60  per  cent  "straight"  nitroglycerin  dynamite  with  in- 
termediate stemming,  fired  with  detonating  fuse;  secondary 
shots  are  mostly  by  block-holing  method,  "40  per  cent" 
dynamite  being  used;   steam-shovel  loading. 

Result. — About  4  tons  of  rock  is  obtained  per  pound  of 
explosive  used  for  primary  blasting  only,  and  3.6  tons  per 
pound  of  explosive  including  that  used  for  secondary  blast- 
ing. 

Example  11;  Conditions. — Limestone  beds  dip  about  30". 
have  a  few  open  seams  and  clay  pockets;  SO-tt.  face;  IS  to 
40  churn-drill  holes  are  drilled  in  single  row,  with  20-ft. 
spacing  and  20-ft.  burden,  holes  extend  3  to  n  feet  below 
quarry  floor;  a  little  "SO  per  cent"  dynamite  is  used  In  bot- 
toms of  holes,  main  part  of  charge  is  "60  per  cent"  dynamite 
and  "40.  per  cent"  dynamite,  electric  detonators  are  used: 
rock  is  loaded  by  hand. 

Result. — About  5  tons  of  rock  is  obtained  per  pound  of 
explosive,  primary  shots  only,  and  2I/2  tons,  including  sec- 
ondary blasting. 

Example  12:  Conditions. — Limestone  beds  lie  nearly  flat, 
upper  20  to  30  ft.  are  jointed,  but  rock  beneath  is  sound; 
40  to  60  churn-drill  holes  with  an  average  depth  of  95  ft., 
arranged  in  one  row",  or  two  rows  staggered,  spacing  16  to 
22  ft.,  burden  36  ft.,  are  fired  at  one  time;  charge  is  mostly 
"60  per  cent"  low-freezing  dynamite,  about  one-fifth  of  the 
charge  being  of  lower  grade,  and  is  fired  with  detonating 
fuse;  steam-shovel  loading. 

Result. — About  5.S  tons  of  roek  is  obtained  per  pound  of 
explosive,  primary  blasting  only. 

Example  13;  Conditions. — Limestone  is  thick-bedded  and 
dips  10°  to  15°;  24  churn-drill  holes  5%  in.  in  diameter  and 
56  to  121  ft.  deep,  with  a  spacing  of  16  to  17  ft.  and  a  bur- 
den of  22  ft.;  also  34  "snake  holes"  16  ft.  long  are  drilled; 
churn-drill  holes  contain  broken  charges  with  12  ft,  of  in- 
termediate stemming,  "60   per  cent"  gelatin   dynamite  and 


"30  per  cent"  dynamite  are  used  in  about  equal  quantities, 
the  charge  being  fired  with  detonating  fuse. 

Result. — About  4.2  tons  of  rock  is  obtained  per  pound  of 
explosive,  primary  blasting  only,  rock  well  broken. 

Example  14;  Conditions.-  Limestone  beds  lie  flat,  have 
many  clay  seams;  50-ft.  face;  50  per  cent  "straight"  nitro- 
glycerin used  in  5%-in.  cliurn-drill  holes,  burden  and  spacing 
variable  on  account  of  seams;  steam-shovel  loading. 

Result.— About  3.S  tons  of  rock  is  obtained  per  pound  of 
explosive,  including  secondary  blasting. 

Examples  of  Actual  Quarry  Costs.— The  following  addi- 
lional  examples  of  actual  quarry  costs  of  interest  are  also 
given  in  the  RuUetin: 

Example  1;  Conditions. — Bench  quarry,  no  stripping, 
limestone  dipping  at  a  high  angle,  numerous  open  bedding 
planes;  tripod  drills  employed,  making  holes  2V2  in,  in 
diameter  and  16  ft.  deep;  spacing  6  to  10  ft.;  "40  per  cent" 
dynamite  used;  secondary  blasting  is  by  both  "block-holing" 
and  "nuid-capping"  methods,  more  explosive  being  used  in 
secondary  than  in  primary  blasting;  rock  is  hand-loaded;  * 
cars  are  hauled  by  mules. 

Result. — Operating  cost  of  delivering  rock  to  crusher,  18 
to  19  ct.  per  ton. 

The  use  of  more  explosive  for  secondary  than  for  pri- 
mary blasting  is  due  to  the  fact  that  the  useful  work  done 
l)y  the  explosive  in  the  primary  shots  is  lessened  by  the 
presence  of  open  seams,  and  also  to  the  necessity  of  break- 
ing the  rock  into  small  pieces  suitable  for  hand  loading. 

Example  2:  Conditions. — Crystalline  limestone,  overbur- 
den 6  to  15  ft.  of  clay  or  shale,  many  large  clay  pockets, 
rock  variable  in  composition,  churn-drill  holes  are  15  to  20 
ft.  deep  and  6  in.  in  diameter,  explosive  used  is  "40  per 
cent"  ammonia  dynamite,  electric  detonators;  secondary 
shots  are  mostly  by  block-holing  method;  rock  is  hand- 
loaded  on  four  levels,  locomotive  transportation  on  heavy 
grades. 

Result. — Operating  cost  of  delivering  rock  to  crusher, 
stripping  included,  is  32  ct.  per  ton. 

Example  3:  Conditions. — Quarry  is  situated  in  the  Middle 
West ;  rock  is  an  argillaceous  limestone,  fairly  uniform  in 
quality,  with  occasional  seams  and  pockets;  face  is  40  to  60 
ft.  high,  and  is  shot  down  as  a  single  bench;  churn  drill 
employed,  drilling  holes  6  in.  in  diameter  and  averaging  55 
ft.  in  depth,  with  a  spacing  of  10  ft.  and  a  burden  of  S  ft.; 
about  14  boles  are  shot  at  one  time,  "40  per  cent"  gelatin 
dynamite  is  used,  about  150  lbs.  in  each  hole;  rock  is  loaded 
with  steam  shovels. 

Result. — The  total  operating  cost  of  drilling,  including 
repairs,  is  3.15  ct.  per  ton  of  rock.  Assuming  a  price  of 
12  ct.  a  pound  for  the  explosive,  the  cost  of  blasting  per 
ton  of  rock  is  5.76  ct.  The  total  cost  of  drilling  and  blasting 
is,  therefore,  8.91  ct.  per  ton  of  rock  produced. 

Example  4:  Conditions. — Rock  is  hard  limestone,  with 
:!  to  8  ft.  of  soil  overburden;  churn  drills  are  used,  drilling 
holes  5%  in.  diameter  and  averaging  70  ft.  deep,  main 
charges  are  40  per  cent  "straight"  nitroglycerin  dynamite, 
with  a  little  "60  per  cent"  dynamite  in  bottoms  of  holes: 
secondary  blasting  is  mostly  by  "mud-capping"  method ;  rock 
is  loaded  with  three  tractor  shovels  having  dippers  of  ■^4-yd. 
capacity. 

Result. — Cost  of  explosives  (dynamite  at  2o  ct.  per  pound) 
is  7  ct.  per  ton  of  rock  obtained;  total  operating  cost  of 
(l(>livering  rock  to  crusher  is  about  30  ct.  per  ton. 

Example  5:  Conditions. — T^imestone.  flat-lying,  thin- 
bedded,  25-ft.  face;  blasts  in  churn-drill  holes,  in  two  rows 
and  staggered,  8  ft.  apart.  "40  per  cent"  ammonia  dynamite 
used,  buffer  method  of  blasting  is  employed;  secondary 
blasting  is  by  block-holing  method;  rock  is  loaded  by  steam 
shovel;  locomotive  haulage;  average  output  about  1,500  tons 
per  day. 

Result. — Total  operating  cost  of  delivery  to  crusher,  strip- 
ping not  included,  is  12  to  13  ct.  per  ton  of  rock  obtained. 


Production  of  Explosives  In  U,  S.  in  1917 — The  total  pro- 
duction, excluding  exports,  of  explosives  in  the  United 
States  during  1917,  according  to  figures  that  the  Bureau 
of  Mines  has  received  from  manufacturers,  was  582,475,- 
327  lbs.,  as  compared  with  505,415,052  lbs.  in  1916. 
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The  Relation  Between  Civil  and 
Military    Engineers* 

By  MAJOR-CiKNKUAL  WM.  iM.  ULACK, 

Chief  of  Kndiiocrs.  U.  S.  Army. 

It  wuuld  be  Inlerostiitt;  (o  know  which  is  the  oUlor,  mlli- 

tar.v  or  civil  oiiKlnoorliii;    Woro  ihe  lirst  iitlompts  at  con- 

Btrucllon    made    for    shi«llor    or    wcro    ihoy    for    prott'ctloa 

UKnln.st  human  or  anininl  foo.s?    (.'criuinly  both  bninchos  of 

Ihi'  profession  ilcvt'lopoil  one  with  llie  other,  anil  they  do  so 

I. ..1,1       Id.,  fundamental  principles  of  botli  are  the  same. 

iial  tnilnInK  Is  required  for  both.     Of  the  two. 

.  ..,.:.eerlnK  Is  the  more  comprehensive,  for  there  Is 

not  a  brunch  of  civil  onKlneerifiR  whicli  Is  not  applied  to 
military  worl<.  while  to  civil  engineers  In  general  the  art 
and  science  of  war  Is  a  closed  book. 

The  military  engineers  of  to-day  have  organizations  for 
tho  construction  of  ports;  of  port  and  interior -lermiuals; 
the  construction  and  operation  of  railways,  both  broad 
lurrow  gage,  both  in  the  territory  far  from  the  enemy's 
lire  and  directly  in  the  Held  of  bursting  shells;  tor  the  erec- 
tion and  repair  of  locomotives  and  cars;  for  highway  con- 
struction; for  iiuarrying;  for  mining;  for  general  construc- 
tion of  buildings  of  all  kinds;  for  water  supply  and  sanitary 
works;  for  chemical  and  physical  research;  for  electric 
power  and  lighting:  for  surveying  and  mapping;  for  camou- 
flage work;  for  gas  and  llame  warfare;  for  the  production  of 
lumber  from  the  forests;  and  in  addition  in  each  division 
there  is  an  engineer  regiment  for  military  work  at  the  front 
and  in  each  (;orps  are  bridge  and  searchlight  trains.  I  am 
speaking  now  of  the  Engineer  organizations  serving  with  the 
army  In  France,  and  being  prepared  for  that  service.  To 
obtain  the  personnel  for  all  of  this  would  have  been  im- 
possible had  not  the  members  of  the  engineering  profession 
of  the  nation  responded  most  nobly  to  their  country's  call. 
But  further,  there  is  not  one  of  these  Engineer  Reserve 
Corps  men  who  does  not  now  know  that  he  could  serve 
his  country  to  better  advantage  had  he  had.  beforehand, 
militan.'  training — training  much  beyond  that  possible  in 
a  three  months'  camp. 

Education  of  Civil  and  Military  Engineer. — The  fimda- 
mentals  of  the  course  of  study  required  for  a  civil  engineer 
of  all  branches  of  the  profession  are  the  same  as  those  for 
the  military  engineer.  The  foundation  of  all  is  the  general 
education  which  gives  thorough  command  of  our  own 
language,  both  for  speaking  and  for  writing.  An  engineer 
not  only  must  have  ideas,  but  also  must  be  able  to  express 
these  ideas  clearly  to  others.  I  have  yet  to  discover  any 
engineering  project  which  cannot  be  described  so  as  to  be 
clearly  understood  by  a  non-technical  man.  Then,  a  knowl- 
edge of  general  history  and  of  law  is  most  valuable.  Pass- 
ing to  the  more  technical  studies,  mathematics  to  and 
through  the^  calculus,  descriptive  geometry,  physics  and  me- 
chanics, electrics,  the  principles  of  chemistry,  some  min- 
eralogy and  geolog>-,  and  the  qualities  and  nature  of  the 
materials  of  construction  should  be  mastered  before  the 
special  studies  of  any  particular  branch  of  the  profession 
are  entered  upon. 

In  the  examinations  which  have  been  held  for  some  years 
of  candidates  for  the  position  of  Second  Lieutenant  in  the 
Corps  of  Engineers  of  the  Army,  some  interesting  facts  have 
developed.  All  candidates  must  be  graduates  from  some  ap- 
proved technical  school,  and  the  questions  to  be  answered  in 
the  written  examination  are  such  as  should  be  answered  by 
any  man  who  has  mastered  his  course.  Yet  the  proportion 
passing  these  examinations  is  woefully  small.  At  the  last 
examination  held,  out  of  190  candidates,  the  papers  of  only 
36  could  he  accepted  as  up  to  or  approaching  the  required 
standard. 

The  failures  were  not  in  the  most  difficult  studies  only — 
topographical  surveying  frequently  was  a  stumbling  block. 
Descriptive  geometry  was  so  generally  unknown  that  the 
impression  was  created  that  the  value  of  this  subject  was 
underestimated  by  the  schools  themselves.  Yet  what  study 
does  so  much  in  teaching  the  mind  to  make  a  mental  picture 
of  tbe  problem  to  be  solved,  and  what  quality  is  more  valu- 
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able  to  any  coiistniction  engineer  than  the  ability  to  visual- 
ize a  contomiilatcd  piece  of  work'.'  Topographical  surveying 
was  found  in  cases  to  be  not  thoroughly  understood,  yet 
in  what  branch  of  the  profession  is  ability  to  interpret 
topographical  maps  not  necessary?  ■ 

It  has  seemed  at  times  as  If  the  whole  scheme  of  the 
education  had  been  at  fault,  that  the  scholars  had  never 
been  cOmi)olled  to  tackle  the  tasks  set  and  do  the  allotted 
work  as  a  duly,  whether  congenial  or  not,  and  further,  that 
the  foundation  of  all,  the  general  knowledge  that  every  man 
who  wants  to  attain  success  must  have,  was  lueUing. 

Is  it  not  better  to  have  the  mind  so  trained  that  it  can 
grapple  unafraid  with  any  problem,  than  to  start  life  with 
only  a  smattering  knowledge  of  certain  applications  of  par- 
tially understood  laws?  The  courses  of  study  at  the  schools 
are  for  two  distinct  purposes,  one  to  train  the  mind  and 
the  will  for  work,  and  the  other  to  furnish  the  useful  tools 
for  doing  the  work.  The  memorizing  of  certain  facts  is  of 
little  value.  The  ability  to  do  certain  things  in  a  certain 
way  without  knowing  clearly  why  that  way  is  best,  or  even 
It  it  be  the  best,  is  poor  preparation  for  an  engineer.  The 
study  of  accomplished  engineering  work  has  the  same  value 
as  the  study  of  history.  It  is  experience  acquired  at  second 
hand,  but  to  be  most  valuable,  failures  should  be  studied 
along  with  successes.  The  development  of  mankind  as 
portrayed  in  general  history  is  a  picture  of  a  struggle  up- 
ward with  many  slips  and  falls,  but  nevertheless  with  a 
continued  advance. 

Fundarhental  Principles  Remain  Same  But  Methods  of 
Application  Change. — It  is  a  saying  well  known  to  students 
of  military  affairs  that  strategy  is  always  the  same  but  tac- 
tics vary.  In  other  words,  the  fundamental  principles  of  the 
science  of  war  always  remain  the  same,  but  the  methods 
of  applying  these  principles  vary  through  the  ages  in  meas- 
ure as  the  advancing  knowledge  of  nature's  laws  forges  new 
tools  for  the  soldier's  use.  The  better  knowledge  of  chem- 
istry and  of  metallurgy  are  the  main  causes  which  make 
the  fighting  methods  of  this  war  different  from  those  ot 
earlier  wars.  Have  you  ever  thought  of  a  ship  as  a  truss, 
which  must  have  a  certain  limitation  of  depth  on  account  ot 
the  natural  limitations  of  our  harbor  entrances  but  whose 
length  (and  consequently  the  cross  section  of  the  ship)  is 
limited  by  the  qualities  of  the  materials  which  are  available. 
So  with  our  guns.  Increased  chemical  knowledge  gives 
new  and  more  powerful  explosives.  Advances  in  metallurgy 
make  it  possible  for  these  explosives  to  be  utilized  to  the 
greatest  advantage.  Improvements  in  the  vehicles  ot  trans- 
portation, in  the  paths  in  which  they  travel  and  in  the 
means  for  the  transmission  ot  orders,  make  possible  the 
handling  of  men  in  larger  bodies  and  on  larger  battle  fronts. 
In  all  lines  of  endeavor  required  by  war,  the  influence  of 
the  advancement  ot  human  knowledge  makes  itself  felt,  and 
those  charged  with  the  responsibility  ot  defending  the  na- 
tion's life  must  be  constantly  alert  to  take  advantage  to  the 
fullest  extent  ot  the  advancements  in  human  knowledge. 

In  military  engineering,  the  officer  entrusted  w  ith  certain 
work  must  obtain  beforehand  all  the  information  be  can. 
He  must  study  the  surroundings,  take  into  full  account  the 
character  of  the  tools  and  supplies  available,  and  must  know 
the  number  of  men  whom  he  has  to  carry  out  the  work,  as 
well  as  their  individual  abilities.  He  must  then  lay  out 
the  plan  he  hopes  to  follow,  estimate  probable  difRculties  to 
be  met.  and  be  ready  to  change  this  plan  at  short  notice  and 
adapt  it  to  unexpected  happenings.  All  this  means  that  he 
must  be  thoroughly  trained  in  the  art  and  craft  ot  his  pro- 
fession, so  that  when  trouble  occurs  his  mind  will  work  in 
part  intuitively  and  he  can  see  quickly  the  best  course  to 
take  and  will  be  prepared  to  follow  it  and  carry  it  through. 
All  this  involves  a  long  and  special  training  and  a  quickness 
of  view  and  decision  which  are  vital  to  the  success  of  his 
work,  especially  in  war. 

The  same  principle  holds  good  in  civil  engineering,  in 
which  the  general  principles  ot  mechanics  and  construction 
remain  unchanged,  but  the  processes  must  vary  with  the 
character  ot  work  to  be  done,  with  the  condition  ot  the  labor 
market,  with  advances  in  machinery  and  methods  ot  doing 
work,  etc.  This  is  exemplified  particularly  in  those  works  in 
which  the  great  forces  of  nature  must  be  opposed,  or  made 
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obedient  servants  for  the  accomplishment  of  a  rlesirerl  rp  tr.  Q„f„-  »i              .               „ 

"nlin   sinnlv   of  Sor  anrf   .   ?nn.    ?    t'           .       °  ^''.  ™"  *'"'  °'  ^^•'"''^  '^''^  ^^^^^  '«  l'^""-     '"  ^  ^^sser  degree  the  same 

of  sunnlie                                              ^                       °"   ''  ''''''  =^'''''"°  '^  S""'!  f"--  those  of  you  ^vho  expect  to  practice  your 

,x,t:.,     ^, '      .   .,         .            ,  profession  in  civil  life  only. 

While  the  civil  engineer  does  not  often  have  to  make  the  ti,p  n^„.,,     ,■            *,     , 
Instant  decisions  of  the  military  engineer  engaged  in  actual  .  i'^'^. const. uct.on  methods  used  in  works  of  military  en- 
war,  he  must,  nevertheless,  follow  the  same  path  in  carefully  "'"^^^^^^  ^'"^  >«  ^^'orks  of  civil  engineering  are  much  the 
planning  his   work  ahead,   must  see   that  one   part   in   the  f""'?'             -^  military  work  at  the  front  any  materials  at 
programme   will   not   delay   or  overlap   another,   and    must  "''  ™"'^  ^"^  "*'""'"'• 

have  behind  him  a  general  knowledge  of  construction  and  Et'otiomy  must  be  disregarded.     Economy  in  time  is  the 

an  experience  in  the  special  work  he  has  in  view  which  will  essential.    Initiative  and  fertility  in  resource  in  the  engineer 

enable  him   to  meet  and  decide  the  unexpected  and  drive  '"  charge  and   discipline  and  training  in  the  men  are  the 

the  work  ahead.  elements  of  success.     Tools  are  provided   in   the   engineer 

In  both  cases — the  civil  and  the  military — the  chief  requi-  l^""^'"-  Materials  in  general  must  be  found.  In  river  cross- 
site  to  success  is  the  careful  study  and  choice  of  a  suitable  '°^®  ^^^  bridge  trains  are  used  first  for  ferrying,  then  in  a 
plan  of  work  and  the  ability  to  meet  the  changes  in  condi-  t"'i'^S«'-  Immediately,  however,  a  fixed  bridge  must  be 
tions  which  always  come.                                        "  started  with  the  best  materials  which  can  be  found  and  of 

Problems  in  Military  and  Civil  Engineering  Similar-  ''^^'yP^  best  suited  to  the  conditions  at  the  site.  Here 
Again,  the  problems  connected  with  the  organization,  care  7"""  ^^"^  engineer  in  command  must  be  able  to  form  in- 
training  and  use  of  large  bodies  of  men  are  similar  in  both  ''t,^""^/'!  accurate  judgment  and  must  be  able  to  make  his 
military  and  civil  engineering  work.  The  greater  the  haz-  ,?  tor  the  work  without  any  office  assistance  and  gen- 
ard.  the  greater  the  need  for  discipline.  The  larger  the  V-f}^  without  even  drawings.  His  bridge  must  have  sta- 
force,  the  more  elaborate  must  be  its  organization.  The  'ul\lf  sufficient  strength  to  carry  the  heaviest  loads 
more  active  the  opposing  forces,  the  greater  the  need  for  T  ,  t  material  of  the  army  demands,  including  armored 
the  training  which  makes  the  doing  of  the  necessary  thing  ''"'^  ten-inch  guns. 

intuitive.     Discipline  is  probably  the  most  essential  factor  ~~~ 

for  efficiency  where  large  bodies  of  men  must  act  in  co-  Rlictind  T  itYyactr^nc  Rrwi,l/4n^o 
ordination  in  a  hazardous  work.  The  will  of  each  man  must  l^laSting  LimCStOne  BouIderS 
be  subordinate  to  that  of  his  commander.  What  may  be  the  ^  combination  of  snake  holing  and  mudcapping  is  em- 
right  thing  to  do  from  the  viewpoint  of  the  subordinate  Ployed  by  an  Iowa  blaster  for  breaking  isolated  limestone 
might  be  disastrous  from  the  broader  vision  possible  to  boulders  in  land  clearing.  His  first  operation  is  to  dig  a 
the  commander.  This  subordination  of  will  must  be  sharply  '^ole  down  alongside  of  the  boulder.  This  hole  goes  down 
distinguished  from  the  blind  doing  of  what  is  directed.  In-  as  deep  as  the  boulder  is  imbedded  in  the  ground.  Then 
telligent  initiative  must  always  be  cultivated,  for  each  man  '^^'itli  a  pointed  steel  bar  he  drives  a  hole  close  up  under 
is  allotted  a  definite  field  of  responsibility,  and  within  that  the  stone,  making  it  a  point  to  get  the  end  of  the  hole  as 
field  he  must  be  prepared  to  act  promptly  and  intelligently,  nearly  under  the  center  of  the  boulder  as  he  possibly  can. 

Before  a  man  can  consider  himself  a  real  soldier  he  must  '"  *'"^  '^°'^  *'^^  charge  of  dynamite  is  loaded.  If  it  is  a 
have  acquired  a  self-mastery  which  will  make  him  intui-  """a"  stone  the  charge  is  loaded  in  a  1/2-in.  bore  hole.  If 
tively  ready  to  obey  loyally  and  at  the  same  time  to  com-  ''  '^  a  large  one  the  end  of  the  hole  is  enlarged  so  that  it 
mand  effectively.  This  comes  only  aft^r  long  and  hard  '^''"  accommodate  a  charge  of  the  size  required  to  turn 
training.  Donning  a  uniform,  with  or  without  shoulder  ''^"^  '^'°"<"  ""'  "^  ''^  '°'^^-  -^  ^■■'  P^r  cent  ammonia  dynamite 
straps,  and  knowing  something  of  military  drill  does  not  '®  ^^^^  ^°'^  ^^^^  ^^^^  operation.  Frequently  this  charge 
make  a  soldier.  Soldierly  qualities  may  be  cultivated  in  "'"'^^  t'^c  rock,  which  should  be  well  tamped  in,  will  break 
ordinary  school  life— with  or  without  strictly  military  drills.  '^  ■"'°  *^^'°  °'"  ^^''c  Pieces.  In  fact  the  one  charge  some- 
Through  the  ages  there  has  developed  in  all  nations  a  J'^'  '',r"l"T\'°t  '''"';  .  "r"'?^'.  *''';  '^''^.  "^^^  '° 
system  of  training  and  of  customs  designed  to  aid  in  the  in-  !f' ""^  ^'f  ^'''  '""f  '^  "°'  *°  ^f.^^^  ."^'^  ^'°"''-  ^"^  *°  t"™ 
4  ,1  ..  ,  ,...  t.  o  ,.  •  ,.  ,r.i  ...  ■  it  out  of  the  ground.  After  getting  it  out  on  the  surface 
stallation  and  cultivation  of  discipline.  The  courtesies  de-  ,,              .        ,         ,,          .   .     ,   ,,        ^          .     ""^'"=  J'""-'*^^- 

„ ,    ,  V,  *               Ti-        ■              «  »i           -1       KT-i.i  the   most   vulnerable  point  of  the  stone  is   selected — a  lit- 

manded  between  soldiers  IS  one  of  these  aids.    Military  cour-  ^.,           -^     .     ,     .     1,,        , ,  .,,    ^       .   ^  .       ,       >- ^^'-^>^     » 

t„„.       .     „     ,         ,     -^              i     I,     t,                       .^1          ..,.   i  tie  cavity  is  desirable.    At  that  point  is  placed  the  mud-can 

tesies  in  final  analysis  prove  to  be  the  same  as  those  that  ,               a  «     »     1    *^  •        ,           ■*     ,,n                .    .     ■   ,      . 

1.     , ,             .,...,,.,,.             .,                        ,  ^,        ,,  charge.    A  fast,  shatttsring  dynamite  60  per  cent  straight  is 

should  prevail  m  civil  life  between  the  voung  and  the  old,  ,    ,  *      .,,.           ,       n-iT          .  • -,                   ■         ="'"''"'-  '= 

t„j            .,                               t     i.        .     ,.«          ,  it                  t  needed  for  this  work.     The  cartridge  paper  is  removed  and 

between  the  voung  man  starting  m  lite  and  the  man  who  ^,      .,           -^              ,,   j        ,     ,        ,    . 

I,         ,       J         ,,-       J   J.  i-     i-        ■     ,  .     .  ici,         1     «,./>.  the  dynamite  crumbled   and   placed  m  a  compact  mass  in 

has  already  achieved  distinction  in  his  fulfillment  of  life  s  *,            .^           ,             .          r^,                 ,     „   ,           .    "'"•"'''" 

J   4.         ...,,..          ,     ,        4,4,.                 4     .              4  the  cavity  or  depression.     The  amount  of  dynamite  needed 

duties.     In  civil  life,  unfortunately,  these  courtesies  are  too  4     ,        ,               ,        c                   ,          ,                 ,"      .          „, 

f             .,            ,     4    ,       T      i,T-i.4         1-t     41                     j:         1  to   break  a   rock,   of   course,   depends   upon   its   size.     The 

frequently   neglected.     In   Mihtarv   life   they   are   enforced.  4  •  ,„                 -4,        ,   .,              4,      ,.44,     ■             .,    , 

T     4,                       ,    .                   ,  4     ,      4t            ;      »   ,.  4.     4-  cartridge  paper  is  then  laid  over  the  little  heap  of  dvna- 

In  the  army  rank  is  assumed  to  be  the  mark  of  distinction,  .4          ,  Iv       1            -41                    j      -41.        41  '  ,       "."">■ 

,   4,       .      .                  ,   „               44,            ,      «   4,             .  mite  and  the  charge  is  then  covered  with  a  thick  cap  of 

and  the  junior  pays   deference   to  the  rank  of   the   senior.  ,         ,,.,,,     4-      ,            ,       4,.     i.     4         ,           .. 

rr,u       u,-     4-          «           4         -41,                 ^             u    t   4   4,  wet  earth.    A  heavy  plastic  clay  makes  the  best  mud-cap.    f 

The  obligation  of  courtesy   is  the  same  for  each,  but  the  ...       ,4-1         Ae                                   14,                 •   \,    ,  ,    , 

,44,            ,     4;     4  ,      4,.     •      .  It  IS  obtainable.    Of  course,  a  cap  and  fuse  are  imbedded 

salute  must  be  made  first  by  the  junior.  .4,          .,         «     -,           -4      ,    «          4,             ,           .       ^ '""=^' 

,                         4-4   4       4,      ,           4  4,                     1,    ,  t  111    the    pile    of    dynamite    before    the   mud-cap   is    placed 

An  army  constitutes  the  largest  force  assembled  by  man  ..                                                                            1           ^        <•• 

for  the  accomplishment  of  a  single  purpose,  and  the  accom- 
plishment  of   that   purpose   involves   hazards   greater   than 

those  of  any  other  human  endeavor.  Hence,  in  an  army  Comparative  Costs  of  Track  Construction  in  Paved 
discipline,  organization  and  training  must  be  carried  to  the  Streets. — ff.  L.  Mack,  Superintendent  Track  and  Line  In- 
highest  degree.  With  the  great  number  of  men  gathered  ternational  Ry.  Co.,  Buffalo.  N.  Y.,  in  the  December  Aera 
together  for  a  single  work  come  increased  problems  of  sup-  gives  the  following  figures  showing  the  cost  of  street  rail- 
ply  and  care.  The  sanitation  must  be  supplied  as  needed  way  track  construction  in  i)aved  streets: 
and  in  sufficient  quantity.  To  supplies  of  this  character  Single  track, 
must  be  added  supplies  in  enormous  quantity  of  all  the  kinds      isus  ' $26.ono  ' 

and   varieties   required   for   the   comfort   and    protection   of      i'"'"  ??•'•'"' 

^,  ,  «      r,  J       c     cc       ■  J    ,   /      .  l-'I'S   2S,G00 

the  men  and  for  the  needs  of  offensive  and  defensive  opera-      ].|](i  .".G.Tsn 

tions.     This  supply   of  an  army  requires   great   system   in      '-'i''  40,340 

the  methods  of  obtaining,  using  and  replacement.  The   above  costs   include   track   and   pavement  complete. 

This  subject  is  too  much  neglected  by  men  who  aspire  to  Mr.  Mack  states  that  the  increase  in  cost  from  1S9,^  to  191.'> 

commissions   in  the   army.     A  large   part   of  the   suffering  was  due  wholly  to  the  heavier  and  more  substantial  type 

among  newly  organized  troops  is  due  to  the  ignorance  of  of  construction   made  necessary  on  account  of  the   public 

their  officers  of  the  methods  of  supply;   another  large  part  demands  for  larger  cars  and  equipment  necessarily  of  heav- 

to  a  lack  of  discipline.     So  I  say  to  those  of  you  who  desire  ier  type. 

(11) 
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Requircinonts   t\)r    Creosoted    Fir 
ill  Marine  Construction 

Ro()ulreint<Dt8  ihnl  should  bo  observed  In  usliiK  cnosoled 
plllns  or  lumber  In  waters  Infested  with  snlt  water  nmrino 
borers  are  outllued  as  follows  In  ibe  West  Coast  Lumber- 
man by  Prof.  Bror  1..  Orondal  of  the  Collose  of  Forestry  of 
the  Vulverslly  of  Washlii.ulon: 

The  Piling  or  Lumber  Must  Be  Well  Seasoned  Before 
Impregnation  with  Creosote.— It  the  material  Is  not  well 
seasono.l  either  In  the  air  or  by  artlllclal  means  such  as 
bv  th.>  steam  and  vacuum"  or  the  •boiling"  processes,  un- 
treated areas  are  very  apt  to  bo  loft  on  the  surface  of  the 
tnaterlnl  through  which  marine  borers  and  ship-worms  may 
enter.  Water-stored  piling  has  a  strong  tendency  to  be- 
conio  ca.ie  hardened  and  excessively  dry  on  the  surface 
exposed  to  the  s\in.  while  the  under  side  remains  waterlogged. 
When  such  material  Is  creosoted  by  the  boiling  process,  the 
penetration  of  creosote  on  one  side  will  bo  very  heavy, 
while  the  other  side  will  receive  very  little.  This  Is  due 
to  the  difficulty  of  seasoning  such  material  to  a  uniform 
moisture  content.  To  remedy  this  condition  It  has  been 
proposed  to  first  impregnate  the  pile  with  creosote  before 
attempting  to  dry  It.  thus  securing  a  satisfactory  penetra- 
Uon  on  the  side  that  It  already  sulllclently  dry.  and  then 
boiling  until  the  wet  side  Is  dry  enough  to  take  the  oil. 
when  pressure  Is  again  applied  to  the  oil.  thus  securing  a 
satisfactory  penetration  in  this  side  also. 

The  Material  That  Is  Creosoted  Must  Not  Contain  Large 
Knots  -Creosote  does  not  readily  penetrate  the  harder 
wood  of  knots,  hence  large  knots  are  very  likely  to  offer 
untreated  spots  where  ship-worms  may  enter.  Small 
knots  are  not  so  serious,  as  such  knots  are  more  readily 
Impregnated  with  creosote.  A  recent  large  purchaser  of 
creosoted  pilins  In  Seattle  has  attempted  to  overcome  the 
bad  effect  of  the  knots  by  boring  -^-in.  holes  about  2  in. 
deep  In  all  knots  over  l^-i  in.  in  diameter  before  the  piles 
are  creosoted.  The  holes  are  plugged  with  dry  fir  plugs 
secured  with  galvanized  iron  nails.  The  presence  of  the 
holes  causes  the  knots  to  dry  out  readily  so  that  a  heavy 
local  penetration  can  be  secured  in  what  would  otherwise 
be  the  weakest  points  in  the  pile.  The  scheme  has  merit 
and  will  undoubtedly  be  much  used  in  the  future. 

The  Protective  Layer  of  Creosoted  Wood  in  the  Piling  or 
Lumber  Must  Not  Be  Broken.— .\xe  chops  in  creosoted  piling 
make  extensive  attacks  of  marine  borers  inevitable,  ren- 
dering the  creosoting  useless.  Ship-worms  can  also  enter 
through  the  holes  left  by  nails,  dogs,  bruises  and  other 
avoidable  injuries  which  result  from  carelessness  in  the 
handling  of  creosoted  material  after  treatment.  Creosoted 
material  must  not  be  framed  after  treatment.  Such  stupid- 
ity will  absolutely  nullify  the  protective  effect  of  the  creo- 
soting. 

Untreated  Material  Must  Not  Be  Placed  in  Contact  with 
Creosoted  Material.— Vncreosoted  sway  brace?  or  waling 
must  never  be  used  in  connection  with  creosoted  piling  or 
timbers  that  are  used  in  marine  construction,  for  ship- 
worms  in  many  cases  may  obtain  foothold  in  the  untreated 
material  and  penetrate  the  creosoted  material  after  they 
are  fully  developed,  when  creosote  is  no  longer  an  effective 
barrier.  Creosote  is  absolutely  effective  in  keeping  out  the 
larvae,  which  are  most  delicately  organized. 

The  Total  Amount  of  Creosote  in  Piling  or  Lumber  Used 
for  Marine  Construction  Is  of  Less  Importance  than  the 
Depth  of  Penetration  of  the  Creosote.- Ship-worms  are 
not  mathematicians.  The  fact  that  a  pile  may  contain  an 
average  of  12  lb.  of  creosote  per  cnhic  foot  means  nothing 
to  the  simple  mind  of  the  "teredo."  If  untreated  spots  ex- 
ist in  the  surface  of  the  pile,  ship-worms  will  destroy  the 
pile  regardless  of  the  total  amount  of  creosote  that  has 
heen  used.  The  important  requisite  is  therefore  that  the 
penetration  of  the  creosote  must  he  uniform.  It  follows, 
then,  that  the  material  that  is  to  be  creosoted  must  be  free 
from  large  knots  and  that  it  must  be  dry  when  creosoted. 
Creosoted  Piling  Should  Never  Be  Over-driven.— The 
driving  should  cease  when  the  pile  no  longer  penetrates 
readily,  as  over-driving  may  produce  longitudinal  splits 
through  which  ship-worms  will  quickly  enter. 


Creosoted  Lumber  and  Piling  in  Docks  Should  Be  Pro- 
tected with  Boom  Sticks.  KKialing  drill  wood  under  docks 
win  abrade  the  surface  of  the  pilijig  and  break  the  protec- 
tive layer  of  creosoted  wood.  To  keep  the  driftwood  out. 
boom  sticks  should  be  placed  Just  Inside  of  the  first  row  of 
piles  around  the  dock,  chained  in  such  a  mannt^r  that  the 
sticks   will  not   lloal   against   the  piling  on  either  side. 

The  Untreated  End  of  the  Pile  Left  by  the  "Cut  Off" 
Should  Be  Protected  from  Decay.  Wellcreosoted  piles  will 
quickly  tall  through  decay  unless  this  Is  done.  The  usual 
practice  Is  to  paint  the  freshly  sawn  end  with  one  coat  of 
hot  coal  tar  creosote.  This  Is  not  sufficient,  but  sliould  be 
followed  by  one  liberal  coat  of  cold  creosote  as  soon  as  the 
first  coat  has  been  absorbed.  In  the  opinion  of  the  writer. 
It  would  be  a  good  practice  to  first  give  the  end  of  the  pile 
a  good  soaking  wilh  a  hot  1  per  cent  solution  of  bichloride 
of  mercury  in  water,  and  after  it  has  dried  somewhat  to 
follow  this  with  the  two  coats  of  cold  creosote. 

Present  specifications  for  piling  are  usually  too  severe 
in  one  particular,  and  that  is  the  degree  of  straightness 
that  is  required.  In  driving,  the  piles  are  stressed  to  a  much 
higher  degree  under  the  impact  loading  of  the  pile  driver 
hammer  than  they  will  ever  be  subjected  to  in  the  com- 
pleted dock  where  only  low  static  loads  are  permitted.  If 
the  piling  is  not  too  crooked  to  be  placed  in  the  gins  of  the 
pile  driver  and  will  stand  up  under  the  driving,  it  is  per- 
fectly serviceable  regardless  of  the  crook  and  sliould  be 
used.  A  crooked  pile  free  from  knots  Is  immensely  much 
more  serviceable  than  a  knotty  pile  that  is  straight  as  an 
arrow.  The  present  specifications  that  demand  perfectly 
straight  piles  accomplish  no  useful  object  and  increase  the 
cost  of  the  material  unnecessarily.  This  increase  in  cost,  of 
course,  falls  upon  the  purchaser  who  buys  piling  under  such 
specifications. 


Troop  Movements  by  American  Railways. — From  Jan.  1, 
1918.  to  the  armistice  the  railways  of  this  country  moved  a 
total  of  6.490,1.50  men.  an  average  of  625.434  per  month. 
The  maximum  was  reached  in  July,  when  1,147,013  men 
were  moved.  In  all  1,785,342  drafted  men  were  picked  up 
at  4,500  separate  points  in  larger  or  smaller  units  and 
moved  on  schedule  to  their  training  camps,  in  many  cases 
upward  of  a  day's  journey,  and  in  all  cases  were  ted  in  tran- 
sit. The  amount  of  detail  involved  in  routing,  scheduling, 
moving,  and  feeding  these  men  can  hardly  be  over-esti- 
mated. A  total  of  4.038,918  in  9.109  special  trains  were 
moved  an  average  distance  of  855  miles,  unquestionably 
the  largest  long  distance  troop  movement  in  history.  A 
total  of  1.904.014  were  brought  into  the  crowded  port  ter- 
minals for  embarkation  overseas  without  interference  with 
the  heavy  traffic  of  other  kinds  already  being  handled 
through  these  ports  and  in  the  territory  adjacent  thereto. 
During  one  period  of  30  days  more  than  20  troop  trains 
each  day  were  brought  into  the  port  of  New  York.  Dur- 
ing the  period  there  were  but  14  train  accidents  involving 
either  death  or  injury  of  enlisted  men.  In  these  accidents 
14  men  were  killed  and  306  were  injured.  The  special  troop 
trains  averaged  12.2  cars  per  train  and  traveled  an  average 
distance  of  S.546  miles.  The  average  number  of  hours  per 
train  was  42.fi.  the  average  speed  was  20  miles  per  hour, 
and  the  average  number  of  men  per  train  was  443.4. 

$5,350,000  to  be  Spent  This  Year  on  Chicago  Union  Sta- 
tion.— Plans  for  work  on  the  new  Union  station  at  Chicago 
are  understood  to  provide  for  an  expenditure  of  $5.3.50,000 
in  1919.     The  program  includes  the  following: 

Depression  of  tracks  to  ordinance  grade  between  Van 
Buren  and  Twelfth  St.  Rearrangement  of  tracks  to  permit 
construction  of  viaduct  foundations.     Construction  of: 

Harrison  street  viaduct. 

East  half  of  Burlington  freight  house. 

Folk  St.  viaduct. 

Canal  St.  viaduct  between  Polk  and  Taylor. 

Taylor   St.   viadifct. 

Canal  St.  viaduct  between  Harrison  and  Polk. 

Filled  elevated  on  Canal  St.  between  Taylor  and  Twelfth. 

West  half  of  Burlington  freight  house. 

South  half  of  Twelfth  St.  viaduct. 


iz\) 


January   15.   I'M". 


Right    of     Way    Ditching    With 
Electrically  Operated  Ditcher 

By  employing  an  electrically-operated  ditcher  the  Kansas 
City,  Clay  County  &  St.  Joseph  Ry..  a  TS-mile  electric  rail- 
way, has  effected  a  marked  reduction  in  the  cost  of  riglil 
■of  way  ditching.  The  machine — an  American  railroad  ditch- 
er—was placed  in  operation  in  1915  and  has  handled  during 
the  working  season.  May  to  December  inclusive,  an  average 
•of  200  cu.  yd.  per  day.  The  ditcher  has  a  20  H.  P.  motor 
-and  operates  on  1.200  to  1,.500  volts.  It  was  the  first  elec- 
trically  operated   machine   of  this    type   to   be   built.     The 
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much  more  rapid  than  is  the  use  of  dump  cars,  eliminates  the 
haul  entirely.  The  dump  cars  are  of  the  side-dump  type, 
holding  20  cu.  yd.  and  are  operated  by  air,  the  entire  train 
being  hauled  by  an  electric  locomotive  as  shown  in  Fig.  1. 
During  1918  it  was  necessary  to  use  the  ditcher  for  a 
period  of  only  two  months,  and  for  the  GO  days  from  May 
1  to  July  1,  1918.  the  following  figures  covering  an  average 
day's  work  have  been  compiled: 

Work:    )vigbt-of-way  ditching,  cut  widening  and  bank  filling. 

.Matcriul:    Clay,   fairly  dry  and  tough,  with  some  stone  and  shale. 

I.t'tigth  of  day:     Fourteen  hour.-;. 

Time  actually  working:  Seven  and  one-half  hours.  (This  in- 
cludes the  time  consumed  in  ditching,  dumping  and  traveling 
to  and  from  the  siding,  clearing  for  trains.) 


Fig.    1 — Electrically   Operated    Ditching    Outfit   on 

■ditcher  is  mounted  on  a  specially  constructed  Mat  car  50  ft. 
long  and  with  a  capacity  of  100.000  lb.  The  ditcher  travels 
back  and  forth  on  the  car  on  two  sections  of  ino-lb.  A.  S.  C. 
E.  rails.,  this  being  necessary  in  order  to  permit  the  flexi- 
bility of  forward  or  backward  motion  when  loading  the 
shovel  or.  if  the  material  is  to  be  hauled,  when  unloading 
into  dump  cars  placed  in  front  of  the  ditcher.'     Information 

■on  the  operation  the  ditcher  is  given  by  Mr.  Charles  W. 
Ford.  General  Superintendent  of  the  K.  C,  C.  C.  &  St.  J.  Ry.. 
in  the  Electric  Railway  Journal  from  which  the  matter  in 
this  article  is  taken.  A  great  amount  of  the  material  that  is 
necessary  to  handle  out  of  the  ditches  is  a  grade  of  clay 
which  is  exceedingly  diflScult  to  dig  when  dry,  and  is  about 

•.the  stickiest  substance  extant  when  wet.      Rock  and  shale 


Train 


Motornian 


K.    C.    C.    C.    &        St.    J.     R.iil/.,i, 

t.'rew   used:     Operator  and    Iwo   lalxirer.s. 
and  conductor. 

Daily  Cost: 

Payroll    $23.52 

Power    5.00 

<  >il,  waste  and  repairs 2.50 

Incidentals   ■. 1.26 


Total    $32.2S 

Average  daily  yardage,  cu.  yd 225.6 

<  'list  per  yard,  ct 14,3 

Besides  being  used  for  the  above-mentioned  work  the 
ditcher  has  frequently  been  used  as  a  pile  driver  by  the 
simple  attachment  of  a  pair  of  leads,  and  it  is  also  used  in 
place  of  a  crane  or  derrick  for  unloading  ties,  rails  and  ma- 
chinerv. 
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Fig.  2 — Cost   Graph   for    Electric   Ditcher. 

rare  common  in  the  cuts  along  the  line  and  a  few  years  ago 
slides  were  not  uncommon  in  wet  weather.  In  most  in- 
stances the  material  taken  from  the  ditches  and  the  cuts  is 
deposited  on  fills,  but  in  shallow  cuts  the  material  taken 
from  the  ditches  is  in  many  cases  deposited  on  the  surface 
of  the  sides  of  the  cut.  thus  providing  an  embankment  which 
■takes  the  place  of  surface  ditches.     This  operation,  which  is 


Cost    Accounting   System   for   Sand   and 
Gravel  Producers 

A  uniform  cost  accounting  system  has  been  adopted  by 
the  Chicago  Association  of  Sand  and  Gravel  Producers. 
t'Uder  this  system  the  factors  entering  cost  are  grouped 
under  three  main  expense  accounts:  General  expense, 
selling  expense,  and  production  expense.  The  distribution 
in  these  three  accounts  is  as  follows: 

GENERAL,  EXPENSE. 

1  Salaries  of  officers  and  office  employes. 

2  Office  expenses,  including  stationery,  printing,  telephone,  post- 

age and  office  supplies. 

:■;  General  expense,  incluaing  legal  expense,  membership  in  as- 
sociations, subscriptions  to  papers. 

1  Bad  account.s — All  uncollectable  accounts  charged  off  during 
the    current   year. 

'i     Taxes,  including  income  and  war  taxes. 

i:     Interest  on   investment — Invested  capital  at  6  per  cent. 

7  Depreciation — Includes  office  fixtures,  automobiles,  buildings, 
maihinery   and   personal   property. 

SEI.UNG    EXPENSE. 
1      .Salaries  of  salesmen. 

■J     Expenses  of  salesmen — Including  traveling  and  incidental. 
.',     .Advertising — General    publicity,    direct    advertising    and    inci- 
dental expenses. 

PRODI'CTION  EXPENSE. 

I  .Salaries  and  wages — .Ml  payments  for  services  at  the  plant  ex- 
cept  for  those  employed  in  stripping. 

:;  I'ower  and  fuel — All  power  and  fuel  consumed  at  the  plant 
except  that  used  for  stripiiing. 

:',     Expense — Includes  telephone,   telegraph,   oil.   waste,   etc. 

1  Repairs — Including  new  parts  to  replace  others  worn  out  or 
broken,  with  freight  or  express  charges  on  same. 

:,     nepietion  of  land  or  royalty. 

r,     Compensation  or  liability   insurance. 

7  Striiiping — Includes  fuel  or  power,  labor  and  incident;il  ex- 
pi-iisi-s  of  the  stripping  gang. 

The  system  was  prepared  by  a  committee  consisting  r-' 
B.  H.  At  wood.  E.  J.  Roche  and  F.  E.  Lane. 
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Power  Plants  for  CJold    Dred^inji 

Installations  in  Isolated 

Districts 

In  Iho  construction  unci  oiuTiitlon  of  drcdKos  in  outor 
lh«»-\vny  pliicoa  the  ptiwor  taotor  Is  one  of  tho  hlKlily  Ini- 
portoiU  problonis.     \Vlu>ro  electricity  Is  aviillabk'  It   Is  the 

I,,,.  -'V    Ideal   power   for   dredge   operation,    but    often 

el,  .  either  not  available  or  can  bo  develoiunl  only 

at  i..,  ,  X,  ,.-.-ive  cost.    For  the  operation  of  only  one  drcdBe, 
obviously  Krt>«t   expense  can   not   be   undertaken   In   power 
lines  and   elect ricpower   Installation,   but   It  a   company    Is 
building  n  number  of  dredges  or  If  sevenil  companies  con- 
...........    i.„(i,.,,  operation  In  a  new   Held  a  central   power 

,,I  .rale  electricity  will  as  a  rule  prove  economical. 

Slui...    .i.ciric    power    be'    neither    available    nor    feasible 

then  some  other  form  of  power  must  be  considered.  An  In- 
teresting discussion  of  this  subject  is  given  by  Mr.  Charles 
Jnnin  In  a  Hulletin.  "Gold  nred.cini;  in  the  United  States," 
|s<  '  -  -itly  by  the  l".  S.  Bureau  of  Mines.  The  follow- 
Ir,  •,<  abstracted  from  the  bulletin: 

1  ,i,-  in.-i  steam  dredges  were  excessive  consumers  of 
fuel,  and  operating  costs  were  high  in  comparison  to  those 
when  electricity  became  available  for  use  on  the  same 
dredge.  An  example  of  the  reduction  in  the  power  cost  in 
dredges  Is  that  shown  on  the  operation  at  Ruby,  Mont. 
With  the  cost  of  coal  at  $4,90  a  ton  the  fuel  costs  ot  ihe. 
two  Conrey.  7>4-ft.  and  10-tt.  steam  dredges  during  1904  to 
1906  was  s'.il  aiid  3.07  ct.  a  cubic  yard.  Although  these  were 
old-type  and  inefficient  machines,  the  fi.curos  cited  illustrate 
the  high  power  cost  under  steam  operation  even  with  a  low- 
fuel  cost  The  cost  of  power  and  fuel  tor  the  present  Ruby 
dredges  averages  less  than  1%  ct.  a  cubic  yard. 

Practically  all  dredges  now  operating  in  the  United 
States  use  electricity.  In  Alaska  where  the  single-dredge 
installation  is  the  rule  and  on  the  Seward  peninsula  where 
upward  of  lOO  dredges  have  been  built,  40  ot  which  were 
either  operating  or  under  construction  in  1913.  only  t^o 
used  electricity.  In  this  field  and  in  the  Philippines  the 
American  dredge  constructor  has  had  the  opportunity  to 
exercise  his  ingenuity  and  here  most  experiments  have 
been  made  and  the  greatest  development  has  taken  place 
in  the  power  arrangement  of  the  self-contained  dredge. 

Since  the  table  above  was  made,  in  1912.  there  have  been 
a  number  of  changes  made  on  these  dredges,  and  two  have 
shut  down.  The  results  indicated,  although  representative 
ot  work  at  the  time  specified,  cannot  be  considered  as  rep- 
resentative of  the  best  present-day  practice.  It  must  also 
be  noted  that  the  fuel  costs  do  not  include  labor,  etc. 

The  use  of  gas  engines  demonstrated  that  a  great  saving 
could  be  made  in  the  cost  ot  fuel  on  dredges  using  coal, 
wood  or  crude  oil  when  transportation  of  such  fuel  from 
the  seaport  was  necessary,  and  continued  experimentation 
demonstrated  that  still  further  saving  could  be  made  by 
improved  methods. 

Example  of  Fuel  Saving  by  Redesigning  Power  Plant.— 
An  interesting  example  of  reduction  of  fuel  costs  is  fur- 
nished by  the  operation  of  the  Three  Friends  or  Seward 
dredge.  This  dredge  was  huilt  in  1908.  and  for  reasons 
satisfactory  to  those  interested  in  the  company,  was 
equipped  with  slide-valve  engines  and  locomotive  boilers. 
The  coal  consumption  varied  from  12  to  17  tons  a  day  and 
the  cost  ot  coal  delivered  to  the  dredge  was  $22  a  ton: 
with  14  tons  at  $22  as  the  average  consumption,  the  fuel 
cost  was  $30S  a  day.  The  average  daily  capacity  ot  the 
dredge  was  2,000  cu.  yd.,  so  that  the  fuel  cost  was  15.4  ct. 
a  cubic  yard.  In  the  latter  part  ot  1912  oil  burners  were 
installed  on  the  dredge  and  fuel  oil  costing  about  $3  a  bar- 
rel was  used  as  fuel.     This  change,  although  reducing  the 


fuel  cost  somewhat,  did  not  give  the  results  the  manage- 
ment anticipated,  some  days  as  high  as  GO  bbl,  of  oil  be- 
ing consumed.  It  was  not  until  1914  that  any  radical  change 
was  attempted.  The  entire  plant  was  redesigned.  Seml- 
nioscl  engines  were  used  to  generate  electric  i)ower  at  a 
shore  plant  and  electric  motors  were  used  on  the  dredge. 
The  old  nuicblnery  was  consigned  to  the  rock  pile. 

Figures  ot  operating  cost  of  llie  new  plant,  furnished  by 
the  management,   are  as   followes: 

OrEU.VTlNC,    COST    OK    THltP'.K    FlUENDS    DREDGE    FOR    24 
lim'HS,    ISll. 

200   Knllons  of  dlstillnle,   at   $0.18   at   power   plant    $  30. OU 

3  wli-chmon.  nl  $7   21. U« 

3  ollors.  at  $.'.  15.00 

3  i-nclnoeis,  at  JS 24.00 

2  rousliilio\il,'<.   at   ?S    10.00 

1  driilKi'iiiastor.  nt  ?I5  IB.OO 

1  liookkeiM>er,  af  $7.5(1   ".t>''- 

1  loi.k    fi.OO 

1  moss     22.00 

Oil.   hilirlcntlng    7. .10 

Roimirs    15.00 

Total    $179.00 

A  point  that  was  not  at  first  realized  in  changing  the 
power  equipment  on  this  dredge  was  the  decrease  in  weight 
resulting  from  replacing  the  cumbersome  inefficient  steam 
plant  with  electric  motors.  The  change  permitted  the 
dredge  to  work  without  digging  so  deeply  into  bedrock, 
thus  permitting  a  greatly  increased  yardage.  The  yardage 
handled  by  the  dredge  has  been  variously  estimated  at  2,000 
to  3,000  cu.  yd.  a  day,  making  an  operating  cost  for  fuel  used 
ot  api)roximately  1%  to  2  ct.  a  yard. 

Power  Cost  on  Two  Dredges  on  Seward  Peninsula. — Two 
dredges  recently  constructed  on  the  Seward  Peninsula  and 
equipped  with  entirely  different  power  arrangements  are 
ot  considerable  interest  in  showing  a  great  reduction  in 
power  as  compared  to  dredges  having  self-contained  power 
plants  using  similar  fuel  in  the  northern  field,  apd  tho  op- 
eration of  these  dredges  should  be  carefully  studied  by  any- 
one contemplating  dredge  operation.  The  Berry  dredge 
was  equipped  with  two  75-HP.  Wolf  locomobile  engines 
using  wood  for  fuel.  The  following  figures  were  obtained 
from  the  operating  report  ot  Gerald  Hutton,  dredge  super- 
intendent for  the  company: 

D\T  V  C0%T:RING  OPERATION"  OP  BERRY  DRKDGE  ON  THE 

SEWARD   PENINSULA,    ALASKA. 

(Operating-  days,  June  3  to  Oct.   17:   closed  down  for  winter  and 

for   thawing  ground.) 

Net  operating  time   (i:n   days— ino  per  cent),  hours ■. .     3.144 

Total  lost  time   (25.7  per  cent),  hours   805 

Total  disfrina-  time   (74.3  per  cent),  hours   2.339 

Total  depth   duK.   feet    „,Jh^ 

Total  vardag-e    handled,   cubic   yards 213,35.') 

Total  yardage  handled  per  day,  cubic  yards 1.628 

Total  wood  used,    cords    464.35 

Total  cost  of  wood  used.  464.35  cords,  at  $10 $4,643.50 

( 'o.st  of  getting  to  dredge  .594.37 

Wastage,  estimated   ^61. 89 

Total  cost  of  v,'Ood  per  cubic  yard,  cents   2.57 

Total  operating  cost  per  cubic  yard,  cents    11.24 

The  lubricants  used  throughout  the  season  were  as   tol- 
low-s : 
LUBRICANTS   USED  BY  BERRY   DREDGE    DURING   OPER- 
ATING SEASON. 

Total 
quantity  Cost  for 

Lubricant.  used.       Per  day.       season.*' 

Gallons.     Gallons. 

Hecla  B.   cylinder  oil 84  0.64  $92.40 

Atlantic   red   oil 235        _  1-8  141.00 

Pounds,     Pounds. 

Arctic  cup  grease 400]  3.8  f      44.00 

Dixon  special  grease lOOJ  L      16.55 

Mica  gear  grease 55b  ^''A  .JU.^b 

Total  expense  for  the  se.ason $324.21 

Total  lubricating  cost  per  day ...  2.47 

Total    cost    of    lubricating    engines 
per  day   „,■■•  ■'\.  ,    ,   ,    . 

•Including  freight  and  hauling.  The  consumption  of  lubri- 
cating oil  on  the  engines  will  be  reduced  the  coming  season,  as 
the  oil  filter  was  not  received  until  fairly  late  in  the  season  under 
consideration. 

The  engines  gave  minimum  trouble,  but  experience  gained 


TABLE  I. 


Average  Horse- 
Size  of  dailyca-  power 
tiucVets,  pacity,  of 
Xame   of  Dredge.                   cu.  ft.     cu.  yd.  dredge. 

Salmon              3              l.Sno  160 

-hree  Friends  5             2.000  2.30 

■Wild    Goose     3U         l.SOn  140 

PI  "in 3%            800  ISO 

Blue    Goose    5                800  160 


Cost 
Fuel  used  of  fuel 

each  dav.  Quantity.  per  unit. 

Coal    '....  7   tons    $27.00 

Coal    13  to  17  tons 22.00 

Distillate    ...  300  gallons  0.25 

Crude  oil   ...  14  barrels 3,00 

■Wood   7  to  12  cords   12.75 

1 1  ;i 


Ap- 

proximate 

cost  of 

fuel  per 

Operating 

cubio  vard. 

conditions. 

10.5 

.\verage 

15.4 

Difficult 

4.2 

Average 

5.2 

Some  frozen  ground 

12.7 

Average 

January  15,  1919. 
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in  their  use  showed  the  advisability  of  having  on  hand  cer- 
tain duplicate  parts  in  order  to  obviate  long  delay  from 
any  breakage  that  might  occur.  The  time  lost  by  the  dig- 
ging engine  was  4  hours  20  minutes,  being  lost  principally 
through  inspection  of  the  different  parts.  The  time  lost  by 
the  pump  engine  was  18  hours  55  minutes. 

The  key  holding  the  hoisting-pump  crosshead  to  the  pis- 
ton rod  sheared  and  was  replaced  by  a  tool-steel  key,  which 
gave  no  further  trouble.  The  babbitt  bearing  of  the  hoist- 
ing-pump became  hot  and  melted,  probably  on  account  of 
failure  of  the  oil  feed.  The  brasses  were  replaced  by  spare 
brasses  at  a  small  expense. 

Although  the  power  cost  on  this  dredge  is  high  as  com- 
pared to  the  cost  of  power  on  a  dredge  working  in  the  . 
United  States  and  using  electrical  current  costing  from 
%  to  1%  ct.  for  each  cubic  yard  produced,  the  power  cost 
per  cubic  yard  is  a  remarkable  showing  for  a  self-contained 
dredge  in  the  northern  fields,  and  may  reasonably  be  com- 
pared with  the  stated  cost  of  the  Three  Friends  dredge,  as 
the  figures  given  for  that  dredge  are  to  be  considered  esti- 
mates only. 

The  Bangor  Creek  dredge  operating  near  Nome  is  also 
equipped  with  3%  cu.  ft.  buckets.  Power  is  supplied  by 
two  semi-Diesel  Bolinder  engines  with  a  total  of  140  HP. 
Oil  fuel  is  used,  a  mixture  of  4  parts  16^  crude  and  1  part 
48°  distillate.  It  is  stated  that  the  average  consumption  of 
this  oil  is  180  gal.  a  day,  and  the  average  daily  yardage 
handled  over  a  depth  of  30  ft.  is  1.500  cu.  yd. 

The  successful  work  of  recent  American  dredges  in  the 
Philippine  Islands  has  greatly  stimulated  the  dredging  in- 
dustry in  that  field.  The  Guamos  dredge  uses  wood  for 
fuel.  During  1913,  according  to  the  annual  report  of  the 
operating  company,  the  dredge  was  in  actual  operation  for 
5.731  hours  and  handled  814,500  cu.  yd.  of  material.  During 
this  period  4.500  cords  of  wood  was  consumed,  costing  $5 
per  cord  delivered  on  the  dredge.  The  fuel  cost  per  cubic 
yard  thus  indicated  is  1.38  ct.,  an  encouraging  figure  con- 
sidering the  conditions  under  which  the  dredge  works. 

Novel  Power  Plant  of  Philippine  Dredge. — A  radical  inno- 
vation was  the  motive  power  designed  for  the  Mambuloa 
dredge  in  Ambos  Camarines  in  the  Philippines.  A  steam 
turbo-generation  was  placed  on  the  dredge  to  provide  the 
electric  current,  being  the  first  instance  of  such  a  plant  be- 
ing used  for  gold  dredging.  Although  no  reports  of  opera- 
tion are  yet  available,  this  type  of  power  plant  has  been 
successfully  used  on  the  United  States  collier  .Jupiter.  The 
dredge  plant  consists  of  a  300-HP.  wood-burning  boiler 
with  condenser  and  a  625-kilowatt-ampere  (500  kilowatts 
at  80  per  cent  power  factor)  turbo-generator  running  at 
3,600  revolutions  per  minute,  440-volt.  alternating-current. 
3-phase,  60-cycle,  with  direct  connected  exciter.  The  main 
drive  motor  is  150  HP.  with  reversible  speed  controller, 
•which  will  reduce  full  speed  one-third.  The  other  motors 
are  as  follows: 

DATA  ON  MAMBULOA  DREDGE. 

Horsepower. 

Main   winch    -0 

High-pressure  pump   120 

Low-pressure  pump    75 

Screen    drive    40 

Stacl<er    i'-' 

In  addition  to  the  main  power  plant  there  is  an  auxiliary 
steam  engine  of  20  HP.  which  can  operate  'the  winch  and 
move  the  dredge  in  case  of  accident  to  the  turbo  genera- 
tor, during  the  storm  or  other  emergency.  This  engine  is 
used  for  lighting  the  dredge  when  the  main  plant  is  shut 
down,  and  can  also  be  used  to  take  the  place  of  the  exciter 
in  the  generator  should  that  get  out  of  order. 

Of  interest  in  connection  with  this  dredge  is  the  fact 
that  the  wafer  for  the  boilers  comes  through  a  special  pipe 
line  from  a  fresh-water  spring  in  the  hills.  This  plan  was 
adopted  to  obviate  the  possibility  of  damage  from  salt 
water  in  the  river,  which  caused  serious  boiler  trouble  on 
one  of  the  dredges  in  the  Paracale  district. 

A  dredge  of  this  type  is  expensive  in  first  cost,  as  the 
plant  includes  not  only  an  electrically-driven  dredge,  but 
also  a  separate  power-plant  built  on  the  dredge  instead  of 
the  usual  plant  on  shore.  It  is  asserted  by  the  makers  that 
the  operating  cost  is  less  under  these  conditions  than  with 
a  separate  plant  on  shore,  as  all  operations  are  under  the 

(1 


direct  supervision  of  the  dredgemaster,  and  only  the  one 
working  crew  is  necessary.  Should  a  second  dredge  be 
built,  as  is  contemplated  if  results  are  in  keeping  with  ex- 
pectations, the  power  plant  may  be  moved  from  the  dredge 
and  suitably  rearranged  on  shore  for  two  dredges.  The 
dredge  has  been  designed  with  this  possibility  in  view,  and 
for  this  reason  a  62.5-kilovoltampere  generator,  which  is  in 
excess  of  present  requirements,  is  placed  on  the  dredge. 
Seemingly  another  boiler  is  to  be  added  to  the  shore  plant 
if  that  is  later  constructed.  Although  no  figures  of  opera- 
lion  are  yet  available,  details  will  be  awaited  with  interest 
on  account  of  the  new  features  involved. 

Suction  gas  engines  have  been  tried  in  some  dredging 
operations  in  the  Federated  Malay  States,  but  such  figures 
of  actual  results  as  are  obtainable  would  indicate  that  thia 
type  of  power  as  applied  has  not  proved  a  decided  success. 


Arrangement  for  Heating  Water  for 
Winter  Concreting 

The  arrangement  shown  in  the  sketch  was  used  during 
the  winter  of  1916-1917  by  the  Raymond  Concrete  Piling  Co. 
on  its  contract  for  placing  concrete  piles  and  footings 
for  the  foundation  of  the  Breakers  Hotel  at  Chicago.  This 
job  was  located  on  the  shore  of  Lake  Michigan.  The  tem- 
perature often  dropped  as  low  as   4°   below  zero   and   the 


Cold    Weather    Concreting    Outfit, 
winds  which  swept  from  the  lake  made  the  working  condi- 
tions very  adverse  for  concrete  work. 

The  equipment  shown  was  the  standard  plant  used  in 
warm  weather,  with  the  exception  of  the  second  hand  bath 
tub  which  was  purchased  at  a  cost  of  $3.50.  The  runways 
made  of  2  in.  x  10  in.  x  16  ft.  planks;  the  concrete  mixer; 
the  6  ft.  X  G  ft.  X  3  in.  platform;  the  Raymond  shell  used 
for  a  smoke  stack  are  a  part  of  the  regular  concreting  plant. 
The  bath  tub  was  blocked  up  with  brick  found  on  the  job 
and  placed  next  to  the  concrete  mixer  with  the  top  level 
with  the  platform.  The  water  in  the  bath  tub  was  heated 
by  burning  old  railroad  ties.  The  frost  and  ice  were  re- 
moved fram  the  sand  and  gravel  by  placing  the  piles  of 
material  on  top  of  iron  pipes  18  in.  in  diameter  in  which 
fires  were  made,  using  railroad  ties  for  fuel. 

One  laborer  was  detailed  to  work  on  the  platform,  feeding 
the  cement  and  warm  water  to  the  concrete  mixer.  A  pail 
was  used  for  conveying  the  water  from  the  bath  tub  to  the 
mixer.  The  water  in  the  tub  was  maintained  at  the  correct 
temperature  by  the  addition  of  cold  water,  which  was  sup- 
plied by  a  %  in.  rubber  hose. 

The  additional  cost  for  this  winter  concrete  work  over 
ordinary  summer  work  was  only  25  ct.  per  cubic  yard  for 
the  concrete  placed,  states  The  Contractors'  Atlas,  to  which 
we  are  indebted  for  this  article.  This  cost  includes  the 
cost  of  the  railroad  ties  delivered  on  the  job  and  the  ad- 
ditional labor  required  for  maintaining  the  fires  and  han- 
dling the  materials. 

5) 


64 


KXiilXKRKlXt^    AND    CON  TRACTliNHi 


Vol.  51,  No.  3. 


Method  M\i.\  C-ost  of  C-oatinj^  Mine 

Roofs  and  Ribs  by  Cement 

(iun  Process 

KxcellciK  iftiuIlK  have  hvvn  obliiiiuHl  by  (ho  I'liKod  Coiil 
('or|>ora(lon  oi  I'itlsbtii-iih.  )'u.,  (roin  cuiidiiK  roofs  mid  rib.s 
ill  ItM  bltiiminuiis  coiil  mine  by  (lie  ceiiUMit  KUii  procps.s. 
These  results.  slnleN  .Mr.  M.  S.  Sloiiiiiii.  In  an  article  In 
Mine  &  Quarry,  to  which  we  are  indebted  for  the  follow- 
Init   iiiiintT.   ~'-'->r.   Ill  pruvi'  conrliislM-lv   lli:it   :i   icmi'nt    (11:11 


Cement    Coated    Roofs    and    Ribs    in    Main    Slope    at    United    Coa 

ing.  properly  applied,  will  form  a  permanent  barrier  to  ihe 
action  of  weathering  on  roofs  susceptible  to  air  slacking. 
The  work  has  been  carried  on  at  the  Kdna  Xo.  1  mine, 
located  at  Adamsburg.  Westmoreland  County.  Pa.,  near 
Pittsburgh,  where  the  company  is 
working  the  Pittsburgh  seam,  averag- 
ing •;  ft.  in  thickness,  with  the  char- 
acteristic roof  coal  of  about  12  in.  and 
above  that  a  slate  and  clay  composi- 
tion containing  limestone  which  is 
readily  disintegrated  by  contact  with 
air.  Without  question  this  cement  gun 
coating  was  applied  under  the  most 
adverse  conditions  that  could  be 
found.  The  coal  is  taken  from  the 
mine  through  a  main  slope,  first 
started  some  IS  years  ago.  and  driven 
in  6,500  ft.  Treuble  has  been  en- 
countered from  the  start  due  to  falls 
from  roof,  as  evidenced  by  the  aver- 
age distance  from  the  coal  to  the  roof, 
which  is  about  12  ft. — frequently  the 
road  was  completely  blocked  by  such 
falls,  necessitating  the  closing  of  the 
mine  on  an  average  of  three  or  four 
days  every  summer.  Owing  to  the  risk 
involved,  no  man-trip  could  be  run  and 
the  miners  were  obliged  to  walk  in 
and  out  from  work.  It  was  on  thi.s 
slope  where  the  work  was  started  on 
Nov.  1.  1917. 

Equipment. — The  equipment  con- 
sisted of  an  "X-1"  cement  gun,  manu- 
factured by  the  Cement  Gun  Co..  Inc  . 
.Mlf-ntown.  Pa.     Essentially  it  consists  Cement 

(1 


of  a  hopper  with  control  valves  for  uiixinn  the  material 
and  n  nozzle  al  Ihe  end  of  a  hose,  where  the  dry  sand 
and  cement,  conducted  under  air  pressure,  is  mixed  with 
water  and  directe.l  at  high  velocity  on  to  the  surface  to 
he  (oated.  This  apparatus  is  mounted  on  wheels  of  suit- 
able IracU   ganc.  nuiking  It   entirely  portable. 

In  this  niine.  as  in  nuiny  others  eleetricully  equippi>d, 
there  is  no  supply  of  compiessed  air  avalhible  'I'o  meet 
denuinds  of  this  nature,  the  Sullivan  electrically  operated 
portable  air  compressor  was  developed.  This  <'un  be  con- 
M'liienily  liiki'U  Inio  Ihe  mine  to  Ihe  location  of  the  work. 
It  consists  of  a  single  stage  com- 
pressor driven  by  a  motor  through 
gearing,  all  mounted  with  an  air  re- 
ceiver on  a  substantial  base  which 
in  turn,  with  addition  of  wheels  and 
axles,  forms  a  truck. 

Since  there  was  no  supply  of  water 
iiiuler  pressure  available  for  this  use 
a  I  Ihe  lOdna  mine,  an  ingenious  sys- 
leni  was  used.  A  large  tank,  of  size 
1(1  hold  sufficient  water  for  a  shift, 
was  mounted  on  a  mine  car;  a  con- 
nection was  made  with  the  air  re- 
ceiver and  this  water,  brought  under 
air  pressure,  was  forced  up  to  the 
spraying  nozzle. 

Method  of  Applying  the  "Gunite" — 
The  work  is  done  al  night  by  a  crew 
consisting  of  from  .'j  to  8  men.  One 
man  operates  the  gun.  one  the  com- 
pressor, and  serves  as  general  me- 
chanic; two  others  mix  the  material 
and  one  operates  the  nozzle.  In  ad- 
dition, the  following  men  are  em- 
ployed outside  for  part  of  their  time: 
One  hauls  material,  one  dries  sand 
and  one  handles  the  hoisting  rope 
when  working  on  the  grades.  It  was 
found  that  the  mixing  could  best  be 
done  outside  the  hopper,  so  wooden 
Co.'s  Edna  No.  1  Mine  ''0-''«'s  are  used  for  that  purpose  and 
the  mix  dumped  into  the  hopper.  The 
mix  consists  of  three  parts  fine' sand  (and  this  must  be 
thoroughly  dry)  to  one  part  Portland  cement.  The  air 
pressure  for  the  most  effective  work  should  be  from  40 
to  60  lb.,  while  the  water  should  be  under  a  pressure  of 
about   20  lb.,  higher  if  possible. 


Gun.    Water    Tank    and     Air    Compressor    Outfit. 
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The  surface  to  be  coated  is  first  thoroughly  cleaned  and 
scaled,  which  is  most  essential.  It  is  the  opinion  of  Jlr. 
Maize,  the  local  superintendent,  that  where  possible,  the 
use  of  a  stream  of  water  would  prove  very  effective.  No 
wire  or  reinforcement  of  any  kind  is  used  in  coating  the 
bare  roof  and  side  walls,  and  the  coating  is  applied  direct, 
averaging  V2  in.  in  thickness. 

Pieces  of  coating  afterward  broken  off  show  a  perfect 
bond  existing  between  the  cement  and  the  substance  com- 
posing the  surface,  whether  it  be  coal  or  rock.  In  coat- 
ing the  timbers,  a  %-in.  wire  mesh  is  first  stretched  and 
secured  to  the  surface  before  the  cement  is  applied. 

An  accurate  record  of  progress  and  costs  has  been  kept 
from  the  start.  The  total  cost  of  coating  6,2.50  ft.  of  slope, 
averaging  12  ft.  in  width  and  12  ft.  in  height  on  sides  has 
been  $T,4SS.5S.  This  figures  a  net  cost  of  30  ct.  per  square 
yard. 

The  following  figures  taken  at  random  show  detailed 
costs  on  a  length  of  900  ft.  of  slope  which  was  completed  in 
13%  shifts  of  8  hours  each: 

1  mechanic    $      71.85 

1  engineer  for  rope   hoist    65.48 

1  operator  Cement  Gun 71^85 

2  mixers  at  $63.45    126.90 

1  man   at    nozzle    63!45 

1  man  drying  sand    61.40 

1  man  haul  material  part  time    23.50 

540  sacks  cement  at  60  cents    324.00 

1,620  sacks  sand  at  12  cents   194.40 

Total    $1,002.83 

This  section  figured  about  3(5  sq.  ft.  per  foot  of  advance, 
making  the  actual  cost  on  this  work  2"  ct.  per  square  yard 
of  surface  coated.  This  cost,  as  will  be  noted,  included  the 
outside  engineer,  which  charge  would  not  be  necessary  in 
most  cases.  It  is  interesting  to  note  the  progress  made, 
which  approximated  90  sq.  yd.  per  shift  of  8  hours. 

In  addition  to  the  main  slope,  the  entries  and  break- 
throughs are  coated.  The  "gun"  has  also  been  used  with 
success  in  making  stoppings  air  tight  and  in  building  up 
permanent  stoppings.  This  can  be  done  by  building  up  a 
wall  of  loose  rock  and  then  applying  a  thick  coating  of  ce- 
ment.    An  excellent  air-tight  stopping  is  the  result. 

Result. — It  would  seem  that  the  coating  has  stood  a  suffi- 
cient length  of  time  on  the  slope  to  enable  one  to  judge  as 
to  its  permanence.  A  large  part  of  the  coating  has  with- 
stood the  rigors  of  the  coldest  winter  yet  experienced,  and 
the  heat  of  an  extremely  warm  summer.  It  is  today  in  ex- 
cellent condition  and  looks  as  strong  and  unbroken  as  when 
first  applied.  In  a  few  exceptional  cases  only  and  that  con- 
fined to  small  areas,  has  any  spalling  of  the  coating  oc- 
curred. This  was  attributed  entirely  to  improper  cleaning 
of  the  wall  before  the  coating  was  applied. 

The  beneficial  results  obtained  at  this  mine  have  been 
such  as  to  more  than  offset  already  the  initial  cost  of  the 
equipment  and  the  cost  of  the  work.  Not  a  single  fall  of 
roof  has  taken  place  in  sections  coated,  and.  consequently, 
there  has  been  no  forced  closing  of  the  mine  as  was  pre- 
viously the  case.  This  saving  alone  can  be  computed  in 
dollars  and   cents. 
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Air  Tools  Used  in  Boring  and  Drift  Bolting  at  Vancouver 
Pier. — In  the  construction  of  a  537-ft.  by  ItlO-ft.  extension 
to  the  Vancouver,  B.  C,  pier  of  the  Canadian  Pacific  Ry., 
boring  and  drift-bolting  was  done  by  air  tools,  the  air  be- 
ing furnished  by  a  motor-driven  air-compressor  outfit.  Pipe 
lines  were  laid  from  the  compressor  and  connections 
tapped  in  with  hose  leading  to  air  riveters  with  special  sets 
for  drift  bolting  and  to  boring  machines.  The  borers  proved 
particularly  useful  in  putting  down  the  2-in.  by  4-in. 
Australian  hardwood  flooring,  which  had  to  be  bored  for 
nailing.     For  this  flooring  alone  70,000  holes  were  required. 


125-ft.  Piles  Used  in  Vancouver  Pier.— Douglas  fir  inles 
S.")  to  125  ft.  long  were  used  in  the  recently  completed  ex- 
tension to  the  Canadian  Pacific  Ry.  pier  at  Vancouver,  B. 
C.  The  piles  were  creosoted  with  1.5-lb.  treatment  under 
the  boiling  process.  All  deck  timber  which  was  either  In 
contact  with  the  water  or  near  enough  to  be  continually 
damp  also  was  given  a  12-Ib.  treatment.  Approximately 
2.550  piles  were  used.  To  put  them  down  a  special  scow 
driver  with  130-ft.  leads  was  employed. 


Mileage    of    Main    Track     Com- 
pleted in  1918  Lowest  Since 
Civil  War 

Kailniad  construction  in  tlie  United  States  last  year,  .in 
terms  of  main  track  comideted,  and  placed  in  service,  was 
less  tlian  at  any  time  since  the  Civil  war.  .\ccording  to 
the  annual  statistical  number  of  the  Railway  Age  Gazette, 
only  721.57  miles  of  new  line  were  completed  during  1918 
in  this  country,  and  only  135.08  miles  in  Canada.  How- 
ever, based  on  total  expenditures  authorized,  railroad  con- 
struction last  year  ranks  well  with  recent  years.  This  is 
accounted  for  by  the  record  breaking  amount  of  improve- 
ment work  along  existing  lines  that  was  carried  out.  The 
Pennsylvania  U.  li.  alone,  for  instance,  had  under  way  over 
200  projects,  involving  expenditures  of  over  JlOo.OOO  each, 
and  ranging  from  that  figure  up  to  $5,000,000. 

The  amount  of  second  track  completed  in  191S  was  larger 
than  in  any  year  since  1914,  but  is  only  about  half  the 
mileage  completed  in  1913.  In  Canada  only  4.28  miles  of 
second  track  was  completed,  with  no  additions  to  other 
than  first  and  second  main  tracks. 

In  the  United  States  the  new  mileage  of  first  uiain  tracks 
includes  59.7  miles  on  the  Atlantic  Coast  Line  in  Florida, 
.'.::  miles  on  the  Government  Railway  in  Alaska,  and  4.S 
miles  on  the  Gulf,  Mobile  &  Northern  in  Mississippi  and 
Tennessee.  Most  of  the  mileage  of  new  lines,  however,  is 
in  short  sections,  and  a  considerable  portion  is  in  connec- 
tion with  the  development  of  coal  lands. 

Second-track  work  includes  64.05  miles  on  the  Southern: 
00.77  on  the  Santa  Fe  Coast  Line  from  Goffs  to  Cadiz,  Cal.: 
some  63  miles  in  short  stretches  on  the  Great  Northern, 
and  48%  miles  similarly  divided  on  the  Atchison.  Topeka  <S- 
Santa  Fe.  In  general,  the  new  second  track  mileage  is  in 
short  stretches,  following  the  policy  of  the  Railroad  Admin- 
istration to  secure  additional  mileage  of  second  track  where 
it  could  be  obtained  with  the  least  effort.  This  applies  also 
to  the  additions  to  multiple  main  tracks. 

The  following  tabulation  from  the  Railway  Age  Gazette 
shows  the  mileage  of  new  track  built  in  1918  in  the  various 
states: 


I",    .s  — 
Alabama   . . . 
.\laska    

cor 

amber 

npanies   Fir.st 

ildinff.     track, 

1             7.60 

1             53.0(1 

1  55.00 
3            40. 0!" 
:i               9,55 

i           10 1.78 

2  15.10 
1            10.84 

3  5,40 

1  12.10 

2  31. Ml 
1             12.28 
1                 3.011 
1               6.20 

0.71 
1              0,17 

I             311, (id 

1  1,01 

2  5.9:1 

5               6. .57 

2  6.30 

1             8., in 
:>             6  28 

3  8.!l4 
7             15.80 

1  38.80 

2  2o.no 

3  39,70 
2            16.13 
2            11.38 
2               7.53 

60,57 

1  5.00 

2  3.01 

.Second 
track. 

'l.'9'7 
60.77 

1.87 

1.75 
23.50 

23!:)7 
23.70 

9.12 
37.15 

9.00 

3.01 

7.87 

7.47 

2.12 

0.66 
43.49 

8,80 
13.27 
57.71 
13.58 

7.21 
12.08 
30.31 
15  S3 

4.36 
91.70 

34'03 
41.72 

too 

20.96 

's.'o(i 

2.30 
32.19 

20.r5 

Third 
track. 

'  :!.'00 
6.34 

'  6^4.5 

'  2 'S'i 
5.96 
4.41 

'i,26 

1 ,07 

4.33 

12.29 

19.2(1 

■  'c'.ii 

Fourth 

or  more 

track. 

'2.00  , 
i.8.'00 

'  4  '27 
0.36 
0.50 

'4,2.-. 

i.'i.; 

-"• .  7  ^ 
'  i.'89 

15. 6  2 

'  0.60 

Total. 

7.60 

53.00 

56.97 

100.86 

14.42 

2.00 
106.53 
38.60 
10.84 
49.77 
72.14 

9.12 
78.70 
21.28 

6.01 
21.17 
14.50 

7.53 

0.66 
52.011 
38.-S0 
14.28 
59.94 
13.58 
23  28 
12.08 
54.06 
9.>  23 
"4.36 

California 
Coloiado 
Connectirut 
Florida    .... 

Indiana 

Iowa    

L.'iuisinna    .-, 
.M:iT-\land    .  . 

Mair.c   

■Massacf.lisclt 

.Michigan    

Minnesota 
Mi.^sissitipi    , 

s,' 

Montan.a    

Xi-hrasUa    

X<'\v  .Icr.^e.v.  . . . 
X*'W    Mexico.  .  . 

X.w  York 

Xortli    Caroliti.a 
Xcirth    Dakota.. 
("Iliiii      

( iklahoni.a   . .  . 

6.28 
8.94 
87.21 
80.52 
24.00 
60  66 

Pennsyh'ani.'i    . 
South    Carolina 
Tennessee    

TTtah           

16  13 

19  38 

Washincton     .. 
West    Virginia. 

9.83 

92.76 

5  00 

Wyoming-    .  . . 

23.06 

70 

721.57 

135.08 

10. 00 

681  ,5 
1,28 

76.95 

57.43 

1  537  50 

(''aiiada    .... 
Mexico   

139.36 
10.00 
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SIl       ,..!*.,      .<     »     \^,^.-.w    yx-f    /""/vir  months,  on  :M,!>I1  cur  loads,  resulted  in  !i  saving  of  -1,054,- 

onie   Results  ot  a    lear  oi  liov-  ,-,5  earmiies. 

eminent  Railway  Operation  «»>';»  fams.- This  practice  was  im.usun.u>d  of  creating 

*           '  solid  trains  tor  dollnito  destinations  by  l)uilding  up  at  Chl- 

OpemllnK   ro.iults   on    llio    Kedoralizt'd    railroads    lor    tlu>  ^.^^^^    Minneapolis    and    St.    Paul,    St.    Louis    and    Missouri 

cuU-ndur  year  r.MS  wore  made  public  on  Jan.  7  by  Director  Khor   crossings,   which   resulted   In   a   natural   decrease   in 

General  Mc.Xdoo      Kxlrncls  from  tlie  report  follow:  intermedliite   terminal   switching  and   the   expedition   oi!  es- 

LeMOn*  Learned  from  Operation  ot  Railroads  as  One  Unit.  sential  tJovernment   freight.     This  has  been   especially   val- 

— Certain  general  conclusions  can  safely  be  drawn  from  a  uable   in   the   transportation    ot   export    food    ot   all    kinds, 

years  experience  of  operation  ot  the  railroads  as  one  unit.  meats,  grain  and  grain  products,  and  of  munitions  and  steel 

tJlven  average  weather  conditions,  and  with  the  exception  of  f,,^  shipbuilding  plants. 

the  I'lttsburgh   gateway,   which   merits   especial   treatment,  Elimination     ot     non-essential     passenger     trains.-The 

there  Is  no  .p.estion  ot  the  ability  of  the  railroads  to  trans-  ^^^^^^^^,^  „f  duplicate  and  unnecessary  passenger-train  serv- 

,H.rt  to  destination  all  of  the  freight  offering,  either  domestic  ^^^  ,^^^  ^^^^^^  ^1^.^,^  „,g  ^^^^^^  ^^^^^^^^  consideration,  with  the 

or  for  overseas,  provided  there  are  facilities  tor  prompt  dis-  ^.^^^^^  ^^^^^  ^  number  of  trains  have  been  discontinued  which 

position  and  unloading  at  destination.  ^p,,  ,,j  ,,^^^  ^f   ^^^^g  classes.     Between   the   important   ter- 

The  controlling  factor  throughout  our  experience  has  not  ^^^^^^^^  „^^,  remaining  trains  have  been  so  spaced  as  to  actu- 

been  In  the  road  transportation,  but  at  the  ultimate  destina-  .^„^.  .^„.^^^  g,.^.,^^,.  ^.^^.^^^.  ^„^  ^^j^,,,  ^^  ^^^^..^^  ,„^„   ^^.^^ 

tlon.  and  any  serious  conditions  ot  congestion  obtaining  on  „„;^,^,e  heretofore  where,  through   competitive   conditions, 

,.n.   .,:   ,t„.  trunk  lines  en  route  has  been  the  rellex  of  the  ,,^^  ^^.^.^^^  ^^  „^^  ^^^.^^..^j  j.^^^  practically  duplicated  each 

at    the    terminals    themselves.      Practically    all  ^^^^^      ,j.,,^   ^^^.^                y^^,.   j^    passenger-train    miles   by 

'^ ■•''•"'"  I"  '»*•  '■'""«'d  S"»t<^s  has  been  based  primarily  ^^            ^^  ^^  ^^^,1^^^,^. 

upon  the  desires   and   necessities   ot  the   consignor   rather  16  ZS.'J  914 

than  upon  the  abilities  of  the  consignee  to  receive  and  digest  MW^hcin-'.'////////////////////.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.    liSToiooo 

the  freight .  XorUnveatei-n 23'280'400 

Action    Taken    to    Simplify    and    Economize    Methods    of  i-entral  western'.' .'.'.'.'.'..!.'...!!...!.!.!.!(.!!  i ...  i  i. ..!..  16.'772!524 

Transportation.— This  can  briefly  be  stated  as  coming  under  soutliwcstorn    4,411,244 

the  following  general  head:  Common  use  of  freight  cars. 

Unlflcallon  ot  terminals.— This  has  been  general  through-  Common  use  ot  repair  shops. 
out  the  country  at  both  large  and  small  stations,  but  has  use  of  New  York  tubes. — On  account  of  the  very  serious 
been  of  the  greatest  importance  at  the  larger  terminals.  conditions  arising  from  the  unprecedented  ice  troubles  In 
where  terminal  managers  have  been  appointed  with  juris-  Xew  York  Harbor,  the  Pennsylvania  passenger  tubes  were 
diction  over  the  facilities  of  all  lines.  Where  unnecessary  utilized  for  the  movement  of  anthracite  coal  from  the  Jer- 
niileage  was  not  involved,  a  consistent  effort  has  been  made  gey  terminals  to  Long  Island,  which  afforded  a  very  sub- 
to  route  freight  so  as  to  arrive  at  the  specific  terminal  where  stantial  relief  at  a  most  critical  time.  Under  its  franchise 
it  was  to  be  disposed  of.  and,  so  far  as  practicable,  inter-  this  could  not  have  been  done  by  the  Pennsylvania  Railroad 
change  switching  in  terminals  has  been  eliminated.  under  private  operation. 

In  Chicago  terminals,  it  has  been  the  practice  under  pri-  poal  zone  plan. — The  experience  of  the  railroads  under 
vate  control  to  reconsign  practically  all  coal  after  arrival.  private  ownership,  especially  with  a  demand  for  coal  far  in 
By  co-operation  with  producers.  G6  per  cent  of  the  coal  ar-  excess  of  the  tonnage  produced,  was  that  shippers  reached 
riving  at  Chicago,  in  August,  was  consigned  direct  to  con-  out  into  markets  tar  beyond  the  territory  in  which  their 
sumer  from  the  mines,  and  cross-hauling  coal  between  ter-  particular  coal  had  normally  been  sold  in  previous  years, 
minal  lines  was  greatly  reduced  through  the  same  co-opera-  The  result  was  a  very  considerable  waste  of  transportation, 
tion.  whereby  coal  was  used  wherever  possible  upon  the  rails  jjj  that  a  much  greater  car  mileage,  reasonably  estimated 
of  the  individual  road  over  which  it  arrived.  as  running  into  millions  of  car-miles,  was  necessary  to  sup- 
Single  track  separately  owned  lines  between  Pueblo  and  pjy  the  country  with  its  normal  coal  requirements  than 
Denver.  118.5  miles,  and  between  Wells.  Nev.,  and  Winne-  would  have  been  the  case  had  shippers  chosen  to  content 
mucca.  Nev.,  1S5  miles,  have  been  utilized  as  double  track.  themselves  with  normal  markets. 

The  Southern  Pacific;  Atchison.  Topeka  &  Santa  Fe,  and  ,p^  ^^^^^^  ^-^.^^  situation  the  Railroad  and  Fuel  Administra- 

Western   Pacific,  each  maintained   passenger   ferry   service  ^^^^^  jointly  established  what  has  come  to  be  known  as  the 

between  Oakland  and  San  Francisco.     Santa  Fe  and  West-  hituminous  coal  zone  plan  ot  distribution. 

ern  Pacific  passenger  trains  have  been  brought  into  the  Oak-  bituminous  coal  mining  dis- 

land   Mole   of  the   Southern   Pacific.     The   latter   railroad  s  J^"''^^;^"^^  P  ^  ^^^,     Mountains  were  separated  and  each 

ferry  facilities  were   ample  for  the  three  lines    so  it  was  ™^f/;°*^;^„jte  t/rritorv   wherein   it   could   market   its 

possible  to  dispense  with  the  ferry  service  ot  both  the  Santa  assi  ned  ^  ^ehmte  t             y                ^^^^  ^^^^            ^^^^^.^^ 

^,V^°<1  '""^  ^'^^'"-^  ^""**^'  ^'  ^"^  approximate  saving  of  ^oal.^   It  was^^^^  ^^  destinations  beyond   the  zone  allotted 

$310,000  per  annum.             ,,     ,    ti     i.  to  that  district  onlv  upon  permit  of  the  Fuel  Administration, 

All  railroad  marine  facilities  m  New  York  Harbor  were  ™' ^.'^^^^^Szed   bv   the   Railroad   Administration   as 

consolidated  under  a  marine  manager,  and  have  been  used  ^J^^^^^^^'^f^^e^eTption  from  the  railroad  embargoes  which 

in  common  with  very  satisfactory  results  were    aid^^own  to  give  force  and  effect  to  the  zone  plan. 

One  hundred  and  seventeen  coal-c^arrymg  barges  and  IS  ^ere  'ajdjo    «                                         ^              ^„^^    ,i^,3    „f 

tugs  belonging  to  the  Philadelphia  &  Reading^Leh.gh  Valley,  ^J^^^,l~'^^^^^^^       o£  ^oal,  coal  for  by-products  use  being 

Xew   York,   Ontario   &   Western,   and   Erie   Railroads   were  certain  special  gidues  ui  >.      , 

pooled  under  a  single  management.  a  ^^^^'fjH'^^-^  However,  did  not  merely  save  car- 
All  passenger  trains  of  the  Ba  timore  &  Ohio  and  through  The  coal  zom  ^^^^,ti„„  ^„^  transportation  of  ^ 
passenger  trains  of  the  Lehigh  Valley  were  brought  into  the  ^;|'/^;,f  "^  "^,'''™re  tons  of  coal  than  would  otherwise 
Pennsylvania  Railroad  terminal  m  New  York  City.  fave  been  poss  bl™  it  furnished,  in  addition,  the  means  of 
Short  hauling  ot  treight.-Instructions  were  .ssued  inime-  ^^^^f^j^^/'J/.f  ^fj.'.eed  in  the  Plains  States,  which  would 
diately  upon  the  inauguration  of  Federal  control  providing  utiliz  ng  coal  proa  ,j,,^i3  ^.^^  ^^^^^  ihle 
for  the  movement  of  freight  by  the  shor  est  practicable  "^^  ot^;™^ ^1^  shipment  of  certain  eastern  coal  which 
route.  This  practice  has  been  consistently  followed,  except  J^/^J^—^ram  required  to  be  kept  in  the  East  to  ter- 
where  better  grade  conditions  and  less  congestion  were  fa-  tne  war  yrogidiu   ici 

Torable  factors  on  a  somewhat  longer  line.     Agencies  were  ritory  m  the  W est^                         •„   -,017  ,„h   iqir      Rpnn„<,e 

created  wherebv  failure  to  observe  the  correct  routing  was  Transportation  Performances  in   1917  and   1918.— Because 

dete  ted  and  remedied.  the  cost  of  materials  and  labor  have  been  steadily  climbing. 

It  is  impossible,  of  course,  to  estimate  the  total  saving  comparisons  of  transportation  costs,  expressed  m  money,  are 

accompli-'hed   in  this   direction.     An   instance,   however.   Is  valueless,  but  the  comparisons  of  physical  performance  af- 

avallable  in  the  case  of  the  Northwestern  region,  where  the  forded  by  these  statistics  are  most  instructive  and  helpful 

correction   of    improper    routing,    within    a    period    of    five  to  the  operating  officers.     For  the  first  10  months  of  1918 
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January  15.  1919. 


we  have  the  following  comparisons  in  physical  performance 
with  the  same  period  in  1917: 
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Ton-miles  per  mile  of  road  per  day 

Tons  per  loaded  car ". 

Tons  per  freight-train  mile 

Total  ton-miles  per  freiaht  locomotive  per  day 
Total  ton-miles  per  freight  car  per  day* 


lOlS.  ini7. 

5,2r.:!  .'■>,ii;x 

21)  2i;.s 

fi.sa  (;r>;-. 

38.1fi2  S~.s:,[ 

■lil.")  U)-> 


"■The  decrease  in  ton-miles  per  fre'iRht  car  per  day  was  d«<" 
entirely  to  the  necessities  for  the  Ion'4-distance  moVement  of 
empt.v  cars  to  care  for  emergency  situations. 


Blasting  With  Electricity 

The  following  suggestions  on  the  detonation  of  the  blast- 
ing charges  by  electricity  are  abstracted  from  an  article 
by  A.  S.  Anderson  in  the  December  Du  Pont  Magazine: 

Units  Used  in  Electrical  Blasting. — The  detonator  used 
is  similar  to  an  ordinary  blasting  cap  with  the  exception 
that  two  wires  enter  through  the  open  end.  and  the  ter- 
minals are  connected  by  a  very  fine  platinum  wire.  This 
is  imbedded  in  a  loose  ignition  charge,  similar  to  the 
pressed  charge  in  the  bottom  of  the  copper  shell.  These 
■wires  are  held  in  position  by  a  composition  plug  and  some 
melted  sulphur  and  waterproof  compound  poured  around 
them,  to  the  end  of  this  shell.  Electric  blasting  caps  are 
therefore  practically  airtight  and  water-tight,  and  safer 
to  handle  than  the  ordinary  open  end  blasting  cap.  This 
platinum  wire  has  a  resistance  of  less  than  1  ohm  and  is 
therefore  heated  by  an  electrical  current  of  about  1  ohm 
and  1  ampere.  The  heating  or  melting  of  this  platinum 
wire  ignites  the  charge  and  causes  the  cap  to  explode.  It 
requires  at  least  1%  ohms  and  2  amperes  to  melt  this 
bridge. 

Wires  and  Connections. — Because  of  the  small  amount  of 
current  necessary,  small  wires  can  be  used  to  carry  the 
current  from  its  source  to  the  exploders  and  between  the 
various  charges.  No.  20  insulated  copper  wire  is  usually 
used  on  the  exploders,  and  between  charges.  For  the  long 
distances  between  the  source  of  power  and  holes,  larger 
wire  is  recommended  such  as  No.  14,  to  eliminate  unneces- 
sary resistance.  The  exploders  may  be  connected  in  three 
■ways:  1st,  in  series;  2d,  in  parallel;  3d,  in  two  or  more 
parallel  series.  It  requires  at  least  ,'^wo  amperes  of  cur- 
rent to  explode  the  electric  caps  in  one  series,  to  insure 
instantaneous  ignition  of  all  exploders.  One  and  one-half 
ohms  are  necessary  to  force  this  current  through  each  ex- 
ploder in  this  series.  That  is,  ly^  times  the  number  of 
caps  in  a  series  will  give  the  necessary  voltage.  It  is  safer 
to  use  twice  the  number  of  caps  to  get  the  voltage.  For 
each  exploder  or  series  of  exploders  two  amperes  should 
be  used  when  they  are  connected  in  multiple.  The  voltage 
necessary  for  parallel  connection  CEyi  be  determined  by 
dividing  by  the  number  of  series  the  voltage  found  neces- 
sary to  force  two  amperes  through  the  series  which  has 
the  greatest  resistance. 

Kind  of  Connection  to  Use. — The  series  connection  must 
always  be  used  when  a  blasting  machine  is  etnployed  to 
explode  the  charges.  The  parallel,  or  parallel  series,  con- 
nection is  usually  used  when  dry  cells  or  electrical  gen- 
erator is  the  source  of  the  electricity  for  firing  the  blast. 
When  multiple  series  connections  are  used  the  various 
series  should   be  as  near  the  same  resistance  as   possible. 

Ways  of  Producing  Current. — Cun-ent  for  firing  the  blast 
may  be  obtained  from  three  sources,  the  first  and  most 
common  of  which  is  the  blasting  machine  manufactured  for 
that  purpose.  They  are  built  to  fire  from  ino  to  200  ex- 
ploders, depending  upon  the  kind  and  size.  They  can  be 
used  only  where  the  electric  blasting  caps  are  connected 
in  series.  That  is  because  the  amount  of  current  produced 
is  limited  to  about  three  amperes,  while  the  larger  ma- 
chines will  develop  several  hundred  volts.  'When  firing  a 
charge  ■n'ith  a  blasting  machine  be  sure  that  the  machine 
is  not  overloaded,  and  test  it  frequently  with  a  rheostat 
and  exploders  to  make  sure  that  it  is  up  to  capacity  and 
in  good  working  order.  "Wlten  a  .3-post  blasting  machine  is 
used,  one  wire  should  always  be  connected  to  the  middle 
post.  When  three  wires  are  used  the  wire  from  the  mid- 
dle post  should  be  connected  to  the  middle  of  the  series. 
Thus  the  resistance  on  both  sides  will  be  equal. 

When  a  lighting  or  power  circuit  is   convenient,   it   can 


he  used  to  fire  blasts.  One  must  be  sure,  however,  that 
the  amount  of  current  and  voltage  necessary  to  fire  the 
blast  i.s  actually  being  delivered  at  the  desired  point,  and 
at  the  exact  time  the  blast  is  made.  It  is  not  sufficient 
merely  to  tap  a  line  which  can  deliver  a  certain  voltage 
and  amperage. "  For  instance,  the  generator  may  be  fur- 
nishing power  irregularly  and  not  be  actually  delivering 
that  power  at  the  time  the  blast  is  made.  If  a  line  is  fur- 
nishing 2.'J0  volts  and  10  amperes  to  some  lights  or  a  motor 
beyond  the  point  where  the  line  is  tapped,  this  can  be 
safely  short-circuited  to  fire  12.5  exploders  in  one  series, 
or  five  series  of  C2.5  exploders  each.  Such  use  of  this  cur- 
rent will  not  interfere  with  the  operation  of  the  motor  or 
the  lights,  as  it  is  used  for  too  short  a  time. 

Dry  cells  can  be  used  for  exploding  electric  blasting  caps, 
but  are  not  recommended  as  their  deterioration  makes 
their  strength  too  uncertain.  An  ordinary  telephone  dry 
cell  should  produce  2.")  amperes  and  IVi  volts,  when  new. 
The  amperage  gradually  decreases.  One  cell  will  heat  the 
platinum  bridge  of  an  electrical  exploder  to  a  red  or  white 
heat,  while  two  cells  connected  in  series  will  melt  it  in- 
stantly. Two  new  cells  will  fire  12  exploders  connected 
in  parallel.  For  each  additional  exploder  in  a  series  it  is 
necessary  to  add  a  cell.  Smaller  cells  than  this  can  be 
used  as  their  voltage  is  the  same,  but  the  amperage  is  less. 
Extreme  caution  should  be  observed,  when  using  dry  cells, 
to  make  certain  that  the  connection  is  not  made  until  the 
desired  time,  when  everyone  is  at  a  safe  distance.  Make 
sure  also  that  the  wires  are  not  left  connected  to  the  cells. 


States  Can  Use  103,000   Soldiers   and 
Sailors  on  Road  Work 

The  Bureau  of  Public  Roads  of  the  U.  S.  Department  of 
Agriculture  has  collected  from  the  highway  departments 
of  the  various  states  figures  indicating  the  probable  number 
of  returned  soldiers  and  sailors  that  can  be  used  during  1919 
in  road  construction  and  repair  work.  Of  the  38  states 
replying  only  29  gave  definite  figures.  They  report  they 
can  use  11,6;J7  soldiers  and  sailors  as  skilled  laborers,  and 
91.904  as  unskilled.  Under  the  head  of  skilled  labor  the 
state  highway  departments  were  asked  to  report  on  the 
requirements  of  masons,  carpenters,  quarry  bosses,  concrete 
finishers,  road  foremen,  roller  men  and  superintendents.  Un- 
skilled laborers  w^ere  not  separated  into  classes. 

The  states  that  have  thus  far  given  definite  figures,  with 
the  estimated  number  of  men  that  may  be  used  are: 


vVlabama  .  . . 
Arizona  .  . . . 
Colorado  . . . 
Delaware  .  . 
Connecticut 

Florida    

Geor^iia 

Idaho 


Illinois  _. . .     2. .^00 

Kansas    

Kentucky    

Louisiana    

AFaine    

Alas.^achusetts    

Michigan    

.M  innesola     

Mississippi 

M  rn  1 1  a  n  a    

Xehnuska    

Nevada    

Xew  Hampshire   

Xew  York   

<  >regon 

Rhode  Island   

South  Carolina  

Virginia    

A\'a.siainKtoii    

West  Vir^inia  

Wisconsin     

*Skilled  and  unskilled. 


Skilled. 

rn.skilled 

liU 

1.000 

4S 

100 

l,2.-.0 

100 

1.000 

7.000*' 

(iS5 

4,31.') 

4,000" 

200 

2. .100 

1.5.000 

1.000 

4,.S00 

82  G 

3.500 

no 

l.OOO 

100 

1,000 

160 

2,000 

200 

2,500 

l,:;oo 

4,S00 

2,000* 

104 

644 

267 

2,250 

35 

265 

.'532 

1.000 

i.too 

7.000 

270 

2,430 

aO 

450 

1.500 

900 

5.100 

2.000* 

700 

0.300 

COO 

7,500 

Railways  Expend  $11,000,000  Annually  for  Maintenance 
of  Way  Painting.— The  total  expenditures  of  .Maintenance 
of  Way  painting  by  the  railways  of  the  United  States  ag- 
gre.eates  close  to  Sll.OOO.OOO  per  year,  according  to  figures 
submitted  in  a  comniittoe  report  at  the  last  annual  conven- 
tion of  the  .Maintenance  of  Way  Master  Painters'  Associa- 
tion. Of  the  total  $7,400.00n,  representing  22,000,000  hours, 
is  for  labor.  The  labor  required  in  this  painting  aggregates 
82  hours  per  mile  at  a  cost  of  $27. 
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Electric   Railway   Snow  Fij^hting 
Equipment  and   Its  Ap- 
plications 

An  liilere.itliiK  review  of  the  lUrterent  types  of  snow- 
flKlitiiiK  uppariitiis  eniploved  by  electric  nilhvnys,  und  tlielr 
appllciit lulls  Is  clven  by  Mr.  J.  M.  rneumiin.  IJiillwiiy  KiiKi- 
noer.  Westlii^hoiise  Kloctric  4i  Mfg.  Co.  In  Acni  Kxinicis 
from  his  nrtlcle  follow: 

The  U»e  of  Bruihe*.— On  some  roads,  stifl  brushes  of 
bamboo  splint  linve  been  Instiilled  uheud  of  front  car 
wheels.  These  have  Riven  fair  success  on  city  tracks  when 
the  snow  fall  was  llcht  In  keeping  the  rail  clear,  but  as 
they  merely  push  snow  off  of  the  rail  to  the  inside  and  out- 
side, they  nre  not  to  he  depended  upon  to  maintain  service 
during  heavy  snow  fall.  They  are  used,  however,  with  sue 
cess  In  keeping  third  rails  snow-free  on  roads  using  this 
system  of  current  collection. 

Snow  Scrapers.  -Snow  scrapers,  backed  with  heavy 
springs.  Installed  on  a  beam  ahead  of  the  front  wheels. 
satisfactorily  keep  rail  and  flan.ueway  clear  of  snow  and 
throw  out  the  snow  to  a  much  greater  extent  than  snow 
brushe.':.  Revenue  cars  equipped  with  scrapers  and  an  ad- 
ditional scraper  between  them  to  keep  down  snow  in  center 
of  tracks,  will  do  much  toward  keeping  tracks  clear  if  run 
at  frequent  intervals.  In  paved  streets,  where  brooms  are 
used  to  keep  centers  clear,  the  two  scrapers  ahead  of  wheels 
nre  desirable  to  keep  snow  out  of  flangeway. 

Snow  Sweepers. — Snow  sweepers  are  the  main  stand-by 
for  street  car  systems  when  they  are  put  out  on  all  lines 
as  soon  as  snow  starts  to  fall.  They  should  be  equipped 
with  "wings"  in  order  that  snow  which  accumulates  beside 
the  track  out  of  reach  of  the  brooms  may  be  shoved  back 
near  the  curb  line  These  brooms  should  be  set  to  just 
reach  the  pavement  and  not  set  so  low  that  they  become 
"pavement  polishers."  wearing  out  splints  rapidly  and  not 
removing  snow  properly. 

Snow  Plows. — As  a  rule,  plows  have  their  application  on 
suburban,  interurban  and  standard  steam  roads,  although  it 
Is  necessary  to  use  them  on  some  city  properties.  On  roads 
running  long  headways,  plows  should  be  run  ahead  of  reg- 
ular cars  during  storms  as  much  as  possible.  Plows  are 
efficient  to  the  point  where  snow  becomes  banked  to  sucli 
a  height  beside  the  roadway  that  the  plows  are  unable  to 
throw  the  snow  from  the  track  to  toi)  of  this  bank.  Plows 
properly  motored  can  get  through  large  drifts  if  there  is  any 
open  space  beyond  the  drift  where  the  snow  may  be  pushed 
to.  The  plow  should  be  applied  to  ear  in  such  a  manner 
that  it  may  be  raised  and  lowered  when  going  over  guard 
rails  and  special  work.  This  is  usually  accomplished  by  a 
system  of  levers  operated  by  a  common  brake  cylinder  and 
compressed  air. 

Rotary  Plows.-  Rotary  plows  have  their  application  to 
about  the  same  class  of  roads  as  the  snow  plow,  and  their 
use  is  to  clear  tracks  when  snow  banks  have  become  so 
high  that  plows  are  not  able  to  throw  out  the  snow.  They 
are  more  efficient  at  any  time  during  a  storm  than  a  snow- 
plow  as  the  snow  is  thrown  farther  back  from  the  track. 
The  rotary  scoops  are  raised  and  lowered  in  same  manner 
as  nose  plow  when  going  over  special  work. 

Flangers. — This  term  refers  to  apparatus  mounted  be- 
tween car  trucks,  which  consists  of  steel  plate  set  at  an 
angle,  used  to  clean  out  track  centers  to  the  top  of,  and 
sometimes  below,  surface  of  rail  and  to  some  distance  out- 
side of  rails.  These  flangers  are  used  to  a  great  extent  on 
steam  roads  and  may  be  operated  by  any  road  using  open 
rail.  They  are  raised  and  lowered  by  air  over  special  work. 
Painted  sign  boards  are  usually  placed  beside  tracks  to  in- 
dicate guard  rails  and  special  work  as  a  guide  to  the  flanger 
operator  for  raising  and  lowering  flanger. 

General  Use  Equipment. — Railway  operators,  as  a  rule,  do 
not  desire  to  purchase  any  car  equipments  which  can  be 
used  to  advantage  only  a  few  months  of  the  year  which  is 
probably  the  reason  so  few  snow  equipments  are  kept  on 
hand  for  emergencies.  But  snow  fighting  cars,  are  now  built 
which  should  rule  out  this  objection.     Snow  sweepers  and 


nose  plows  are  so  constructed  that  the  brooms  and  plows 
may  be  removed  at  a  season  when  they  are  not  needed  and 
cars  used  for  freight  or  work  train  service,  until  they  are 
again  needed  for  snow  work.  On  rotary  plows  and  snow 
sweepers  where  it  would  not  be  feasible  to  do  this,  cars  may 
be  placed  on  blocks  when  not  neVded,  trucks  and  motors 
used  as  spares  during  the  overbauling  period  in  the  summer 
to  prevent  keeping  revenue  cars  out  of  service  for  long 
periods. 

For  city  i)roperties,  snow  sweepers  and  scrapers  are 
usually  sulllclent  to  take  care  of  snow,  but  in  some  localities 
snow  plows  and  even  rotary  jilows  are  needed  also.  On  the 
average  interurban  properly  which  would  desire  the  most 
ellicient  car  for  all-rotind  snow  lighting  and  one  which 
might  be  used  for  other  purposes  during  non-winter  months, 
would  be  one  equipped  with  nose  plow  at  each  end  of  car. 
flanger  installed  between  trucks,  w'ings  installed  at  the 
sides,  air  compresser  and  electrical  api)aratus  installed  in- 
side car  and  so  arranged  that  plows  and  Hanger  might  be 
readily  removed  and  set  aside  when  not  needed,  air  com- 
pressor and  electrical  apparatus  placed  under  car  and  car 
used  in  freight  and  work  train  service.  Roads  having  very 
heavy  snow  fall  every  winter  or  bad  drift  conditions  to 
meet  should  also  have  rotary  plows  at  hand.  Bad  drifts 
on  the  right  of  way  could  be  eliminated  to  a  great  extent 
if  snow  fences  were  used  at  the  proper  points. 

Causes  of  Trouble  Due  to  Snow. — Most  railway  operators 
agree  that  most  serious  trouble  occurring  due  to  snow  is 
the  matter  of  high  track  centers,  on  wliich  the  motors  drag 
and  derail  the  cars,  roast  out  motors,  cause  spinning  of 
wheels  and  service  tie-ups.  Next  in  line  are  delays  and 
equipment  burnouts  due  to  bucking  deep  snow  and  snow 
drifts.  With  the  equipments  mentioned  in  this  article,  prop- 
erly used,  service  may  be  maintained  satisfactorily,  but  as 
there  is  no  such  thing  as  a  standard  snowstorm,  equipments 
must  be  used  as  conditions  require.  A  heavy  fall  of  snow 
and  no  wind  may  usually  be  combated  by  frequent  service 
over  the  lines  and  snow  equipments,  but  with  a  light  snow 
and  strong  winds,  snow  will  sometimes  drift  so  rapidly 
that  a  few  minutes  after  snow  equipments  have  gone 
through,  tracks  will  be  completely  filled  in  again.  Under 
the  last  conditions  mentioned,  it  is  certainly  good  practice 
to  have  the  snow  equipment  car  run  directly  ahead  of 
passenger  cars  since  all  this  may  mean  less  passenger  cars 
run.  Nothing  is  gained  by  bucking  through  snow  with  a 
passenger  car  not  equipped  for  this  work,  unless  it  is  the 
satisfaction  of  "getting  her  through."  and  if  this  policy  is 
followed  a  few  cars  may  get  through  and  a  sort  of  service 
keput  running  during  the  storm,  but  so  many  equipments 
will  fail  getting  these  few  cars  through  that  service 
will  be  out  of  kilter  for  days  or  weeks  until  the  repair  bill 
will  total  a  sum  unpleasant  to  contemplate. 

There  are  occasional  cases  where  a  carload  of  passengers 
might  be  stalled  out  in  the  country  on  interurban  roads 
where  suffering  might  result  from  exposure  and  under  such 
conditions  it  is  certainly  necessary  to  buck  through  and 
get  in  it  at  all  possible.  If  good  judgment  is  used  and 
equipments  allowed  to  "rest"  and  cool  down  after  numerous 
strenuous  efforts  made  to  get  through,  the  equipments  may 
not  be  affected  to  any  great  extent.  However,  under  any 
conditions,  it  is  folly  to  burn  out  all  of  the  motors  when  it 
can  be  plainly  seen  that  car  has  not  the  power  to  get 
through. 

Snow  equipment  cars  and  trucks  should  be  strongly  built 
and  equipped  with  best  motors  obtainable  and  large  enough 
to  have  sufficient  reserve  to  take  care  of  the  heavy  duty 
required  of  them.  It  is  a  common,  but  faulty,  practice 
among  some  operators  to  use  obsolete  and  run-down  motor 
equipments,  which  cannot  he  depended  on  in  passenger 
service,  on  their  snow--fighting  cars,  and  usually  just  when 
they  are  needed  most  they  fail.  The  purpose  of  snow 
equipments  is  defeated  by  this  practice. 

A  large  number  of  motors  fail  when  operating  through 
snow,  due  to  snow  getting  in  the  motors,  melting,  and  caus- 
ing flash-overs  and  insulation  break-downs.  Most  cases  of 
this  nature  might  be  avoided  if  tracks  are  kept  free  of  snow, 
but  during  snow  periods  motors  should  be  given  more  at- 
tention, drain  holes  kept  open  and  interiors  cleaned  of  snow. 
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New  Government  Bureau  for  Reviving 
Construction 

As  noted  briefly  in  our  .ian.  x  issue  a  new  division  of 
the  U.  S.  Bureau  of  Labor  has  been  created  for  the  pri- 
mary purpose  of  reviving  publie  works  construction  and 
private  building  enterprises.  This  bureau — the  division  of 
public  worlds  and  construction  development — will  gather  and 
distribute  information  that  will  enable  private  initiative  to 
make  the  transition  from  a  war  to  a  peace  basis  without 
serious  interruption,  obviating  uncertainty  or  hesitation  for 
want  of  the  practical  data  upon  which  business  judgment 
must  depend.  The  survey  will  be  concerned  particularly 
with  data  of  significance  to  the  construction  industry;  but 
the  data  required  for  reasoned  action  in  this  industry  arc 
extremely  varied,  and  the  information  brought  together  by 
the  division  is  expected  to  be  of  value  to  industry  in  gen- 
eral. The  work  of  the  division  is  a  nation-wide  search  for 
facts  that  may  be  weighed  by  any  community  or  investor  in 
attempting  to  determine  whether  it  is  sound  judgment  to 
construct  a  particular  public  work  or  private  building  at 
present.  The  results  of  the  inquiry  will  have  the  widest 
publicity,  and  when  circumstances  unfavorable  to  construc- 
tion are  discovered  efforts  may  be  made  to  change  them, 
but  nothing  will  be  done  to  stimulate  economically  unsound 
enterprises. 

The  pivotal  nature  of  the  building  industry  in  economic 
reconstruction  and  the  general  purpose  of  the  work  of  this 
division  are  expressed   in   Secretary  Wilson's   statement: 

Building  coustruction  wilt  linltt  lo  iiin\-i(U'  employinenl  for 
returning:  soidiers  and  for  workmen  disiiiisseil  riom  war  in- 
dustries. One  of  tlie  largest  sources  of  prospective  eniplo.\iiient 
is  the  building'  trade  and  its  allied   factory  industries. 

In  the  case  of  private  construction,  a  icsumption  of  a<'ii\il>' 
will  also  tessen  the  congestion  of  pojiulation.  improve  conditions 
affecting  the  public  health  and  convert  inactive  property  into 
active"  property — wdiich  supplies  the  means  that  enable  com- 
munities to  support   the  function  of  '.;overnments. 

FHirinrr  the  war  the  nation  practically  concentrated  .tII  its 
efforts  on  the  production  of  soods  for  immediate  consumption 
— war  materials,  food,  clothes.  Tlic  failure  to  pi-oduce  tlie  nor- 
mal quota  of  goods  for  future  consumi*tio;i  lias  utthIc  these 
scarce  and  high  priced,  and  as  they  are  essential  to  r'urther  pro- 
duction they  affect  the  cost  of  production  and.  cotisetinently.  the 
cost  of  livini<.  Chief  among"  such  goods  ai-e  building  and  othei- 
real  estate  impi'ovements.  includine  public  works,  as  road 
bridges,  etc.  The  scarcit.v  of  buildings,  fm'  exaiupli-.  creates 
high   rents. 

An  interesting  featiire  of  the  organizatimi  of  the  division 
is  the  manner  adopted  to  insure  obtaining  information  of 
practical  value  to  those  who  are  primarily  expected  to  use 
it.  The  general  scope  of  the  inquiry  is  determined  by  a 
section,  composed  of  non-paid  members  who  are  business 
men  of  practical  experience.  The  inquiry  itself  is  directed 
by  a  group  of  economists  and  special  investigators  supplied 
by  the  Department  of  Labor  and  other  Government  depart- 
ments or  borrowed  from  universities. 

The  economists  are  collecting  information  concerning  the 
cost  and  supply  of  building  materials,  the  amount  of  labor 
available  and  its  cost,  the  values  of  land,  prevailing  rents, 
the  supply  of  capital,  the  amount  of  building  construction 
held  up  by  the  war.  and  the  demand  for  building  in  various 
parts  of  the  country. 

Five  other  sections  will  prepare  information  for  publica- 
tion under  the  supervision  of  the  economics  section  and 
disseminate  it  through  the  press,  public  speakers  and  post- 
ers and  by  enlisting  the  co-operation   of  organized   labor. 
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Safety  Drop  Hook  for  Skull  Crackers 

Skull  crackers  are  often  used  by  contractors 
for  breaking  up  concrete.  A  safety  drop  hook 
which  will  largely  eliminate  the  possibilities  of  a 
premature  dropping  of  the  ball  is  shown  in  the 
sketch.  At  steel  and  iron  plants  where  the  skull 
breaker  is  in  general  use  the  ball  is  commonly  held 
by  a  magnet.  In  this  case  it  is  important  that  the 
electrical  circuit  be  kept  in  perfect  repair. 

(1 


Status  of  1918  Railway  Improvement 
Projiram 

On  Peb.  i,  1018.  all  railways  under  federal  control  were 
directed  to  send  in  budgets  of  improvements  immediately 
rei|uired  to  increase  capacity  and  ediciency  and  to  promote 
safety  in  (jperation.  The  budgets  submitted  called  for 
c\))onditures  chargeable  to  capital  account — that  is,  exclus- 
ive' of  large  sums  chargeable  to  maintenance — amounting 
in  the  aggregate  to  $l.:!2!t.(M)ii,llO(»  which,  upon  careful  re- 
vision was  reduced  to  .$liT.'i,<)()ii.obO.  This  amount  has  been 
increased  from  time  to  time  by  new  and  unforeseen  require- 
ments, and  particularly  by  large  orders  for  locomotives 
and  freight  cars,  until  the  improvements  definitely  a>i- 
thori/.ed  to  Dec.  I,  IMIS,  amounted  lo  .$1.2.T4.o;ti;,l,'i.S.  Of  this 
amount  .$."..'> I,!i2,'i,r)2.',  is  for  additions  and  betterments:  $i;.'jI;.- 
ois,?!.'',  for  equipment,  and  $4(1.421,888  for  construction  of 
extensions,  branches  and  other  lines.  In  a  statement  of 
Director  Oeneral  McAdoo  on  Jan.  ?,  before  the  Interstate 
Tommerce  Committee  of  the  U.  S.  Senate  the  status  of  these 
improvements   was  outlined  as  follows; 

Capital 
Impro\  eui'-nts  e.siienditures 
Cla.^s  of  uiuk.  .intboiizerl  lo       made  to 

Dec.    1.  Nov.    1. 
.\dditions  and    lieltermenls                               UnS.  191S- 
Widening     cuts    an<i     tills,     rillim;     ires- 
ties      etr $   7.i;:',;i.4G;t    $      3,fi94,43?, 

riallasting      !),,S.T2,0il8  4,017.570 

Kails    and    other    track    material :1J,7.-|.5,702         1  ?,.024,.';iO 

Bridges,    trestles,    and    culverts 10,i!37,S77        20,970,333 

Tunnel    and    suhwa\'    improvements....  4.041,ft.o7  S79,37t 

Track   elevations  or   depressions !,t,278,14H  ,^,.126.307 

lOliinination    of    grade    crossings ]2,17.5.7.t3  3,546,618 

Ci-iule  crossings  and   crossing   signals..  3.n70,222  993,300 

.Additional     main     tracks 62,.j32,363        25.378.978 

.\dilitional    varil    tracks.    sidini:s  and    in- 

dnstrv    tracks     125.806. 775         17.534.458 

I'hanges    of    grade    or    alignment 9,089.621  2,887.221 

Sii;nals    and    interlodiing    plants 16,796,192  5,339,360 

T.-legraph    and    telephone    lines 5.789,737  2,395,406 

Itoadway    machinery    and    tools 1.979,20i;  1,167,706 

Section  liouses  and  othei-  roa(iwa\-  build- 
ings         3,05S,49S  2,119,588 

I'ences    and    .snowsh.'ds 2.198,111  ,835,903 

l''reiglit    and    jiassengef    stations.     ofR<e 

buildings     17,963,370        15,690,785 

Hotels    and    restauranis 754,674  297,803 

I'^nel    stati'jns   and    api)iirtenances 8.236,725  3,197,554 

Water    stations   and    appui'tenances.  .  .  .  11,879,643  3,046,824 
Shop    bnildings,    r>ngine   h'Hises    and    ap- 
purtenances                57.229.566         22,627,659 

Shop   macliineiv   anil    tools 21,585,247  6.383,153 

lOlectrii-   power   plants,    substations,  etc.  22.454,729  3.742.126 

Wharves   and    docks 3.163.966  874,390 

<'nal   and   ore   wharvi-s 5.532.2.«4  3.621.739 

'Irain  eIe\'ators  and  storage  warehouses  2.747.663  2.111.911 

Iteal     estate     4.298.1S2  1,205,014 

.\ssessments   fin-   [inblic   improvements..  3,063.271  1.385,321 

.Ml    other    impiovements 7.814.181  4.473,332 

'Potal     (e\cluiling    eiiniimieni  I  -  ,  $551,925,525  $210,568,673 
iOiinijancnt 

l.ncoiniitives,    steam     $118,031,766  .?   57.236.639 

l.oc(.inoti\-es.    steam     i  ordered     b^■     rajl- 

icad     administraticin )      76.873.355  28.621.653 

l.eciuiiotives.     other      2.360,338  888,772 

l'"reight    train    cars     97.186.832  70,221,661 

t'reigbt     train     ears     i  ordered     1)\'     rail- 

roail    administration  1     JS9.46o.HrtM  39.193.472 

Passenger    tr.iin    cars    13,866,432  11.(128,462 

Work    eipiipment     7,677,89  1  1.748,404 

Motor  car  and   nailers 587, 53v  58.164 

r'loating    i.'illlil>nient      3,413  35n  630,411 

.Miscellaneous    eii^ilipment      629,621  276,169 

Imprii\-ements    to    existing    eipiipment..  41.939,382  18.499,064 

Tot.il    eiiuipinent     $     636.048,743    $218,442,873 

I 'inistniitlMn     of     extensions,     bi-ani-hes 

and    iith.r    lilies    46.I21.SSS         IS. 139. 466 

'riit;il     all     work $1.251. 391-,. 13S    $477,211,012 

In  planning  improvements  chargeable  to  capital  account 
other  than  for  war  purposes,  the  rule  adopted  was  that  the 
lirst  consideration  should  be  safety  in  ojierations;  anfl 
secondly,  increased  capacity  where  that  was  needed  and 
that  any  improvement  not  required  for  these  purposes 
should  be  deferred  until  after  the  war  unless  exceptional 
circumstances  should  make  it  necessary  earlier.  Improve- 
ments designed  to  effect  permanent  economies  have  been 
left  for  the  favoring  times  and  conditions  of  peace,  unless 
rhe  economy  was  so  great  that  substantially  the  entire 
cost   could   probably  be  saved  during  federal   control. 

The  effect  of  the  foregoing  policy  is  shown  by  the  above 
statement,  from  which  it  appears  that  much  the  largest 
item  was  for  additional  yard  tracks,  sidings,  etc.  The  second 
largest  item  was  for  shop  buildings,  engine  houses,  and 
ajipurtenances;    and   the  third   for  additional   main   tracks; 
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and   by  the  larRo  orilors   for  equipment  almost   wholly   for 
lucumutlves  and  freight  cars. 


Personals 


Size  of  T  amps  :ind  .Vroa    llluiiunated    in 
Outdoor  Lighting 

The  followinK  note  on  li^h(inK  yards  at  industrial  plants 
i-i  taken  from  a  recently  Issued  bulletin  ot  the  National 
.-Safety  I'ouncll: 

The   illunilnatlun   at   any   point   should    be   secured    from 
iiuir.'  than  one  direction  to  avoid  deep  shadows  at  i)0S8ible 
r  points.     This  limits  the  area  It  Is  desirable  to  lUum- 
from  a  single  source.     Yard  llKhlinK  lauii)s  should  be 
lued  nt  least   L'O  ft.  above  the  ground   level,  higher  it 
,  .'.  .-.ilde,  to  shorten   the  shadows  and   minimize   glare.     It 
the  lamps  must  be  installed  lower  than  'M)  ft.,  they  should 
not  be  larger  than  100  watts.    Shallow-bowl  porcelaiuenam- 
olcd  reflectors  of  a  weatherproof  typo  may  be  used  to  good 
effect.     The  spacing  between  units  should  not  exceed  four 
times  the  height  above  the  ground  tunless  special  prismatic 
refractor  units  are  used).     Several  plants  have  found  the 
following    standard    satisfactory,    corresponding    to    an    in- 
tensity of  one-fourth  fool-caudle: 


.\r»»a  to  he 
Mhiinlnntrd. 

-•   "•"!  .-Svl.  ft. 

S.].  ft. 

I. S>1.  ft. 

6.1KH1  .s.i.  ft, 

S.OOO  s>l.  ft. 

10.000  Si|.  ft. 


Approximate  size 
of  lamp. 
100  watt 
IBO  watt 
200  wall 
300  wall 
400  wall 
500   wall 


Excavation  Tables. — The  State  Reclamation  Department 
:  Texas.  Austin.  Tex.,  has  just  brought  out  a  bulletin  sup- 
I'lementlng  its  bulletin  No.  5,  "Tables  of  cubic  contents  of 
level  embankment."  The  new  bulletin  contains  factors  for 
obtaining  cubic  yards  in  sloping  cross  sections  from  cubic 
yards  on  level  cross  sections,  and  also  tables  of  base  width 
and  vertical  heights  on  level  cross  sections  with  zero 
crowns.  The  bulletin  is  intended  to  be  used  with  Bulletin 
No.  5.  but  it  can  be  employed  with  any  other  earthwork 
table  based  on  level  cross  sections.  It  was  prepared  under 
the  direction  of  Arthur  A.  Stiles,  State  Reclamation  engi- 
neer. Copies  of  this  Bulletin  5-A,  can  be  obtained  free  from 
the  Reclamation  Department.  The  supply  ot  Buletin  5, 
however,  is  exhausted. 


News  Letter 

St.  Louis  Items. 

Schaefer  Bros.'  ConlracUng  Co.,  SI.  Uouis,  Mo.,  want  a  20 
to  25-leam  outlil  for  Ohio.  Will  contract  this  job  or  hire  teams 
by  the  da\'. 

Mulvill  Bros.,  Alton,  111.,  would  like  to  get  in  touch  with  some- 
one thai  has  a  Sauerman  bucket  and  cable  machine  outtit  that 
isn't  working. 

Robl.  M.  Gurley,  representing  T.  W.  Snow  Construction  Co.. 
wa.«  with  us  several  days  last  week  Willi  a  new  record  of  stoiie.-j 
that  he  brouKlil  in  from  the  Northwesl. 

Contraclor.s  when  in  want  of  labor  or  work  for  their  outfits 
write  the  old  reliable  Koenig's  Labor  vVgency.  612  Walnut  street. 
Si.   Louis,  ilo.,  or  503  Delware  street.  Kansas  City,  .Mo. 

Geo.  Condon  passed  through  St.  Louis  on  his  way  to  Omaha 
to  spend  the  holidays  with  his  family.  Condon  reports  his  work 
on  the  Illinois  Central  K.  R.  in  Kentucky  as  getting  along  nicely. 

The  East  Side  Levee  and  Sanitary  District,  the  National  Stock- 
yards interests  and  the  Director  General  of  Railroads  have  agreed 
upon  a  plan  of  eliminating  Cahokia  Creek,  which  passes  through 
East  St.  Louis,  HI.,  by  the  construction  of  a  large  sewer  from 
the  stockyards  directly  west  lo  the  river.  The  cost  of  Ihe  con- 
struction is  to  be  divided  between  the  three  parties  mentioned 
and  the  ground  accumulated'  by  filling  the  creek  will  become  the 
property  of  the  railroad. 

The  citizens  ot  St.  Louis  are  going  to  vote  on  a  $23,349,000  bond 
issue  this  spring.     The  items  in  the  tentative  budget  are: 

River  des  peres $10,495,000 

Sewers  3,420,000 

Parks    and    playgrounds 2,S.50.0D0 

Municii>a'.    auditorium,    joint   owrnership    plan 1,000,000 

Municipal  farm  400.000 

Belt  railroad  from  Xo.   1  and  Victor  street  docks 1,900.000 

Grade  crossings  and  viaducts,   city's  share 1.934,000 

Street  openings  and   widenings.   city's  share 1.000,000 

Fire  engine  house  and  equipment 200,000 

Industrial  farm.  Bellefonlaine 150.000 

Total $23,349,000 

The  labor  market  is  easier  right  now  than  it  has  been  at  any 
time  within  two  years.  Plenty  of  la'bor  for  any  kind  of  work. 
Don't  look  for  the  situation  to  change  until  the  15th  of  .\pril  or 
1st  of  May.  A.  B.  Koenig. 


L.  B.  Martin,  hortiuiore  .supcrliiteiidont  of  nuitntcimnce  of  way 
of  iho  Illinois  rriu'liun  Sysu-m,  hivs  beoii  imuie  neniTiil  supor- 
ind'iuli'Mt  of  liUt'MirbuM  lini'S. 

H.  T.  Synipaon,  a.ssi.-;laiit  ill  vision  tiiKlnei'i-  dI'  Uw  eastern 
ill  vision  ol  I  In-  JV-nnsylvania  It.  K.,  W  lsutii  J-iiu-s.  wiUi  iu-ad- 
•  luarUTS  at  l'lltsl'urt;h,  lias  been  appoimod  division  unginoer, 
with    hfaut|ti:ii  i<*r.s   at    roluiiioiis,    l>. 

Richard  H.  Gillespie,  lornu'iiy  chief  engineer  of  the  Borough 
of  (lu-  itionx.  aNi'w  i  ork  City,  lias  been  appointed  general  nian- 
amr  ami  ihlef  engineer  of  the  Dewey  Cement-Gun  Conytnictlon 
Co..  with  ollU'cs  at  AUentown.   l*a. 

Or.  William  T.  Lee,  neui  niveMilgator  for  the  V.  S.  (Jeologlcul 
Survey,  has  been  seiectea  as  Jicad  ol  the  geoiogy  deparinieni  of 
I  ho  I  nlversity  of  Oklahoma.  I>r.  l^ee  ueconics  professor  of 
geology  itnd   uueeior  of  liie  tochool  ol  tltologleal  Kngmeenng. 

Joseph  «.  i-yons  hua  oeen  appoiniua  bupeiintenueiii.  oi  uana- 
jioriation  lor  ine  inuuteijmi  khucl  railway  oi  lauoina,  \t  asn., 
Ntiiiea  eanie  unuer  cily  ^.lipervision  Jan.  i.  rhe  nne  iius  ueen 
operai.ru  oy  the  lacoiiui  l\ailway  At  l^ower  co.  on  a  eoniiuet  wiia 
ino  eiiy. 

F-ricnd  P.  Williams,  formerly  division  engineer  of  the  western 
division  of  me  isew  ioriv  btaie  i_>aige  uaiiai,  iia^  ijeen  appuintea 
?.pee(ai  uejau.'.  siaie  engiiuer.  i^eivoy  »^.  iiulund,  lormeiiy  aec- 
.i.p,  luviMOii  engineer  ol  me  easic-rn  Uwioion,  suceueus  ivir. 
\>  iiliams. 

nuOn  A.  Brown  of  Urbana,  111.,  has  been  elected  head  of  the 
depart iiiviu  oi  p..ysR'ii  ami  engmetrnng  ui  uiiawa  ciii versify. 
1  ne  eiiair  nas  been  vacant  since  I'roi.  i- .  li.  AlcCiam  wa;*  granted 
a  ,>ears  leave  oi  absence  to  iuku  up  war  teacning  woik  iii  ivian- 
liatian.  I'loi.  i>roun  is  a  grauuate  of  the  university  of  Aliinois. 
laugni  three  years  in  ihe  umverMiy  ot  ^vrkansas.  and  uiiiil  re- 
eiiiiiy  was  a  ieat,ner  in   ihe  aeronautics  scnuoi  aL   i  i  uuna.   lu, 

F.  N.  Holmquist  lias  been  appointed  State  Kngineei  of  the 
Stale  ol  Arizona,  vico  13.  M.  Atwuou,  resigned,  this  cnange  lakiiig 
place  on  .;an.  (),  I'Ji'J.  it  is  uiiueisioou  iiiai  Mr.  Aiwouu  inieiius 
lo  go  into  contracting,  parncuiany  in  conneetiOn  wiUi  road  work, 
-ur.  lloniuiuisi  has  oeea  in  prnaue  piacticu  in  the  city  oi  i^iioe- 
nix  Jul-  a  number  ui  >eais,  prior  lO  wnieh  date  ne  Vvas  City 
i-iigiiieer  oi  I'hoenix.  Mr.  Hoimqu.toC  wa.-?  grauuated  irom  mo 
I  niversuy  of  iiiinois  in  me  c*ass  oi  1^09  and  nas  ueen  in  Arizona 
lor   iiie  greater   pcriioii   oi    tne   lime   since   tnai   date. 

Brig.  Gen.  Henry  W.  Thornton,  lormeriy  general  superin- 
tenueiiL  ol  the  L,ong  Island  iv.  il.,  lias  been  raiseu  lo  me  KnighL- 
hooa  uy  iving  George  in  recognition  ol  his  services  lO  the  liricish 
nauon  duriiic;  ihe  war  as  general  manager  ol  tne  Oreat  li;astern 
itauuay  of  i!;ngiand.  inuring  mai  cruual  peiiod  in  tiie  war, 
When  liOlaing  iiie  western  irunt  uepenueii  iar„e.y  ujjoii  the  swiit 
ino\emenL  oi  ij.ritisli  troops,  uen.  inoiiiion  naiidleti  ihe  British 
rauway  sysiem  w  itii  such  ellicency  mat  his  worR  has  won  lor 
him  me  Liiie  of  Knigiu.  cominaiKier  oi  the  wrder  ol  the  liritisn 
iMiipire.  Gen.  Thoimon  was  uorii  in  i.ongport,  Inu.,  in  iSil  and 
i.s  a  giaduaie  oi  me  i  niversuy  of  jr'eiin.'iyiVaiiia.  Jtie  became  a 
e.tiztii  Ol  Liieai  bruain  in  i'Jlb,  ;i  years  alter  he  look  over  the 
iiiaiiai4eineni    ox    tne   <  ii  t-.u    Kasiein. 

Capt.  George  F.  Daggett  of  Brooklyn,  N.  Y.,  has  been  ap- 
pointed chief  ol  the  Transit  Bureau  ol  the  J'ublic  Service  Com- 
mission lor  the  J?irsl  District,  isew  VorK  City.  Capt.  Daggett 
succeeds  J.  P.  H.  De\Vindt.  who  resiLiiied  several  months  ago 
to  undertake  the  management  ot  a  mumiions  plant,  ihe  chief 
of  the  iransit  xiureau  is  the  otti-cer  upon  whom  tne  Pubnc  Ser- 
vice Commission  relies  lo  supervise  ttte  operations  of  the  several 
transporiation  lines  in  me  city,  to  invesLigate  complaints  and  to 
inaugurate  improvements  in  service  where  needed.  Capt,  Dag- 
gelt  has  recently  returned  to  the  commission  afier  a  year  in 
military  service.  He  entered  the  employ  of  the  commission 
siiorily  alter  its  organization  in  lyOT,  and  latterly  has  hlled  the 
posts  of  chief  cierK  and  assistant  secretary. 


Obituaries 

Dr.  Angus  Sinclair,  publisher  of  RaiUvay  and  Locomotive  En- 
gineering, and  a  v\  ell  Known  writer  on  railway  matters,  died  Jan. 
1  at  :\li!f:>urn,  X.  J.,  aged  78. 

Maj.  Charles  F.  Cookr  35  years  old,  purchasing  agent  of  mu- 
nitioHte  for  the  Ordnance  Department  ot  the  United  States  Gov- 
ernment, died  Jan.  11  in  St.  Duke's  Hospital,  New  York.  He 
lormeriy   was  employed   by   the   J.    G.    White   Kngineering  Corp. 

Walter  V.  Turner,  manager  of  engineering  at  the  Westing- 
house  Airbrake  Co.,  an  authority  on  pneumatics,  died  Jan.  y  in 
Columbia  Hospital  at  Pittsburgh  following  a  general  breakdown 
in  health.  More  than  400  inventions  in  use  on  railroads  and  in 
industrial  plants  are  credited  to  .Air.  Taylor. 


Industrial  Notes 

The  Blaw-Knox  Co.,  l'ittsbiir.':ih.  Pa.,  announces  that  Ensign 
Irving  Burrows  has  been  released  from  the  service  of  the  gov- 
ernment and  will  reopen  the  company's  San  Francisco  office  at 
52S  Second  street  within  a  couple  of  weeks. 


Trade  Publications 

Walter  A.  Zel nicker  Supply  Co.,  St.  Louis.  Mo.,  has  issued 
Bulletin  Xo.  25M.  listing,  rails,  loeomolives,  ears,  cranes,  shovels, 
contractors'  e'luipment,  etc..  carried  in  stock  by  the  company. 

The  Blaw-Knox  Co.,  Pittsburgh.  Pa.,  has  issued  the  third  and 
revised  edition  of  the  booklet  describing  and  illustrating  the 
"Blaw"  single  line  clamshell  mickets.  The  operating  and  con- 
struction features  of  the  buckets  are  described  fully  in  the 
booklet. 

The  Lidgerwood  Mfg.  Co.,  New  York,  has  issued  Bulletin  No. 
19,  covering  its  lines  of  steam  mine  hoists.  It  contains  descrip- 
tions of  the  company's  standard  line  of  steam  mine  hoists,  and 
describes  a  few  of  the  many  type  of  hoists  developed  by  the 
company  to  meet  special  conditions. 

The  Lakewood  Engineering  Co.,  Cleveland,  O.,  has  brought  out 
a  booklet  that  ihrounb  its  pictures  and  text  tells  an  interesting 
story  of  the  part  of  the  American  engineer  in  the  world  war.  The 
booklet  is  entitled  "The  Road  lo  Peace."  It  is  excellently  gotten 
up  and  contains  many  war  photographs  of  unusual  interest. 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roada  (cl    Street   Cleaning 

(b)  Streets  id)    Municipal    Miscellanies 

Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Waterworks  <c)    Irrigation    and    Drainage 

(b)  Sewers  and  8anl-  (d)    Power 

tatlon 


Railways  and  Govt.  Works— 3rd  Wednesday 

(aj    Excavation      and  (c)    Harbors   and    Docks 

Dredging 
<b)   Rivers  and  Canals       (d)   Railway    Construction 

Buildings  and  Structures — 4tli  Wednesday 

(a)  Buildings  (c)   Ship   Construction 

(b)  Bridges  (d)    Miscellaneous    Structures 
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E.  &  C.  Index  Furnished  Only  on 
Request 

Hitherto  it  has  been  customary  to  send  the  index  of  our 
articles  to  every  subscriber.  In  order  to  conserve  paper  the 
index  for  the  six  months  ending  Dec.  31  will  be  sent  only 
to  subscribers  who  send  a  postal  card  or  letter  requesting 
a  copy  of  the  index.  We  will  then  list  your  name  so  that 
you  will  receive  the  index  twice  each  year  without  the  ne- 
cessity of  writing  us.  It  will  assist  us  it  those  desiring  the 
index  will  notify  us  at  once. 


Language  As  a  Tool  for  Reasoning 

Language  is  commonly  regarded  merely  as  a  de\ice  for 
conveying  ideas.  It  would  be  well  were  it  more  often  looked 
upon  as  a  tool  with  which  to  reason.  Language  is  quite  as 
essential  for  a  soliloquy  as  for  a  dialogue,  and  it  is  more 
often  used  for  the  former— at  least  by  thoughtful  men — 
than  for  the  latter.  Words  are  symbols,  and  the  things 
they  symbolize  are  always  some  form  of  energy  or  the  four 
categories  of  energy — number,  mass,  space  and  time.  But 
a  symbol  is  meaningless  except  to  the  person  who  has  him- 
self   perceived    or    sensed    the    class    of    thing    symbolized. 

Hence  the  extreme  importance  of  sensing  a  thing  at  the 
same  time  that  its  name  is  learned.  Hence,  also,  the  desir- 
ability of  combining  theory  with  practice,  language  with 
action. 

One  of  the  defects  in  the  training  of  many  engineei's  has 
been  an  insufficient  study  of  the  symbols  with  which  they 
reason.  On  the  other  hand,  a  great  defect  in  educating 
lawyers  has  been  an  insufficient  training  in  the  sensing  of 
things.     In   them   we   consequently   see   disproportionate   at- 


tention to  language,  even  as  we  often  see  in  engineers  a  dis- 
proportionate attention  to  the  physical  things  denoted  by 
words.  The  lawyer,  for  example,  weighs  every  word  of  a 
specification  very  carefully,  and  frequently  gives  so  much 
attention  to  the  phraseology  that  he  neglects. the  final  aim 
of  the  contract,  which  is  to  secure  a  given  end  in  an  eco- 
nomic manner.  The  engineer,  engrossed  in  the  economics 
of  the  problem,  is  quite  likely  to  be  slipshod  in  his  verbal 
statements  of  the  means  to  be  used  to  secure  the  desired 
end. 

In  order  to  rectify  the  tendency  to  use  language  care- 
lessly, engineei's  should  study  formal  logic.  It  is  true  that 
Aristotolean  logic  places  too  great  emphasis  on  the  "form," 
and  too  little  on  the  "substance,"  but  engineers  will  find 
this  emphasis  an  excellent  correction  of  their  tendency  to 
slight  the  "forms"  of  expression.  They  will  also  come  to 
see  more  clearly  that  systematic  study  of  language  as  a  tool 
for  reasoning  is  a  very  great  help  for  thinking  correctly. 

Two  things  having  the  same  class  name  often  differ  very 
much,  except  as  to  a  few  class  characteristics,  yet  there  is 
a  strong  inclination  to  regard  things  of  a  class  as  being  alike 
in  almost  all  respects.  The  inclination  is  so  strong  in  peo- 
ple who  have  studied  neither  logic  nor  language  that  they 
often  make  errors  otherwise  inexplainable.  Thus  there  are 
many  intelligent  men  who  have  such  a  horror  of  the  word 
"delit"  that  they  opjiose  every  proposition  to  issue  bonds  for 
IHiblic  works.  They  see  no  distinction  betiveen  a  personal 
debt  and  a  joint  ownership  in  a  plant  such  as  a  bond  vir- 
tually assures  to  its  owner.  Similarly  there  are  many  men 
who  still  think  that  all  depreciation  is  of  the  same  nature 
because  all  depreciation  involves  loss  of  value:  and  they 
reason  about  functional  depreciation  preciselv  as  they  rea- 
son  about  natural   depreciation,  and  therefore  erroneously. 

To  be  able  to  see  the  various  subclasses  behind  the  class 
names  comes   instinctively   to  some  men.  but   to  most   men 
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It  comes  only  ns  u  result  of  speclnl  triiliiliiB  both  In  Ian- 
KUiiKt'  iiiid  111  systoiimtlciilly  obsorviiiK  tlif  onorsygroups 
syml'i>ll.'<-tl  liv  hiiiKunco. 


"The     lime    Will     Come    When 

People    Will    Ask,  Not    Who 

Paid    for    a     Thinj^,    But 

Who     Built     It"— 

Hoover 

Asldo  fr»>m  Prt'sUlonl  Wilson  no  Auiorlcnn  lins  been  so 
widely  advertised  by  his  nets  diirluK  the  war  us  Herbert  C. 
Hoover,  Known  only  as  a  mining  engineer  prior  to  the  war, 
Mr.  Hot>ver  has  abundanlly  proved  his  right  to  be  called  a 
truly  great  execntivo.  so  great.  In  fact,  that  his  name  has 
frequendj  been  suggested  as  fit  to  be  enrolled  as  a  suc- 
cessor to  Tresldent  Wilson  himself. 

In  ncknowledglng  his  recent  election  to  the  Italian  Royal 
Academy  of  Science.  President  Wilson  said:  "While  per- 
haps there  Is  no  science  of  government,  there  ought  to  be." 
Had  Mr.  Hoover  been  speaking.  Instead  of  the  President. 
we  believe  he  would  not  have  said  that  "there  Is  no  science 
of  government."  for  to  the  modern  engineer  every  sort  of 
administration  Involves  the  application  of  science.  Listen 
to  what  Mr.  Hoover  wrote  not  long  ago: 

"The  engineering  profession  generally  rises  yearly  in  dig- 
nity and  Importance  as  the  rest  of  the  world  learns  more  of 
where  the  real  brains  of  industrial  progress  are.  The  time 
will  come  when  people  will  ask*  not  who  paid  for  a  thing, 
but  who  built  It.  To  the  engineer  falls  the  work  of  creating 
from  the  dr>-  bones  of  scientific  fact  the  living  body  of  in- 
dustry. It  is  he  whose  Intellect  and  direction  bring  to  the 
world  the  comforts  and  necessities  of  daily  use.  Ijnlike  the 
doctor,  his  Is  not  the  constant  struggle  to  save  the  weak. 
I'nllke  the  soldier,  destruction  is  not  his  prime  function. 
Vnllke  the  lawyer,  quarrels  are  not  his  daily  bread.  En- 
gineering is  the  profession  of  creation  and  of  construction, 
of  stimulation  of  human  effort  and  accomplishment," 


must  be  made  up  of  a  business  getter,  a  master  of  architec- 
tural design,  a  structural  engineer,  a  business  administrator 
and  a  technical  director.  .\n  organization  thus  constituted 
is  u  business  organization;  by  no  stretch  of  the  imagination 
could  it  be  considered  as  a  professional  organization." 

We  do  not  agree  with  this  last  sentence,  such  an  organiza- 
tion is  neither  a  business  organization  nor  a  professional 
organizatl(Ui.  for  it  Is  a  combination  of  the  two.  It  is  this 
novel  combination  that  certain  engineers  invented  a  tew 
years  ago,  and  It  was  invented  by  engineers  because  engi- 
neering had  itself  come  to  be  a  combination  of  applied 
science  and  liusiness  economics. 

Mr.  Wenderoth's  closing  advice  to  architects  is:  "The 
only  way  the  architects  can  meet  this  new  situation  and 
save  themselves  Is  to  change  their  point  of  view,  reorgan- 
ize as  business  institutions  and  by  building  better,  more 
economically  and  more  efficiently  try  to  meet  the  growing 
competition  of  the  architectural  and  engineering  contracting 
firms  that  already  are  taking  work  away  from  them," 


The  Engineer  As   the  Powder  Be- 
hind the   Construction   Com- 
pany Throne 

"The  offices,  in  this  country  that  have  great  architectural 
reputations  do  not  exist  solely  because  of  the  quality  of 
their  architectural  work.  They  survive,  first,  because  they 
are  business  getters — regardless  of  their  devious  methods 
of  obtaining  work — and  second,  because  in  each  organiza- 
tion there  is  a  power  behind  the  throne.  The  power  is 
usually  an  engineer!  He  has  an  understanding  of.  and  an 
appreciation  of.  matters  architectural  because  he  is  edu- 
cated and  a — gentleman." 

The  foregoing  is  a  quotation  from  a  paper  by  Oscar  Wen- 
deroth.  former  Supervising  Architect  of  the  l".  S.  Treasury 
Department.  The  paper  will  be  found  on  another  page 
under  the  title  of  "Constructive  Criticism  of  .Architects." 
and  it  can  be  read  with  profit  by  all  structural  engineers. 

During  the  past  fifteen  years  civil  engineers  have  largely 
emancipated  themselves  from  the  economic  slavery  of  pure 
professionalism,  and  have  consequently  come,  more  and 
more,  to  be  regarded  as  business  economists.  They  have 
not  hesitated  to  adopt  old  business  methods  and  to  create 
new  ones.  .Among  these  new  creations  there  is  to  their 
credit  the  sort  of  construction  firm  that  not  only  designs 
buildings,  but  erects  them,  and  not  infrequently  finances  the 
building  project  for  the  client.  So  successful  have  many  of 
these  construction  companies  become  that  architects  of  the 
old  school  are  at  least  beginning  to  consider  the  wisdom  of 
imitating  their  methods.  Mr.  Wenderoth's  article  is  only 
one  of  several  of  the  same  sort  that  we  have  published  with- 
in the  last  year,  urging  architects  to  follow  the  lead  of  struc- 
tural engineers  in  advertising,  in  soliciting  and  forming 
construction  companies  composed  of  architects,  engineers 
and   business   men,     Mr,   W'enderoth   says:     "Such   a   group 


Engineers  and  the  Public 

Public  libraries  quite  generally  have  been  regarded  either 
as  places  of  entertainment  or  as  st'orage  rooms  for  instru- 
ments of  amusement.  But  the  younger  librarians,  particu- 
larly those  who  have  received  special  training  for  tlunr  pro- 
fession, are  doing  a  great  deal  to  change  the  popular  con- 
ception of  what  a  public  lil)rary  is  or  should  lie.  Thus,  in 
the  last  issue  of  "Pacific  Municipalities."  .Tosepli  F,  Daniels 
gives  an  interesting  discussion  of  the  "Public  Library  as  a 
Central  Power  Plant."  a  public  activity,  a  plant  whose  prod- 
uct is  not  only  useful  but  saleable. 

Mr.  Daniels  tells  how  the  public  library  of  Riverside.  Cal., 
sells  service  to  the  county,  to  school  districts,  to  library 
school  students  and  others.  It  is  not  of  the  $t2.000  annual 
income  from  such  sales  of  service  that  we  wish  to  speak, 
but  of  the  extension  of  public  library  service  to  engineers 
and  architects. 

If  the  engineers  and  architects  in  every  citv  wotild  take 
an  active  interest  in  the  public  librarv  it  would  not  be  many 
years  before  there  would  be  available  for  their  use  a  large 
collection  of  technical  books.  In  many  a  city  it  would  be 
well  if  the  libraries  of  engineering  and  architectural  socie- 
ties were  located  in  the  public  library  building.  Then  if 
those  societies  would  offer  to  duplicate  all  appropriations 
luade  by  the  city  council  for  technical  books,  there  should 
he  no  great  difficulty  in  persuading  the  "city  fathers"  to  as- 
sist in  building  up  a  really  creditable  scientific  library. 

Engineers  who  are  inclined  to  complain  that  the  general 
public  does  not  appreciate  them  might  find  it  wise  to  cease 
complaining  and  take  steps  to  make  people  realize  the  scope 
and  importance  of  applied  science.  The  very  act  of  fre- 
quently going  to  the  city  council  to  secure  appropriations 
for  engineering  books  and  magazines  would  serve  to  make 
at  least  a  part  of  the  public  realize  that  engineering  is  a 
progressive  science  backed  by  progressive  men.  Then  as 
an  increasing  number  of  the  shelves  in  the  public  library  be- 
come loaded  with  technical  books  there  would  come  a  grow- 
ing general  respect  for  the  erudition  and  practical  knowl- 
edge of  the  sort  of  men  who  use  this  "central  power  plant," 


A  Definition  of  Engineering 

To  the  Editor:  1  have  been  interested  in  reading  the  re- 
cent definitions  of  Engineering,  and  herewith  give  one  that 
seems  to  fill  the  bill,  at  least  in  the  way  I  look  at  it. 

Engineering  is  the  application  of  mathematical  principles 
to  the  requirements  of  humanity. 

An  engineer  is  one  w'ho  makes  these  applications.  It  he 
applies  them  to  the  design  of  bridges,  he  is  a  Bridge  Engi- 
neer. If  he  applies  them  to  the  generation,  distribution  and 
use  of  electrical  current,  he  is  an  Electrical  En.gineer,  If  he 
applies  them  to  Ihe  problems  connected  with  the  supply  and 
distribution  of  water  for  domestic  purposes,  he  is  a  Water- 
works Engineer.     And  so  the  list  may  be  extended. 

BENJAMIN  THOMPSON. 

Tampa.   Fla. 
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A  Crane  Girder  Problem 

By  K.  FLE.MlXi;, 
American  Bridge  (/ompaiij-.  Xyw  Vorli  rit> . 
Bridge  girders  of  electric  traveling  cranes  are  usually  ot 
the  box  type  with  a  walkway  on  the  side  of  one  girder. 
When  the  walkway  consists  of  two  or  three  planks  sup- 
ported by  light  brackets  the  overturning  moment  is  so 
small  that  in  designing  the  girder  it  can  be  neglected.  But 
the  requirements  of  "Safety-first''  and  improved  electrical 
equipment  have  greatly  increased  walkway  .loads.  The 
"General  Requirements  for  Safety"  (191S)  of  the  U.  S. 
Steel  Corporation  call  for  foot  walks  to  extend  entire  length 
on  both  sides  of  the  bridge,  to  be  built  entirely  of  steel, 
to  pass  underneath  and  around  instead  of  over  bridge  motor, 
to  have  railing  of  two  horizontal  members,  and  floors  to 
be  of  checkered  plate  not  less  than  14  in.  thick  with  toe 
guard  6  in.  high.  For  cranes  of  large  capacity  these  loads 
are  still  a  small  proportion  of  the  total  load,  but  for  cranes 
of,  say,  5  or  10  tons  with  long  span  they  should  be  taken 
into  account.     Crane  makers  have  no  standard  practice  in 


tangle  should  measure  IS  by  48  in.  and  the  shell  should 
measure  %  in.  thick  on  the  short  sides,  the  formula  would 
not  be  applicable  unless  the  shell  were  O.OH  in.  thick  on 
the  long  sides. 

An  English  textbook,  "The  Calculation  for  Steel  Frame 
Structures,"  by  \V.  C.  Cocking,  has  a  short  chapter,  "Ec- 
(•(^ntric  Loading  of  Beams."  The  author  frankly  says  he 
knows  of  no  correct  method  for  computing  stresses  in  the 
flanges  of  beams  of  1  or  box  section  due  to  eccentricity  of 
loading.  He  determines  the  lateral  bending  moment  on 
the  flanges  equivalent  to  the  overturning  moment.  The 
flanges  are  assumed  to  act  as  two  separate  girders  freely 
supported  at  the  ends,  and  the  stresses  are  found  from  the 
bending  moment  by  the  ordinary  formula  for  flexure.  The 
stresses  thus  obtained  are  arbitrarily  divided  by  :;.  This 
method,  however,  gives  stresses  too  small  for  plate  girders 
and  too  large  for  box  girders. 

The  writer  suggests  that  for  determining  the  unit  stress 
in  a  box  girder  due  to  overturning  moment  the  following 
method  be  used  until  further  knowledge  is  obtained:  As- 
sume  each   flange    (one-sixth   of  the  area  of  web   plates  to 


Fig.   1. 


making  provision  for  stresses  caused  by  these  loads. 

Figure  1  shows  a  cross  section  near  the  center  of  the 
walkway  girder  of  an  SO-ft.  span  crane  with  the  loads  carried 
by  the  walkway.  What  are  the  stresses  in  the  girder  due 
to  the  overturning  moments  of  these  loads?  The  problem 
is  the  determination  of  torsion  stresses  in  a  hollow  rec- 
tangular prism  with  re-entrant  angles.  As  yet  it  is  un- 
solved. 

In  1855,  St.  Venant,  the  great  French  elastician,  pub- 
lished  his   "Memoire   sur  la   Torsion   des   Prismes,  ," 

the  classic  treatise  on  torsion.  An  excellent  synopsis  of 
this  treatise  may  be  found  in  Thomson  [Lord  Kelvin]  and 
Tait's  "Treatise  on  Natural  Philosophy,"  Vol.  1,  Part  2,  and 
an  even  better  one  in  Todhunter  and  Pearson's  "History 
of  the  Theory  of  Elasticity,"  Vol.  2.  Burr  establishes  in 
his  "Elasticity  and  Resistance  of  the  Materials  of  Engi- 
neering" some  of  St.  Venant's  lormulas,  but  most  writer? 
accept  his  conclusions  without  question.  For  non-circular 
sections  the  unit  torsion  stress  does  not  vary  as  the  dis- 
tance from  the  center;  the  maximum  stress  occurs  at  a 
point  on  the  perimeter  nearest  the  axis  of  twist  and  there 
is  no  stress  at  the  corners  of  square  and  rectangular  sec- 
tions. 

St.  Venant  gives  but  5  of  his  327  pages  of  the  torsion  of 
hollow  prisms.  No  help  is  found  for  the  problems  on 
hand.* 

The  formula  given  by  Unwin,  in  his  "Machine  Design," 
for  hollow  rectangular  prisms  applies  only  where  the  two 
rectangles  are  similar.  For  instance,  if  the  outside  rec- 
he  included)    to  act  as  separate  Airders  fixed  at  the  ends. 


Fig.  2.  Fig.  3. 

Reduce  the  vertical  couples  due  to  overturning  to  equivalent 
horizontal  couples  acting  at  the  centers  of  gravity  of  the 
flanges  and  find  the  unit  stress  from  the  common  flexure 
formula.  This  stress  should  be  a.ided  to  the  unit  stress  due 
to  vertical  loads. 

Following  this  method  the  walkway  loadings  of  Fig.  1 
reduce  to  equivalent  horizontal  couples  as  shown.  Consider- 
ing each  flange  as  a  beam  with  fixed  ends  the  bending  mo- 
ments are — 

3200  X  9G0 
From  uniform  load,  =:  128000  in.  lb. 


1567  X  9G0 


From   concentrated   load,  — 


-=1SSOOO  in.  lb. 


•The    writer    has    never    st^en    I-^r,    Venant's    "^lenioire"    and    i.^ 
dependent   upon   the  s>'noi>s's  ruenlioriec). 


or  a  total  moment,  M=:  316000  in.  lb.     The  section  modulus, 
1116 

1/C.  for  the   flange  := :=93.      P'rom  the  flexure  formula 

12 
the  stress  S  in  pounds  per  square  inch=:MH-  I,  0^316000 
->  93  ^3400.     For    the    maximum    unit   fiber   stress    In   the 
flange  this  should  be  added  to  the  stress  about  the  axis  XX 
due  to  vertical  loads. 

Diaphragms  should  be  jilaced  at  each  bracket  and  not 
farther  apart  than  twice  the  depth  of  the  girder.  To  pre- 
vent "dishing"  of  the  cover  plate  they  may  need  to  be  closer 
but  the  intermediates  need  not  extend  the  whole  depth. 

Figure  2  is  a  cross-section  of  the  girders  for  a  10-ton  crane, 
GO  ft.  span.  This  particular  crane  has  a  walkway  on  each 
side.  There  are  no  overturning  moments  to  be  resisted  and 
the  crane  rail  is  directly  over  the  web  plate  of  the  girder. 
The  outer  girder  is  of  a  light  lattice  type  and  acts  as  a  rail- 
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\'ol.  51.  Xo.  4. 


Inc.     The  lop  chord  is  held  in  lino  by  bruoes,  slnilliii-  to  tin- 
top  chord  of  u  pony  iriiss  lirldKo. 

KlRure  ;;  Is  a  section  of  the  sirders  on  tlu'  wiilkway  side  of 
u  Ut-ton  yard  crane.  '.•'>  ft.  span.  All  the  slrders  are  of  lat- 
tice type.  The  walkway  is  outside  the  stIITeninK  Kirder. 
After  the  cniue  was  erected  it  was  found  necessary  to  move 
the  operators  cage  to  near  the  middle  ol  the  span  in  order 
lu  Kive  an  unobstructed  view  o.'  the  yard.  If  the  girder  had 
been  of  the  box  type  this  would  have  been  inipraclU'able. 


How  Engineers  May  Obtain  Pub- 
licity for  the  Profession 

OpportuMlilis  lor  publicity  work  by  engineers  were  out- 
lined by  the  committee  on  publicity  of  the  lowii  KiiRineer- 
ing  Society  In  Its  report  submitted  at  the  last  annual  con- 
vention. Three  methods  were  suggested:  publicity  by  in- 
dividuals, press  publicity  and  publicity  by  local  engineer- 
ing societies. 

Publicity  by  Individuals.  Kvery  member  may  help  ad- 
vertise the  engineerin.i;  profession  by  his  personal  conduct. 
Optimists  will  be  popular.  Take  your  hard  luck  stories  to 
bed  with  you  and  get  up  without  them.  Tell  the  jjood  things 
you  know  about  engineers,  but  keep  mum  about  the  bad 
things.  When  it  is  for  the  good  of  the  profession  to  tell  the 
faults  of  another  engineer,  speak  out.  but  stick  to  the  facts 
which  you  know.  Kvery  boost  for  the  engineering  profes- 
sion is  a  boost  for  yourself. 

.\dvertlse   the    profession   by   your    personal    intlueiice    in 

your  community  and  build  up  your  influence  by  getting  into 

public  affairs.     F.   W.   Hanna.   Consulting   lingineer   of   the 

I'niled  States  Reclamation  Service,  has  said: 

Thf  •■ncii'evrs  analyllcnl  habit  of  mind,  his  accuracy  of 
IhotiKht  and  his  honesty  of  purpose  are  excellent  qualities  fi>r 
men  in  putilie  sen'i<-e:  lait  greater  endeavor  on  the  part  of  the 
enKineer  to  seevire  public  ai>preciation  and  l)etter  preparation  of 
engineering  cmduutes  for  i}ul)lic  service  will  aid  greatly  in  en- 
lurgring  ih»*  engineer's  share  of  apiwintinents  and  elections  to 
positions  of  i)nblie  autliorily  and   intUience. 

Ishani  Randolph.  Consulting  Kiigineer.  has  said  that  there 

would  be  more  engineers  rightfully  in  prominent   position.s, 

both  in  public  and  private  business  life,  if  more  engineers 

had    taken    supplementary    courses    in    the   great    graduate 

school  of  American  politics. 

Press  Publicity.-  Editors  will  be  glad  to  use  news  items 
about  engineering  and  engineers,  which  are  of  interest  to 
the  readers  of  their  papers.  Most  engineering  work  in  Iowa 
is  of  only  local  interest  and  every  engineer  should  become 
the  profession's  press-agent  for  his  vicinity. 

Special  feature  articles  will  be  given  wider  circulation, 
but  must  be  of  general  interest  and  well-written,  C,  E, 
Drayer  tells  in  last  year's  proceedings  of  the  Ohio  Engi- 
neering Society  how  the  Cleveland  Engineering  Society 
got  a  page  in  a  Sunday  paper  for  an  article  on  "How  Gun- 
ners Pick  Out  Their  Targets  Though  Far  Away."  a  page 
about  "Why  No  Boat  Can  Withstand  a  Torpedo,"  a  two- 
page  article  entitled  "Visit  New  Stars  Through  Cleveland- 
Made  Telescope."  and  numerous  other  special  articles  and 
nev\s  items,  which  advertised  the  engineering  profession. 

Circulars  of  information  for  persons  desiring  or  needing 
engineering  services,  and  bulletins  for  our  members  on 
local  publicity,  ethics  and  the  like  would  be  "worth  while  " 
publicity  work  for  the  societ.\. 

Publicity  by  Local  Engineering  Societies. — Mr.  Drayer. 
formerly  secretary  of  the  Cleveland  Engineering  Society, 
has  said  that  there  should  be  a  local  engineering  society 
wherever  a  dozen  or  more  engineers  reside  within  such  a 
radius  as  gives  them  common  interest  and  convenience  in 
getting  together.  Such  a  society  may  profitably  take  part 
in  civic  affairs,  public  welfare  work  and  local  politics.  The 
Waterloo  Technical  Society  has  lately  had  an  active  part 
in  formulating  a  building  code  tor  the  city  of  Waterloo, 
The  concerted  opinion  of  10  or  more  men,  or  their  joint  in- 
fluence, will  be  more  effective  in  their  community  than 
their  separate  opinions  and  influences.  Each  member's  ac- 
complishments will  inspire  other  members. 

The  engineering  profession  is  on  the  upgrade.  Remem- 
ber, every  boost  for  the  profession  is  a  boost  for  yourself. 


The  Sejourne  System  Wilson 
Bridge  at  Lyons,  France 

On  ,luly  11  last  the  city  of  l^yons,  France,  fornially  iilaced 
in  service  a  new  bridge  over  the  River  Rhone,  This  struc- 
ture, named  le  pont  Wilson,  in  honor  of  the  l^resideiit  of  the 
I'nlted  States,  has  several  interesting  design  and  construc- 
tion features  which  are  descrilied  in  a  recent  issue  of  The 
ICnginccr,  to  which  we  are  indebted  for  I  he  niatlcr  that 
lollows. 

'I'hc  Wilson  bridge  consists  of  four  uneciual  elli|)tical 
arches  with  a  short  elliptical  appi'oach  arch  at  each  end. 
The  total  width  between  the  parapets  is  about  titi  ft.  and  is 
occupied  by  a  roadway  'M'<  ft.  wide  and  two  footways  each  15 
ft.  in  width.  It  is  designed  on  the  system  <leveloped  by  M, 
S<^journ^,  and  applied  1).\  him  for  the  first  lime  in  the  con- 
struction of  the  .-Vdolphus  Bridge  across  the  Petrusse  at 
Luxemburg,  This  system  consists  briefly  of  replacing  the 
central  portion  of  the  arches  regarded  longitudinally  by  a 
deck  of  reinforced  concrete.  In  other  words,  each  span  con- 
sists of  two  masonry  arches,  quite  independent  of  each 
other,  except  in  so  far  as  they  rest  on  the  same  abut- 
ments, with  the  intervening  space  filled  in  with  a  reinforced 
concrete  deck.  This  system,  in  the  case  of  bridges  of  con- 
siderable width,  is  claimed  greatly  to  economise  cost  of  ma- 
terial, and  to  facilitate  the  work  of  erection.  Each  span 
has  two  arches  each  Iti  ft.  7  in.  in  width,  with  a  clear  gap  of 
;!5  ft,  G  in.  between  them. 

The  foundations  for  the  bridge  are  carried  to  a  depth  vary- 
ing between  :!:'.  ft,  and  :!9  ft,  6  in,  below  the  level  of  low- 
water,  in  conformity  with  the  nature  of  the  river  bed.  As 
in  the  case  of  other  bridges  across  the  Rhone,  the  material 
encountered  consisted  of  gravel  lying  over  sand,  followed  by 
beds  of  gravel  of  increasing  coarseness.  The  maximum 
pressure  on  the  ground  of  the  river  bed  is  about  11 ',t  tons 
per  square  foot. 

The  following  table  gives  the  principal  dimensions,  etc. 
of  the  tour  main  arches: 

.\rch.  1,  2,  ,■!,  4, 

InIi-Eido.«:   Pro.iected   length,    ft 137,7     147, G     160,7     147,6 

Rise,    ft 25,5       29,7       SI,.-!       29,7 

Ratio    0,185     0,200     0,195     0,200 

Radius  of  cui-ve  .it  crown,  ft 147,6     147,6     l.i7.4     147,6 

Radius   of   curve   at    sprinsings,    ft 11, ,5       13.3       13.1       13,1 

Thickness  of  arch  at  crown,   ft 3.3         3,3         3,3         3. J 

Thickness  of  arch  at  shoulders,   ft 4,8         4.8         5.3         4,8 

Pressure  per  scj.  in.  at  crown,   lb 511)        460        470        460 

Pressur?  per  sq,   in,   at  shoulders.   11).,..     563        582        569        582 

Contrary  to  the  general  rule  the  arches  are  not  sym- 
metrical in  span  about  the  center  of  the  bridge.  The  cur- 
rent, especially  at  times  of  high  water,  flows  deepest  to- 
wards the  left  bank,  and  to  provide  facilities  for  navigation 
the  third  span  had  to  be  made  of  extra  length.  In  view  of  the 
levels  of  the  wharfs  on  each  side  of  the  river,  it  was  impos- 
sible to  construct  a  masonry  bridge  either  of  three  or  five 
arches  that  would  present  the  required  navigation  facilities. 
As  the  levels  referred  to  were  different  it  was  necessary  to 
locate  the  highest  point  of  the  bridge  on  the  axis  of  the 
third  arch.  The  second  and  fourth  spans  are  symmetrical 
about  this  axis,  while  the  first  is  the  shortest  of  the  four. 
The  dissymmetry  thus  introduced  is  not  apparent  to  the 
eye. 

In  making  the  calculations  for  the  arches  a  loading  of 
12:J  lb.  per  square  foot  was  assumed.  The  faced  stone  for 
the  arches  and  the  greater  part  of  the  liridge  was  obtained 
from  the  quarries  at  Vilette,  in  the  adjacent  department  of 
Ain,  This  stone  weighs  16(5  lb.  per  cubic  foot,  and  on  test 
showed  a  crushing  strength  of  '.?,  to  11,3  tons  per  square 
inch.  The  pilasters,  the  entablature,  and  the  cornices  were 
made  from  Comblanchian  stone  weighing  about  172  lb.  per 
cubic  foot  and  having  a  crushing  strength  of  6  to  7  tons  per 
square  inch.  The  bearing  blocks  supporting  the  reinforced 
concrete  deck  were  formed  of  stone  from  Villabois  (Ain), 
having  a  weight  of  165  lb.  per  cubic  foot,  and  a  crushing 
strength  of  from  5,4  to  7,"  tons  per  square  inch. 

.\U  the  stones  were  worked  to  shape  at  the  quarries,  and 
arrangements  were  made  at  the  site  of  the  bridge  to  reduce 
the  subsequent  handling  to  the  lowest  possible  amount.  On 
arrival  at  the  yards,  the  stones  were  lifted  by  means  of  an 
electrically  driven  traveler  on  to  trucks  running  on  a  60  cm, 
gage  line  lying  between  the  traveler  rails.     On  these  tracks 
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the  stone  were  taken  to  the  end  of  a  service  bridge  erected 
between  the  two  rows  of  arches.  They  were  then  carried 
out  along  this  service  bridge  by  means  of  an  electrically 
driven  ropeway,  and  were  lifted  into  their  final  position  by 
means  of  an  electrically  driven  traveler  running  on  rails 
laid  one  on  each  side  of  each  row  of  arches. 

The  arches  were  constructed  successively  from  the  right 
to  the  left  bank  of  the  river.  The  program  drawn  up  cov- 
ered the  erection  first  of  the  upstream  series  of  arches,  fol- 
lowed by  the  downstream  series,  the  same  centering  being 
employed  for  both.  Strictly  speaking,  on  this  plan,  center- 
ing for  three  arches  onl.N  would  have  been  req\iired.  In  the 
end,  however,  largely  in  order  to  gain  time,  the  two  series 
of  arches  were  erected  simultaneously,  so  that  the  re-eni- 
j)loyment  of  most  of  the  centering  was  rendered  impossible. 


As  a  prevention  against  a  rise  of  the  river  resulting  in  pre- 
malure  decentering.  these  boxes  were  submerged  in  paraffin 
wa.\  contained  in  wooden  tubes.  The  decentering  of  the 
arches  was  carried  out  35  days,  on  the  average,  after  the 
last  joint  was  made.  The  settlement  which  occurred  in  de- 
ceniPiin.g  was  as  follows: 

.\rc}i  .\"o.                                                        Df centered.  Settlement. 

1   iip.stream Kel>.  lit,  1915  0..'!94  in. 

■-'  upstream Mar  IT,  liil.i  0..'i20  in. 

:;   niistream .\layl4.]»15  0.094  in. 

1   \ip.-itr.-am lune  19.  1915  O.O.'S  in. 

1   (iowMstream Feh,  17.  191."i  O.Kid  in. 

:;  cliiwnslriani \|jr'l  37.  1915  0..fl5  in. 

:;  <lou  nstreaiii Jlav  2S.  1915  0.079  in. 

4  ciciwnsir.'ani lul.v  IS.  1915  O.nns  in. 

These  figures  are  below  those  which  were  predicted. 

The  design  of  the  reinforced  concrete  deck  of  the  bridge 

DryCotir^ 


t — 


/Dry  Course 


Fig.   1 — View   Showing    Method  of   Building  the   Arches. 


For  various  reasons,  it  was  preferred  to  employ  metallic 
centering  instead  of  wooden.  The  arrangement,  as  adopted 
tor  the  largest  arch,  is  illustrated  in  Fig.  1.  The  total 
weight  of  steel  employed  for  the  centerings  was  066  tons. 
Each  of  the  principal  arches,  as  shown  on  the  same  engrav- 
ing, is  composed  of  three  courses  of  masonry  at  the  spring- 
ings,  and  two  at  the  crown.  The  voussoirs  fit  into  each 
other  after  the  manner  of  gear  wheel  teeth,  both  in  the 
longitudinal  and  the  transverse  direction.  The  first  course 
was  laid  down  in  eight  sections  supported  on  angle  pieces, 
the  sections  being  arranged  symmetrically  and  in  such  a 
manner  as  not  to  cause  the  centering  to  suffer  any  deforma- 
tion. The  joints  were  filled  with  mortar  rammed  in  by 
means  of  iron  beetles.  The  filling  was  commenced  at  the 
highest  joints,  the  succeeding  joints  being  completed  in  suc- 
cession at  properly  chosen  intervals  of  time. 

The   centering   was   supported  on   boxes   containing   sand. 


is  carried  out  on  the  Hennibique  system.  Work  upon  it  was 
begun  on  Oct.  !nh.  IHllJ,  and  finished  on  Oct.  30th,  1917.  The 
deck  has  a  length  of  about  72Si/.  ft.,  and  a  width  of  some 
.53%  ft.  Its  surface  measures  about  3S.970  sq.  ft.,  and  its 
volume  42,:;7:!  cu.  ft.  Approximately  270  tons  of  steel  or 
iron  and  42.")  tons  of  Portland  cement  were  used  in  its  con- 
struction. 

The  roadway  and  footpaths  are  carried  on  reinforced  con- 
crete beams  measuring  5  ft.  7  in.  at  the  center,  and  '.',  ft.  1% 
in.  at  the  ends.  These  beams  are  formed  of  a  flange  meas- 
uring l.j  in.  by  13%  in.  on  the  top  side,  and  a  12%  in.  by  9% 
in.  flange  on  tlie  underside,  the  flanges  being  united  by  struts 
having  a  section  of  12%  in.  by  It's  in.  each.  The  spaces  be- 
tween the  struts  are  occupied  by  partitions  about  4  in.  thick. 
The  two  extremities  of  each  beam  rest  on  low  raised  facin? 
measuring  19%  in.  by  27io  in.  formed  on  the  top  surface  of 
the  arches  or  of  the  spandrel  columns. 
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Beneath  the  roudwiiy  Is  a  luyer  of  rouRh  concrete  «>^  in. 
thick  aivlUea  Into  :>  panels  by  tour  longltnulnals  inensurInK 
T-s  in.  by  y's  In.  "ml  spaced  T  ft.  lOVi  I"-  «I>"rt  The  foot- 
ways are  fornieil  on  a  layer  of  concrete  :!>m  in.  thick  car- 
rleil  on  a  lonKliuillnal  near  the  curb,  ami  on  a  low  wall  unit- 
Ins  the  ends  of  the  cross  beams.  A  double  line  of  tram 
rails  was  laid  on  the  concrete  surface  of  the  roadway  diir- 
ini;  Its  formation,  and  special  provision  was  made  to  avoid 
the  return  current  actluR  injuriously  on  the  reinforced  con- 
crete. The  surface  of  the  roadway  is  formed  of  creosoted 
wowl  blocks,  while  the  footways  are  asphalted.  Under  eact 
footway,  between  the  ends  of  the  cross  beams  and  the  para- 
l>et.  a  rectanKular  channel  measurluK  4  ft.  7  in.  by  ;!  ft.  9  in. 
Is  formed,  for  the  reception  of  water.  Rns.  electricity  and 
telephone  mains.  .XrranRements  are  made  so  that  these 
channels  may  be  entered  al  any  lime  for  the  Inspection,  etc., 
of  the  mains. 

The  bridge  is  lighted  by  ten  pairs  of  -100  cp.  electric  lights 
carried  on  U>e  standards  for  the  overhead  wires  of  the  tram- 
ways, and  by  L'O  f.no  cp.  lamps  on  separate  posts.  The 
lamps  employed  are  of  the  '  half-watf  incandescent  type 
The  moan  Illumination  on  the  central  axis  of  the  bridge  is 
UVS  candles.  The  minimum  illumlnnlion  occurs  at  the  cen- 
ter of  each  bay.  and  amounts  to  eight  candles,  while  the 
maximum  occurs  at  the  piers,  and  is  fourteen  candles.  The 
ratio  of  the  minimum  to  the  mean  illumination,  namely.  0.7r.. 
Is  regarded  as  very  satisfactory. 

The  total  cost  of  the  bridge  Is  estimated  at  about  $430,000. 
The  length  of  the  bridge  being  74,^  ft.  and  the  useful  width 
65ii  ft.,  the  cost  in  round  figures  is  equivalent  to  $55S  per 
lineal  foot,  and  $S.40  per  square  foot.  These  figures  are 
considerably  less  than  the  corresponding  figures  for  metallic 
brid.ges  of  recent  erection  at  Lyons,  a  remarkable  result  in 
view  of  the  appreciation  in  all  directions  res\ilting  from  the 
war.  The  bridge  was  constructed  under  the  direction  of  M. 
Chalumeau.  chief  engineer  to  the  city  of  Lyons. 


Mahoning  Valley  Engineers'  Schedule  of 

Fees 

The  Mahoning  Valley.  Ohio,  engineers,  have  a  standard 
fee  schedule.  The  fihedule.  as  given  in  the  191S  report  of 
the  Committee  of  Standard  Fees  of  the  Iowa  Engineering 
Society  is  as  follows: 

Per  Diem  Rate.— Consultation,  opinion,  testimony,  pre- 
liminary investigation,  reports,  and  consulting  capacity 
upon  design,  minimum.  $25  per  day.  (While  absent  from 
city,  attending  court,  or  similar  duties,  or  traveling,  each 
day  of  24  hours,  or  fraction  thereof  shall  be  considered  as 
one  day  irrespective  of  the  actual  time  spent  on  the  case. 
Otherwise  seven  hours  shall  constitute  one  day.)  For  ex- 
amination or  reports  of  an  extensive  nature  coverin.a:  sev- 
eral days,  minimum.  $15  per  day.  Engineer  in  charg*  o' 
field  work,  minimum.  $10  per  day.  Assistants,  classed  as 
instrumentman  of  party,  minimum.  $5  per  day.  Assistants, 
classed  as  rodmen.  chainmen,  etc..  minimum  $3.50  per  day. 
Inspector  on  paving,  sewer,  etc..  minimum.  $3.50  per  day. 
Minimum  charge  for  field  work.  $10.  To  all  the  above  an 
additional  charge  will  be  made  to  cover  actual  expense,  in- 
cluding $]0.    Residence  lot.  minimum  charge,  $10. 

Office  Work.— Calculating,  draughting,  etc.,  $10  per  day. 
Minimum  charge.  $2.50.  Minimum  charge  for  one  map,  $5. 
Engineer  to  retain  original  drawings,  but  to  furnish  one 
print  copy  to  client  and  if  plat  is  for  public  record  one  copy 
on  tracing  cloth  in  addition.  Additional  copies  to  be  fur- 
nished client  at  cost. 

Percentage  of  Cost.-  Engineering  and  supervision  for 
sewer  district  or  system,  or  disposal  plant,  minimum; 

Contracts  under  $3,000.  per  diem  rate.  Contracts  under 
$30,000:  First  $15,000.  S  per  cent  of  estimate.  Second 
$15,000.  714  per  cent  of  estimate. 

For  Paving.— Contracts  under  $3,000,  per  diem  rate.  Con- 
tracts under  $30,000:  First  $15,000,  7  per  cent  of  cost.  Sec- 
ond $15,000,  6%  per  cent  of  cost.  Client  to  pay  for  one  in- 
spector on  percentage  work. 

The  above  rates  are  a  base  for  contracts  with  a  reason- 
able time  limit  in  the  contract  and  all  overtime  to  be  based 
on   the   per  diem   rate. 


Constructive  Criticism  oi  Archi- 
tects* 

By  OSCAR  WKNUKKOV! .. 
I'oiinor  Supi-rvl.-ilne  .Vrohltoct  of  the  1  .><.  Tronaur.v  1  Hpaitment. 
The  present  world  war  is  causing  many  of  us  to  think 
more  deeply  about  things  than  we  ever  have  done  and  un- 
doubtedly win  effect  more  than  one  revolution  in  previously 
accepted  methods  and  systems.  1  have  no  liesltation  In 
stating  that  one  of  these  changes  will  bo  lo  deprive  the 
architect  of  much  of  the  auto<rMll(  niithority  v.hicli  he  has 
heretofore  possessed. 

For  a  long  time  1  have  believed  llia(  the  ariliilect  has  had 
the  wrong  point  of  view  in  considering  liiniself  purely  as  a 
professional  man  and  in  arrogating  to  himself  a  position  in 
society  beside  the  recognized  professions — such  as  medicine 
and  the  law— and  in  trying  to  place  himself  in  much  the 
same  category  with  painters,  musicians  and  sculptors. 

The  architect's  W)pk  is  not  personal  in  the  manner  of  the 
work  of  those  with  whom  he  seeks  to  class  himself.  When 
the  painter  has  completed  a  canvas:  when  the  writer  has 
set  down  the  las'  ivoi  of  his  manuscript;  when  the  com- 
poser has  placed  ilie  ■■  l  hieroglyphic  on  his  score,  he  is 
finished.  It  may  be,  at  ai  the  case  of  the  composer,  that  his 
ideas  must  be  expr>-  sed  in  another  medium  than  that  he 
used  in  recordinf,  th  ui.  but  a  musical  composition  is  per- 
formed directly  from  '.>■  ccn-noser's  score  and  the  perform- 
ances may  be  repeate.  .u  all  their  pristine  freshness  of  in- 
spiration long  after  the  •  .)i  -nosei  himself  has  "gone  west." 
That,  however,  is  merely  a  matter  of  method  imposed  by  the 
very  nature  of  the  art  of  niiisic. 

When  the  work  of  an  archil/>.-t  reaches  the  stage  attained 
by  a  composer  upon  the  comp'rtion  of  a  musical  score  he 
may  be  said  onlv  to  have  commenced.  Up  to  that  point, 
the  architect's  work  has  been  largely  intellectual.  It  has 
been  concerned  wilh  the  academic  solution  of  the  particular 
problem:  with  matters  of  design,  with  the  preparation  of 
highly  technical  drawings,  highly  technical  specifications, 
etc.  Up  to  this  time,  the  architect  may  be  said  to  work 
much  in  the  manner  of  the  attorney  who  seeks  a  legal  solu- 
tion of  a  given  legal  problem  and  then  embodies  his  conclu- 
sions in  a  legal  brief.  At  this  stage  the  lawyer  may  be  said 
to  have  completed  his  work,  but  not  so  the  architect. 

The  architect's  ideas  are  expressed  conventionally  by 
means  of  drawings  and  specifications  but  they  may  be  trans- 
lated into  terms  of  building  construction  only  by  setting  in 
motion  numerous  agencies  that  trade  in  the  elements  of 
building  construction— not  as  matters  of  art— but  purely  as 
matters  of  business.  And  the  architect  must  deal  with 
these  agencies  on  a  business  basis. 

Because  of  this  necessity  of  dealing  with  business  agen- 
cies before  his  ideas  may  be  expressed  in  physical  forms, 
the  position  of  the  architect  in  the  scheme  of  things  differs 
fundamentally  from  that  of  the  physician,  the  attorney,  the 
writer,  the  dramatist,  the  poet,  the  sculptor,  the  musician. 
On  the  other  hand,  the  architect  cannot  be  allied  with  the 
exponents  of  the  various  industrial  arts.  Lighting  fixture 
manufacturers,  furniture  manufacturers,  silver  and  gold 
smiths  stand  on  the  same  plane  with  architects  in  matters 
of  design.  In  fact,  some  of  them  produce  works  that  in 
genuine  inspiration,  individuality  and  skill  are  more  really 
akin  to  the  work  of  the  true  artist  than  is  the  work  of  very 
manv  of  the  most  eminenjt  architects.  But  these  artificers, 
cunning  and  skilful  as  they  are.  do  not  sell  a  "service"; 
thev  market  a  finished  product. 

The  architect  will  find  his  "place  in  the  sun"  only  when 
he  understands  thoroughly  the  nature  of  the  service  he 
should  render  to  society.  More  than  anything  else,  his  posi- 
tion is  that  of  a  trust  officer. 

A  client  places  in  the  hands  of  his  architect  a  sum  of 
money.  The  architect  is  asked  to  expend  this  sum  for  the 
client  in  the  creation  of  a  building  in  which  the  client  may 
conduct  his  business  more  economically  or  efficientlv.  or  in 
which  he  mav  live  in  greater  comfort,  or  out  of  which  he 
mav  derive  an  income,  or  by  means  of  which  the  health  or 
convenience  of  the  public  may  be  conserved. 
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It  is  true  that  a  limited  portion  ol  the  architects  worii  is 
concerned  witli  purely  decorative  matters— such  as  the  de- 
sign of  monuments,  fountains,  etc..  but  even  these  invest- 
ments bring  in  a  return. 

Save  when  the  architect  has  the  luck  to  marr.v  a  rich  wite 
and  so  may  build  a  house  for  himself,  he  is  solely  occupied 
with  directing  the  expenditure  of  the  money  of  others.  This 
is  a  serious  and  sacred  responsibility;  it  is  the  function  the 
exercise  of  which  differentiates  the  architect  absolutely 
from  the  lawyer,  the  physician  and  the  members  of  the 
other  so-called  "professions"  and  is  the  thing  that  allies  hiin 
with  the  trust  officer  in  so  far  as  his  relation  to  society  is 
concerned. 

No  man  in  his  sober  senses  would  place  any  part  of  his 
own  estate,  or  the  estate  of  another,  in  the  hands  of  a  trust 
company  the  officers  of  which  were  notorious  for  iridescent 
financial  dreams  but  criminally  lacking  in  judgment  regard- 
ing the  value  of  investments. 

N'o  man  in  his  sober  senses  should  place  any  of  his  money 
in  the  hands  of  an  architect  for  investment  in  building  con- 
struction, if  the  architect  is  able  only  to  produce  clever  and 
enticing  things  on  paper  and  lacks  the  business  organiza- 
tion for  translating  them  efficiently  into  terms  of  building. 

The  architect  who  does  not  surround  himself  with  a  busi- 
ness organization,  who  does  not  know  business  methods, 
who  is  unfamiliar  with  buildings  costs,  who  is  not  skilled  in 
buying,  as  the  agent  of  his  client,  and  who  does  not  obtain 
for  his  client  the  best  quality  of  building  construction  at  the 
proper  price  is  not  discharging  his  whole  duty  to  his  client. 
He  is  a  menace  to  society  ami  he  should  be  restrained  from 
[iractising  independently. 

The  autocratic  attitude  of  the  architect  is  undoubtedly 
due  to  the  fact  that  for  years  he  has  been  trained  to  be- 
lieve that  when  he  has  conceived  an  academic  solution  of  a 
problem,  everything  el.se  is  of  minor  importance.  Obsessed 
with  this  idea  of  superiority,  the  architect  assumes  a  con- 
temptuous attitude  towards  all  matters  of  business,  towards 
contractors,  towards  engineers,  and  may  even  place  but  lit- 
tle -^alue  upon  the  technical  adequacy  of  his  own  working 
drawings  and  his  own  specifications. 

That  this  autocratic  attitude  brings  it"  own  punishment  is 
commencing  to  become  evident.  Owners  are  going  to 
"others  who  build  better,  more  efficiently  and  more  econom- 
ically under  the  name  of  architectural  or  engineering  con- 
tracting firms."  This  the  architect  has  brought  upon  him- 
self. 

There  is  much  fine  architecture  produced  in  this  country, 
and  a  large  proportion  of  it  is  done  by  individuals  and  firms 
with  enviable  reputations — in  the  "profession."  We  think 
of  these  individuals  as  acquiring  their  reputations  and  their 
large  practices  solely  through  the  architectural  quality  of 
their  work.  But  if  we  analyze  the  situation,  we  find  that 
such  is  not  the  case.  The  architects  who  stand  highest  are 
as  keen  "business  getters"  as  is  anyone  else.  They  do  not 
advertise  directly — yet — and  they  may  avoid  unregulated 
competitions  as  much  as  possible,  but  they  seek  work  by 
means  of  personal  and  social  connections  to  an  extent  that 
would  make  a  reputable  physician  blush  with  shame.  But 
the  architect  has  been  forced  to  adopt  these  devious 
methods  of  obtaining  work  because  he  has  thought  it  neces- 
sary to  hide  behind  a  thin  camouflage  of  alleged  "profes- 
sionalism." which  prevents  him  from  seeking  employment 
openly.  When,  however,  the  architect  realizes  that  his  serv- 
ice to  his  client  must  rest  upon  a  firm  foundation  of  busi- 
ness efficiency  he  will  be  able  to  approach  the  client  from 
that  angle  and  he  will  obtain  work  because  of  what  he  can 
do  rather  than  because  of  the  number  of  friends  he  has. 

There  are  architectural  organizations  that  have  financial 
conections  and  that  assist  clients  in  financing  building  proj- 
ects. This  is  an  entirely  legitimate  service  for  which  these 
organizations  are  as  much  entitled  to  demand  fees  as  are 
the  bond  and  mortgage  houses.  But  it  is  looked  down  upon 
more  or  less.  Why?  Because  these  organizations  use  their 
financial  connections  as  levers  to  obtain  employment  for 
themselves  as — architects.  They  are  "playing  both  ends 
against  the  middle":  they  are  looked  upon  with  suspicion 
and  they  are  considered  as  engaged  in  unethical  and  repre 
hensible  practices  merely  because  the  "professional"  stand- 
ing which  the  architects  of  this  country  are  frying  vainly  to 


attain  for  themselves  is  based  ujion  entirelv  false  premises 
through  ignoring  the  fundamentally  important  function  of 
the  architect  as  a  business  man. 

The  ofiices  in  this  country  that  have  great  architectural 
reputations  do  not  exist  solely  because  of  the  quality  of 
their  architectural  work.  They  survive,  first,  because  they 
are  business  getters— regardless  of  their  devious  methods 
"1  obtaining  work  and.  second,  because  in  each  such  organ- 
izaticm  there  is  a  "power  behind  the  throne."  The  "power" 
IS  u.sually  an  engineer!  He  has  an  understanding  of,  and 
an  apreciation  of.  matters  architectural  because  he  is  edu- 
cated and  a-gentleman.  This  is  the  chap  who  prevents 
the  "long-haired"  contingent  from  sending  the  concern  on 
the  rocks.  He  is  looked  down  ujion  somewhat  because  he 
is  engaged  in  such  sordid  activities  as  directing  the  busi- 
ness end.  managing  the  office  at  a  profit,  discussing  busi- 
ness matters  with  clients,  checking  bids  and  estimates,  di- 
recting the  specification  writing,  passing  upon  engineering 
and  structural  matters,  adjusting  costs  with  contractors  and 
doing  quietly  the  things  that  to  the  client  represent  the 
really  valuable  part  of  the  architect's  service. 

It  is  desirable,  of  course,  that  the  client  should  appreciate 
the  purely  architectural  worth  of  the  architect's  service, 
because  the  future  of  the  "art"  side  of  architecture  in  this 
country  depends  upon  the  intelligent  encouragement  of  the 
architect  by  the  client— as  a  patron— but,  after  all,  the  thing 
that  touches  the  client  closest  is  the  manner  in  which  the 
architect  spends  his,  the  client's  money,  and  the  value  ob- 
tained for  it. 

The  business  of  architecture  today  is  doubtless  more 
complicated  than  any  other  activity.  The  architect's  office 
is  a  sort  of  department  store,  dealing  in  miscellaneous  serv- 
ice instead  of  in  miscellaneous  merchandise. 

The  matter  of  architectural  design  is  a  profession  in  it- 
self. A  knowledge  of  the  theory  of  design  and  the  experi- 
ence  neces.sary  to  apply  this  knowledge  to  the  solution  of 
actual  problems  is  as  much  as  any  one  man  can  master  in 
the  short  span  of  a  lifetime— and  many  of  us  do  not  proceed 
very  far  along  this  difficult  road,  at  that.  But  the  capable 
designer— the  man  whose  work  can  be  used— must  have  a 
working  knowledge  of  the  characteristics  of  materials.  In 
additfon.  he  is  required  to  be  familiar  with  color  in  design, 
with  ornament,  etc.  He  must  know  the  industrial  arts  in 
order  that  he  may  select  intelligently  the  lighting  fixtures, 
the  rugs,  the  furniture,  the  hangings,  etc.,  that  will  best 
compose  with  his  own  work. 

But  these  academic  matters  are  not  the  sum  total  of  the 
architect's  service. 

If  he  succeeds,  his  organization  must  be  able  to  obtain 
business.  Somebody  must  be  a  salesman,  whether  he  re- 
sents being  known  as  such  or  not.  If  there  is  no  salesman 
in  the  organization,  the  service  of  the  organization  will  not 
lie  marketed. 

In  the  development  of  the  working  drawings  and  specifi- 
cations the  architect  is  assisted  by  men  who.  with  the  ex- 
ception of  a  very  few,  are  chosen  because  their  mental  bias 
does  not  incline  them  towards  architectural  design,  per  se. 
These  are  the  "job  captains"  who  must  have  executive  abil- 
ity and  must  know  how  all  kinds  of  materials  used  in  build- 
ing construction  are  combined,  in  order  that  they  may  be 
intelligently  indicated  on  the  drawings,  and  these  are  the 
men  who  must  know  all  about  qualities  of  materials,  sources 
of  supply,  etc..  in  order  that  they  may  include  in  the  speci- 
Hcations  the  information  that  may  not  he  placed  on  draw- 
ings. 

Then  there  is  the  engineering  contribution,  none  of  which 
has  anything  whatever  to  do  with  considerations  of  archi- 
tectural design.  This  work  calls  for  a  very  high  order  of 
skill  and  intelligence,  and  let  it  be  noted  here  that  the  "big" 
engineers  display  in  their  work  the  same  qualities  of  imag- 
ination— the  same  creative  instincts — that  make  for  distinc- 
tion in  the  work  of  the  "big"    architects. 

Then  there  are  all  the  dealings  with  contractors.  I  un- 
derstand that  there  are  some  two  hundred  trades  that,  in  one 
way  or  another,  contribute  to  the  various  classes  of  build- 
ing construction  for  which  the  architect  prepares  designs. 
To  each  one  of  these  businesses  a  man  will  devote  the  study 
of  a  lifetime  and  then  only  become  versed  in  one  phase  of 
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H.     But  the  architect  must  have  some  famlllmity  wliti  all  ol 
these  things. 

Itui  a  wide  knowledce  of  the  ilistrlbtition  of  Ixillilini;  niii- 
lerlnls  tind  liuiKlInK  products  does  uol  in  Itself  nlve  a  iiuiu 
the  abllitx  to  deal  successfully  with  liulldiUK  contractors 
and  the  manufacturers  of  tiulKlinK  products.  That  is  a  mat- 
ter of  business  and  demands  a  Ivnowledse  of  business  rela 
lions.  It  is  an  executive  rather  than  a  techtiical  function. 
The  direction  of  the  construction  of  a  bnildiu):  "in  the 
Held"  Is  not  an  nrllstic  matter,  save  for  the  passlnn  upon 
rarvlnii.  color*,  textures,  etc..  and  this  Is  done  by  most  busy 
nrchltiH-ts  In  the  ortice  nuiny  of  them,  in  fact,  never  ac- 
tually see  the  buildlnKS  that  are  erected  at  any  considerable 
dl«tanrt>  fr»)m  their  ortlces.  I'apable  superintendence  is  n 
thlnK  In  Itself.  A  man  ntay  be  a  good  job  captain,  may 
write  a  fine  specification  or  may  direct  the  business  details 
of  a  considerable  operation  and  yet  may  not  be  able,  for  the 
life  of  him,  to  tell  whether  a  certain  batch  of  concrete  is  or 
is  not  belnj;  mixed  properly. 

The  architect  does  considerable  bookkeepinp  in  conneition 
with  his  clients'  accounts,  with  payments  to  conlraclors, 
with  extras,  credits,  etc.,  and  if  he  Is  to  keep  things  straight 
this  work  must  be  managed  as  carefully  as  It  is  in  any  b\isi- 
ness  office. 

In  matters  of  correspondence,  adjusting  controversies,  mak- 
inc  final  settlements,  dealings  with  clients,  etc.,  etc..  the 
architect  discharges  a  business  function  that,  in  essence,  is 
no  whit  different  from  the  business  function  of  the  despised 
contractor— except  that  the  latter  probably  does  these 
things  much  more  intelligently  and  efTectively. 

There  is  no  one  man  living  and  there  never  will  be  a  man 
born  who,  of  himself,  can  do  all  these  things.  I  do  not  be- 
lieve that  any  architect  ever  tried  to  persuade  himself  that 
he  could  do  all  of  them.  The  trouble  is  that  he  has  been 
compelled  to  think  of  himself  as  a  professional  man  doins 
a  personal  thing.  The  result  is  that  he  places  an  impor- 
tance upon  the  particular  element  of  his  service  in  which 
he  has  skill  and  considetTS  everything  else  as  subordinate 
and  immaterial. 

If  it  is  true  that  no  living  being  could  render  with  uniform 
skill  all  the  kinds  of  service  that,  together,  make  up  the 
contribution  of  the  architect,  it  necessarily  follows  that  the 
complete  service  may  only  be  offered  by  a  number  of  men 
working  together,  each  one  contributing  an  important  and 
necessary,  but  difterent,  element. 

Such  a  group  must  be  made  up  of  a  business  getter,  a 
master  of  architectural  design,  a  structural  engineer,  a  me- 
chanical engineer  (heating,  ventilating,  sanitationi,  an  elec- 
trical engineer,  a  business  administrator  and  a  technical 
director.  An  organization  thus  constituted  is  a  b\isiness  or- 
ganization: by  no  stretch  of  the  imagination  could  it  be 
considered  as  a  professional  organization.  1  speak  now  of 
an  organization  in  which  each  one  of  the  elements  of  the 
architect's  service  is  given  its  proper  relative  weight  and 
is  directed  by  a  man  who,  in  his  jwrticular  thing,  is  as 
skilled  as  is  "the  architect. "  That  the  architect  may,  and 
usually  does,  employ  outside  practitioners  to  supply  him 
the  necessary  engineering  skill  does  not  affect  the  main 
argument  which  is  that  a  properly  balanced  architectural 
organization  must  be  a  business  organization:  it  cannot  be 
a  personal  and  professional  one. 

The  reason  that  the  architect  must  surround  himself  with 
men  of  business  and  executive  ability  is  that  the  great  bulk 
of  his  service  to  his  client  and  to  the  community  is  a  busi- 
ness service;  in  fact,  architectural  design,  per  se.  is  really 
the  smallest  element  in  the  architect's  service,  althottgh 
most  conspicuous. 

That  architectural  design  is  the  least  weighty  element  in 
the  architect's  service  is  proved  by  the  number  of  architects 
in  this  country  who  build  up  large  businesses  without  using 
it  at  all.  These  men  do  everything  else  that  the  complete 
architectural  organization  should  furnish  and  they  succeed 
because  of  the  value  to  their  clients  of  the  things  that  they 
actually  do  furnish. 

The  man  who  is  a  business  getter,  who  has  an  efficient  or- 
ganization, who  handles  his  practice  as  a  "business  proposi- 
tion." who  administers  the  work  of  construction  adequately, 
who  is  a  capable  buyer  for  his  client  and  who  keeps  measur- 
ably within  his  clients  limit  of  cost   will  build  up  a   large 
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and  well-paying  "practice"  with  Ihe  least  possible  expendi- 
lure  of  lhou.t:h(  on  matters  of  academic  design.  And  sucli 
a  n\an  i-arns  all  of  the  considerable  sums  be  Is  paid  because 
be     delivers  "  goods  that  bavi'  value, 

tin  (he  other  hand,  a  man  may  have  great  talent  and  may 
be  highly  trained  in  nuitters  of  pure  design  and  nuiy— starve 
in  a  garret  because  he  has  neither  the  necessary  business 
(|iuilities  for  success  nor  the  sense  to  conned  with  the  right 
people. 

.\fter  all,  it  is  success  we  all  are  aiming  for.  What  good 
does  it  do  a  man  to  have  great  talent  if  he  is  given  no  op- 
portunities for  exercising  if."  And  in  architecture,  above 
everything  else,  the  opifirt unities  for  doing  big  and  interest- 
ing things  depend  almost  entirely  upon  getliim  the  busi- 
ness." 

The  architect  today  who  is  trying  to  impress  his  client 
with  the  idea  that  he.  the  architect,  is  engaged  in  i)ersonal 
and  professional  work  is  constantly  playing  a  heart-break- 
ing game  of  blutl'.  Instead  of  telling  the  client  franklx  that 
he  is  but  one-  though  perhaps  the  principal  -member  of  an 
organization  that  is  oft'ering  the  client  a  very  complete 
service,  he  must  try  to  impress  the  client  with  the  belief 
that  he  is  the  "whole  thing."  So  he  keeps  his  associates  in 
the  background,  for  to  admit  that  their  contribution  was  as 
essential  as  his.  would  destroy  the  air  of  professionalism 
and  of  personal  service  that  a  mistaken  theory  requires  him 
to  try  and  nuiinlain.  So  he  bluffs  and  bluffs,  making  wild 
guesses  now  and  then,  until  finally  he  is  found  out. 

One  cannot  conceive  of  a  man  engaged  in  true  profes- 
sional work  having  about  him  an  organization  such  as  is  ab- 
solutely necessary  to  (he  architect  if  the  latter  is  to  dis- 
charge fully  his  obligation  to  his  client  and  to  the  com- 
muiiity.  .\o  professional  man  would  undertake  to  do  a 
number  of  things  in  most  of  which  he  had  no  skill.  Such  a 
professional  man  would  be  set  down  immediately  as  a  char- 
latan because  he  would  be  operating  a  business  under  the 
guise  of  a  profession. 

Plenty  of  instances  of  similarity  may  be  foimd  between 
the  organization  of  the  architect's  ideal  office  and  the  or- 
ganization of  business  insiitutions.  but  none  whatever  can 
be  discerned  between  the  organization  of  such  an  office  and 
a  professional  establishment.  The  reason,  to  reiterate,  is 
that  the  architect's  relation  to  society  is  that  of  a  business 
man  and  not  that  of  the  professions. 

Consider  the  ideal  office.  It  is  organized  somewhat  after 
the  manner  of  a  corporation  engaged  in.  say.  the  manufac- 
ture of  motor  cars.  There  is  the  business  getting  depart- 
ment (the  advertising  department),  which  may  be  the  func- 
tion of  some  one  member,  or  of  more  than  one  member,  of 
the  organization:  there  is  the  architectural  designing  de- 
partment I  which  corresponds  to  the  laboratory  of  the  mo- 
tive engineer):  there  is  the  engineering  department  (which 
corresponds  to  the  machine  shop):  there  is  the  superintend- 
ing department  (which  corresponds  to  the  assembling 
shop):  there  is  the  business  manager's  department  (which 
corresponds  to  the  sales  department)  ami  there  is  the  ex- 
ecutive department. 

In  the  executive  department  the  architect's  organization 
resembles  the  scheme  of  organization  of  the  professional 
man.  But.  then,  every  activity  must  have  a  head — a  direct- 
ing impulse — whether  it  is  a  doctor's  office,  an  architect's 
office,  a  motor  factory  or  a  Governmental  establishment. 
Even  so,  the  architect's  office  may  more  closely  resemble 
the  motor  factory  than  the  doctor's  office.  The  latter  must 
at  least  be  his  own  executive  while  in  the  architect's  office 
the  real  "boss"'  mav  be  the  "power  behind  the  throne"  and 
not  the  titular  head  of  the  organization. 

There  is  another  point  in  which  the  architect's  organiza- 
tion resembles  a  business  organization  and  not  that  of  a 
professional  man.  One,  or  two,  or  all,  of  the  members  of  an 
architectural  firm  may  die  and  the  business  be  continued 
under  their  name  and  without  loss  in  so-called  "profes- 
sional" standing.  "What  would  happen  if,  on  the  death  of  a 
physician,  his  office  assistant — himself  a  graduate  physician 
— should  calmly  "succeed"  to  the  dead  man's  "business," 
continue  to  use  the  dead  man's  name  and  in  the  name  of  the 
dead  man  write  prescriptions?  That  is  inconceivable  in  a 
profession,  because  a  profession  is  a  personal  thing:  a  pro- 
fessional practice  cannot  leave  behind  it  a  ""good-will'"  that 
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can  be  traded  in.  Mm  this  is  possible  and  leuiiimat.-  in  a 
business,  and  that  it  is  known  and  used  in  the  -profession" 
of  architecture  shows  that  notwithstanding  their  claim  to 
being  -professional  men,"  architects  do  realize;  the  purely 
business  aspects  of  their  relation  to  afl'airs. 

Can  anyone  conceive  of  several  physicians  being  known 
as  "Dr.  Smith  &  Co."  save  as  compounders  of  nostrums.' 
Can  anyone  imagine  giving  liis  legal  business  to.  say. 
"Brown,  Jones.  Robinson.  Tompkins  H  Co."?  Did  anyone 
ever  hear  of  a  symphony  being  composed  by  "Beethoven. 
Haydn  &  Company"?  Yet  such  firm  apiM-llations  are  fre- 
quent in  the  so-called  architectural  "profession."  In  fact, 
the  head  of  the  firm  of  I).  H.  liuinham  A:  Co.  became  pre.si- 
dent  of  the  American  Institute  of  Architects.  .Mr.  liiiru- 
ham,  by  the  way.  had  the  right  idea.  He  gathered  about 
him  men  skilled  each  in  doing  one  of  the  many  things  re- 
quired of  an  architect,  while  lie,  himself,  did  the  one  thing 
that  he  knew  how  to  do  best.  Whether  accurately  or  not. 
he  was  quoted  as  saying  that  he  was  a  business  man  who 
had  some  knowledge  of  building. 

The  architect's  ideal  oflice.  organized  as  I  have  described. 
would  raise  the  architectural  standard  in  this  country  ini- 
measurably.  In  such  an  oflice.  the  department  of  architec- 
tural design  would  have  its  own  recognized  place  and  mat- 
ters purely  architectural  would  be  given  due  weight.  The 
chief  of  design  would  probably  not  be  concerned  witli  hus- 
tling for  business,  nor  with  specification  writing,  nor  with 
matters  of  business  administration — all  things  foreign  to  the 
designing  "temperament.  '  All  these  things  would  be  looked 
after  by  men  to  whom  that  sort  of  work  is  congenial.  ICach 
man  would  become  highly  skilled  in  his  particular  subject 
and  the  result  achieved  lor  the  client  would  be  a  fusing  of 
the  best  skill  and  judgment  of  the  several  department  heads. 
Better  architecture  would  be  possible  for  two  reasons. 
First,  the  chief  of  design  would  be  left  free  to  develop  mat- 
ters of  design  to  the  extent  of  his  ability,  and  second,  his 
authority  as  chief  of  design  would  be  respected  because  otie 
of  the  elements  in  the  reputation  of  the  organization  would 
be  the  character  of  its  output  as  architecture.  All  of  that 
would  be  controlled  solely  according  to  the  "policy"  of  the 
organization.  At  the  inception  of  a  project,  there  would  be  a 
"cabinet"  meeting  at  which  each  department  head  would 
see  to  it  that  the  thing  for  which  he  was  to  become  person- 
ally responsible  later  was  given  its  proper  share  of  consid- 
eration. The  result  would  be  something  that  would  repre- 
sent to  the  client  the  best  judgment  of  several  trained  men. 
In  this  way  the  client  would  be  protected  from  having 
foisted  on  him  things  that  would  be  horribly  expensive  to 
construct,  things  that  were  not  adapted  to  his  requirements, 
things  that  would  inevitably  cost  more  than  his  stated  limit 
or  things  that  merely  exjuessed  a  fit  of  indigestion  on  the 
part  of  the  designer. 

Such  an  organization  would  (juicklv  put  out  of  busini-ss 
the  other  type  of  organization  to  which  I  have  referred  —  the 
organization  that  is  effective  as  a  business  unit  but  produces 
work  inferior  architecturally.  The  ideal  organization  would 
do  as  effectively  everything  that  the  other  kind  of  organ- 
ization is  doing  and  in  addition  would  produce  good  archi- 
tecture because  a  reputation  for  excellence  in  design  would 
be  as  much  one  of  its  assets  as  good  business  administration 
is  the  sole  asset  of  the  other  type  of  organization. 

But  it  may  be  objected  that  this  scheme  of  organization 
would  impose  such  a  restraint  upon  tlie  creative  impulse  of 
the  designer  as  virtually  to  destroy  all  inspiration. 

Atiy  designer  who  is  able  to  work  only  when  his  fancy  is 
given  free  rein  is  an  unsafe  person  and  should  be  restrained 
— in  an  asylum.  Much  of  the  discredit  that  has  been  brought 
upon  the  "profession"  of  architecture  is  due  to  the  wild 
schemes  of  architects  who  will  not  consider  the  w-ishes  of 
clients,  who  ignore  limitations  of  cost  and  who  think  they 
are  not  giving  play  to  their  creative  instincts  unless  they 
are  doing  something  thoroughly  irresponsible. 

A  btisiness  organization  that  is  engaged  in  rendering  a 
highly  articulated  service  naturally  forms  itself  into  a  cor- 
poration. In  fact,  this  is  required  by  law  of  certain  types 
of  business  organizations — banks  and  trust  companies,  for 
instance. 

The  ideal  organization  for  an  architect  should  be  a  cor- 
poration.    This  form  tends  to  stability.     Each  head  of  a  de- 

(9) 


partmcnt  is  a  stockholder  and  the  interests  of  the  corjjora- 
tion  are  his  interests  also.  Such  an  organization  tends  to 
inspire  confi<lence  in  the  mind  of  the  client. 

An  architect  may,  of  course,  gather  around  him  men  who 
work  with  him  congenially  and  who  add  to  his  contribution 
the  things  necessary  to  the  complete  service  to  which  the 
client  is  entitled.  The  minor  employes,  of  course,  go  and 
come,  but  when  all  the  principals  except  the  head  hold  posi- 
tions that  are  subject  to  similar  mutations  there  necessarily 
exists  an  element  of  weakness  in  the  organization.  An  or- 
ganization in  which  the  directing  personnel  changes  fre- 
quently can  never  become  well  knit  and  effective.  It  is  only 
when  the  directing  heads  are  part  owners  and  have  a  say 
in  the  business  policy  and  management — to  the  extent  of 
their  ability  and  have.  also,  a  say  in  the  important  matter 
of  hiring  and  liring  that  they  become  wedded  to  the  particu- 
lar business  and  give  it  their  best  efforts. 

These  are  the  signs  of  the  times.  If  the  architects  are  to 
hold  their  own  they  must  understand  that  before  everything 
else  they  must  be  effective  business  men;  that  their  organ- 
izations must  be  founded  upon  business  principles:  tlTat  it 
does  not  suffice  to  produce  fine  "paper  architecture"  and  to 
ignore  or  subordinate  all  the  other  elements  in  the  service 
to  which  the  client  is  justly  entitled:  that  they  must  cease 
to  worship  the  fetish  of  "professionalism."  and  they  must 
cease  to  po.se  as  self-contained  individuals  rendering  an  ex- 
clusive personal  service. 

The  published  statement  tliat  the  clients  are  commencing 
to  go  to  the  "others  who  build  better,  more  efficiently  and 
more  economically  under  the  name  of  architectural  and  en- 
gineering contracting  firms."  may  be  true.  That  these 
"others  have  found  a  profitable  field  is  because  they  are 
capable  and  shrewd  business  men.  And  because  they  are 
capable  and  shrewd,  they  will  fortify  themselves  against  the 
criticisms  and  jealousy  of  the  "legitimate"  architects  by 
doing  as  good  architectural  work  as  the  latter.  F'or  the 
others"  may  employ  skilled  designers  merely  by  making 
the  working  surroundings  attractive  and  they  will  be  smart 
enough  to  do  that  little  thing.  And  at  that  they  will  merely 
be  doing,  what  many  architects  are  doing  anyway — except 
that  they  will  not  allow  the  tail  to  wag  the  dog.  They 
realize  that  it  would  hurt  their  business  reputations  to  be 
classed   as — architects. 

The  only  way  the  architects  can  meet  this  new  situation 
and  save  themselves  is  to  change  their  point  of  view,  reor- 
ganize as  business  institutions  and  by  building  better,  more 
economicaly  and  more  efficiently  try  to  meet  the  growing 
competition  of  the  "architectural  and  engineering  contract- 
ing firms"  that  already  are  taking  work  away  from  them. 


Work  of  the  U.  S.  Housing   Corporation 

The  United  States  Housing  Corporation  on  Nov.  1st, 
im8,  had  already  under  construction  or  ready  to  let.  18,747 
permanent  buildings,  to  house  2?,,:',\'^  families;  1.771  ready- 
cut  buildings,  to  house  as  many  families,  and  300  buildings 
to  house  approximately  'H.\W)  workers  without  their  fam- 
ilies. It  has  established  municipal  utility  improvements 
(osting  over  $1.3.000.000.  has  loaned  ?6.. 500,000  to  public 
utility  corporations  for  necessary  extensions  and  improve- 
ments, and  when  the  close  of  the  war  checked  its  activi- 
ties was  purchasing  and  delivering  building  and  construc- 
tion material  at  the  rate  of  $1,000,000  a  day.  The  engi- 
neering work  alone  called  for  70.000  freight  cars  to  move 
its  materials  In  addition  to  this  through  the  Require- 
ments division  it  has  interested  private  capital 
to  the  extent  of  building  13,000  houses  at  a  cost  of  $43,000,- 
000  under  restriction  imposed  by  the  corporation,  such  as 
limiting   rentals,  etc. 


New  Business  of  Fabricating  Shops  in  1913  Was  56  Per 
Cent  of  Capacity.— The  records  of  the  Bridge  Builders  & 
Structural  Society  as  collected  by  its  secretary,  show  that 
during  the  month  of  December.  I'.tlS.  2!)  per  cent  of  the 
entire  capacity  of  the  bridge  and  structural  shops  of  the 
country  was  contracted  for.  During  the  entire  year  of  191S 
the  new  business  placed  amounted  to  .56  per  cent  of  ca- 
pacity. 


so 
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Method  and  Fornuilas  for  Dimen- 
sioning Wing  Wall  Abut- 
ments 

By   BK.NJ.   L.   WAKKKll. 
KiiKlK'-vrliiK    S.rvUc   ('o..    I'ort    lliiioii.    Mich. 

Since  tlio  top  of  the  wliij;  wall  in  a  wing  abutment  is  maile 
to  pnrnllel  tlu"  slope  of  tlie  All  adjacent .  tlie  dimensions  of 
the  abutment  depend  iirimarily  upon  tlie  angle  made  by  the 
horizontal  projection  of  the  top  of  the  back  of  the  wing  wall 
with  a  normal  to  the  centerline  of  the  roadbed.  This  angle 
i.1  rarely  given  upon  a  working  drawing  since  the  construc- 
tor .-itarts  with  dimensioned  neat  lines  and  works  out  the 
results  indirectly. 

It  is  also  desirable  to  use  such  angles  for  the  neat  lines  as 
lire  readily  laid  out  upon  the  ground  preferably  one  that 
will  work  out  in  even  inches  per  foot  using  the  face  line 
of  the  abutment  extended  as  a  reference  line. 

The  following  formulas  and  methods  permit   the  desired 


line  on  the  face.of  the  wing  with  a  normal  to  the  center  line 
of  the  road   bed,   the   rate   of  batter  on   the   lace     of     the 
wing  X.  to  determine  the  angle  of  batter  =  tf>. 
X  cos  (A+0±Z) 

tan  (fi  = (;'.) 

S  — X  sin  (A+0±Z) 
Kor  stiuare  crossings  Z  =  0  and 
X   cos   (A  +  (/>) 

Ian   ■■  . 

S       X  sin   (A  +  0) 
The  value  of   (A  +  Z)    may  then   be  determiiu'd   :iml   llie 
value  of  L  and  1  found  from  (1)  and  (2). 
A  check  may  be  had  by  writing 

X 

sin  0  = (4) 

S  sec   (A  ±  Z) 
Should  the  value  of  t/i  be  determined   by   the   conditions 
of  layout  the  value  of  x  corresponding  to  the  value  of  ip  used 
may  be  determined  by  solving  (3)  or  (4)  for  x- 

The  foregoing  formulas  involving  </>  assume  that  the  wing 
is  of  uniform  width  at  the  top  as  is  usual  in  most  designs. 


.jMC^-a'ff'jMsS" 


y^ 

-^ 

\ 

r 

\^ 

^^y 

'<A 

'\          -^ 

;   A 

^/ 

y 

,.fl-\  <! 

^ 

^ 

.  y 

/vV 

+ 

1 

t 

\/ 

Hx 

7       ^■■Umifof£armCone  ^ 


Fiq.J 


y^:--.^..% 

v 

^ 

v/ 

if),f^.  Neat  Una 

YrcosB-  X 

y^k 

/X^'"^ 

■< 

\ 

6-A    Fig.J 

'H'O 


Parol le'  L  ines  -^ 


F,g5 


Figs.    1    to   5. 


values  to  be  readily  calculated.     No  special  form  is  recom- 
mended but  should  be  varied  according  to  the  conditions  to 
be  met,  the  values   that   control  the  layout   being  selected 
accordingly.     The   notation   follows: 
Let  II  =  maximum  height  of  wing  above  footing. 
h  =  minimum  height  of  wing  above  footing. 
A=angle  made   by   the  horizontal  projection   of  the 
back  of  the  wing  with  the  face  of  the  abutment. 

a 
S  =  slope  ratio  of  fill  norma!  to  the  g  ^  —  Fig.  1. 

b 
X  =  batter  in  feet  per  foot  on  the  face  of  the  wing. 

0  =:  angle  between   the   horizontal   projection   of   the 

face  of  the  wing  at  the  top  with  the  neat  line 

caused  by  the  batter  x- 
y=r  batter  in  feet  per  foot  on  the  back  of  the  wing, 
e  =  angle  caused  by  reason  of  the  batter  y. 
Z  =:  angle  of  skew. 
B°=  angle  of  cut-off  of  the  end  of  the  wing  with  a 

line  normal  to  the  face  of  the  abutment. 
L  =  length  of  wing  for  height  =  H. 

1  =  length  of  wing  for  height  =  h. 

Figure  1  will  show  the  significance  of  the  above  notation 
probably  clearer  than  the  description  given. 

L  =  SH  sec   (A  It  Z)    (1) 

For  skew  crossings  the  sign  at  Z  will  be  plus  for  one  side 
and  minus   for  the  other. 

When  Z  =  0    L  =  SH  sec  A. 

1  =  S  (H  —  h)  sec  (A  i  Z)    (2) 

The  expression   (A  ±  Z)   representing  the  angle  made  by 
the  line  of  the  back  of  the  wall  with  a  normal  to  the  center 
line  of  the  road  bed. 
Having  the  angle  (A  —  0  ±  Z)  or  angle  made  by  the  neat 


However,  should  the  lines  not  be  parallel,  the  angle  in  the 
brackets  must  be  modified  to  take  the  divergence  into  ac- 
count. In  any  case  the  angle  desired  is  that  made  by  the 
reference  line  to  a  normal  to  the  center  line  of  the  roadbed. 

If  the  batter  "y"  is  given 
y 

sin  e  =  (5) 

S  sec  (A  ±  Z 

If  9  is  given 
y  =  S  sin  e  sec  (A  ±  Z)   (6) 

The  angles  A,  0  and  9  having  been  determined  by  the 
conditions  of  the  layout,  the  next  step  is  to  decide  on  the 
proper  value  of  h  so  that  the  earth  will  in  falling  around 
the  end  of  the  wing  offer  no  encroachment  on  the  opening 
i-equired  to  be  maintained. 

The  clearance  desired  will  depend  upon  the  character- 
istics of  each  individual  crossing,  being  effected  by  align- 
ment and  velocity  of  the  stream,  liability  to  scour,  eleva- 
tion and  frequency  of  high  water,  depth  of  footing  tfelow 
the  natural  surface  and  the  slope  of  the  ground  away  from 
the  stream. 

The  angles  used  at  each  corner  should  be  such  as  to 
render  the  structure  permanent  and  to  preclude  any  lia- 
bility of  the  water  getting  in  back  of  the  structure  and  at 
the  same  time  paying  due  regard  to  economy  of  the  entire 
crossing  including  both  sub  and  superstructure. 

For  short  span  bridges  and  culverts,  a  common  assump- 
tion is  that  the  cone  of  earth  shall,  in  falling  around  the 
end  of  the  wing,  extend  to  the  neat  line  on  the  face  of  the 
main  wall  of  the  abutment  extended  at  the  plane  of  the  top 
of  the  footing. 

In  addition  to  the  notation  already  given 
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Let  \v  =  width  of  abutment  at  the  elevation  ot  the  top 
of  the  wing. 

d  =  distance  below  the  top  of  the  wins  tliat  the  earth 
is  assumed  to  be  measured  vertically. 

Figure  2  shows  the  significance  of  the  above  assumption 
S  (H  — h)   sin  A 

Then    S(h  — d) __ 

cos  (^  ±  Z) 

=  dy  sec  (A  —  B°)  cos  B"  +  w  +  Hx (7) 

If  Z  be  made  ^  O  as  in  square  crossings  and  ^=:B° 
S  (h  —  d)  —  S  (H  —  h)  tan  A  =  dy  cos  .i  +  w  +  Hx. 
Values  for  S,  H.,  A,  d,  z,  y,  x,  w  and  B'  are  to  be  substi- 
tuted in  the  formula  and  solved  for  h. 

In  preparing  a  number  of  similar  designs  it  is  convenient 
to  find  h  in  terms  of  H  thus  simplifying  the  calculations 
for  b  and   1. 

Neglecting  the  effect  of  d,  x,  y,  w  and  B"  as  small  (7)  may 
be  written — 

(H  — h)   sin  A 

^  = (8) 

cos   (A  ±  Z) 

showing  that  the  end  height  is  independent   of  I  lie  rate  of 
slope.     For  square  crossin.gs   Z  ^  0 
H  tan  A 

and         h  ^ ( g ) 

1  +  tan  A 
In  comparing  results  given  by  (7)  and  (8)  it  will  be  found 
that  the  latter  gives  slightly  smaller  values  for  h  and  there- 
by requires  a  slightly  longer  wing  than  the  former. 

In  case  greater  or  less  clearance  is  desired  due  to  depth 
of  footing,  etc.,  such  additional  clearance  or  deduction 
should  be  added  or  subtracted  from  the  right  hand  mem- 
ber of  (7)  and  the  resulting  expression  solved  for  h. 

The  work  remaining  to  be  done  is  to  calculate  the  vari- 
ous lengths  required.  The  following  will  prove  to  be  satis- 
factory in  use  and  can  be  easily  extended  to  cover  any  de- 
sired  layout. 

Figure  3  shows  the  work  necessary  to  compute  the  back 
lines.  In  the  figures  the  values  of  b  and  1  are  presupposed 
to  be  determined  by  road-bed  and  crossing  considerations 
and  are  used  as  a  base  for  the  rest  of  the  computation. 

p  can  be  calculated  from  the  triangle  to  the  left  of  the 
figure. 

When  B°  =  A   p  =  (L  —  1)  tan  O  (10) 

L  and  1  are  calculated  from   (1)   and  (2). 

t  =.  b  +  1  cos  A  —  p  sin  B°  (11) 

o  =  1  sin  A  -f  p  cos  B°  —  Hy   (12) 

m=:o  cosec   (A  —  O)    (13) 

r  =  t  tan    (A  —  9)    (14) 

n=(r  — o)    cot    (A  — 9)     (15) 

n  =  t  —  m  cos    (A  —  9)    (16) 

If  X  and  y  are  expressed  in  inches  per  foot,  12  should  be 
used  as  a  denominator  for  all  expressions  involving  %  -ind 
y,  since  they  are  herein  expressed  in  feet  per  foot. 
When  batters  on  main  and  wing  are  equal 
(A  — 9) 

n  =  b  —  Hy  tan  (17) 

2 
Since  the  angle  of  batter  9  is  usually  rounded  off  to  the 
nearest  minute  and  as  the  intersection  angle  of  the  neat 
lines  is  usually  rather  acute  so  that  a  small  angular  change 
represents  a  rather  large  difference  in  the  measurement 
(17)  should  be  used  only  where  the  rate  of  batter  on  the 
back  of  the  wing  and  mainwall  are  absolutely  equal  and 
the  value  of  9  used  to  the  nearest  second  of  arc. 

Fiigure  4  shows  calculations  necessary  for  the  front  lines 
the  values  of  b'  and  1'  being  used  as  a  base  and  calculated 
from  values  previously  used  for  b  and  1  in  calculating  the 
back  lines. 

Note  that  in  the  following  the  top  lines  of  the  wing  are 
assumed  to  be  parallel.  If  1'  is  not  parallel  to  1  then  the 
values  and  A  and  (A  +  ip)  should  be  modified  to  show  the 
correct  angle   indicated   in   the   figure. 

As  before  p'  is  calculated  from  the  triangle  to  the  left  of 
the    figure. 

When  B°  =  A  then  p  =  (L  — 1)  tan  <t>. 
and  r  =:  1   +   a  constant  depending  on   the  width   of  the 
wing,  the  width  of  the  abutment  at  the  top  and  the  value 
of  A. 


The  value  of  b'  will  likewise  depend  on  the  same  data 
and  the  previously  assigned  value  of  b. 

''  =  b'  +  1'  cos  A  +  p'  sin  B'  (18) 

o'  =  r  sin  A  -f  Hx  —  p'  cos  B°   (19) 

ni'  =  o'  cosec   (A  +  0)    (20) 

"■  =  f  —  m'  cos  (A  +  0)    (2ij 

For  equal  rates  of  batter  x  on  the  wing  and  main  wall 
(A  -f  0) 

11'  =  b'  +  Hx  tan (22) 

2 
The  dimensions  of  the  footing  lines  may  be  calculated  in 
like  manner  if  desired,  however  an  excellent  method  is  to 
apply  a  correction  to  the  length  of  the  neat  lines,  the  cor- 
rection depending  upon  the  offsets  and  the  angle  of  inter- 
section.    See  23-26. 

By  considering  the  reference  line  as  normal  to  the  central 
portion  of  the  abutment  after  b  and  1  have  been  determined 
no  difficulty  will  be  encountered  in  applying  the  methods 
and  formulas  to  skew  abutment  problems. 

In  order  that  the  top  lines  of  the  wing  shall  be  at  the 
same  level  if  a  section  be  taken  normal  to  the  center  line  of 
the  wing,  it  is  necessary  that  the  line  marking  the  begin- 
ning of  the  slope  and  the  direction  of  the  cut-off  on  the 
end  of  the  wing  shall  be  parallel.  This  is  indicated  in 
Fig.  4. 

For  this  reason  the  front  part  of  the  wing  must  be  carried 
level  until  at  a  point  on  a  line  opposite  the  point  where  the 
slope  commences  on  the  back,  thus  introducing  the  constant 
referred  to  in  the  data  for  Fig.  4. 

If,  in  abutments  of  this  type,  the  horizontal  projection  of 
the  top  lines  of  the  wall  are  kept  straight,  a  swing  is  called 
for  in  the  neat  and  wing  tooting  lines.  However,  it  is  simp- 
ler and  the  effect  of  this  feature  is  minimized  if  the  neat 
line  is  maintained  as  a  straight  line  and  the  swing  thrown 
in  the  top  lines  of  the  wing.  The  effect  being  that  the  wall 
is  thickened  a  fraction  of  an  inch  at  its  junction  with  the 
main  wall  where  extra  strength  is  needed.  If  the  swing 
is  thrown  in  the  footing  for  moderate  heights  and  a  rea- 
sonable batter  the  swing  in  the  footing  will  amount  to  sev- 
eral inches  and  render  the  work  harder  to  lay  out  upon 
the  ground. 

Where  the  wing  is  carried  out  level  for  some  5  or  6  ft.  to 
protect  the  approach  and  then  allowed  to  take  the  slope  of 
the  fill  it  would  seem  the  better  practice  to  keep  the  outer 
neat  line  sraight  and  allow  the  top  lines  to  be  controlled 
by  the  rate  of  batter  used  on  the  face.  To  assist  in  finding 
the  corrections  to  be  applied  to  the  lengths  of  the  neat  lines, 
determining  constants,  etc.,  referred  to,  the  following 
formulas  are  given.    Fig.  5. 

The  following  notation  apply  as  shown  in  Fig.  5: 

a  =  [  (y  sec  0)  —  xl  cot  0 (23) 

b  =^  [(x  sec  0)  —  y]  cot  0 (24) 

showing  that  when  x  and  y  are  equal  "a"  and  "b"  are  also 
equal  and  the  line  AO  bisects  the  angle  BAG  =  0. 
Or  as  probably  more  convenient  for  use 
y  —  X  cos  0 
a  = (25)      • 


b  = 


sin  01 
X  —  y  cos  0 


.(26) 


sin  0 

The  formulas  are  perfectly  general  and  in  ease  the  sign 
of  a  or  b  should  work  out  negative  it  should  be  taken  to 
mean  that  the  correction  so  found  should  be  subtracted 
from  the  known  lengths  rather  than  added  as  in  case  of  a 
positive    sign. 

In  some  designs  the  wing  is  joined  to  the  main  wall  by 
means  of  a  curve  tangent  to  the  plane  of  the  top  of  the 
win.g  and  to  the  vertical  of  the  junction  point. 

The  horizontal  projection  of  this  portion  of  the  wall  is 
also  curved  but  for  radii  and  batters  that  are  practicable 
the  effect  is  not  noticeable. 

The  angle  between  the,  horizontal  and   the  slope   of  the 
top  of  the  wall  is  given  by 
cos   (A  ±  Z) 

tan  Q  =  (27) 

S 
where  Q  is  the  angle  between  the  horizontal  and  the  plane 
of  the  top  of  the  wing. 


(11) 


SJ 
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The  cenlral  angle  for  the  arc  then  Is  90  — Q, 

A  tanceni  illslaiu-e  may  then  be  selccleil  that  conforms 
to  the  value  of  b  seleiteil  In  conneollon  with  llie  wiillli  of 
the  road  b»>il  ami  ilu-  value  of  the  radius  of  curvalure  de- 
termined or  the  opposite  proreedure  adopted. 

The  problem  is  then  one  of  solvinR  vviUKS  with  a  slraiRht 
slope  uslnn  H  as  reduced  by  ihe  above  mentioned  tanRent 
distance. 

Abutment  iHvout.t  are  varied  greatly  and  different  consid- 
erations are  sometimes  used  than  those  specially  noted. 
These  considerations,  however.  afTccI  the  values  of  A.  ./i  and 
H  only,  so  it  Is  believed  that  the  methods  given  can  be 
applied  to  Ihe  majority  of  cases  arising  In  practice  with  but 
slight  modiflcation  to  cover  extraordinary  features. 


Daylight  VS.  Sunlij^ht  in  Sawtooth- 
Roof  Construction* 

By  \V.  S.  Brown. 
InduDlrlal  ICnglnoor.  R  V.  Shelilon  &  St>n.  I'roviiloiioo.  R.  I. 
Olffusion  of  daylight  in  sawtooth  buildings  is  obtained 
by  placing  Ihe  sawteeth  so  thai  the  glass  or  lighting  area 
faces  the  northern  sky:  sufficient  intensity  being  depend- 
ent, among  other  things,  upon  the  size  and  slope  of  the 
lighting  area.  Kvenness  of  distribution  is  procured  by  prop- 
erly apportioning  the  lighting  areas.  The  amount  of  direct 
sunlight  admitted  daily,  the  lime  of  its  admission,  and  its 
duration  are  evidently  dependent  upon  three  considerations, 
the  last  two  of  which  may  be  varied  within  certain  practical 
limits.     They   are: 

a  Day  of  Ihe  year,  determining  as  it  does  the  sun's  patli 

across  the  sky: 
b  Direction  in  which  the  lighting  area  faces  as  regards 

points  of  the  compass: 
c  Slope  of  the  lighting  area. 
For  a  given  lighting  area,  a  variation  in  its  slope  is  accom- 
panied by  a  very  appreciable  change  in  the  amount  of  day- 
light admitted.  That  is.  as  the  pitch  of  the  lighting  area  is 
made  steeper,  the  amount  and  duration  of  direct  sunlight 
entering  the  building  is  lessened,  but  only  at  the  expense  of 
the  general  illumination.  Conversely,  as  the  slope  of  the 
lighting  area  is  decreased,  the  intensity  of  daylight  is  cor- 
respondingly increased,  but  there  also  is  concurrent  there- 
with a  greater  amount  and  duration  of  direct  sunlight.  The 
question  then  becomes:  How  steep  should  this  slope  be? 
What  is  the  proper  balance  between  the  two  contending 
requirements  of  little  sunlight  and  much  daylisht?  Also  at 
what  time  of  day  will  direct  solar  rays  fall  upon  the  working 
plane,  in  what  locations  and  volume,  and  for  how  long  a 
period? 

Naturally,  no  general  answer  can  be  given,  but  each  in- 
dividual problem  should  be  worked  out  only  after  careful 
study  has  been  made  of  the  pariieular  conditions  and  re- 
quirements which  have  to  be  met,  not  excluding  first  cost. 
In  the  Southern  States,  for  example,  the  tendency  is  to 
adopt  a  more  nearly  vertical  lighting  area  than  in  the  north- 
ern part  of  the  T'nited  States  or  Canada,  on  account  of  the 
greater  altitude  of  the  sun  and  its  intense  heat.  Occasional- 
ly it  has  been  found  advantageous  to  so  locate  machinery 
as  to  avoid  any  direct  sunlight  during  the  working  hours. 

With  a  view,  therefore,  to  clearing  up  such  questions  as 
these,  the  writer's  firm,  F.  P.  Sheldon  &  Son,  undertook  to 
work  out.  in  connection  with  what  empirical  data  they 
already  had.  a  rational  method  of  design  for  sawtooth-roof 
construction. 

The  subject  is  necessarily  divided  into  two  closely  re- 
lated parts,  the  first  concerning  direct  sunlight,  its  amount, 
time  of  admission,  duration,  and  location  on  the  working 
plane:  the  second  relating  to  intensity  of  daylight  upon  the 
working  plane. 

Part  1.  Orientation  of  Sawtooth  Buildings  and  Slope  of 
the  Lighting  Area  as  Related  to  Requirements  of  Least  Di- 
rect Sunlight. — In  the  practical  problem  of  the  sawtooth 
roof,  the  effective  slope  or  vertical  angle  of  the  lighting 
area,  on  account  of  projecting  jets,  gutters,  and  sash  rails. 


and  the  interference  of  roof  ratlcrs,  etc..  is  greater  than  Ihe 
pitch  of  the  glass  Itself:  this  often  amounts  to  as  much  as 
7  or  10°.  Similarly  Ihe  hoi-izonlal  angle  or  bearing  of  Ihe 
lighting  area  with  respect  to  Ihe  sun's  rays  may  be  greater 
in-  less  than  the  nominal  angle  on  siccount  of  projecting 
vertical  sash  bars,  etc.  This  dilTcn'Mci'  often  auKumls  to 
as  much  as  H  or  8". 

The  position  of  the  sun  at  any  given  time  depemis  ui)on 
the  lalilude  of  Ihe  place,  time  of  day,  and  calendar  date, 
and  may  be  obtained  from  standard  allitudo  and  azimuth 
tables.  Knowing  (liese.  the  lime  of  admission  and  duration 
of  direct  sunliglil  foi-  .-my  day  of  the  year  may  be  calculated 
as   follows: 

In  I'^ig.  ],  let  the  plane  delerniined  by  the  three  points, 
A,  C  and  D.  represent  the  lighting-area  plane,  and  let  points 
A.   1!  :in<l   ]■:  (Ictine  a  plane  parallel  wilh  ihc  horizon.     These 


Fig.     1 — Path    of    Direct    Sunlight. 

two  planes  intersect  in  line  AF.  The  acute  angle  v  is  then 
the  effective  slope  or  vertical  angle  of  the  lighting-area 
plane. 

Also  let  line  AB  represent  the  horizontal  direction  or 
bearing  of  the  sun  with  respect  to  the  building  at  any  as- 
sumed calendar  date  and  time.  That  is.  angle  h  is  the  dif- 
ference between  the  sun's  true  bearing  or  azimuth  and  the 
true  corrected  bearing  or  azimuth  of  the  lighting-area 
ridges,  each  azimuth  being  read  easterly  or  westerly  from 
north,  according  to  whether  morning  or  afternoon  condi- 
tions are  being  computed. 

Now  pass  plane  ABC  through  AB  perpendicular  to  plane 
.ABE  cutting  the  lighting-area  plane  ACD  in  line  CD.  By 
construction  this  plane  also  contains  the  sun's  altitude  lin& 
through  point  A.  Consequently,  it  is  evident  that  if  vertical 
angle  x  is  greater  than  the  altitiide  of  the  sun,  a  condition 
of  total  shade  exists  within  the  building  at  the  given  time. 
And  contrariwise,  if  x  is  less  than  the  solar  altitude,  the 
sun  is  in  front  of  the  plane  of  the  lighting  area  and  some 
direct  sunlight  is  entering  the  building. 

Now,  to  find  x  in  terms  of  v  and  h  (see  Fig.  1), 
AE  =  EDcotv 
and  AB  =  EDcotx 

AE 

and  cos(90  — h)= . 

AB 
Substituting  in  the  last  equation  the  values  of  AE  and  AB, 

cot  V 
cos(90  — h)= 


cot  X 
cot  V 


sin  h  :=- 
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whence, 

cot  X 

and  tan  x  =  sin  h  tan  v    (1) 

From  the  above  equation  exact  information  may  be  ob- 
tained as  to  the  time  of  admission  of  direct  sunlight  and 
the  number  of  hours  of  its  duration.  The  solution  of  a 
numerical  example  will  illustrate  the  method  of  procedure. 
Numerical  Example,  Sunlight  Conditions. — Given  a  saw- 
tooth building  located  in  north  latitude  36°  Orientation  of 
building  is  such  that  azimuth  of  sawtooth  ridges  =  99°  08' 
E.  Angle  of  glass  =  73°.  Required  to  find  sunlight  con- 
ditions on  June  10   (sun's  declination  23°  N.). 


(Zl) 
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By  inspection,  accoidins  to  a/.inuilh  tables,  sunliulit  will 
enter  the  buildin,!;  from  sunrise  until  at  least  9:211  a.  ni. 
apparent  time,  because  the  sun's  azimuth  up  to  thai  time 
is  less  than  that  of  the  sawtooth  ridges.  The  method  now 
consists  in  finding  by  trial  at  what  time  the  sunlight  en- 
tirely disappears  from  the  building. 

Assume  10:20  a.  m.,  at  which  apparent  time,  accordins  to 
the  tables,  the  sun's  azimuth  =:  114°  08'  E.,  and  its  altitude 
64°  46'.  Now,  V  =^  73°  plus  a  correction  for  projecting  jets, 
gutters,  etc.,  as  previously  e.xplained.  (This  may  be  found 
from  detailed  section  of  buildins  and  in  this  case  will  be 
assumed  as  7°.  Then  v  =  73  +  7°  =  80°).  Applying  the 
correction  as  explained  above. 

h  =  114°  08'  —  (90°   08'  —  5°)  =  20". 
Entering  Equation   (1), 

tan  .\  =  sin  20°  ton  80°. 
■whence  x  =  62°  43'. 

Since  at  this  tifne  the  solar  altitude  (64°  46')  is  greater 
than  X,  a  small  angle  of  sunlight  is  entering  the  building 
The  above  process  may  be  repeated  with  a  slightly  greater 
assumed  value  of  h,  with  the  result  that  within  a  few  min- 
utes all  direct  sunlight  will  be  found  to  be  entirely  excluded 
from   the   building. 

To  obtain  afternoon  conditions,  the  operation  should  be 
further  continued  until  such  time  as  sunlight  is  found  to 
re-enter   as   follows : 

In  this  case,  instead  of  assuming  the  time,  and  computing 
li,  the  reverse  method  will  be  pursued  and,  as  a  further 
short  cut,  it  may  be  reasoned  that  since  the  lighting  area 
faces  slightly  toward  the  east  (that  is,  N.  9°  8'  E.),  h  at  the 
transition  period  will  be  less  than  in  the  morning. 

The  westerly  azimuth  of  the  sawtooth  ridges  is  now  used 
for  reference  with  the  tables  and  equals  90°  0/  —  9°  8'  = 
80°  52'.  Try  h  =  6°,  at  which  time  the  sun's  azimuth  be- 
comes (80°  52'  —  5°)  +  6°  =  81°  52',  the  apparent  time 
being,  from  the  tables  4:34  p.  m.,  and  the  sun's  altitude  be- 
ing from  the  tables  30°  10'.     Entering  Equation   (1), 

tan  X  =  sin  6°  tan  80° 
W'hence  x  ^  30°  41'. 

Since  x  is  0°  31'  greater  than  the  solar  altitude,  it  is  evi- 
dent that  no  direct  sunlight  is  entering.  However,  the 
angular  difference  is  very  slight,  and  if  the  computations 
were  carried  on  a  step  further,  sunlight  would  be  found  to 
come  in  approximately  five  minutes  later. 

In  this  case,  then,  on  June  10  a  condition  of  total  shade 
exists  vvitliin  the  building  from  approximately  9:20  a.  m. 
until  4:34  p.  m.,  apparent  time.  Where  the  apparent  time 
is  different  from  standard  time,  the  proper  allowance 
should,  of  course,  be  made.  f^urthermore.  an  additional 
correction  must  be  applied  in  places  where  the  daylight- 
saving  plan  is  in  effect. 

Generally  it  will  be  found  advisable  to  solve  a  given  prob- 
lem for  at  least  two  sets  of  conditions,  that  of  the  longest 
day  of  the  year  (June  21.  declination.  23%°  N.)  and  the 
average  day  of  the  year  (March  21  and  September  23,  decli- 
nation. 0). 

In  the  example  above,  it  will  be  noted  that  the  duration 
of  total  afternoon  shade  is  4  hr.  and  34  min.  and  is  con- 
siderably greater  than  the  duration  of  morning  shade,  which 
is  only  2  hours  and  40  minutes.  This  is  due  to  facing  the 
lighting  area  slightly  (9°  8')  toward  the  east,  and  suggests 
quite  a  range  of  possibilities  as  regards  orientation. 

By  applying  the  principles  of  descriptive  geometry,  the 
amount  and  location  of  direct  sunlight  at  any  given  time 
may  be  obtained,  if  desired,  by  finding  the  lines  in  which 
the  solar  rays  through  the  top  and  bottom  limits  of  the 
lighting  area  intersect  the  working  plane — the  direction  of 
these  rays  being  taken  from  altitude  and  azimuth  tables. 
It  may  also  in  this  case  be  necessary  to  include  the  effect 
of  side  walls,  division  walls,  etc. 

Table  I  gives  different  values  of  x  for  assumed  values  of 
li  as  applied  in  the  second  method  of  the  example  given 
above.  Its  use  makes  unnecessary  any  reference  to  trigo- 
nometrical tables,  unless  closer  results  are  desired,  for 
angles  not   given. 

Part  2.  The  Relative  Intensity  of  Daylight  Received  from 
the  Northern  Sky  as  Influenced  by  the  Size  and  Slope  of  the 
Sawtooth  Lighting  Area. — By  essence.  Part  2  lends  itself  to 
exact  mathematical  solution.     This  is  not  the  case,  however. 


Willi  I'art  2.  for  which  the  answer  is  nol  to  be  found  so  pre- 
cisely (in  account  of  the  necessity  of  introducing  certain 
more  or  less  arbitrary  and  variable  factors.  It  should, 
therefore,  be  applied  only  with  discrimination  and  strict 
regard  for  its  practical  limitations. 

The  total  amount  of  diffused  daylight  entering  a  building 
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MartJ, 
Fig  5 
Fig.    2 — Area    of    Direct    Skylight    Admission.      Fig.    3 — Path    of 
Sl^ylight    Reflected    From    Ceiling.     Fig.    -1 — Sunlight    and    Skylight 
Reflected    From    Roof  Top.     Fig.   5 — Entrance  of  Sunlight   and    Sky- 
light   by    Double    Reflection. 

through  sawtooth  sash  and  made  available  for  use    (direct 
sunlight  being  excluded)  may  be  analyzed  as  consisting  of: 
delight   from   sky   directly   incident   upon   the   working 
plane; 
111  =  light  from  sky  directly  incident  upon  the  underside 
or  ceiling  of  sawtooth  roof  and  thence  being  dif- 
fusely reflected  to  room  below  (one  reflection) ; 
r,c  =  combined  light  from  sun  and  sky,  diffusely  reflected 
from  upper  outdoor  surface  of  adjacent   sawtooth 
roof  directly  to  room  below  (one  reflection); 
rc=:  combined  light  from  sun  and  sky,  diffusely  reflected 
from   the   upper  outdoor   surface   of   the   adjacent 
sawtooth  roof,  to  underside  or  ceiling  of  sawtooth 
in   question   and   thence   being   again   diffusely   re- 
flected to  room  below  (two  reflections). 
The  total  amount   of  light  entering  the  building  and  due 
to  the  summation  of  the  above  four  elemental  quantities  is 
therefore 

I-  =  d  +  rd   +  r,c  +  r,c (2) 

The  author  has  derived  the  following  approximate 
formulae  for  determining  each  one  of  the  quantities  in 
Formula  (2) :  180       vers  a 

as,.r   .  .  


d  (per  sq.  ft.  of  F)  =: - 


(3) 


(13) 
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where  S...  =  «rra  of  upeiiiiiK  in  lishlinB-iirea  pliine  ns  do-  72.5  +  86             86  +  80 

dneU  ill  Part  1.  44 \-  22  

F  =  floor  aren  in  .sq.  fl.  over  wtiioh  lislit  from  area  S..r  is  2                            2 

effective;    tluil    is,    one    bay    long    and    a    properly  a  =  - =  86°  30' 

chosen  a.-i.iunieil   wiillh  selected   for  S.,r.  66 

a=:angle  of  IikIiI  rays  witli  llglitlng  plane  and 

b,  +  b,          b,  +  b,  180   vers  a      180  (1  —  0.165) 

X  +  y . = =  0.592 

2                    2  IT        a                     80..'')7r 

^^ Let  the  computations  be  based  on  a  section  of  the  saw- 

X  4- y  tooth  havinK  a  length  equal  to  the  width  of  one  sash,  i.e., 

as  will  become  evident  by  inspection  of  Fig.  2;  8'3",   the  latter  having  a  net   width  of  glass  equal   to  7'3". 

e                /            e  \  The   length   of   span    hoi  ween   valleys    is   17'0".      From    the 

R,n—  S,  sin  I    b,  H j  foregoing, 

-                 V             2  /  Sx.,  =  7.25  X  5.5  =  39.9  sq.  ft.  and  F  =  17  X  8.25  =  110  sq.  ft. 

rd  (per  sq.  ft.  of  K)  -                                                       (4)  Therefore  entering  Equation  [3], 

V  80.5  X  39.9  X 0.592 

where  R,  r=  coefficient  of  reflection  of  celling  d= =  13.6' 

D=  proportion   of   reflected    light   utilized    to   total,  140 

which  may  be  taken  as  TABLE  I— VALUES  OF  (x)  IN  TERMS  OP  (h)  and  (v). 
180°  —  g°  -x  for  V  :=         X  for  V  =         x  for  v  =         x  for  v  = 
/.p-   p|„    iv  h*-                                  TO".                     75°.                    78°.                    S0°. 

(see  Mg.  ,jj  3 goii-  ii«03'  i:r  50'  ifi"  so- 

180°  •  S 13°  2S'  17°  59'  22'  18'  1!G°  16' 

p  _  ,.1...  „_„,„    pio-    •>  1 18°  29'  24°  28'  29°  52'  lU"  .16' 

e_Sk>    angle,  fig.  J  jq 26°  80'  .■!2°  57'  39°  24'  44°  32' 

e  15 35°  28'  44°  01'  .'lO"  40'  55°  44' 

b,-—  =  average  direction  Of  light  rays;  It.'.'.::'.::::/.:::   iV'll'-            W'W-            63°  20'            67°"' 

2  30 !.!;;;'.!     53°  59'  61' 49'  66°  .■.9'  70°  .34' 

(,.,1   \                                                                 35 57°  36'  64°  58'  69°  41'  72°  50' 

.      ,               \                                                    ,_,       40 60°  30'  67°  22'  71°  42'  74°  40' 

d     4-    I      (5)        50 64°  ,36'  70°  43'  74°30'  77°  03' 

RD/  ^0 ■ 67°  15'  72°  48'  76°  12'  78°  30' 

.  „  ..         ,     '         ,.,         ,    ,.         ,  ,.    ,.  ,        70 68°  49'  74°  05'  77°  18'  79°  22' 

where  K  =  average  ratio  of  quantity  of  direct  sunlight  and      so 69°  44'  74°  47'  77°  50'  79°  .i2' 

skylight  incident  upon  one  square  foot  of  roof      ^^ 70°  0'  75°  O'  78°  O'  80°  o' 

surface  as  compared  with  the  quantity  Of  sky-  To   find    quantity   rd,   Equation    [4].     From    the    detailed 

light    only    incident    upon    and    passing    one  building  sections,   it   is   found   as   before   that   b,  =  72°30'; 

square  foot  of  lighting  area  S,.v  x  =  44";    e  =  2.';°30';    g  =  40°.     Basing  the   coniputalion   on 

S,  =  ratio  of  effective  roof  area     to     lighting     area  '^'^  same  length  of  sawtooth  as  before, 

S..^  S^  =  7.25  X  3.66  =  26.5  sq.  ft. 

Rj^coeflicient  of  reflection  of  roofing  material  F=:140  sq.  ft. 

P,  =  amount    of    light    obtained    by    reflection    from  also, 

roof,   its   proportional   value   included   within  1*0  —  55 

any  vertical  angle  g  from  any  point  P  being  D  = ^0.7 

represented    by    shaded    portion    of    tangent  180 

circle  in  Fig.  4.  Assume   that    ceiling   of  sawtooth    roof   is   painted    white 

g        sin  2g  i*nd  has  a  coefficient  of  reflection  R,  ^  0.60.     Then  entering 

= ,  approximatelv;  Equation   [4], 

r-            2jr  0.6   X  0.7  X  12.75  X  26.5  X  sin  (72°  30'  +  12°  45') 

rd                    ■••  i'tl= 

d -? =  quantity   of  direct  sunlight   incident   upon   and  =  1 

R,D          passing  area  S,.y  as  determined  by   (3)   and  I'lO 

(4);  which  is  relatively  small  compared  with  d. 

f                                    /           rd  \  To   find   quantity   r,c,    Equation    [5].     From   the   detailed 

r.c  (per  sq.  ft.  of  F)  =  KS,R,R.P..D  (  d -\ I    (6)  building  sections,  it  is  found  that  q  =  15° 

V          R,D/  0.262       sin  30° 

where  S;  =  ratio  of  effective  roof  area   to  light   intensity  =0.26  radians,  whence  P,  = =  0.004. 

computed  for  roof  area  included  between  ^  Stt 
sawtooth  ridge  and  a  horizontal  line  part  way  Accordin.c:  to  a  publication  entitled  The  Sun,  by  Charles 
down  roof  representing  average  shade  line  on  CJ-  Abbott,  S.M.,  Director  Smithsonian  Astrophysical  Ob- 
average  day  of  year  servatory,  the  average  intensity  of  sunlight  plus  skylight 
P.  =  proportion  of  reflected  light  included  between  on  this  sawtooth  roof  may  be  deducted  as  being  during 
any  vertical  angle  a.  Fig.  5,  from  any  point  P  working  hours,  and  for  ordinary  atmospheric  conditions, 
9. -f  fl,        sin   ($,  +  e,)      sin  (6.  —  f),)  four    times    that    of    skylight    on    the    lighting-area    plane. 

= : : Therefore,  let  K  =  4. 

27r                       27r  (0..  —  0,)  S,  from  the  detailed  sections  is  found  to  be  2.3.     Assume 

and  the  other  letters  have   the   same   meanings   as   in   the  the  roof  to  be  covered  with  clean  white  slag  having  a  coeffi- 

preceding  formulae.    .  rient  of  reflection  =  0.5.     Therefore,  entering  Equation   [5], 

It   will   be   observed   that    no   reference   is    made   to   any  /                    1        \ 

particular  standard  unit  of  flux  or  intensity  of  illumination  r,c  =  4  X  2.3  X  0.5  X  0.004  I  13.6  H 1  =  0.3. 

and    the   formulae    give   only   the    relative   or   comparative  ^              0.6  X  0.7/ 

amounts  of  light  furnished  under  their  several   respective  This  quantity,  represented   by  Equation  5,   is   usually  so 

headings.  small  that  it  may  be  omitted  entirely  from  the  computations. 

The  following  example   illustrates   the  method   of  apply-  To   find   quantity   r-c,   Equation    [6].     From    the   detailed 

ing  these  formulae.  building  sections,  it  is  found  that 

Numerical     Example.     Diffused      Daylight      Conditions. S,  =:80°^1.4  radians 

Given  the  same  typical  sawtooth  roof  as  in  the  example  in  fl,  ^24°=:  0.42  radian 

Part  1.  having  angle  of  glass  =  73°.     Required  to  find  the  whence 

total   amount  of  daylight  entering,  that     is.     quantity     L,  fl,  4-^1  =  1-82  radians,    and    sin       (fl, +  fl,)=0.97 

Equation  (2).                                                                             '         '  fl,  —  fl,  =  0.98  radian,  and  sin       (  fl..  —  fl,)=  0.829. 

To  find  quantity  d,  equation  (3) :  From  the  detailed  build-  Therefore, 

ing  sections,  it  is  found  that  b,  =  72°  30':   b,  =  86°-   b.  =  1-82        0.97  X  0.829 

80°;  X  =  44":  y  =  22"                                                        '  P,  = =  0.16. 

whence  27r           27r  x  0.98 

(.14) 
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S;  is  found  to  equal  in  this  case  2.7 

K  =  4,  R,  =  0.6,  R,  =  0.5,    and    D  = 

fore,  entering  Equation   [6], 

r,c  =  4  X  2.7  X  0.6  X  0.,t  x  0.16  X  0 


as    before.     Tliere- 


(13,6  -1 )  = 
).6  :■'  0,7/ 


S,8 


Whence,   Equation    [2] 

L  =  13.6  +  1.0  +  0.3  +  5.8  =  20.7 
This  total  quantity  may  be  compared  with  a  corresponding 
value  computed  for  a  sawtooth  building  already  in  service 
and    of   known    degree   of   excellence    as    regards    intensity 
of  natural  illumination. 

In  case  additional  illumination  is  required  an  alternate 
design  having  increased  glass  area  or  a  flatter  slope,  or 
both,  might  be  considered  and  in  this  connection  it  is 
interesting  to  note  that  if  the  pitch  is  decreased  by  only  10°, 
the  glass  area  remaining  the  same,  L  figures  out  to  be 
increased  by  about  15  per  cent.  On  the  other  hand,  assum- 
ing the  building  placed  as  in  the  first  example  and  applying 
the  principles  of  Part  2,  it  is  found  that  considerable  sun- 
light will  enter  for  the  entire  day.  That  is,  the  period  of 
total  shade  would  be  decreased  on  June  10  from  more  than 
7  hr.  to  zero,  direct  sunlight  being  present  continuously. 

This  information,  when  extended  to  comprehend  that  for 
other  days  of  the  year,  including  the  day  of  average  length, 
and  when  used  in  conjunction  with  the  particular  condi- 
tions and  requirements  of  the  problem  in  question  (not 
excluding  first  cost),  should  facilitate  the  selection  of  the 
most  advantageous  design. 

Various  means  have  been  adopted  to  exclude  direct  sun- 
light from  the  interior  of  such  buildings,  and  all  of  them 
seem  to  have  the  disadvantage  of  reducing  the  total  illum- 
ination. Sawtooth  buildings  with  glass  vertical,  that  is, 
with  the  effective  angle  of  the  lighting  area  actually  over- 
hanging are  not  uncommon;  white-washing  the  glass  re- 
sults in  some  protection  against  direct  solar  rays  and  a 
cooler  interior,  but  also  in  glare  and  considerable  loss 
of  light. 

Whatever  glass  is  used,  cleanliness  is  essential:  further- 
more the  significance  of  Equation  [6].  indicating  the  possi- 
ble average  relative  amount  of  reflected  li.ght,  emphasizes 
the  importance  of  adopting  where  practicable,  light-colored 
roofing  materials  such  as  white  slag,  and  also  the  use  of 
white  dust-resisting  washable  paints  upon  sawtooth  ceilings 
of  buildings  in  which  maximum  daylight  is  desired.  If 
either  of  the  above  surfaces  had  been  black,  the  average 
reduction  in  daylight  for  'the  second  example  would  have 
been  equivalent  to  30  per  cent,  or,  expressing  it  another 
way,  the  increased  light  resulting  from  their  use  amounts 
to  over  40  per  cent. 

As  before  noted.  Part  2  of  the  paper  should  be  applied 
only  with  due  regard  to  its  practical  limitations.  It  fur- 
nishes a  means  of  comparison  with  known  designs  and  is 
based  on  fair-weather  conditions  and  with  sunlight  on  the 
building  as  a  whole.  During  cloudy  weather  the  amount 
of  useful  light  contributed  from  the  top  of  the  sawtooth 
loof  is,  of  course,  decreased,  but,  on  the  other  hand,  the 
quantity  of  direct  skylight,  which  has  been  found  to  con- 
stitute the  major  portion  of  the  total,  is  often  thereby  con- 
siderably increased. 

Conclusions — From  the  foregoing  analyses  it  is  evident 
that  the  height  of  valley  (T,  Fig.  5)  for  a  given  construction 
should  be  made  as  low  as  is  consistent  with  protection 
against  the  elements,  including  snow  and  ice. 

Furthermore,  it  will  be  seen  that  for  a  given  building  the 
use  of  a  smaU  number  of  htrge-scale  sawteeth  as  against 
a  greater  number  of  smaller  units  having  the  same  pitch, 
results  in  considerably  increased  daylight  due  to  fewer 
number  of  valleys  of  height  T.  and  consequently  less  pro- 
portionate obstruction.  This  principle,  of  course,  should  be 
applied  with  due  regard  to  the  structural  limitations  and 
the  architectural  considerations  which  may  be  involved, 
together  with  the  important  question  of  uniformity  of  day- 
light intensity. 

It  is  also  worthy  of  note  that  the  adoption  (for  the  rea- 
sons above  outlined)  of  flatter  sawteeth  with  increasing 
terrestrial  latitudes  works  out  well  in  conjunction  with  the 
heating  requirements,  since  it  results  in  less  cubage  and 
radiating  surface. 
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Direct    Design    of    Curvature    of 
Arches 

.\  short  and  accurate  analytical  method  for  finding  the 
ordinatcs  of  the  curve  for  concrete  and  masonry  arches  is 
<iescribed  in  The  Canadian  Engineer  by  Mr.  Frank  Barber, 
<'onsulling  Engineer,  Toronto.  Ont.  The  matter  following 
is  taken  from  the  above  mentioned  paper. 

It  has  long  been  known  that  the  transformed  catenary 
is  the  curve  of  equilibrium  for  a  linear  arch  under  a  vertical 
load  area  of  uniform  weight  per  unit  area.  This  is  shown 
in   Fig.   1. 

Let  the  linear  arch  S  C  S'  be  in  eciuilibrivim  tind<'r  the 
load-area  above  it  T  T'  S'  C  S. 

Take  O  T  axis  of  x.  '"      j 

O  C  axis  of  y.  i  -     ,  ik«aai 

Let  A  =  area  O  C  X  Y 

u>  =:  weight  per  unit  area  of  load-area. 
H  =  constant   horizontal    thrust. 
P=:  weight  of  load  under  O  X. 

Take  a,  so  that  H  =  w  a-  I. 

Then  P  =  wA. 
A        P        dv 

and— =  — =r—         ■ II. 

FL-       H        dx  \ 

/.X  =:  o 
y  dx        in. 
X  =  ox 
d-  A      dy      A 

dx        dx      a-  .  .        ,  , 

Integratin.g 

'^  ^ 

A  =  V  e~    —We' 
Where  V  and  W  are  constants  to  be  determined: 

When  X  =  o,  A  =  o,  and  e     '  :=  e^  =  1. 

and  the  above  equation  can  be  put  in  the  form 

A  =  V  (e~—  e'^). 
dA  V        , 

.'.  =  —   (e  "  — "e  »')   =  y  from   III. 

d  X  a 

When  X  =r  o,  y  ^  y... 
2  V 

a 
and  the  above  equation  becomes: 


e  "  +  e  ' 


IV. 


which  is  the  equation  to  the  curve. 

This  curve  was  made  the  basis  of  a  direct  method  of 
design  for  masonry  arches,  where  no  tension  in  any  part 
of  the  arch  ring  was  desired,  by  Alexander  and  Thomson* 
whereby  the  line  of  resultant  pressure  for  dead  and  live 
loads  may  be  kept  within  the  middle  third  of  the  ring. 
Otherwise  small  menlion  has  been  made  of  it  in  late  works 
on   arches. 

In  important  arches  it  has  often  been  considered  worth 
while  to  fit  the  line  of  resultant  pressure  for  the  dead  load 
by  graphical  methods  to  coincide  with  the  middle  line  of 
the  arch  ring,  so  that  under  the  dead  load  there  shall  be 
no  bending  moment  at  any  section  of  the  arch  ring.  This 
curve  is  chosen  in  order  to  be  economical  of  material,  for 
the  principal  stresses  from  other  than  the  dead  load  are 
reversible  moment  stresses  of  about  equal  amounts,  posi- 
tive and  negative.  It  is  not.  however,  the  arch  of  exactly 
minimum  material  where  the  dead  loads  alone  are  taken 
for  the  equilibrium  curve,  as  there  are  exceptions  to  the 
above  statement  as  to  reversible  stresses  of  equal  amounts 
which  may  be  taken  account  of.  But  any  part  of  the  dis- 
tributed live  load  may  be  taken  along  with  the  dead  load  in 
forming  the  equilibrium  curve  just  as  easily  as  the  dead 
load  alone.  It  is  therefore  unnecessary  for  the  purpose  of 
this  article  to  discuss  further  the  arch  of  minimum  material. 

>) 
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The  curve  of  the  mUldle  line  of  the  «nh  may  be  fouml 
80  that  It  coincides  witli  llic  equilibrium  curve  by  tin- 
following  analytlciil  methoil  This  applies  to  open  spandrel 
arches  where  the  weight  of  the  floor  system  (as  distlnci 
from  the  xpandrel  vertical  supports  and  the  arch  rins)  Is 
uniform  per  lineal  fool  and  to  earllitilled  arches  if  the 
pressure  of  the  tlllinK  Is  assumed  to  be  vertical. 

In  these  cases  part  of  the  dead  weight  is  uniform  per 
horiiontal  fiKit.  the  weiKht  of  the  lloor  system  and  part  of 
the  arch  rhiR.  and  that  part  of  the  spandrel  supports 
<ns  these  are  orxlinarlly  designed),  if  any,  which  lies 
above  the  level  of  the  crown-  -in  fad  to  all  of  the  arch 
:<yiitem    nt    the    criiwn.      The    rest    of    the    arch    ilcad    load 


whence  a  is  found  from  the  tables. 
Also    - 
S      y.        f 

t'       y..        y.. 

whence  y..  from   Vlll,  w  fron 

We  are  now  ready  to  tabulate  the 
many  points  on  the  curve  as  is  requ 
at  the  feet  of  I  lie  spandrel  posts,  or  8 

X  X 

half    aicli.      Tlicii    l:il)ulale — ,  cosh —    ii 

a  a 

>;ives    the    value   of    y.      li    will    ikhv    In 


VIlI. 


I    VII    and    II 
values   of  x 
ircil,   say    the 
or  10  points 

X 

md    y,,    cosh  — 
a 
•    I'oiivi'nii'Ml 


from  1. 
for  as 
points 

for  the 

-  which 
to    sub- 


Fig.    1 — Curve    of    Equilibrium    for    Homogeneous    Loading. 
Fig.   2— Identification   of   Conditions   in   an   Open    Spandrel    Arch    with   Those   Asumed   in   Fig.    1. 
Fig.    3 — Typical    Open-Spandrel    Arch    as    Example. 


varies  from  zero  at  the  crown.  C,  to  a  definite  aniouiii  at 
the  skewbacks,  S.  S'.  Let  us  call  these  parts  I.  and  II. 
Let  the  area  M  M'  T  T'  represent  1,  and  the  area  S  C  S' 
M  M'  represent  II.  The  weiRht  of  the  spandrel  supports 
(or  that  part  of  them  in  11)  will  vary  sensibly  as  the  ordi- 
nates  between  M  M  and  the  curve.  We  must  assume 
that  the  spandrel  suppoits  are  of  uniform  section  and 
spaced  equally,  and  that  the  floor  system  is  of  uniform 
weight  per  horizontal  fool,  in  accordance  with  usual 
practice.  Let  us  further  assume  for  the  present  that  that 
part  of  the  ring  which  varies  from  zero  at  C  to  any 
amount  we  wish  at  S  varies  according  to  the  same  law. 
Here  f  represents  the  actual  rise  of  the  linear  arch,  but 
v..  is,  of  course,  not  the  actual  height  of  the  floor  system. 
Its  meaning  is  not  of  practical  interest.  It  is  the  height 
to  which  the  part  of  the  arch  in  I  would  rise  it  it  weighed 
the  same  per  cubic  foot  as  the  part  in  II,  the  latter  sup- 
posed to  be  distributed  uniformly  over  M  M'  S  C  S'. 

We  may  suppose  the  dead  wei.i>ht  to  be  thus  dis- 
tributed, in  which  case  let  it  weigh  w  lbs.  per  cubic  foot. 

Assume  that  the  linear  arch  S  C  S'  is  the  equilibrium 
curve  and  also  the  middle  line  of  the  arch  ring.  Then  we 
find  as  follows:  — 

The    last    term  of  IV  is    an    hyperbolic    function,    cosh 

X 

—    Tables     of     these    functions     were     prepared     by     the 

a 

Smithsonian   Institute   and   published    in    1909.t     We   shall 
have  recourse  to  them  in  what  follows. 
The  equation  of  the  curve  then  becomes— 

y  X 

—  =  cosh  —        ^ '• 

y„  a 

We  have — 

w  y.  =:  weight  per  lin.  ft.  of  whole  arch  system  at  S 

=  S    (say)        which  must  be   computed VI. 

u;y.,  =  weight     per     lin     ft.     of      arch     system      at     C 

=  C   (say)   which  must  be  computed   VII. 

1 
When  x  =  — .  y  =  y- 

2 
y.  1  S 

•  =:cosh =  —  (from  VI.  and  VII.). 

v.,  2a         C 


tract  y,.  from  each  value  of  y  giving  the  ordinates  y  —  yo. 
We  then  have  the  abscissae  and  ordinates  of  the  curve 
conveniently  on  a  horizontal  line  through  the  crown  of 
the  linear"  arch  and  perpendicular  to  it. 

Let  us  now  examine  the  assumptions  made  above  as 
to  distribution  of  weight.  In  Fig.  2  the  central  part  of 
the  ring  is  that  part  which  is  of  uniform  weight  per 
horizontal  foot,  part  1.  The  shaded  portions  are  part  2 
of  the  ring,  varying  from  zero  at  C  to  anything  required  at 
S.  Also  any  one  spandrel  post  is  shown,  the  shaded 
part  being  part  2  of  it.  The  shaded  parts  of  the  rib  have 
been  assumed  to  vary  in  weiglit  per  horizontal  foot  from 
C  to  S  according  to  the  ordinates  y  —  y„.  Suppose  the  rib 
to  have  been  designated  as  to  intermediate  depths  between 
C  and  S  in  this  way,  then  we  prove  as  follows:  — 

A  B  =  C  C,  =  D  E         (a) 

Since  the  weight  of  this  part  of  the  rib  is  uniform  per  hori- 
zontal foot 

.-.  BE  =  AD  =  y  — yo        (b) 

Also  B  C  varies  as  y  —  yo      (c) 

Let    BC  =  a, 
CE  =  b. 
Let   similar   parts   of  any  other   post   be   a',   b'. 
a  +  b        y  —  y„ 

Then— = =  from    (b) 

a'  +  b'     y'  —  y„ 

=  k,    say 
a 
Also  —  =  k  from   (c) 
a' 
a'k  +  b 

.■. =:k 

a'  +  b' 
b 
whence  —  =k 

b' 
or  C  E  varies  as  y  —  y„. 
Now  C  E  is  all  that  part  of  the  post  in  division  II,  as 
the  part  (if  any)  above  it  is  the  part  above  the  extrados 
of  the  ring  and  is  of  uniform  weight  per  horizontal  foot 
if  the  spandrel  posts  are  equally  spaced  and  of  uniform 
section. 

We  have  now  shown  that  all  that  part  of  the  bridge 
which  is  not  of  uniform  weight  per  horizontal   foot  varies 
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from  zero  at  the  crown  to  any  required  weight  at  the 
skewback,  directly  as  the  ordinates  y  —  y„,  as  required  by 
tlie  theory,  but  we  must  design  the  intermediate  depths 
of  the  arch  ring  accordingly,  although  we  may  choose 
any  depth  at  the  crown  and  any  other  at  the  skewback. 
When  the  depths  of  the  latter  sections  are  so  chosen  as 
to  make  the  same  maximum  stresses  at  both  crown  and 
skewback  then  the  ring  with  intermediate  depths  chosen 
as  above  is  almost  ideally  correct  for  arches  with  fixed 
ends,  judging  by  various  arches  analyzed  by  the  wriier. 
but  is  slightly  in  excess  of  the  requirements  along  the 
middle  haunch  where  temperature  moment  stresses  are 
small.  But  if  the  arch  of  ideal  depth  at  all  points  is 
sought  and  found  by  repeated  trials  it  will  not  differ  al 
all  from  the  one  here  assumed  at  the  crown  or  skewback. 
and  only  so  slightly  along  the  haunches  as  to  make  no 
appreciable  difference  in  the  line  of  resultant  pressure  for 
the  dead  load  of  the  arch  system. 

It  is  desired  to  apply  this  method  of  design  to  an  arch 
which  does  not  fulfil  the  conditions  required,  as  for  in- 
stance, where  by  reason  of  the  ring  touching  the  tloor 
slab  at  the  crown  (as  in  some  flat  arches)  the  floor  system 
is  not  of  uniform  weight  throughout,  the  limits  of  prob- 
able error  may  be  indicated  in  this  way.  . 

Compute  the  weight  of  the  arch  and  then  compare  ii 
■with  the  weight  of  the  assumed  arch  \V  (say)  which  is — 
1 


\V  = 


/ 


V  dx 


or  W  ^  2  a  w  y„  Sinth  — 
2a 
But    in    arches    which    fulfil    the    conditions    the     above 
expression   gives   the   readiest   method   of   getting   the   total 
weight,    and    without    computation    except    for    the    weiglit 
per  lineal  foot  at  two  points,  the  crown  and  the  skewback. 

Some  of  the  advantages  of  this  method  of  designing  the 
arch  curve  may  be  mentioned. 

It  gives  a  very  direct  method  of  finding  the  dead  load 
horizontal  thrust.  After  the  floor  system  is  designed  and 
a  depth  assumed  for  the  arch  ring  or  ribs  at  the  crown 
and  at  the  skewback  a  few  minutes  computation  (before 
the  ordinates  to  the  curve  are  computed)  will  give  the 
correct  stresses  at  the  crown  and  skewback  due  to  the  dead 
loads.  It  is  an  advantage  to  know  this  before  proceeding 
further  with  these  computations  and  the  analysis  of  the 
ring  by  the  theory  of  elasticity,  as  it  may  lead  to  a  revision 
of  the  arch  depths  without  waste  of  labor,  especially  in 
great  arches  where  the  dead  load  stresses  are  the  main 
stresses. 

It  allows  a  check  on  not  only  the  final  work  here  shown 
for  finding  the  curvature,  but  on  almost  the  final  work  in 
analyzing  the  arch  by  the  theory  of  elasticity.  If  when  the 
final  coefliicients  in  the  latter  analysis  are  found  the  dead 
load  moments  are  sought  at  any  point,  as  for  instance  the 
crown,  and  found  to  be  zero,  then  the  correctness  of  the 
curvature  as  well  as  of  the  coeflicients  tliemselves  are 
verified. 

An    Example    Worked    Out. 
1  =  139  ft. 
f  =  36.96  ft. 
S=:  weight    per  lin.   ft.   of   brid.ge   at   skewback   for  a 

longitudinal   strip   one   foot  wide  ^890.6   lb. 
C^:  weight    per   lin.    ft.    of    bridge    at    crown     for   a 
strip  one  ft.  wide  ^  ?.61.7  lb. 
1        wv,        S         f  890.6 

Cosh  — = =  -  =  — +1  = =2.4623. 

2a     wy.,       C       y,  361.7 

1 
From  tables  —  =  1..T.502. 
2a 
Whence  a  =  44.834 

f 
also  — =  2.4623  — 1. 


Whence  y,.  =  2.').2T6, 
and  wy,.  =  C  =  361.7. 

Whence  w^  143.10, 
and  H  =w  a- =  28,764  lb. 
Now  proceed  to  find  as  many  points  on  the  curve  as 
necessary.  Here  we  divide  the  span  139  ft.  into  15  equal 
divisions  of  9.7.")  ft.,  a  spandrel  post  being  at  each  division 
point,  the  crown  being  midway  in  the  central  division. 
The  first  value  of  x  will  be  one-half  of  this  division,  4.875 
tl..  the  second  9.7'.  ft.  more,  and  so  on,  as  in  Column  I. 
'I'lie  other  columns  are  then  easily  computed. 

1  II  HI.  IV.  V. 


.X 


X 


-^                      —  Io'4  cosh  — 

a  a. 

-    loK  yo 

I- 1.  -  log   y 

i.N..'i  ...     .iiiS7;t  1  4nri27 

It.UL'.'..    ..      .:j2«20  1.42.'.42 

2i.:!7.'. r)4.S6S  i..iG:iii7 

:■■■). 125 7611.1  l..-17;iil 

t:!.S7r. 1I7S62  I.5S4(i7 

r>:!.ii25 i.infiio  i  Ky.n-i 

i;:i.:!75 —  1.413.-10  1  7tn.-,3 

i;!).r.nn.  . .  \.:,^[\2()  ]  7^405 


:;iis.:i75 
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25.462 
26.6.33 
•i9.105 
.32.958 
.■5.S.377 
45.618 
.55.021 
62.237 

315.375 
S  y,.  =  202.208 


y— y<' 


Ft. 

.150' 

1.357 

3.827 

7.682; 

13.101 

20.342 

29.745 

36.961 

113.167 


logr  x=  2.4890791 
log      a  =:  1.6516033 


113.167   cluck. 


log  i: —  =  .8374758 
•I 
X 

^  —=6.87810  <-heck^^ 
a 
The  abiscissae   and   ordinates   to   the   curve   are   given    in 
columns    1,    and    V.    along    a    horizontal    line     through    the 
crown    and    jierpendicular   to   it. 


Safety  Treads  For  Stairways 

Interesting  information  on  safety  treads  tor  stairways 
was  brought  out  by  Mr.  Carl  King  in  a  discussion  of  a  paper 
on  Factory  Stairs  and  Stairways  presented  at  the  annual 
convention  of  the  American  Society  of  Mechanical  S^ngi- 
neers.     An  abstract  of  Mr.  King's  discussion  follows: 

A  safety  tread,  in  order  to  be  permanently  effective, 
should  be  so  designed  as  to  meet  abnormal  or  unusual  con- 
ditions of  almost  every  character.  On  stairways  which  are 
exposed  to  the  elements  the  treads  are  flooded  in  rainy 
weather,  and  if  the  temperature  is  very  low  the  water  be- 
comes a  sheet  of  ice.  I'nder  traffic  water  and  dirt  form  a 
slimy  coating  over  the  treads,  which  renders  them  very 
dangerous  to  walk  upon. 

Many  accidents  are  caused  by  conditions  which  are  com- 
mon to  stairways  inside  as  well  as  outside  of  buildings.  The 
presence  of  foreign  substances  on  the  tread  surface,  such 
as  fruit  peelings,  cigar  and  cigarette  ends,  scraps  of  paper, 
pencils,  or  Ijurnt  matches,  when  on  a  flat  surface  act  as 
antifriction  agents  and  are  the  direct  cause  of  many  ac- 
cidents. 

In  order  that  there  may  be  absolute  protection  from 
slipping,  a  safety  tread  should  be  so  designed  as  to  provide 
for  direct  contact  between  the  shoe  sole  and  the  tread  sur- 
face under  any  and  all  conditions.  Preferably,  the  tread 
surface  should  be  so  designed  with  grooves,  or  corruga- 
tions of  ample  size  to  provide  channels  for  the  drainage  of 
water  and  the  displacement  of  any  substance;  the  higher 
parts  thus  being  left  clean  and  dry.  To  be  effective,  the 
channels  should  be  of  such  width  and  depth  as  will  insure 
a  direct  contact  surface,  and  the  contact  surface  itself 
should  consist  of  anti-slip  material,  such  as  lead  or  an 
abrasive  composition,  which  will  remain  uniform  until  the 
tread   is   completely    worn   out. 

In  the  matter  of  cleanliness,  it  can  readily  be  seen  that 
any  foreign  matter  drojiped  upon  the  tread  or  scraped  from 
the  soles  of  shoes  can  he  swept  to  the  end  of  the  tread, 
which  need  not  extend  to  the  skirting  or  baseboard,  and 
thence  down  the  stairs,  making  it  as  easy  a  matter  to 
keep  the  stairs  clean  as  though  there  were  no  safety  treads 
upon    them. 
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Cost  of  Erecting  Entrance  Pillars 

11>    11    K    I'KUUISS. 

'Ihe  rulluwluK  losts  wi>ro  obtaliioil  in  llic  eriH-lioii  of 
enlntiu-e  plllnrs  for  u  private  estiile.  All  innterliUs  wore 
dellv»T«'il  on  tlio  work  by  the  owner.  Tlu>  lubor  wiis  per- 
(orniod  under  conlniei  nnd  llie  rates  are  therefore  assumed 
but  the  hours  ar*-  correct. 

The  pillars  and  the  foundations  for  the  si""ls  were  built 
of  a  tough,  smooth  grained,  cream  colored  sandstone.    The 


Entranct    Pillars    on    East    Side    of    Roadway.     Pillars    on    West 
Side    Were    Identical. 

"Stones"  were  delivered  on  the  work  in  blocks,  previously 
rough  cut  at  the  quarry,  of  the  ;\pproximate  size  and  shape 
required  in  the  completed  work,  and  were  then  finished  by 
hand  to  the  owners  somewhat  exacting  requirements.  The 
face  of  all  stones  were  dressed  with  4-line  cuts. 

The  foundations  for  the  sandstone  consists  of  1:3:5  con- 
crete of  the  dimensions  shown  on  the  sketch.  In  the  center 
of  each  pillar  there  is  a  2  in.  galvanized  iron  pipe  to  serve 
as  a  conduit  for  the  electrical  connections  to  the  lamps.  The 
"stones"  are  anchored  in  mortii;-  but  are  so  skillfully  fitted. 
that  the  face  of  the  "stones"  presents  an  absolutely  solid 
appearance  at  a  distance  of  a  few  feet. 

The  work  was  well  handled  and  the  costs,  considering 
the  requirements  of  the  job.  are  believed  to  be  low. 

The  contract  price  (four  years  aso)  for  furnishing  all 
labor  connected  with  the  work,  excepting  the  delivery  of 
materials  only,  was  $1,200.  The  rates  are  believed  to  be 
less  than  the  contractor  actually  paid.  The  weather  was 
good  during  the  entire  month  taken  to  complete  the  work. 

The  cost  of  the  materials  was  as  follows: 


Hroimit  iiamo  pliUi'S   (L') , 1 

Uri>iixe  I'lci'tiolU'is   (2),    large [j  oOO.UO 

I!niii7.i>  I'loclroMors  (lil,  aiiiall ...,■......'.  J 

.Modt'Ls   for  ubovc" 65.00 

l..jiiiu>  kIoIjcs  (1)   20.00 

Crlll.-i,  a.s  p.T  .ikflch  (2) 2'i0.00 

Klurtiiial  iiiulorlals   25.00 

I'aliil    for    urllls 3.00 

.sioiu-  (ili'llviTi-d)    300,00 

.Mai'hliu'   work   on  Ki'llls.   name  plates,   etc 12.00 

ilisci'llanvous    materials    l.i.O  i 

Cement,  simd  and  gravel  (8  cu.  yd.) 37.00 

Sl.02-.00 
Co.-it  of  dollvory.  exccptluB  sniidstoiic.  Is  not   Included. 

It  Is  interesting  to  note  that  the  manufacturer  of  the 
grills,  n:iiiie-i)lales,  and  electroliers  states  that  they  could 
not  be  produced  today  for  much  less  than  twice  their  cost 
four  years  ago. 

The  net  labor  costs  were: 

Kxcavatioii   for  foundation: 

Labor.   10  hr.  at  30  ct $  12.00 

Tt-am  (haul  away  surplus  earth).  6  hr.  at  75  ct 4.50 

Total    $  16,50 

I'lacing  conorelc: 

Korenian,  4  hr,  nt  60  ct 2.60 

Labor.  20  hr.  at  liO  ct 6.00 

Total  $  8.60 

'KredinK   derrick; 

Ijilwr,  12  hr.  at  ;!0  ct $  ;!.60 

Team.    1   day  at  $7.00 7. 00 

Total    i  10.60 

Krecling  stone  cutters'   shed: 

Labor.    10  hr.   at   30  ct %     4.80 

t'uttinK,  shaping  and  tini.shing  stones: 

Stone  cutters,   402  hr.  at  65  ct $261.30 

Helpers,   700  hr.  at   45   ct 315. Ou 

Total $576.30 

■fErecting   and    fitting   stones,    name   plates,    lamps,    etc..    in 
place; 

Foreman.  99  hr,  at  65  ct f  64.35 

Labor,  164  hr.  at  35  ct 57,40 

Team.   4   hr.   at    7ri   ct 3.00 

Total    $124.75 

rointiiiK  and  cleaninM"  stone  work; 

Labor.  32  hr.  at  50  ct $  16.00 

Painting   grills: 

Labor.    16   hr.    at   35    ct 5.60 

(^leanup,   remove  sti>ne  scraps,  etc: 

,Motnr  truck,   fi   hr.   at   $4.00 $  24.00 

Labor,   20  hr.   at  30  ct 6.00 

Total    $  30.00 

lOlectric  connections,   etc.: 

Electricians.   16  hr.    at   75   ct $  12.00 

Helpers,   12   hr.   at  50   ct 6.00 

Total $  18.00 

Hlacksmithing    (estimated)     15.00 

Total  cost  of  labor $S26.1.^. 

»T)errick  was  first  erected  on  one  side  of  loadway  and  then 
moved  across  the  road  for  the  other  .side  of  the  gate.  tThis  labor 
could  not  be  separated. 


GJoM  latnp  Globe 


ibou^  3'fo  !0"dsep 


Elevation   of    Entrance    Pillars. 


Sect/OS  AA 
Plan   of    Entrance   Pillars. 
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Engineering   Societies'    Com- 
mittees on  Aims  and 
Organization* 

By  AKTHIR  X.  TALB(JT.t 
The  work  given  to  the  committees  which  have  been 
lormed  by  at  least  three  of  the  Founder  Societies  has  its 
purpose  well  expressed  by  the  name  given  to  the  committee 
of  The  American  Society  of  Mechanical  Engineers — the 
Committee  on  Aims  and  Organization.  The  resolutions  of 
the  Board  of  Directon  of  the  American  Society  of  Civil  En- 
gineers creating  the  Committee  on  Development  of  that  so- 
ciety instructs  the  Committee  to  report  on  the  purpose,  field 
(jf  work,  scope  of  activity  and  usefulness,  organization,  and 
methods  of  work  of  the  society.  It  is  apparent  that  the 
committees  have  much  in  common  and  that  there  should  be 
full  and  free  co-operation.  What  should  be  the  aims  anil 
purposes  of  such  societies,  how  they  may  best  be  organized 
for  present-day  conditions,  and  what  they  may  be  expected 
to  accomplish  are  then  within  the  scope  of  the  work  of 
these  committees. 

These  are  times  of  development.  The  great  world  war 
and  all  the  attending  phenomena  have  brought  about  new 
conditions,  -Men  are  thinking  outside  the  lines  which  for- 
merly limited  their  thoughts  and  methods.  The  existing 
state  of  flux  in  socioligical  and  economic  conditions  may 
deeply  affect  the  opportunities  and  responsibilities  of  the 
engineer.  Great  changes  and  great  development  may  be 
expected  to  follow.  It  is  apparent  to  many  observers  that 
a  larger  sphere  of  activity  and  usefulness  will  be  opening  to 
the  profession  of  engineering,  if  only  the  engineer  is  ready 
to  undertake  his  part  now  and  later.  And,  besides,  the  en- 
gineers' work  has  developed  sq  rapidly  and  so  diversely  in 
the  past  40  years  that  we  hardly  know  where  we  are.  Engi- 
neering societies  have  grown  at  a  very  rapid  rate;  local  and 
specialized  engineering  societies  have  sprung  up  every- 
where. The  conditions  in  the  more  remote  parts  of  the 
country  may  differ  materially  from  those  in  and  around 
New  York.  In  all  there  are  some  ,35,00  members  of  the 
four  national  engineering  societies.  How  many  there  are  in 
the  hundreds  of  local  and  specialized  engineering  societies 
is  not  known.  It  is  considered  by  some  that  the  number  of 
men  who  may  justly  claim  the  right  to  be  classed  as  engi- 
neers runs  up  to  more  than  1011,000. 

In  view  of  all  this  is  it  not  well  to  seek  to  make  a  survey 
of  the  aims  and  purposes  of  the  engineering  societies,  to 
ask  whether  they  are  occupying  all  the  fields  of  usefulness 
open  to  such  societies  and  whether  they  are  accomplishing 
all  that  may  reasonably  hy  expected  of  such  organizations? 
Even  if  the  survey  made  by  the  committees  should  result 
only  in  broadening  and  intensifying  and  emphasizing  the  ac- 
tivities, functions  and  methods  of  work  already  in  existence, 
the  effort  will  be  worth  while.  More  likely,  the  study  of  the 
problems  will  show  new  opportunities  and  responsbilities 
devolving  upon  the  societies,  and  especially  that,  whether 
inside  or  outside  the  field  of  the  national  engineering  so- 
cities,  there  are  matters  of  public  and  semi-public  nature 
which  should  be  considered  by  the  engineering  profession 
more  fully  than  has  been  the  case  in  the  past. 

In  taking  up  this  innuiry  no  one  should  feel  that  the  con- 
sideration of  aims  and  organization  is  in  any  way  a  reflec- 
tion on  the  conduct  of  our  societies  in  the  past.  All  will 
agree  that  their  record  is  most  excellent.  The  accomplish- 
ments of  the  societies,  technical  and  extra-technical,  re- 
dound to  the  credit  of  the  societies  and  their  membership. 
These  societies  have  helped  to  create  the  engineering  pro- 
fession. In  ways  that  are  not  usually  recognized  the  engi- 
neering society  has  been  a  benefit  to  the  engineering  pro- 
fession and  to  the  public.  It  has  given  esprit  de  corps  to 
the  profession.  It  has  made  its  members  feel  self-respect- 
ing—more, it  has  shown  many  the  high  standing  of  the 
profession  and  the  responsibility  attached  to  membership 
in  it.     It  has  raised  the  standards  and   the  standing  of  the 
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engineering  profession,  and  has  assisted  in  establishing  this 
standing  in  the  eyes  of  the  public.  In  such  ways  as  this  it 
has  more  than  justified  its  existence.  But  may  not  the 
engineering  society  do  even  more  than  it  has  in  giving 
standing  to  the  engineering  profession? 

The  engineering  society  has  been  very  helpful  in  tech- 
nical matters.  In  fact,  in  the  eyes  of  many,  the  presenta- 
tion and  discussion  of  papers  on  technical  engineering  sub- 
jects should  be  almost  the  sole  function  of  the  engineering 
society.  This  is  a  worthy  function.  Engineering  is  and 
must  continue  to  be  a  technical  art,  a  technical  business. 
Is  it  not  likely,  with  the  great  development  of  the  science 
and  art  of  engineering,  that  the  engineering  society  has 
not  yet  realized  the  possibilities  of  its  usefulness  in  de- 
veloping, recording  and  disseminating  the  technical  side 
of  engineering,  the  scientific  substructure,  the  overlying 
elements  of  practice,  the  variform  connections  with  busi- 
ness life?  Especially  may  it  not  be  more  fruitful  in  con- 
tributing to  engineering  knowledge  and  in  creating  or  de- 
veloping new  engineering  policies,  and  in  developing  engi- 
neering   practice    and    engineering    improvements? 

If  one  were  to  recount  the  accomplishments  of  the  engi- 
neer in  civic  affairs,  in  governmental  activity,  in  infiuence 
\ipon  i)nblic  policy,  in  the  solution  of  industrial  problems, 
the  record  would  be  surprising  and  greatly  to  the  credit 
of  the  engineer.  The  accomplishments  of  the  engineering 
societies  along  these  lines  are  likewise  very  creditable. 
But  as  new  conditions  teach  new  duties,  it  is  worth  while 
inquiring  whether  the  engineer  and  the  engineering  so- 
ciety have  not  now  opportunities  and  responsibilities  in  the 
direction  of  public  duty  far  beyond  that  which  has  usually 
lieen  considered  a  sufilciency.  If  a  need  is  found,  means 
must  be  found  for  expansion,  if  such  expansion  is  practi- 
cable. The  problem  is  a  complicated  one.  The  engage- 
ments of  most  engineers  are  not  like  those  of  the  lawyer. 
There  is  a  great  diversity  of  condition  of  service  and  en- 
vironment, even  in  the  same  lines  of  engineering.  It  is 
also  evident  that  matters  affecting  general  public  policy, 
to  have  the  best  effect  and  the  greatest  influence,  should 
be  discussed  by  all  branches  of  engineering  in  every  part 
of  the  country;  and  matters  of  regional,  state  or  local  inter- 
est may  be  handled  only  by  those  in  the  localities  interested. 

It  is  becoming  more  and  more  apparent  that  engineering  . 
is  a  single  profession:  the  various  branches  merge  and 
ramify  into  each  other  in  numerous  ways.  Many  engineers 
iliink  that  there  should  be  one  large  inclusive  engineering 
society  to  take  the  place  of  the  several  national  societies^ 
but  evidently  that  is  not  a  present  probability.  Much  has 
been  done  in  recent  years  in  the  way  of  co-operation  and 
\inited  effort;  the  United  Engineering  Society  and  the  En- 
gineering Council  have  unified  action  in  commendable  ways; 
Uiere  is  a  great  field  for  their  further  endeavor.  In  any 
discussion  of  the  subject  it  must  be  borne  in  mind  that  the 
membership  of  the  national  societies  is  scattered  over  the 
country:  that  there  aj-e  numerous  centers  of  engineering 
and  that  these  are  yearly  becoming  more  important:  that 
local  engineering  societies  in  these  centers  are  essential 
elements  in  tlie  life  of  the  engineering  profession :  that  these 
local  societies  furnish  the  means  by  which  the  young  and 
growing  man  meets  and  knows  other  engineers  and  gains 
opportunity  for  develoiiment :  and  that  the  national  so- 
cieties may  be  greatlv  strengthened  and  their  influence 
extended  by  closer  affiliations  with  these  local  societies: 
and  that  any  thorough  consideration  of  the  subject  of  aims 
and  organization  should  endeavor  to  find  ways  and  means 
by  which  the  sections  of  the  national  societies  may  best 
effect  close  co-operation  with  the  local  societies  and  extend 
the  opportunities  of  members  and  the  influence  of  the  en- 
Kineering  profession.  The  problems  of  the  co-ordination 
and  unification  of  the  engineering  profession  are  numerous 
and  complicated,  but  nevertheless  no  one  will  doubt  that 
every  effort  shoiild  be  made  to  strengthen  organization  and 
to    attempt    to    make    the    engineer   a    greater    force    in    the 

world. 

It  is  apparent  that  the  subject  assigned  to  tlie  commit- 
tees will  require  diligent  and  earnest  study  and  considera- 
tion, and  that  their  reports  will  need  careful  deliberation 
l)y  tlie  societies.  What  are  the  best  lines  for  expansion 
i'ud    improvement    and    what   may   be   accomplished   for   the 
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good  of  the  profession  and  the  public  ure  matters  \vl\Uli 
may  well  tax  the  powers  of  the  conimlttoes  and  the  mcm- 
borship;  what  l»  practU-able  and  wlmt  is  visionary;  what 
moy  bo  done  by  the  eiiKlneerinK  society  and  what  may  best 
be  releKated  to  individuals  or  to  auxiliary  or  separate  or- 
Kanlzntlons  or  s'ven  up  entirely,  must  all  be  threshed  out 
in  deiail. 


Tho  StriRtural  Enjjineeraiid  Con- 
tractor  As   Ri\als  of   the 
Architect 

In  an  article  in  the  ArchlliVlural  Ueiord.  Mr.  Wilfred  K. 
Ueach  brines  out  some  Interestlns  points  on  the  present 
and  future  sinlus  of  iho  archilecl  in  his  relations  with  the 
seneral   i-oniraolor.     Kxtraels  from   ihe   article   follow. 

.Architects  of  present  day  practice  have  become  so  ac- 
customed to  the  senenil  contractor  and  his  appareiit  neces- 
^lty  that  they  ari>  likely  to  overlook  the  fact  of  his  so-re- 
cent evolution.  Witness  that  portion  of  the  American  lu- 
stituie  dellnltion  of  an  architect,  which  describes  one  of  his 
functions  as  "siuiervlsin!;  the  operations  of  contractors," 
instead  of  "supervising  construction."  And  some  archi- 
tects, much  to  their  discomfiture,  have  been  made  to  re- 
allre  that.  In  bringing  forth  this  individual  for  the  purpose 
of  shoiilderins:  some  of  the  onerous  duties  incidental  to 
actual  construction,  they  have  hatched  out  a  veritable 
cuckoobird.  which  bids  fair  to  oust  its  foster  parents 
from  their  perch. 

Architects  may  ascribe  to  themselves  all  the  dignity  they 
can  throw  into  their  profession,  and  then  add  a  modicum, 
without  being  able  to  overcome  the  opprobrium  that  at- 
taches to  the  office  of  the  "gum-shoe"  artist,  which  office, 
in  the  mind  of  the  average  owner,  the  architect  deliberately 
assumes  when  undertaking  to  superintend  a  work  of  con- 
struction. 

The  triangular  relation  is  the  direct  outcome  of  the 
building  up  of  the  contracting  system,  which,  in  turn,  was 
the  result  of  commercial  conditions  of  a  by-gone  generation. 
Time  was.  not  so  very  long  ago,  when  commercial  probity 
was  a  joke;  when  a  buyer  had  no  protection  but  his  own 
acumen,  and  when  great  wealth  was  its  own  justification, 
regardless  of  the  means  of  accumulation.  Under  such  con- 
ditions, neither  reinforced  concrete  nor  heaviest  armor 
plate  were  barriers  too  strong  behind  which  to  safeguard 
the  interests  of  the  most  wary  individual  when  he  found 
it  necessary  to  enter  into  a  building  agreement  with  a 
rapacious  contractor.  Small  wonder  either  that,  under 
such  conditions,  the  detective  hireling  sometimes  went 
wrong.  With  the  owner  trying  to  beat  the  contractor  full 
as  often  as  the  reverse,  the  architect  must  have  been 
a  superior  personage  indeed  if,  after  having  been  forced 
down  to  the  lowest  possible  fee  for  himself,  he  did  not  try 
to  recoup  when  opportunity  offered.  '  Evidence  might  be 
adduced  to  show  that  he  did — too  often  for  his  own  reputa- 
tion and  that  of  the  confreres. 

The  writer  has  in  his  mail  today  a  printed  circular  from 
the  manufacturer  of  a  building  appliance,  containing  the 
following   paragraph; 

"The  prices  shown  on  page  23  are  list — the 
prices  your  customer  should  pay.  You  are  en- 
titled to  a  trade  discount  of  Id  per  cent." 

And  the  circular  was  prepared  for  distribution 
among  architects,  though  worded  as  if  for  sup- 
ply houses. 

The  general  contract  system  is  the  simplest 
one  for  an  architect  to  handle.  With  it  goes  the 
added  employment  of  the  architect  as  superin- 
tendent and  the  additional  fee  as  well.  Without 
it.  the  owner  is  too  often  convinced  that  the  en- 
tire service  of  the  architect  can  be  dispensed 
with.     And  there's  just  the  rub;  it  can. 

Mr.  Sturgis.  defining  "Contract."  takes  occasion 
to  step  aside  from  the  limited  path  of  the  lex- 
icographer and  to  remark  editorially  that  "it  is 
probable  that  there  will  be  no  great  improvement 
in  the  artistic  results  of  architects'  practice  until 
the  commission  system  is  done  away  with.     This       Design  s 


improvemont  can  hardly  be  nuulc.  however,  under  the 
contract  system.  The  two  seem  to  belong  together;  the 
architect  being  recognized  In  the  coalracl  as  an  essential 
third  parly  to  that  contract,  is  naturally  paid  by  a  per- 
contaKe  on  the  amount  of  money  represented  in  the  con- 
tract." 

Now,  if  the  arcliiiecl  cliooses  to  be  a  lofty  professional 
character,  an  artistic  designer  only,  rather  than  a  complete 
"creator  of  structures."  why  then  should  he  not  bo  em- 
ployed either  by  Ihe  builder  or  the  owner,  it  matters  not 
which,  to  be  just  Ihe  designer,  the  actual  working  out  of 
the  design  being  left  to  the  contractor  or  building  entity, 
their  excellent  draftsman,  and  their  field  forces  for  carry- 
ing the  work   through   to  completion? 

This  is  one  solution,  and  many  ethical  practitioners,  as 
well  as  other  able  draftsmen,  have  been  so  emi)loyed  some- 
times, furnishing  designs  only,  sometimes  more  complete 
working  drawings,  the  engiueering  and  other  details  be- 
ing left  to  the  contractor's  own  forces.  In  fact,  there  prob- 
ably are  today  more  capable  structural  engineers  in  the 
employ  of  contractors  than  of  architects- ~a  condition 
largely  due  to  a  nmnifest  disposition  on  the  part  of  many 
of  the  best  architects  to  leave  their  engineering  problems  to  ~ 
outsiders,  specialists  in  those  lines.  Perhaps  it  is  this 
very  assumption  of  high  ethical  professionalism  on  the 
part  of  the  architect  which  has  greatly  assisted  in  giving 
the  general  contractor  his  ascendancy  in  this  age  of  in- 
tensified commercialism. 

Now,  some  of  these,  wiser,  perhaps,  than  their  brethren, 
and  not  quite  such  sticklers  as  to  ethics,  have  discovered 
in  the  evolution  of  the  drafting  rooms  of  contractors  and 
supply  houses  a  perfectly  simple  solution  of  the  problem 
of  "making  ends  meet."  They  argue — and  who  shall  say 
unjustly — that  inasmuch  as  one  of  the  chief  features  of 
the  owner's  building  problem  is  economy,  as  is  manifest 
by  his  refusal  to  pay  a  proper  fee  for  architectural  serv- 
ice, then  wly  burden  him  (or  the  architect)  with  dual  ex- 
pense for  detail  drawings?  Thus  the  upbuilding  of  the 
contractor's  drafting  room,  as  aforesaid. 

It  may  not  be  surprising  in  the  near  future,  if  indeed  such 
is  not  already  the  case,  to  find  contractors  equipped  with 
drafting  forces  equal,  if  not  superior,  to  those  of  .some  of 
the  architects  under  whose  direction  they  have  been  ac- 
customed to  work. 


Inclined  Walls  and  Windows  of 
School  Buildings  Increase  Sup- 
ply of  Natural  Light 

Jluch  of  the  school  building  work  of  New  York  City  oc- 
curs In  localities  which  are  being  rebuilt,  single  family 
or  small  houses  giving  way  to  the  multiple  family  houses 
of  four  or  perhaps  five  stories  in  height.  This  results  in  a 
very  large  increase  of  land  value,  which  operates  against 
ihe  acquisition  of  a  large  site  for  the  school.  The  streets 
oftentimes  are  very  narrow,  so  that  the  problem  of  obtain- 
ing sufficient  light  in  the  class  rooms  on  the  second  and 
third  stories  has  been  very  great.     A  study  of  these  local 
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howing  Scheme  for  Obtaining  Additional  Light  in   Narrow   Streets. 
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contiition^^.  stated  Mr.  C.  B.  J.  Snyder,  Superintendent  of 
School  Buildings  of  New  Yorii  f'ity.  in  a  paper  presented 
Sept.  25  before  the  Society  of  Municiiial  Engineers  of  Xew 
York,  has  led  to  a  design  in  which  the  upper  stories  of  the 
facade  of  the  building  are  inclined  to  an  angle  of  about 
15  degrees  from  the  vertical,  so  as  to  permit  of  the  light 
from  the  sky  being  admitted  to  each  room.  This  design 
presents  certain  economic  features  as  to  natural  lighting 
of  the  interior,  which  are  essential,  and  seemingly,  under 
the  local  conditions,  can  be  obtained  in  no  other  w'av. 


U.  S.   Shipyards   Complete   Vessels  of 
3,103,583  D.  W.  T.  in  1918 

During  1918  ships  of  a  total  dead  weight  tonnage  of 
3,103,583  were  delivered  by  shipyards  holding  contracts 
with  the  Emergency  Fleet  Corporation  and  those  building 
vessels  requisitioned  by  the  corporation.  This  total  in- 
cludes 1,620,452  tons  of  requisitioned  steel  ships,  949.625 
tons  of  contract  steel  ships.  37«.4(iii  tons  of  wood  vessels, 
37,500  tons  of  composite  ships  and  119,606  tons  of  steel 
ships   built  in  Japanese  yards. 

The  deliveries  from  the  time  that  the  Emergency  Fleet 
program  was  started  until  the  end  of  the  year  1917  aggre- 
gated 301. SS9  deadweight  tons.  This  comparatively  small 
figure  for  deliveries  during  the  five  months  from  August 
to  Dec.  31.  1917.  may  be  regarded  as  evidence  that  the  ton- 
nage requisitioned  on  the  ways  was  not  a  great  factor  in 
bettering  the  showing  made  by  shipworkers  in  the  early 
part  of  the  program.  Different  types  and  designs  of  the 
requisitioned  hulls  prevented  any  successful  effort  at  stand- 
ardization in  the  early  days. 

There  was  a  decided  slow-down  in  deliveries  during  the 
last  two  months  of  1918.  This  was  due  to  the  fact  that  the 
armistice  had  removed  the  emergency,  to  meet  w^iich  the 
nation  entered  upon  its  shipbuilding  program;  that  all 
overtime.  Sunday  and  holiday  work  was  eliminated;  cer- 
tain changes  were  made  in  ship  construction  to  fit  the 
vessels  for  peace-time  needs,  and  regulations  governing 
the  testing  of  vessels  were  changed  i  laterially  to  require 
a  more  rigorous  trying-out  of  each  .-ship  before  acceptance. 

The  total  tonnage  may  be  increased  by  reports  not  yet 
received  of  ships  actually  delivered  in  December,  but  those 
additional  ships  will  be  listed  as  .January  deliveries. 

The  deliveries  from  the  time  that  the  Emergency  Fleet 
program  was  started  up  until  the  end  of  the  year  1918  ag- 
gregate 5(^0  ships  of  3.405.392  tons.  This  represents  the 
total  tonnage  of  new  shipping  accepted  since  August,  1917. 
when  the  first  ship  of  2.930  tons  was  delivered.  It  does 
not,  however,  represent  all  the  work  done  in  the  shipyards, 
for  there  still  are  millions  of  erected  tonnage  either  afloat 
and  awaiting  final  completion  and  acceptance,  or  in  various 
stages  of  construction  on  the  ways.  The  latest  figures 
en  the  construction  work  during  the  year  show  that  a  large 
per  cent  of  the  work,  program,  as  measured  by  ship  ton- 
rage  created,  was  completed. 

This  work  program  includes  the  tonnage  delivered  and  in 
operation,  the  tonnage  launched  but  not  delivered  and  the 
tonnage   partially   constructed   but   not   launched. 

The  ships  delivered  and  in  operation  can,  of  course,  be 
considered  as  100  per  cent  completed  work.  A  reasonable 
estimate  fixes  the  stage  of  completion  of  a  ship  launched 
but  not  yet  delivered  at  80  per  cent,  and  it  is  reasonable 
to  estimate  the  average  stage  of  construction  of  vessels 
ttil!  on  the  ways  at  33%  per  cent  of  completion.  The  fol- 
lowing table  gives  a  summary  of  performance  in  the  ship- 
yards in  1918  in  terms  of  ship  tonnage  created: 

Total  .ship  Tntiil  ship 
tonra^e  work  .*s*a^f  of              loiinas*' 
Dropvani.   IMIs.  rnpiji].-f ion.            (M-patefl 
n,  W.  T.  I'.-r  ■•.•111.              n.  W.  T. 
Delivered  and  in  oper- 
ation         3  lOo.ris:;  ino                :!.in:!,.')S:; 

Ijaunched  but  not  de- 
livered        i.6i3.2i;ii  ^0                \.■2'^n.fi^a 

Partiallv    oon.struct  e  d 

but  not  laiinched. ..  .        .S.Toii.TnJ  'iS's                1.250.2fi1 

Totals    S.467.6ti;  5.i;il.J62 

The  performance  indicated  by  these  figures  shows  that 
America,  for  the  first  time  in  more  than  half  a  century. 
l?d  the  world   in  ship  production. 
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Heating  Systems  of  New  Plant  at 
Essington  Works 

I'nusually  modern  heating  and  ventilating  systems  have 
been  installed  in  the  new  marine  equipment  plant  of  the 
Kssington  works  of  Westinghouse  Co.  at  South  Hhila- 
deljihia. 

The  various  heating  systems  throughout  the  works  como 
under  the  general  head  of  "vacuum  heating."  Steam  is 
siipjilied  through  large  exhaust  mains  in  tunnels  to  the 
diftereni  buildings  and  the  water  of  condensation  is  drawn 
ilirough  the  return  mains  by  vacuum  pumps  located  in  the 
I)Ower  iKuise.  Vacuum  or  thermostatic  traps  are  used  on 
each  unit  of  radiation  throughout  the  installation,  which 
in  conjunction  with  the  vacuum  pumps,  make  it  possible 
to  obtain  a  positive  circulation  of  steam  throughout  the  en- 
tire plant   at  a   low  initial  steam  pressure. 

Ventilation  is  not  considered  in  a  plant  of  this  size  as 
much  of  .-i  problem,  because  this  feature  is  already .  taken 
care  of  in  the  design  of  the  buildings,  where  large  areas 
of  ventilating*  sash  are  provided,  and  where  the  ratio  of 
cubic  contents  to  the  number  of  occupants  in  each  build- 
ing is  unusually  large.  Small  exhaust  systems  of  venti- 
lation were  installed  in  the  west  end  of  machine  shops  Nos. 
1  and  2  to  provide  for  unexposed  offices,  wash  and  toilet 
rooms.  In  the  various  shop  buildings  the  indirect  blower 
systems  were  installed,  their  selection  being  due  primarily 
to  their  adaptability  to  this  class  of  structure,  their  lower 
first  cost  and  better  distribution  of  heat,  as  well  as  con- 
venience of  operation. 

Direct  heating  was  inStalled  in  the  office  section  of  the 
pattern  storage  building  as  well  as  in  the  building  proper. 
The  direct  heat  in  this  case  provides  the  necessary  indi- 
vidual control  in  the  offices,  and  the  most  economical  sys- 
tem for  the  rest  of  the  building.  Direct  lieat  is  provided  in 
the  toilets  and  wash-rooms  throughout  the  plant  to  pre- 
vent freezing  when  the  indirect  blower  systems  in  the 
shops  are  shut   down. 

The  indirect  blower  systems  in  the  machine  and  erect- 
ing shops,  and  in  the  foundry,  were  divided  into  two  units, 
on  account  of  the  size  of  the  buildings.  Each  unit  consists 
of  a  constant-speed  motor-driven  blower  and  indirect 
heater.  The  heater  is  so  subdivided  that  the  air  tempera- 
ture may  be  adjusted  to  suit  any  outside  temperature.  The 
heated  air  is  carried  through  a  system  of  overhead  sheet- 
iron  ducts,  with  outlets  carried  down  the  columns  to  dis- 
tribute the  heat  near  the  floor.  Provision  is  made  in  each 
blower  room,  so  that  air  may  be  taken  directly  from  out- 
side, or  the  warm  air  recirculated  from  inside  the  build- 
ing. It  is  the  intention  that  all  air  be  recirculated  during 
the  night,  and  when  the  shops  are  not  in  operation,  as  this 
will  effect  a  considerable  saving  in  steam.  At  other  times, 
ilnring  mild  weather,  the  system  may  be  operated  partly 
on  outside  air  and  partly  on  recirculated  air.  In  extremely 
cold  weather,  it  will  be  necessary  to  operate  entirely  on 
recirculated  air.  in  order  to  properly  heat  the  buildings. 

This  does  not  apply  to  the  foundry,  where  it  will  be  neces- 
sary to  operate  on  outside  during  working  hours,  owing 
to  the  nature  of  the  work  performed  in  the  building. 

The  following  data,  tabulated  for  each  building,  give  de- 
tailed figures  regarding  the  size  and  capacity  of  apparatus, 
as  well  as  information  showing  temperature  ranges  and 
length  of  time  required  to  completely  change  the  air  in 
each  building. 

IIK.\TT.\i;    .s'VSTI'IlIS. 

.M^iciiini'    sliiip    .\'.i.     1    and    .\'ci.    2    le;ic^li    sliiipl: 

'I'WD  ISil-in.  strcl  iil.iti^  liliiwer.--.  having  a  raiiafity  of  .'.7,000 
in     It.    'if  air   p.-i^   niinnte  each. 

Two  ilidirei't  heat'Ts.  ..mlaininii  .'..130  .sq.  ft.  of  heating  sur- 
face   .•a.li. 

.•Vppi-oxiniate  air  i]i;ni;ie:  one  riianire  eacli  -}G  min.  leinper.a- 
ture  ran:;!-.    10      li,   IKC'    I'". 

p;ri-iliTm    Shop: 

Tw.i  ir,ii-in.  sli-el  |.late  l.l.iwcis.  having-  a  (•aparity  of  10. 000 
•  u.    ft.    of   air    per   minute   earti. 

Two  iniiirect  lieatei-s.  containin;;  ::.u;m  .sq.  ft.  of  iieatin,c:  siir- 
fa.^e    each. 

.\ppi'i..\iinate  air  clian;;c :  One  change  every  56  niinules. 
Ti-lnp.Tatnre    rang.'.    10"    I..    llO'    T'". 

l-'onniiry  : 

Two  lilo-in.  steel  plate  Howeis.  having  a  capacity  of  .'.o.iiOO 
CO.   ft.   per  ininnte  eacli. 

Two  inilirc.^t  healers,  ooiUaining  ''A40  .sq.  ft.  of  heating  siir- 
fii.e   each. 
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10'    111   50'    !•". 
liiilMIni; : 
iipproxlMUktoly     IS.OOO    sq.     it.     of    oiist-lrun 
1.  laillullon      ToniperiUiiro  iiiiikp.  olTli'i'S.   5"   to  70° 
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1-      -  . 

lHim   i.i>.tthii;   In  odloo  iintl   tollots  only. 

EXIIAfST    VKNTIUATING    SYSTKMS, 

Mftt-lklne  Sluip   No.    1  : 

Oi\w  5:>-ln  !•(•  •'I|>liitt<  fxl>iiu8tvr.  liavInK  »  citpuolty  of  3,300 
ft      f  :\!r  iH>r  nilniiie. 

A  OITlif.H.    ono   olmnKO   every    15    minnlos ;    wash- 

1  im  ono  clinngv  ovory   10  minutes: 

M  p    N,^     ?■ 

1'  I'xlmuiilor,    having   it   eapuolty   of   2,900 

i-u.    ■■ 

.\  "Ui'   chiniKo   every     15     minutes;    wash- 

roonu-   :i"l    ("lilt-'.    .Mil'   I'lwinee  every    10   minutes. 

School  House  (a)ii tracts  .\niounting  to 
$100,000,000  Held  L  p  by  War 

Contnuls  ut  ^i"i  luiblic  .'srliool  lioiisos.  totaling  some 
{S0,l>Ot'.OiMi.  have  been  held  np  as  a  result  of  the  war,  ac- 
cordlnK  to  n  partial  tabulation  of  building  conditions 
throuxlioui  the  I'nited  States,  which  has  bgcn  made  by 
the  Stulistical  Section  of  the  Division  of  Public  Works 
and  Construction  Uevelopinent,  V.  S  Department  of  Labor. 
It  Is  estimated  that  the  completed  tabulation  will  show 
that  these  school  projects,  now  being  held  in  abeyance, 
aggregate   more   than   $100,000,000. 

Id  round  numbers,  this  is  about  ?1  per  capita  through- 
out the  I'nited  States.  As  school  buildings  are  customarily 
fiuunred  on  20->e:>r  serial  bonds,  this  means  an  installment 
payraenl  of  about  5  ct.  per  capita  per  year  by  the  people  of 
this  country,  if  they  would  have  their  school  program  put 
through  at  the  present  time. 

Assuming  that  a  decrease  of  20  per  cent  in  construction 
costs  might  develop  during  the  next  4  to  5  years  (and  this 
is  regarded  by  many  as  a  maximum  decrease),  the  imme- 
diate completion  of  the  nation's  school  program  would  in- 
volve an  excess  of  only  1  ct.  per  cap'ta  per  year  over  the 
per  capita  cost,  even  if  constructions  were  delayed  for 
several   years. 


War  Restrictions  on  Building. — In  an  address  at  the  At- 
lantic City  convention  of  the  National  Federation  of  Con- 
struction Industries,  Mr.  D.  R.  McLennan,  Chief  of  the 
Non-War  Section  of  the  War  Industries  Board,  gave  some 
interesting  figures  on  the  effect  of  the  war  regulations  re- 
garding building  construction.  He  stated  that  from  Sept. 
4,  the  day  the  restrictive  ruling  was  put  into  effect,  up  to 
and  including  Xov.  10,  the  day  before  the  armistice  was 
signed,  there  were  issued  1,056  licenses  for  new  construc- 
tion of  which  699  were  on  farm  buildings.  Eliminate  the 
699,  and  96  issued  for  housing  projects  as  recommended  by 
the  United  States  Housing  Corporation,  and  there  were 
just  261  licenses  issued  in  the  entire  United  States  for  new- 
construction  projects.  The  total  amount  of  1,056  repre- 
sented in  dollars  $6,530,000— $1,619,000  of  -which  was  on 
farm  buildings.  That  left  $4,911,000  of  new  construction  in 
the  commercial  centers  of  the  country,  exclusive  of  farm 
buildings  and  these  housing  projects.  This  means  less  than 
$2,000,000  per  month,  as  against  about  $200,000,000  per 
month  in  normal  times,  assuming  that  the  total  building 
of  the  country-  is  $2,400,000,000. 


First  Large  Concrete  Boat  Crosses  Lake  Erie. — Barge 
"U.  S.  101,"  built  by  Thomas  E.  Currie  of  Detroit  for  the 
New  York  Canal  Section  of  the  Division  of  Inland  Water- 
ways, arrived  at  Buffalo,  Dec.  2.  after  having  weathered  a 
?ale  on  Lake  Erie.  This  is  the  first  concrete  craft  to  have 
crossed  Lake  Erie.  It  is  the  first  of  a  fleet  of  21  similar 
concrete  canal  barges  to  be  completed  for  service  on  the 
New-  York  Barge  Canal.  These  barges  are  larger  than 
any  that  have  yet  been  put  into  service  on  the  canal.  They 
have  an  over-all  length  of  150  ft.  and  a  beam  of  21  ft., 
with  a  carrying  capacity  of  500  tons  on  10  ft.  draft.  Four 
barges  have  been  launched,  one  at  Fort  Edward,  one  at 
Ithaca,  and  another  at  Detroit.  When  completed,  the  first 
two  of  these  will  see  service  on  intercoastal  routes  in  the 
South  until  spring.  W'inter  weather  has  prevented  the 
launching  of  two  other  barges,  one  at  Tonawanda  and  a 
second  at  Fort  Edward. 


Personals 

E.  P.  Low  has  rcslKOiHl  as  i  ity  nianngor  of  Biownwciod,  'l.x. 
Ole  K.  Olsen,  const lUit Ins  ouKlnoor,  New  Orleans,  I^i..  lias 
l>oen  i-lci-lcil  pii'sldent  of  the   lx)uislana  EiiglnoorlnK  Socloly. 

Ward  E.  Pratt  of  Koohester,  N.  Y.,  has  been  appointed  re- 
soaroJi  euKlneer  at  the  cnKlnoerlng  experiment  station  of  the 
Unlver.slty  of  Illinois. 

E.  H.  Bruyere,  George  Sexton  and  H.  -V.  Campbell  have  cv- 
ganlzed  the  K.  H.  Uruyoro  Construction  Co.  of  Waco,  Tex.,  and 
will  engage  In  geneial  contracting. 

Charlei  W.  Carkeep  has  l>een  elected  prcsldunt  of  the  Mas'  r 
Bulldi'i-s'  Association  of  .Seattle,  Wash.  The  other  olHi.eis  i.i-e: 
Vlce-pr.sldont.  1".  A.  Harrington;  secretary,  J.  K.  SlioemaUer; 
treasurer,  E.  J.  Hounds. 

Esll  Knight,  treasurer  of  the  Tampa  Dock  Co.,  Tampa,  Fla., 
has  become  general  manager,  succeeding  Jack  .vIcGucken,  re- 
signed. The  company  Is  engaged  In  constructing  wooden  ships 
tor  the  U.  S.  Shipping  Board. 

A.  Yappen  has  been  appointed  assistant  englnner  in  charge 
of  bridge  maintenance.  Inspection  and  erection  on  lines  east  of 
MobrlilRo  lor  the  Chicago.  Milwaukee  &  St.  I'aul  It.  U.  He  suc- 
ceeds C.   N.   Halnbrldge,   promoted. 

J.  L.  Jacobs  has  returned  to  professional  practice  with  J.  L. 
Jacobs  &  Co.,  industrial  engineers,  .Monadnock  building,  Chicago. 
Mr.  Jacobs  until  recently  has  been  engaged  on  special  staff  work 
with   the   V.   S.   Shipping   Board  Emergency   Fleet  Coi-poratlon. 

The  Mlller-Holbrook  Engineering  Co.  and  the  Warren  Engi- 
neering Co..  l>oth  of  Decatur.  III.,  have  consolidated  under  the 
name  of  Miller,  llolbrook.  Warren  &  Co.,  Inc.  The  new  tirm  will 
handle  general  municipal  improvements  and  also  specialize  In 
reinforced    concrete   structures. 

A.  J.  Hoffman  of  Evansville.  Tnd.,  has  been  elected  president 
of  the  Associated  Building  Contractors  of  Indiana.  Other  of- 
tlcers  elected  were:  Max  irmscher.  Fort  Wayne,  llrst  vice-presi- 
dent; Charles  Morrow,  second  vice-president;  J.  W.  Goodall. 
Peru,  third  vice-president,  and  C.  C.  Pleison,  Indlanaiwlls,  sec- 
i-otar.v- treasurer. 

M.  B.  Johnston  has  been  electee  president  of  the  Brick  Con- 
tractors' A.s.sociation  of  Pittsburgh,  Pa.  Other  officers  are:  First 
vice-presldenl.  Wallace  K.  Brown;  second  vice-president,  George 
E.  Sundeiland;  secretary,  S.  P.  Trimble;  treasurer,  James  H. 
Steel;  directors.  John  C.  Grabe.  David  T.  Riffle.  John  C.  Schrle- 
ner.   'rhonias   Stewart. 


Obituaries 


Paul  Kurtz,  a  building'  contractor  of  .Marshalltovvn.  la.,  died 
Jan.   12,  aged  51. 

George   W.    Logue,  a  building  contractor  of   McKeesport,   Pa., 

died  .Ian.    1  1.   aged  37. 

Francis  J.  French,  an  engineer  identifled  with  the  shipbuilding' 
industry  at  New  Orleans.  La.,  died  Jan.  8. 

Harry  Bates  Tyler,  an  engineer  who  did  extensive  work  In 
India  and  South  America,  died  Jan.  S  at  Worcester,  Mass.,  aged 
63.  His  work  in  South  America  included  the  construction  of  La 
Dorado  Railroad,  Uie  Antioquia  Railroad  and  the  Santa  Marta 
Railroad. 

Thomas  A.  Alverson,  for  more  than  thirty  years  actively  iden- 
tifled with  the  shipbuilding  industry  of  the  Great  Lakes,  died  Jan. 
5  at  Detroit,  aged  72.  He  was  associated  with  the  late  Thomas 
Dunford  in  the  shipbuilding  and  dry  dock  business  at  Port  Huron, 
Mich.  This  plant  is  now  in  possession  of  the-  Foundation  Com- 
pany. 

William  A.  Haven,  civil  engineer,  died  Dec.  30  at  his  home  in 
Buffalo,  N.  Y.  Mr.  Haven  was  born  in  1832.  His  early  engi- 
neering experience  was  on  western  railroad.?,  the  Wisconsin  Cen- 
tral, Burlington  Line,  of  which  Robert  Harris  was  president. 
Later  on  he  was  engaged  on  the  building  of  railroads  in  Vermont, 
and  also  on  double  tracking  work  for  the  New  York  Central.  In 
1879  he  came  to  Buffalo  in  reconstruction  work  for  the  Erie  Rail- 
road, serving  again  under  Robert  Harris,  who  was  the  vice- 
president.  During  this  period.  1879-1885.  he  also  had  engineering 
charge  of  the  Lehigh  Valley  Railroad  interests  at  Tifft  farm,  the 
building  of  the  Buffalo  Creek  Railroad.  When  Mr.  Harris  was 
appointed  president  of  the  Northern  Pacific  P.ailroad  Mr.  Haven, 
in  1885-86.  took  a  prominent  part  in  building  that  continental 
railway  and  was  later  identified  with  the  construction  of  the 
Montana  Central  Railroad.  Returning  to  Buffalo  in  1890  he 
acted  as  supervising  civil  engineer  for  the  Erie  Railroad,  looking 
after  its  grade  crossing  interests.  He  also  built  the  railroad 
between  Olean.  N.  Y..  and  Emporium,  now  part  of  the  Penn- 
sylvania Railroad  system.  He  was  active  in  his  profession  for 
over  60  years. 


Industrial  Notes 

The  iferchant  &  Evans  Co.  recently  began  its  forty-first  year 
of  continuous  and  succes.sful  production  of  mixed  metals  niade 
of  the  ;o-calIed  white  metal  alloys.  The  Philadelphia  and  Chi- 
cago sUielting  plants  of  the  company  produce  annually  a  very 
heavy  tonnage  of  all  grades  of  solder,  babbitt  and  newspaper 
metals.  Large  quantities  of  these  goods  have  been  furnished 
to  the  C  S.  Government  and  in  every  instance  fully  met  the 
specifications.  The  government  also  is  making  extensive  use  of 
the   fire  doors   and  ventilators   manufactured  by   this   company. 

The  sales  force  of  The  Thew  Automatic  Shovel  Co..  Lorain,  O.. 
has  jast  concluded  its  annual  meeting — the  most  enthusiastic  in 
its  history.  Everyone  agreed  that  the  prospect  for  immediate 
business  is  exceptionally  promising,  particularly  for  road  and 
street  construction  on  an  enormous  scale.  The  sentiment  of  the 
country,  judged  by  the  reports  of  these  sales  representati\-es.  is 
strongly  for  the  rapid  completion  of  a  universal  system  of  depend- 
able highways.  Foreseeing  this  condition,  a  new  machine — the 
Type  00  Series — has  been  added  to  the  Thew  line  of  earth 
moving  and  handling  equipment.  This  machine  is  equipped  either 
as  a  full-circle  swing  shovel  or  crane,  and  is  provided  with  either 
steam,  .gasoline  or  electric  power.  For  regular  shovel  work  it 
c.arries  a  ^^-yard  dipjier.  Double-drum  mechanism  may  be  fur- 
nished for  clamshall  or  crane  operation.  It  weighs  only  fourteen 
tons. 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roads  (c)   Street   Cleaning 

(b)  Streets  ,j  (d>    Municipal    Miscellanlei 

Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Wsterworka  (c)    Irrigation    and    Drainage 

(b)  Sewers  and  Baal-  (d)    Power 

tatlOB 


Railways  and  Govt.  Works — 3rd  Wednesday 

(a)  Excavation      and  <c)   Harbors   and    Docks 

Dredging 

(b)  Rivers  and  Canals       (d)   Railway    Construction 

Buildings  and  Structures — 4th  Wednesday 

(a)  Buildings  (c)   Ship   Construction 

(b)  Bridges  (d)    Miscellaneous    Structures 
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Our  Second  Annual  New  Equip- 
ment Issue 

This — our  second  annual  new  equipment  issue — 
comes  out  in  more  auspicious  times  than  did  the  one 
of  last  January.  Then  the  nation  was  just  beginning 
to  realize  the  tremendous  task  before  it.  Industry  was 
being  mobilized  for  war  work,  and  manufacturers 
were  commencing  to  devote  the  entire  capacity  of  their 
plants  to  production  for  the  Government.  The  general 
construction  outlook  was  dismal  indeed.  The  only 
consideration  at  that  time  was  the  successful  prosecu- 
tion of  the  war.  Now,  the  war  happily  ended,  every 
indication  points  to  an  era  of  tremendous  activit)-  in 
the  lines  in  which  our  readers  are  most  interested. 

The  present  issue,  as  was  the  first  one,  is  devoted 
entirely  to  brief  descriptions  of  new  equipment  in  the 
civil  engineering  and  contracting  field.  The  issue 
forms  a  review-  of  recent  progress  and  therefore  should 
prove  not  only  full  of  suggestions  to  most  of  our  read- 
ers, but  may  well  be  kept  as  a  reference  catalog  of  the 
latest  engineering  equipment. 

Some  of  the  things  described  in  this  issue  have  been 
described  in  our  columns  during  the  past  year,  but  to 
these  have  been  added  many  other  descriptions,  so  that 


the  whole  fnrnis  a  ciJini)reiiensive  comj>endium  of  labor 
saving  devices. 

The  advertising  pages  also  will  be  found  instructive, 
covering,  as  they  do.  a  wide  range  of  products  of  the 
latest  designs. 

In  the  past  _\-ear  construction  operations  were  ham- 
jiered  by  the  scarcity,  high  price  and  inefficiency  of 
labor.  This  latter  ccjnsideration  was  in  considerable 
measure  responsible  for  the  high  cost  of  work.  C3ne 
well  known  highway  official  stated  recently  that  in 
1916  he  was  paying  $2  per  day  for  common  labor 
while  in  igi8  the  jirice  had  jumped  to  $4.50  and  the 
men  were  50  per  cent  less  efficient.  It  is  probable  that 
there  will  be  plenty  of  efficient  labor  available  during 
the  coming  season.  It  should  be  stated  here,  however, 
that  at  a  recent  conference  at  Chicago,  several  railway 
officials  expressed  the  belief  that  there  would  be  ex- 
treme difficulty  in  securing  the  necessary  men  for  their 
maintenance  of  way  and  other  work.  In  any  case 
wages  undoubtedly  will  continue  to  be  high,  and  this 
fact  alone  makes  it  imperative  that  every  labor  saving 
device  should  be  carefully  considered.  In  these  pages 
— advertising  as  well  as  editorial — are  brought  together 
several  hundred  machines  and  products  designed  by  the 
cleverest  of  engineers  and  inventors.  America  leads 
the  world  in  the  manufacture  of  machines  for  reduc- 
ing the  cost  of  construction.  This  fact,  we  believe,  is 
imi)ressively  demonstrated   in  the  pages  of  this  issue. 
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Recent  Developments  in  Construction  and  Engineering  Equipment 

in.  fur  Class  I, coo.  'I'lu'  diamctor  at  tlio  butt  varies 
irom  iO;i4  in.  for  a  20-ft.  Class  i.cxio  pole  to  2334  in- 
ior  a  60-ft.  Class  4,000  pole.  The  approximate  weight 
of  the  latter  is  12,400  lb.,  while  the  approximate 
weijjht  of  the  2a-ft.  pole  is  865  lb.  , 


HOI.LOW  t  O.NC  HKTK  POl-KS  M.VDH  HV  CKNTIUF- 
U(;.\L  I'ROl'ESS. 
Concrete  lias  the  follow  inj;  advautajjes  as  pole  ma- 
terial: Pcmianence,  strength  and  availability.  A  novel 
process  of  concrete  jxile  manufacture  which  retains 
the  abtivc  advantages  has  been  perfected  recently.  By 
tins  method  hollow  reinforced  concrete  poles  arc  pro- 
duced that  coiniiare  favorably  with  wooden  jioles  both 
as  to  weii;ht  and  lirst  cost. 

The  |>oles  are  made  by  a  centrifuijal  process.  In 
this  process,  the  first  step  is  to  build  up  the  reiuforcinsj 
cage,  similar  to  that  used  in  a  concrete  jiile.  The  longi- 
tudinal rods  are  securely  wrapped  with  hooping  wire 
that  is  tied  at  its  inter.sections  with  the  rods.  The  cayi 
is  then  placed  inside  a  mold,  which,  after  being  securel\ 
bolted  up.  is  tilled  with  the  rei|uired  amount  of  con- 
crete. The  mold  is  then  clamped  in  a  machine  that 
revolves  it  at  a  high  speed. 

The  centrifugal  force  residting  from  this  rotation, 
causes  the  concrete  to  be  uniformly  distributed,  and 
densely  compacted.  The  surplus  water  contained  in 
the  wet  concrete  is  forced  to  the  center,  and  when  the 
mold  is  withdrawn  from  the  machine  at  the  close  of  the 
operation,  it  runs  out  of  the  end  in  a 
clear  stream.  In  a  few  minutes  of 
rotation,  the  concrete  is  sufficiently 
compressed  so  that  there  remains  no 
danger  of  collapse.  It  is  so  hard  that 
a  thumb  nail  makes  but  little  impres- 
sion upon  it. 

The   process,   because   of   the   fact 
that  absolute  control  over  the  concrete 
can  be  exercised,   lends  itself  to  the 
production     of     ornamental     effects. 
This   fact  has  created  a  demand   for 
such    poles    in     the     street     lighting 
lield.  and  there  are  now  in  operation 
at    Chicago.    Milwauk-ee    and    several 
smaller   cities,   street-lighting  systems 
KJ^  in    which    these    poles    are    installed. 
-^^^  For  ornamental  effects,  special  aggre- 
30  ft.   Lighting      gates  are  used.     These  are  given  sur- 
by^iv?Mwaukee!'      ^^^^  treatments  which  produces  a  con- 
crete   indistinguishable    from    natural 
stone.     The  accompanying  illustration   shows  a  30-ft. 
double  bracket  lighting  standard   used   in   the   city   of 
Milwaukee,  ^^'is.     It  has  smooth  natural  concrete  fin- 
ish.   The  pole  was  manufactured  and  hauled  1J/2  miles 
from  the  factory  and  put  in  place  in  96  hours. 

An  elaborate  series  of  tests  has  been  made  on  poles 
constructed  by  this  process  that  confirm  the  assump- 
tions made  in  their  design.  The  test  demonstrated  an 
unexpected  resilience  of  the  poles.  25  and  30-foot  poles 
deflecting  10  to  12  in.,  without  failure,  sustaining  loads 
that  have  a  ratio  varying  from  two  to  three  when  com- 
pared with  the  designed  loads.  The  result  of  a  test 
made  on  a  25-ft.  pole,  7  in.  in  diameter  at  the  top,  13^4 
in.  at  the  butt,  and  weighing  1,700  lb.,  is  given  in  the 
following  table : 

Load,  Deflection  Tx)ad.  Deflection 

lb.  at  top,  in.                    lb.  at  top.  in. 

100                           0  3,000  «3-16 

525                              %  3.S80  7  7-16 

1.000                            1  4,075  9% 

1.500                            ?3-32  4,575  10% 

2.000                            3H  5.425  Broke 
2.500                            4% 

The  standard  poles  made  by  this  process  range  from 
2o  ft.  to  40  ft.  in  length,  and  are  divided  into  five 
classes — i,ooo,  1.500,  2.000,  3,000  and  4.000 — the  num- 
bers indicating  the  pull  in  points  which  the  poles  are 
guaranteed  to  withstand.  The  diameter  at  the  top  of 
the  pole  ranges  from  854  in-  for  the  Class  4.000  to  5J4 


Testing   Hollow  Reinforced   Concrete   Pole. 

The  hollow  concrete  pole  was  develo])ed  by  the  Uni- 
versal Concrete  Products  .Company,  Chicago.  It  is 
being  marketed  by  the  Massey  Concrete  Products  Cor- 
j)oration,  Peoples  Gas  BIdg.,  Chicago. 


TRACTOR  THAT  IS  BUILT  ON  SAME  LINES  AS 
MOTOR  TRUCK. 

A  tractor  built  along  the  same  lines  as  a  high  grade 
motor  truck  and  operated  in  the  same  way  as  a  truck 
was  brought  out  last  year  by  the  Dart  Truck  &  Tractor 
Corporation  of  Waterloo,  la.  The  tractor  has  a  4- 
cylinder  motor  with  a  standard  system  of  water  cooling. 


Dart  "Blue   J"   Tractor. 

It  has  an  automobile  clutch  and  transmission  similar 
to  those  of  a  motor  car,  except  that  direct  drive  is  on 
second  speed  instead  of  on  high.  It  has  a  standard 
motor  truck  steering  gear,  enabling  turning  around  in 
a  circle  of  lo  ft.  of  radius.  An  important  feature  of 
this  tractor  is  the  patented  rear  axle  construction.  This 
consists  of  a  double  reduction  axle  formed  as  a  worm 
and  enclosed  bull  wheel  gear,  giving  a  gear  reduction 
of  approximately  50-1.  The  tractor  is  built  on  the  in- 
dependent unit  system.  Each  unit  is  easily  accessible 
and  may  be  easily  and  quickly  removed  without  dis- 
turbing any  other  unit.  The  gasoline  motor  has  a  rat- 
ing of  28.9  hp..  but  develops  40  hp.  at  950  rpm.  in 
block  test.    The  speeds  are :     Plow  speed,  2i  o  miles  per 
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hour;  high  or  road  speed,  5  miles  per  hour;  low  speed, 
1 14  miles  per  hour;  reverse,  iVo  miles  per  hour.  The 
dimensions  are:  Length  over  all,  125  in.;  worth  over 
all,  56  in. ;  height.  65  in. ;  wheel  base,  "J-J  in. ;  tread,  c 
to  c  of  wheel  base,  4.2  in.     The  tractor  weighs  4.500  lb. 


COMPACT,  SHORT  COUPLED  CONCRETE  MIXER. 

\  compact,  short  coupled  concrete  mixer  that  can  be 
used  in  alleys  as  well  as  in  broad  streets  is  illustrated. 
This,  the  No.  10  Lansing  paver,  is  the  latest  addition 
to  the  concrete  mixer  line  of  the  Lansing  Co..  Lansing. 
Mich.  The  new  machine  has  all  the  strong  points  of 
the  first  small  Lansing  paver,  with  a  bigger  capacity. 
The  extreme  wicifh  of  the  No.  10  Lansing  paver  is  7! ', 
ft.,  the  length  with  loader  down  but  without  spout. 
14  1-3  ft.  The  height  is  11  ft.  The  paver  is  conserva- 
tively rated  at  10  cu.  ft.  dry  material  per  batch  or  8  cu. 
ft.  wet  mixed  concrete.  It  propels  itself  forward  or 
backward  under  its  own. power  and  will  climb  a  10  per 
cent  grade.  It  has  one  speed  forward  and  reverse.  Its 
traction  speed  is  ii,4  miles  per  hour.  The  standard 
power  is  an  8  H.  P.  gasoline  engine,  but  a  steam  engine 
or  electric  motor  may  be  furnished.  The  loading  skip 
is  70  in.  wide  and  receives  two  wheelbarrows  at  the 
same  time.     When  the  loader  reaches  discharge  posi- 


The   No.   10   Lansing   Paver. 

tion  the  clutch  is  automatically  released.  The  entire 
operation  is  controlled  by  one  man,  who  is  placed  on  a 
platform  and  has  all  levers  within  easy  reach. 

Eight  Hyatt  roller  bearings  are  used  in  drum  roll- 
ers, main  shaft  and  countershaft.  The  mixer  drum  is 
of  the  non-tilting  type,  gear  driven,  with  cast  semi- 
steel  heads  joined  by  heavy  boiler  plate  steel.  The 
main  frame  is  34  in.  long  and  45  in.  wide.  It  has  two 
side  and  five  cross  pieces  of  6-in.  channels.  In  the 
center  is  a  6-in.  cross  I-beam.  There  are  two  upper 
5-in.  cross  I-beams  for  trunnion  bearings.  The  upper 
frame  is  made  of  3-in.  by  3-in.  by  Vi-in-  angle  iron  with 
9/24-in.  and  3/16-in.  gusset  plates.  The  trucks  are  all 
steel,  three  point  suspension,  with  built  up  bolster — two 
5-in.  channels  and  plates.  Both  axles  are  round  solid 
steel  bars  2  3/16  in.  in  diameter.  The  wheels  are  made 
of  steel,  the  front  set  being  20  in.  in  diameter  with  8- 
in.  face.  There  are  lugs  on  the  rear  wheels  which  are 
30  in.  in  diameter  with  8-in.  face.  The  tread  is  66  in. 
The  Lansing  has  an  internal  expanding,  concentric 
ring  type  clutch  with  rings  12  in.  in  diameter  and  2I0- 
in  face.  The  distributing  spout,  which  swings  180° 
and  is  built  of  No.  12  and  No.  14  gage  steel,  rein- 
forced with  134-in.  angle  irons,  is  12  ft.  long  and  21  in. 
wide.  It  has  an  adjustable  pitch  and  is  provided  with 
gates  for  discharging  concrete  in  three  places. 


A  NEW  3»4-TON  HEAVY  DUTY  TRUCK 

.\  3' J  ton  motor  truck,  built  throughout  for  heavy 
duty  service,  was  brought  out  last  year  by  the  Dart 
Truck  &  Tractor  Corporation,  Waterloo.  la.  In  this 
model  the  transmission,  being  exceptionally  heavy,  is 
mounted  amidship,  permitting  the  use  of  a  larger  wheel 
base   without  too  long  drive  shaft.    Ileavv   universals 


Dart   Model    L,   3!  2- Ton   Truck. 

are  mounted  between  the  transmission  and  motor  and 
between  the  transmission  and  rear  axle.  The  motor  is 
the  L-head  type,  4-cylinder  and  4-cycle,  i^V^z^d  in.,  cast 
en  bloc,  35  hp.  at  1,400  rpm.  The  drive  is  from 
clutch  and  transmission  through  2^0  in.  hollow  drive 
shaft  with  tmiversal  joint  at  each  end  to  worm  driven 
rear  axle.  The  wheel  base  is  160  in.,  and  tread  65  in. 
The  length  over  all  is  243  in.,  width  over  all  86j^  in. 
The  standard  size  of  body,  554x144  in.  The  capacity 
is  7,000  lb. :  body  allowance.  1.500  lb. 


FEDERAL  TRACTORS. 

Contractors  and  lumber  dealers  often  find  that  equip- 
ment adapted  to  the  hauling  of  extra  long  pieces  of  ma- 
terial or  so  arranged  as  to  permit  handling  of  materials 
in  rather  cramped  quarters,  such  as  alleys  or  drive- 
ways, would  be  very  useful.  Then,  too,  additional 
carrying  power  is  often  needed.  Consequently,  the 
Federal  IVIotor  Truck  Co.  decided  that  the  tractor  truck 
when  operated  with  two-wheel  semi,  bunk  or  pole  trail- 
ers, would  lie  a  most  efficient  means  of  taking  care  of 


Heavy    Duty   Tractor   of   7-Ton   Capacity. 

these  requirements.  Such  equipment  would  also  hurry 
up  construction  work  by  reducing  to  a  minimum  the 
idle  time  of  the  truck,  due  to  loading  and  unloading. 
This  desirable  feature  would  be  affected  by  the  use  of 
two  or  three  trailers — for  instance,  one  being  loaded,  a 
second  unloaded  and  the  third  on  the  way  with  a  load 
or  returning  empty,  back  of  the  tractor.  Thus  one 
tractor  would  keep  three  trailers  busy.  Considering 
these  j)h rases  the  b'ederal  Motor  Truck  Co.  has  for  the 
past  year  laid  particular  stress  on  the  tractors,  of  which 
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two  models  arc  niamifaiturcd — one  a  light  duty  traitor. 
capacit\  3  tons,  and  llu-  lUlur  a  heavy  duty  tractor,  ca- 
pacity 7  tons,  riiese  units  are  manufactured  in  addi- 
tion io  the  complete  line  of  Federal  trucks,  of  i,  I'j,  2, 
3';;  and  5  ton  capacities. 


I>KV1(K    FOR    POI.K   rONSTRUCTlON    l.N    IA)OSK 

soil.. 

lilt  perpic.smy  pmliicm  oi  i|uicksand  and  oilier  ra])- 
idly  shiftinjj  soil  is  often  en- 
countered in  jiole  installa- 
tion. A  device  especially 
desii^ned  to  meet  loose  soil 
conditions  has  heen  hrouglu 
out  hy  the  Drew  F.lectric  & 
.Manufacturing  Co.,  In- 
dianajiolis,  hid.  This  is 
known  as  the  Drew  sand 
harrel.  To  use  in  placin.t; 
the  pole,  the  iiarrel  is  split 
to  go  around  the  pole.  The 
]H)le  is  then  set  in  place  and 
the  space  between  the  pole 
and  sleeve  filled  with  con- 
crete. When  the  concrete 
is  partially  set  the  barrel  is 
pulled  up  above  the  ground 
line.  Pin  hinges  pemiit  in- 
stant removal.  The  con- 
crete is  left  below  in  a 
solid,  heavy  cylinder. 

The  device  may  be  used 
for  setting  either  wood  or 
iron  poles.  It  is  now  used 
hy  many  large  city  anci  in- 
terurban  railways,  power 
and  light  companies,  and 
telephone  and  telegraph  sys- 
tems with  marked  suc- 
cess. 


Drew   Sand    &<irrel. 


DEVICE   FOR  INSTALLING    EXPANSION    JOINTS 
IN  CONCRETE  ROADS    AND    PAVEMENTS. 

The  engineer  in  charge  of  paving  contracts  desires 
to  have  the  expansion  joints  placed  truly  vertical  in  a 


Prepared    Expansion    Joint    in    Holder. 

Straight  line  across  the  road  and  for  the  full  depth  of 
the  concrete  thickness.  The  Contractor  endorses  the 
above  and  wishes  further  for  ease  to  install,  a  sim- 
plicity to  prepare  for,  a  reduction  of  present  costs,  and 
a  holder  which  can  be  reused  often.     The  above  pos- 


sibilities, it  is  thought,  are  to  be  fuuiul  in  the  elastite 
installing  device  of  which  the  cuts  shown  give  a  fair 
idea  of  how  tiie  placing  of  joints  is  accomplished.  The 
holiier  is  made  of  sheet  iron  in  .sectional  lengths,  as  may 
be  desired.  Openings  at  the  bottom  provide  for  the 
green  concrete  to  engage  the  joint  strip  on  each  side ; 
openings  at  the  top  allow  the  insertion  of  wood  plugs 
to  hold  down  the  joint  on  the  subgrade  and  later  to 
permit  of  jdacing  a  small  stick  directly  on  top  of  the 
joint  to  hold  it  ilown  as  the  liolder  is  pulled  upward 
and  out  by  means  of  attached  handles.  The 
))reliniinarv  to  provide  for  the  joint  is  nierclv  to  lay  the 


IVIethod    of    Raising    Joint    Installing    Device. 

bolder  flat  on  a  side,  slip  the  joint  into  the  opening, 
up  end  along  the  bottom,  drive  holding  pins  on  each 
side  and  joint  up  the  next  sectional  unit  fitting  it 
against  the  proceeding  unit  in  a  slot,  and  all  is  in  readi- 
ness to  place  the  concrete  on  both  sides  as  the  work 
reaches  the  joint. 

This  installing  device  has  been  perfected  by  The 
Fhilip  Carey  Co.,  Lockland,  Cincinnati.  O..  the. manu- 
facturers of  Elastite  expansion  joint.  The  com- 
jiany  intends  to  license  contractors  to  make  and  use 
this  installation  device  and  method  without  cost  to  the 
contractors. 


FOLDING    HOOK    ATTACHMENT    FOR    SPRING- 
JOINT  RULES. 

An  attachiTient  for  spring  joint  rules  that  facilitates 
the  taking  of  measurements  out  of  arm's  reach  has 
been   1)rought   out   by   the   I.ufkin   Rule   Co.,    Saginaw, 


Patent    Folding    Hook    for    Spring    Joint    Rule. 

Mich.  It  consists  of  a  small  substantial  hook  fitted 
to  the  first  end  of  the  rule.  This  hook  is  so  attached 
that  it  will  fold  up  and  remain  flush  with  the  edge  of 
the  rule  making  it  in  appearance  and  for  use  the  same 
as  ordinarv  rules  without  the  hook. 
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STEEL  TOWERS  FOR  CONCRETING. 

Steel     towers     that     are     claimed     to     strike     the 
right  medium  between  the  tower  which  is  too  heavy  for 

practical  purposes  and 
the  tower  which  is  so 
light  that  it  cannot  be 
held  from  twisting,  have 
been  brought  out  by  the 
Ransome  Concrete  Ma- 
chinery Co.,  Dunellen. 
N.  J.  It  is  needless  to 
jjoint  out  that  errors  in 
1)oth  directions  have 
been  quite  frequent  in 
the  construction  field  in 
the  past.  The  towers 
are  built  in  15  ft. 
lengths,  which  experi- 
ence has  proven  is  an 
economical  and  prac- 
tical length  both  in  sh'ip- 
|)ing,  assembling  and  dis- 
mantling. Three  types 
(if  towers  are  built — 
Light  towers  for  bin 
load  only  ;  heavy  towers 
for  boom  plants  or  long 
runs  of  continuous  line 
chutes :  sliding  frame 
towers  for  boom  plants 
equipped  with  sliding 
frames  for  the  bin  and 
boom.  .A.  contractor  can 
readily  decide  which 
tower  is  best  suited  for  his  average  job,  but  if  he  is  do- 
ing a  variety  of  work  the  sliding  frame  tower  will  be 
economical  in  the  long  run. 


Section   of   Ransome   Steel  Tower. 


ADJUSTABLE    MOLD    FOR    MAKING    JOINTS    IN 
VITRIFIED  PIPE. 

An  improved  method  of  making  joints  by  a  process 
of  pouring  the  joint  material  was  developed  in  1918. 
The  apparatus  used  for  the  purpose  is  the  flex-form 
joint  mold  manufactured  by  the  Wyatt  Engineering 
Co.,  1672  .Summit  .\ve..  Columbus,  O.   The  experiments 


The    Flex-Form. 


which  led  to  the  perfection  of  this  device  were  carried 
on  jointly  by  the  Wyatt  Engineering  Co.  and  the  \'it- 
rified  Pipe -Manufacturers'  Association.  The  pouring 
of  joints  of  bituminous  joint  compounds  is  not  new; 
heretofore  the  familiar  snake  runner  or  asbestos  run- 
ner has  been  used  to  retain  the  hot  joint  material  with- 
in the  bell  of  the  pipe  during  the  pouring.  By  the 
Flex- Form  method  room  is  provided  for  a  bevel  of 
joint  material  in  front  of  the  lip  of  the  bell  which  is  a 
safeguard  against  leakage.  During  the  actual  pouring 
this  bevel  provides  for  greater  volume  of  the  joint  ma- 
terial for  its  entrance  into  the  bell,  from  all  sides  in- 
stead of  confining  the  stream  of  hot  compound  to  the 


narrow  annular  space  of  the  bell.  Where  the  hot  ma- 
terial is  thus  confined  to  the  annular  space  there  is 
a  tendency  to  chill  before  the  space  is  completely  filled, 
which  is  obviated  by  the  Flex-Form. 

In  the  improvement  of  Portland  cement  joint  prac- 
tice the  Flex-Form  has  proved  very  useful.  The  old, 
hand-troweled  cement  joints  were  very  rarely  im- 
pervious when  completed,  and  even  when  made  with 
the  utmost  care  there  was  a  tendency  for  the  joint  of 
the  cement  to  crack  during  the  succeeding  manipula- 
tion of  the  pipe  in  making  the  ensuing  joint.  The  Flex- 
lorm  metliod  of  making  cement  joints  is  to  pour  the 
cement  in  the   form  of  ;i  grout  about  the  consistency 


Pouring    the    Joint. 

of  thick  cream  ;  ihe  resulting  joint  is  remarkably  dense, 
neat  and  comjiact,  and  immune  to  seepage  at  ordinary 
pressures.  P)y  adding  a  small  percentage  of  water- 
proofing to  the  cement  the  joint  can  be  made  thoroughly 
impervious  at  pressures  far  in  excess  of  those  that  have 
been  demanded  for  sewerage  practice  in  the  past. 

The  Flex-Form  mold  consists  of  a  series  of  over- 
lapping sheet  metal  scales  or  plates  strung  upon  light 
steel  cables  with  devices  for  clamping  around  the  pipe 
and  the  funnel  for  the  introduction  of  the  joint  mate- 
rial. It  has  the  merit  of  holding  the  pipe  in  perfect 
alignment  during  the  setting  period. 

Recent  experiments  by  the  inventor.  DeWitt  H. 
Wyatt  show  a  Flex-Form  joint  of  bituminous  com- 
pound to  be  capable  of  withstanding  an  internal  hy- 
draulic pressure  of  55  lb.  per  square  inch  without  the 
slightest  seepage.  The  device  is  made  in  sizes  up  to 
and   including  24   in. 


BOTTOMLESS  POWER  SCRAPER  FOR  HANDLING 
LOOSE  MATERIAL. 

To  meet  the  demand  for  a  light  and  inexpensive  ma- 
chine for  handling  loose  materials,  such  as  coal,  sand, 
gravel,  etc.,  Sauerman  Bros.,  322  S.  Dearborn  St., 
Chicago.  111.,  introduced  their  Type  "C"  power  scraper 
during  the  past  \car.  This  type  of  scraper  is  not  as 
beavv  .is  the  Sauerman  standard  type  scraper  with  the 
hinged  runner  frame,  liut  it  is  of  substantial  design 
<-ind  construction  and  will  give  the  maximum  service 
on  work  for  which  it  is  intended.  It  is  especially 
recommended  for  reclaiming  material  from  stock  piles. 

The  scraper  is  bottomless  and  is  usually  built  with 
;i  top  [ilate  extending  either  over  the  entire  top  or  onl\- 
part  of  the  top,  and  with  two  side  plates.  The  front 
of  the  scraper  is  reinforced  by  means  of  a  bar  extend- 
ing o\-er  the  top  and  down  on  the  side  plates.  Curved 
renewable  runners,  which  can  readily  be  replaced  when 
worn  out,  are  bolted  to  angle  irons  at  the  bottom  and 
rear  end  of  side  plates.  The  cutter  edge  and  back  plate 
are  pivotally  connected  at  the  lower  and  rear  end  of 
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side  plates  and  can  be  set  at  any  anjjle  ami  tlio  cutter 
edge  can  be  set  lower  if  tiie  conditions  so  rc(iuire. 
This  makes  it  possible  to  obtain  tlic  greatest  etViciency 
by  adjusting  the  angle  of  digging  to  the  condition  of 
the  material. 

The  Type  "C"  scraper  is  made  in  sizes  of  y^,  yi,  ^,  i, 
I'.-.  J  and  2'j  cii.  yd.  The  daily  handling  capacities 
vary  greatly,  dependinj;  upon  distance  material  is  to 
lie  conveyed  and  other  conditions  of  the  work. 

To  operate,  the  scraper  is  simply  pulled  back  and 
forth  over  material  to  be  handled.  A  double  drum 
friction  hoist  supplies  the  power,  the  front  drum  op- 
erating load  cable  and  rear  drum  the  "(nill  back"  cable. 
.Ml  the  cables  operate  over  elevated  guide  blocks.  An 
installation  of  the  Tyjie  "C"  power  scraper  made  this 
year  for  the  Construction   Materials  Co..  South   Clii- 


Power  Scraper  at  Yards  of  Construction  Materials  Co.. 
South    Chicago.    III. 

cago.  III.,  is  illustrated.     This  is  a  typical  installation 
for  loading  sand  from  pit  or  storage  piles  to  cars. 


n 


LITTLE   GIANT  CORNER  DRILL. 

A   drill  designed  to  overcome  the  objection  arising 
from  the  intermittent  action  of   ratchet   levers   in   the 

rotation  of  the  spindle  is  il- 
lustrated. In  this  drill 
steady,  uninterrupted  revo- 
tion  of  the  drill  spindle  is  ac- 
complished by  means  of  a 
train  of  gears,  retaining  all 
.   .  the  advantages  of  the  ratcliet 

A  type  and  permitting  the  drill 
to  be  used  in  the  same  nar- 
row space,  within  i  7/16  in. 
of  the  end  wall  or  corner. 
The   power   of   the  motor   is 

transmitted  to  the  spindle 
without  vibration,  resulting 
in  a  steady,  even  pull  with 
minimum  wear  and  tear  on 
the  machine  itself.  In  the 
stub-tooth  gears  which  are 
employed,  the  root  of  the 
gear  tooth  is  much  thicker 
than  in  the  standard  involute 
tooth.  The  tooth  itself  is 
shorter,  hence  it  has  a  harder 
pull.  The  special  alloy  steel 
used  in  these  gears  makes 
Close   corner   Drill.  j,^^^    practically     indestruct- 

ible. The  drill  is  known  as  the  Little  Giant  corner  or 
close  quarter  drill.  It  is  manufactured  bv  the  Chicago 
Pneumatic  tool  Co..  Chicago. 


PNEUMATIC  MIXER  AND  PLACER. 

.\  pneumatic  mixer  and  placer  that  has  proven  its 
economy  and  ilurability  on  many  jobs  is  illustrated.  One 
of  the  most  notable  of  the  jobs  w'as  the  lining  of  the 
Coulter  Tunnel  on  the  Pittsburgh  &  Shawmut  R.  R., 
without  iutcniipting  train  service.  C"oncrete  to  the 
aniiuiiU  ot  10  yd.  per  Imui  \\;is  mixed  at  unr  pciilal  of  the 
tunnel  and  forced 
through  ()  in.  steel 
pipe  to  a  maximum 
tlistance  of  jooo 
ft.  as  the  work 
was  gradually  ex- 
tended within  the 
tunnel.  \t  the  end 
of  the  steel  pipe  a 
30- ft.  length  of 
rubber  hose  was 
coimected  so  that 
it  could  be  deflect- 
ed to  any  part  of 
the  circumference 
of  the  cross  section 
of   the    tunnel     in 

order       to       deliver  Ransome-Canlff    Mixer. 

the  concrete  into  the  form  behind  the  bulkhead.  In  op- 
eration the  aggregates  when  placed  in  tlie  mixer  were 
subjected  to  rajjid  and  severe  ebullition  by  the  introduc- 
tion of  many  high  velocity  jets  of  air  and  water. 
Through  the  medium  of  a  pressure  sealing  mechanism 
and  under  the  pressure  of  air  and  water  the  mixed  con- 
crete was  forced  through  a  pipe  convening  system  as 
Crete  in  the  forms.  This  machine — the  Ransome- 
C'anniff  ])neumatic  mixer  and  placer — is  manufactured 
l)v  the  Ransome  Concrete  Machinery  Co.,  Dunellen, 
N.  J. 


ARMORED  CORNER  INSULATOR  FOR  FEEDER 
CABLES. 

A  new  Pittsburgh-type  corner  insulator,  for  se- 
curely holding  feeder  cables  on  curves,  is  being  mar- 
keted by  the  Westinghouse  Electric  &  Manufacturing 
Co.  It  is  provided  with  a  special  collar  or  retaining 
ring  for  use  where  the  curve  is  slight  and  the  cable 
likely  to  slip  ofif  an  ordinary  insulator.  This  collar 
has  an  extended  lip  which  curves  up  around  the  cable 
and  keeps  it  in  the  groove  regardless  of  the  angle  at 


Corner    Insulator    With    Collar. 


which  the  cable  turns.  This  eliminates  the  necessity 
for  tie  wires  and  saves  time  in  erection.  This  collar 
is  free  to  move  on  the  insulator  cap,  so  that  after  the 
insulator  is  screwed  to  the  pin,  the  collar  may  be 
turned  until  the  cable  seat  is  in  the  proper  position 
best  to  support  the  cable.  For  sharp  curves,  the  in- 
sulator can  be  used  without  this  collar,  as  the  deep 
side  groove  holds  the  cable  firmly  in  position.  These 
insulators  are  made  of  moulded  insulation  surrounded 
by  a  sherardized  malleable  iron  cap.  They  are  made 
with  a  I -in.  pin  hole  and  are  furnished  in  tw^o  sizes 
for  feeders  of  509,000  and  1,000,000  circular  mils,  re- 
spectively. 
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COMBINED  VERTICAL  SHAFT  TURBINE   AND    1- 

STAGE  PUMP  OF  GRANDVIEW     IRRIGATION 

DISTRICT,  SUNNYSIDE  UNIT.   YAKIMA 

PROJECT,  WASHINGTON. 

This  plant  is  located  at  the  head  of  the  Alabton  I'ccd- 
er  Canal,  approximately  two  miles  from  the  town  of 
Grandview,  on  the  Sunnyside  main  canal,  and  con- 
tains one  direct  connected  turbine-driven  pumpin.q;  unit 
and  two  motor-driven  units.  All  three  units  receive 
water  from  the  Sunnyside  main  canal.  The  water 
which  is  used  for  operating  the  hydraulic  turbine  is 
discharged  into  the  Mabton  Feeder  Canal,  while  the 
water  which  passes  through  the  pumps  is  discharged 
through  wood-stave  pipe  lines  to  high  line  canals. 

The  net  power  head  under  which  the  hydraulic  tur- 
bine operates  is  21  ft.,  while  the  working  head  against 
which  the  pump  operates  is  78  ft.  The  water  is  dis- 
charged through  6,000  ft.  of  40-in.  inside  diameter 
wood  stave  pipe,  the  maximum  velocity  in  this  pipe  be- 
ing 3  ft.  per  second.  The  horizontal  center  line  of  the 
turbine  unit  is  placed  7  ft.  above  tail  water  and  4  ft. 
below  the  floor  of  the  pump  house.  The  turbine  is  in- 
stalled in  a  closed  concrete  scroll  and  discharges  through 
a  concrete  elbow  shaped  draft  tube.  The  turbine  con- 
sists of  a  vertical  shaft  30  in.  type  "O"  .Smith  wicket 
gate  imit  which  under  21  ft.  head  develops  214  Brake 
H.  P.  at  225  rpm.  The  maximum  discharge  of  the 
turbine  is  no  cu.  ft.  per  second,  but  at  point  of  best 
efficiency  it  discharges  approximately  95  cu.  ft.  per 
second.  The  design  of  the  turbine  is  such  as  to  give 
unusually  high  efficiency  over  the  complete  range  of 
gate  from  half  to  full  opening. 

During  certain  seasons  of  the  year  the  water  used 
by  these  plants  contains  a  considerable  amount  of  fine 
sharp  silt,  which  is  very  destructive  to  the  submerged 
wearing  parts  of  the  turbine  and  pvmips,  and  this  con- 
dition was  given  special  consideration  in  the  design  of 
the  machinery,  and  suitable  provision  made  for  pro- 
tecting the  parts  against  wear,  and  also  for  renewing 
with  minimum  expense  and  inconvenience  such  parts 
as  could  not  be  sufficiently  protected.  This  design  in- 
corporated the  use  of  a  cast  iron  speed  ring  or  guide 
ring,  which  was  imbedded  in  the  concrete  scroll.  This 
speed  ring  has  stationary  guide  vanes  which  direct  the 
water  in  towards  the  turbine  runner.  This  speed  ring 
was  made  very  heavy  and  strong,  and  on  account  of 
the  slow  velocity  of  the  water  its  action  would  be  in 
no  way  detrimental  to  it.  Inside  this  speed  ring  are 
placed  the  top  and  bottom  plates  between  which  the 
wicket  gates  of  the  turbine  are  located.  These  top  and 
bottom  plates  are  provided  with  removable  steel  wear- 
ing plates  which  can  be  easily  renewed.  The  wicket 
gates  are  of  cast  steel,  and  the  gate  stems  or  spindles 
are  cast  integral  with  the  wickets,  and  the  gate  spindles 
move  in  bronze  bushed  bearings  in  the  top  and  bottom 
plates.  The  gate  stems  on  the  upper  end  extend 
through  stuffing  boxes  in  the  top  plate,  and  all  the  gate 
mechanism  is  located  on  the  top  plate  where  it  is  in 
plain  view  of  the  operator  for  the  purpose  of  inspection 
and  lubrication.  This  design  leaves  practically  no  mov- 
able part  of  the  turbine  in  the  water  except  the  cast 
steel  wickets,  and  the  turbine  runner.  There  is  no  step 
bearing  in  connection  with  the  turbine  unit,  as  it  is  of 
the  suspended  type  and  the  weight  of  the  rotating  ele- 
ment including  the  turbine  runner,  the  turbine  shaft, 
and  the  downward  thrust  of  the  turbine,  as  well  as  the 
rotating  parts  of  the  pump  unit  are  supported  by  means 
■of  an  oil  bath  thrust  bearing  placed  on  top  of  the  pump 
unit,  the  turbine  and  pump  being  so  designed  as  to  sup- 
port this  bearing  and  the  load  which  it  carries.  The 
top  plate  of  the  turbine  is  cored  and  the  water  drained 
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from  between  the  runner  and  the  top  plate  down 
llirough  the  guide  vanes  of  the  speed  ring,  these  guide 
vanes  being  cored  out  f(jr  that  purpose,  which  is  a  de- 
sign patented  by  tile  builders  of  the  turbine.  The  speed 
ring  and  the  extension  ring  above  it  (known  as  the  pit 
liner)  are  so  designed  as  to  support  the  pump  unit.  The 
gate  operating  mechanism  of  the  turbine  consists  of 
b.and  wheel  and  worm  gearing  so  arranged  that  the 
turbine  gates  can  only  be  moved  very  .slowly,  thus  giv- 
ing fine  adjustment  and  avoifling  water  hammer  due  to 
the  long  discharge  line. 

The  ])umi)  is  of  the  vertical  .shaft  4-stage  type,  with 
30  in.  diameter  intake  and  discharge  openings,  having 
a  capacity  of  7,500  gal.  jier  minute,  against  78  ft.  total 
head,  and  requires  approximately  212  II.  P.  maximum. 


Combined    Pumping    Unit    for    Sunnyside,    Wash.,    Plant    of    U.    S. 
Reclamation  Service. 

The  general  design  and  construction  of  the  4-stage 
pump  consists  of  four  individual  cases  substantially 
bolted  together,  and  extends  about  16  ft.  above  the 
floor.  The  intake  connection  is  made  at  the  bottom, 
and  the  discharge  at  the  top  of  the  pump.  The  three 
initial  or  lower  stages  contain  suitable  guide  vanes, 
which  guide  the  water  in  a  continuous  stream  through 
the  pump.  These  guide  vanes  form  a  part  of  the  pum]) 
casting.  The  upper  stage  or  discharge  case  of  the 
pump  is  of  spiral  or  volute  form  increasing  to  20  in. 
diameter  where  it  connects  to  the  discharge  line,  an  out- 
side screw  rising  stem  20  in.  gate  valve  being  located 
between  the  discharge  flange  of  the  pump  and  the  pipe 
line.  Steel  wearing  rings  around  the  suction  inlets  of 
the  pump  impellers,  also  wearing  rings  in  the  pump 
proper,  are  provided  for  the  purpose  of  insuring  easy 
and  inexpensive  renewal  of  such  parts  as  are  affected 
by  the  silt  in  the  water. 

The  hydraulic  turbine  and  accessories,  together  with 
designs  of  the  concrete  scroll  and  concrete  draft  tube, 
were  sujiplied  by  the  -S.  Morgan  Smith  Co.,  of  York, 
Pa.,  while  the  pump  unit  was  furnished  by  the  Byron 
Jackson  Iron  Works,  Inc.,  .San  Francisco,  Cal.  The 
accompanving  illustration  shows  the  combined  unit. 

.\  verv   similar   combined   unit   is  now   in   cours<'   of 
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construction  by  tlic  two  companies  above  mentioned 
for  installation  at  the  Price  Stub  puniping  plant  of  the 
Grand  \alley  Project  of  U.  S.  Reclamation  Service  in 
Colorado,  where  the  net  head  on  tlie  turbine  is  17  ft. 
and  the  water  ii;  supplied  to  the  turbine  through  a  60 
in.  diameter  penstock  150  ft.  long.  The  turbine  will 
be  a  2S^ J  in.  type  "O,''  developing  125  II.  P.  at  240 


l.ayne  &  Bowler  Co.  of  Memphis,  Tenn.  The  pump 
is  a  5  stage  20-in.  turbine,  which  is  placed  105  ft.  below 
tlie  base  plate  with  35  ft.  of  suction  pipe.  The  head 
is  designed  for  heavy  lifts  and  the  downthrust  occa- 
sioned by  the  weight  of  shafting,  impellers  and  dis- 
charging water  column  is  carried  on  a  full  floating  oil 
balance   lluid   bearing,   this  bearing  being  actuated   by 


revolutions  per  minute,  the  maximum  water  for  power     means  of  a  small  auxiliary  pressure  pumji  which  main- 


purposes  being  77  cu.  ft.  per  second,  and  the  normal 
70  cu.  ft.  per  second.     The  pumi)  will  operate  against 

■  !;d  head  of  31  ft.,  including  friction,  and  deliver 
N  <\^  gal.  of  water  per  minute  through  350  ft.  of  36 
in.  diameter  discharge  pipe. 

Tlie  pump  will  have  24  in.  diameter  inlet  and  dis- 
charge openings.  This  plant  will  be  located  on  the 
I  tovernmcnt  High  Line  Canal,  approximately  two  miles 
!roni  the  town  of  Palisades,  Colo.,  on  the  Denver  and 
Kio  Grande  Railroad. 


HIGH  AM)  LOW  PRESSURE  PUMPING  UNIT. 

Ihe  Lity  of  Rocklord.  111.,  has  recently  had  installed 
at  the  Ruiin  Park  Station  in  Well  No.  8,  a  deep  well 
turbine  pump  which,  in  addition  to  pumping  directly 
into  the  mains  against  main  pressure,  is  also  equipped 
witli  a  horizontal  involute  booster  pump  for  tire  pres- 
sure. Tlie  vertical  turbine  is  driven  with  a  150  H.  P. 
vertical  motor  and  the  booster  pump  with  a  25  II.  P. 
horizontal  motor.  The  illustration  gives  an  idea  of 
the  layout.  Ordinarily  the  vertical  ])ump  only  is  op- 
crated,  by-passing  the  booster.  When  it  is  desired  to 
use  the  installation  as  a  fire  pump,  the  booster  is  cut  in. 
This  installation  handles  over  2.500,000  gal.  of  water 
per  day,  total  head  pressure  being  124  lb.  or  285  ft., 
and  in  case  of  fire  the  pressure  is  increased  to  149  lb. 
or  343  ft.     There  is  no  resultant  overloading  of  motors 


Pumping   Unit  at  Rulin  Park  station,  Rockford,  III. 

when  the  booster  is  cut  in,  the  installation  being  self- 
balancing  and  the  only  effect  being  to  increase  the 
pressure  about  25  lb.  The  unit  is  equipped  with  re- 
mote or  automatic  control,  all  safety  and  protective 
devices,  automatic  oiling  system,  and  requires  prac- 
tically no  attention.  The  vertical  turbine  was  manu- 
factured   and    the    entire    equipment    installed    by    the 


tains  a  uniform  pressure  on  the  bearing  pistons  con- 
sistent with  the  downthrust  encountered,  the  entire  op- 
eration being  automatic. 


I.AHOR-SAVING  POWER-OPERATED  PLANER. 

.\  portable  electric  jjlancr,  operated  like  an  ordinary 
carpenter  jack  plane,  and  stated  to  be  capable  of  plan- 
ing from  500  to  700  sr|.  ft.  per  8-hour  day.  with  one 


Power  Operated   Planer. 

man.  has  been  placed  on  the  market  recently.  The 
planing  is  done  by  rotary  cutting  blades  (making  about 
3600  r.p.m.)  operated  by  a  small  light  motor  directly 
attached  to  the  machine.  Each  forward  movement 
of  the  planer  produces  a  smooth  surface  up  to  4  in. 
wide.  Flat  or  curved  surfaces  are  planed  with  equal 
ease,  since  the  base  is  adjustable  to  conform  to  the 
surface  worked  upon.  The  planer  was  devised  by 
Capt.  F.  L.  Forward  while  engaged  on  a  contract  for 
constructing  no  ft.  submarine  chasers  for  the  Govern- 
ment. A  test  on  this  contract  showed  that  it  took  15 
men  at  $4  per  day,  12  days  to  plane  the  sides  of  one  of 
the  no  ft.  chasers  by  means  of  the  ordinary  jack 
plane.  The  same  w'ork  was  done  in  4  days  by  two  men 
with  the  power  planer  at  a  total  cost  of  $48  including 
power.  This  planer  is  manufactured  by  the  Universal 
Planer  Co.,  Inc.,  16  Exchange  Place,  New  York  City. 


NEW  P.  &  H.  BACKFILLER  OF  DRAGLINE  TYPE. 

A  backfiller  of  the  dragline  excavator  type  has  re- 
cently been  placed  on  the  market  by  Pawling  &  Har- 
nischfeger  Co.,  Milwaukee,  Wis.  The  machine  is  de- 
signed to  backfill  all  trenches  ordinarily  cut  with  trench 
excavators  for  water,  gas  or  sewers.  The  general 
dimensions  of  the  backfiller  are :  Out  to  out  of  rear 
wheel,  5  ft.  ;■  wheel  base,  6  ft.  The  weight  in  working 
order  is  about  4,000  lb.,  and  the  propelling  speed  is 
approximately  i  JX  miles  per  hour.  A  scraper,  4  ft. 
wide,  of  Fresno  type,  is  furnished  with  the  machine. 
The  car  body  is  built  up  of  two  6-in.  channels  running 
fore  and  aft  and  cross-connected  by  means  of  6-in. 
channels  where  necessary.  The  machinery  base,  con- 
sisting of  two  6-in.  channels,  is  mounted  on  top  of  these 
beams  and  efficiently  connected  to  them.  The  main 
machinery  consists  of  one  intermediate  shaft,  chain 
connected  to  the  engine,  and  one  drum  shaft,  gear 
connected  to  the  intermediate  shaft.     The  drum  runs 
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loose  upon  the  shaft  and  is  connected  thereto  by  means 
of  a  cone  clutch  13-in.  diameter  by  2-in.  face,  lined 
with  asbestos  lining.  The  drum  is  "-in.  diameter  for 
^-in.  steel  rope.  The  intermediate  shaft  is  connected 
to  the  engine  by  means  of  a  high-speed  roller  chain 
-of  i-in.  pitch.  A  cone  clutch  is  provided  on  the  inter- 
mediate shaft  enabling  all  machinery  to  be  placed  out 
of  action.  A  steel  bevel  pinion  on  the  end  of  the  inter- 
mediate shaft  is  provided  with  two  semi-steel  bevel 
gears  on  the  propelling  shaft.  These  gears  are  pro- 
vided with  clutches,  by  means  of  which  jiropelling  mo- 
tion is  obtained  in  either  direction.  The  steering  ma- 
chinery is  mounted  uniiei  the  car  body  and  is  operated 
by  a  worm  and  worm  wheel,  which  is  self-locking. 
Connection  between  this  shaft  and  the  front  axle  is  b}- 
means  of  chains.  The  steering  shaft  is  hand  operated, 
a  large  wheel,  with  handle  being  provided  for  this 
purpose.  The  operating  levers  are  located  at  the  rear 
of  the  machine  and  so  grouped  that  they  can  all  be 
reached  from  one  position.  The  machine  is  driven  liy 
a  6-H.P.,  single  cylinder  vertical,  hopper-cooled  engine, 
running  at  450  revolutions  per  minute,  and  connected 
to  the  machinery  by  means  of  a  high-speed  roller  chain. 
The  trade  name  of  this  latest  addition  to  the  excavat- 
ing equipment  line  of  Pawling  &  Harnischfeger  is  the 
"Tom  Thumb."  As  indicated  by  the  name  the  new 
machine  is  smaller  than  the  well-known  P.  &-  H.  boom 
type  liackfiller. 


the  bottom.  IJere  the  motion  is  retarded  by  vanes  in 
iirder  to  permit  drainage  of  the  accumulated  water. 
It  is  stated  that  the  resulting  separation  is  complete, 
witii  jiractically  no  pressure  loss.  The  separator  is 
made  of  close-grained  cast  iron,  suitable  for  a  working 
air  ])ressure  not  in  excess  of  200  lb.  per  square  inch, 
is  simple  in  construction,  has  no  movable  parts  and 
it  is  claimed  will  operate  indefinitely  with  a  minimum 
of  attention. 


SEPARATOR     FOR     REMOVING     WATER     FROM 
COMPRESSED  AIR. 

In  connectton  with  the  operation  of  pneumatic  tools 
anv  water  which  is  in  the  compressed  air  supplied  to 


LABOR  SAVING  MACHINE   FOR  LOADING   CON- 
CRETE MIXERS. 

A  mixer  loader  that  is  claimed  to  effect  75  per  cent 
reduction  in  the  manual  labor  of  wheeling  and  shovel- 
ing concrete  aggregate  has  been  developed  by  the 
Stamp  Loading  .Machine  Co.,  76  Menomonec  St.,  Mil- 
waukee, \Vis.  The  machine  is  a  one-man  controlled 
conveyor,  carrying  the  aggregate  from  ground  stor- 
age piles  and  automatically  loading  and  measuring 
the  .sand  and  stone  into  the  skip,  in  any  desired  pro- 
]iortion.  It  consists  primarily  of  a  single  conveyor 
into  which  both  sand  and  stone  are  shoveled,  hav- 
ing its  inward  end  upwardly  inclined  and  discharging 
into  an  elevator.  The  elevator  discharges  into  a  ro- 
tary screen,  the  sand  falling  through  this  screen  into 
a  sand  storage  bin  and  the  stone  passing  over  into  a 
stone  storage  bin.  Below  these  storage  bins  is  a 
measuring  bin  having  a  sand  and  stone  compartment. 
These  compartments  are  adjustable  to  suit  the  propor- 
tifin  of  aggregate  desired  and  when  once  set  will 
measure  out  exactly  the  same  amount  everv  time  a 
batch   is  discharged   into  the  mixer  skip. 

This  ineasuring  bin  is  hinged  to  the  top  of  the 
framework  and  swings  outwardly  and  over  the  mixer 
skip.     When    in    out-position,    the    door    automatically 


I   ocrtens 


and    Pioportioiii.    ."Xggregates. 


Stratton    Air    Separator. 

them  occupies  valuable  power  space  in  the  cylinders 
of  the  tools,  thereby  decreasing  their  etificiency  and 
sooner  or  later  resulting  in  damage  to  the  tool  itself, 
due  to  the  constant  internal  hammering  action  of  the 
water.  A  device  for  mechanically  removing  water 
from  compressed  air  has  recently  been  placed  on  the 
market  bv  the  Griscom-Russell  Co.,  90  West  St.,  New 
York,  this  separator  utilizes  centrifugal  force  to  re- 
move the  water  from  the  air.  As  the  air  and  water 
ente 
a  centr 

entire  mass.  .-Xs  water  is  several  hundred  times  heavier 
than  air  it  is  thrown  out  of  the  curving  air  current, 
and  against  the  walls  of  the  separator,  which  it  meets 
at  an'  angle  without  anv  spatter  or  splash  and  slips 
smoothlv  along  until   it    reaches  the  receiver   space  at 


ive  iiie  waiei  iiuui  mc  an.  .1.-'  m".  "■»  ""^  ,,^.^. 
ter  it  thev  pass  through  a  helical  path  formed  about 
rentral  cvlinder,  resulting  in  a  swirling  motion  of  the 


opens  and  the  measured  batch  is  deposited  into  the 
mixer  skip.  The  cement  is  not  handled  by  the  ma- 
chine and  is  placed  into  the  skip  as  under  hand  load- 
ing conditions. 

The  conveyor  is  50  ft.  long  and  of  a  special  type 
which  carries  the  material  on  the  lower  strand.  The 
point  to  which  material  is  delivered  is  only  7  in. 
above  the  ground  level  and  therefore  at  the  base  of 
the  pile  of  malerial  which  can  be  scooped  into  the 
convevor  with  a  shovel.  .\  forward  anfl  reverse  self- 
propelling  mechanism  is  provided  and  when  moving, 
the  conveyor  is  elevated  by  means  of  a  set  of  cables 
and  a  pair  of  wheels  at  the  outer  end.  The  conveyor 
can  be  swung  in  an  arc  of  about  180'.  tiiiis  enabling 
■t  to  turn  corners  with  ease  and  allowing  it  to  move 
as  easily  as  a  mixer.  Tlie  time  required  to  lift  the 
conveyor  and  move  ahcid  10  to  13  ft.  is  stated  to  be 
onlv  about  'j  minute. 
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DKAl.     I.IM:    excavator    AM)    BACK    1  ll.l.KR 
HAS  .MANY  I'SES. 

A  small  portable  draj^  line  iiuuliini'  ni'  wide  adapla- 
l>ilitv  has  been  placed  on  tlie  market  by  the 
I'awiing  &  Haniischfcger  Co..  Milwaukee.  Wis.  The 
machine  can  be  used  for  backlilling  after  the  largest 
-ize  of  trencii  excavators,  for  jjeneral  drag  line  work 
.lUil  for  handling  screenings,  crushed  rock,  etc.  It  also 
can  be  used  as  a  portable  locomotive  crane.     In   the 


clear  and  lirilliant  field  of  \  iew  on  lonj:;  range.  Suit- 
able dust  guanis  for  focusing  slide  and  eyepiece  are 
provided,  and  the  bearing  surfaces  of  the  tclescoi)e 
are  of  hardest  bell  metal.  .\  new  lype  of  lock  screw 
for  securing  the  wye  clips  is  used.  The  clam])  and  tan- 
gent screws  rotate  with  the  bar,  and  are  always  in  the 
same  relative  position  to  the  operator.  Suitable  ad- 
justment is  provided  on  ilie  tangent  screw  socket  for 
taking  up  wear. 


P     4    H.    Class   205    K.C.    Dragline    Excavator    and    Backfiller   Equipped   With   i  2-Yard   Page  Scraper  Bucket  on  30  Ft.   Soom. 


latter  capacity  it  can  lift  3.500  lb.  at  30  ft.  radius,  and 
can  be  used  for  unloading  materials  from  cars,  placing 
pipe  in  trenches,  pulling  piles,  etc.  This  backfiller  and 
dragline  excavator  is  regularly  equipped  with  a  40-ft. 
boom  and  6-ft.  wide  self-acting  backfilling  scraper. 
Boom  extensions  for  increasing  the  length  of  boom 
up  to  a  total  of  50  ft.  can  be  furjiished  at  additional 
cost  for  backfilling  only,  if  required.  The  standard 
machine  with  30-ft.  boom  will  also  handle  either  a 
'i-yd.  drag  scraper  bucket,  or  a  ^/i-yd.  clam  shell 
bucket.  These  parts  with  their  attachments  are  fur- 
nished at  additional  cost.  The  machine  weighs  13  tons 
and  has  a  traction  speed  of  0.85  mile  per  hour.  It  is 
driven  by  a  4-cylinder  vertical  (30-HP.  motor  of  the 
internal  combustion  type.  The  corduroy  bearing  sur- 
face is  18  in.  by  ^  ft.  6  in. 


HIGH  DRUM  "NON  TIP "  CONCRETE  MIXER. 

Improved  types  of  Boss  pavers  have  been  brought 
out  by  the  American  Cement  Machinery  Co.,  Inc., 
Keokuk,  la.  These  machines — known  as  Lincoln 
Highway  pavers,  are  built  practically  entirely  of  steel 
(Jne  man  handles  them — all  operating  levers  are  hanked 
within  easy  reach.  They  offer  the  contractor  his  choice 
of  gasoline,  kerosene,  steam  or  electric  power,  and  the 
gasoline  and  kerosene  machines  are  stated  to  have 
demonstrated  the  fact  that  they  are  as  reliable  as  steam. 


NEW  WYE  LEVEL. 

.\n  engineers'  wye  level  having  a  number  of  new 
and  improved  features  was  brought  out  in  1918  bv  the 
Warren-Knight  Co.  of  Philadelphia,  makers  of  "Sterl- 
ing"' surveying  instruments.  In  the  construction  of 
this  instrument,  a  hardened  steel  center  is  fitted  in  a 
socket  of  annealed  iron,  and  is  secured  to  a  heavily 
ribbed  level  bar  of  hard  bronze.  Replaceable  bush- 
ings are  provided  into  which  the  leveling  screws  are 
fitted,  the  complete  leveling  head  being  so  designed  as 
to  insure  an  absolutely  non-cramping  center.  The  tele- 
scope is  set  low  in  the  wyes,  and  the  entire  instrument 
is  ex'tremely  rigid  and  well  balanced.  The  reflecting 
mirror  may  be  instantlv  detached  or  used  on 
either  the  right  or  left  side  of  instrument,  as 
desired.  P>y  means  of  a  special  lens  combina- 
tion, a  minimum  focal  range  of  telescope  of  about 
7  ft.  ha?  been  obtained,  without  sacrificing  its  unusually 


Lincoln    Highway   Paver. 

Lincoln  Highway  pavers  are  all  built  with  high  drums 
— bottom  of  discharge  spoon  6  ft.  from  the  ground. 
Danger  of  tipping  is  eliminated  by  specially  wide  track 
and  wide  tires.  The  chute  is  sectional,  with  three  gates, 
and  allows  dumping  of  concrete  right  up  to  the  paver. 
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NEW  FORCE  PUMP  FOR  CONTRACTORS. 

A  new  force  pumping  uutfit  csiiecially  designed  and 
constructed  for  road  contractors  was  developed  last 
year  by  the  Barnes  Mfg.  Co.,  jManstield,  O.,  and  will 
be  placed  on  the  market  this  spring.  The  new  pump 
is  of  the  outside  packed  type  and  has  no  brass  lining 
or  leather  packed  piston.  In  place  of  the  latter  fea- 
ture there  are  two  iron  plungers  horizontally  opposed 
and  working  alternately  in  and  out  of  the  two  cylinders. 
Each  plunger  passes  through  a  stui^ng  box  containing 
packing  which  is  held  in  place  by  a  gland.  When  water 
starts  to  seep  out  around  the  plunger,  the  efficiency  and 
capacity  of  the  pump  is  maintained  by  tighten- 
ing the  gland.  When  the  packing  around  each 
plunger  is  worn  out,  as  shown  by  the  fact 
that  the  gland  has  been  tightened  as  far  as  possi- 
ble, it  is  stated  to  be  but  a 'matter  of  15  minutes  to  re- 
move the  gland,  repack  the  plungers  and  replace  the 
gland.  As  the  pump  is  of  the  displacement  plunger 
type,  no  brass  lining  is  needed  in  the  cylinders  and 
drawing  sand  into  the  pump  will  not  injure  it,  although 
precautions  .should  be  taken  to  pump  clear  water  only. 
The  valves  of  the  pump  are  of  the  wing  type,  \vith 
bevel  seats,  both  of  solid  bronze.  The  valves  are  im- 
mediately accessible,  as  well  as  the  interior  of  the 
cylinders,  after  unbolting  their  respective  valve  port 
caps  and   cvlinder   heads.     The   working  parts   of  the 


cross  niemlier  of  the  chassis.  At  the  front  they  are 
located  on  brackets  which  are  in  turn  fastened  to 
chassis  frame  bv  means  of  U-bolts.    The  eccentric  load 


New  Outside   Packed    Pump    Especially    Designed   for    Road   Work. 

pump  coming  under  an  alternating  load,  such  as  the 
crossarm  (head)  and  connecting  rods  are  of  cast  steel 
and  malleable  iron,  respectively,  giving  great  strength 
where  needed  and  insurance  against  sudden  breakage. 
The  gears  and  pinions  are  machine  cut,  the 
latter  of  steel.  The  design  of  the  pump  permits 
of  mounting  the  power  end  to  end  with  the  pump  on 
channel  steel  skids,  giving  a  light  and  strong  form  of 
base,  thereby  increasing  the  portability  of  the  outfit. 
It  is  also  noticeable  that  the  pump  is  close  to  the 
ground,  i.  e..  it  has  a  low  center  of  gravity,  a  very  de- 
sirable feature  for  portable  work. 

AUTOMATIC  DUMP  BODY  FOR  SMALL  TRUCKS. 

An  automatic  dump  bodv  designed  for  attachment 
to  a  Ford  i-ton  truck  is  shown  in  the  accompanying 
illustration.  The  dumping  is  accomplished  simply  by 
releasing  the  latch,  the  body  being  instantly  restored 
to  the  horizontal  position  ujion  disposal  of  the  load. 
This  accomplished  bv  the  use  of  cams  on  inverted 
V-shaped  racks,  which  are  fastened  to  the  chassis  by 
bolts   passing   through    the   standard   holes   in    the   rear 


Automatic    Dump    Body    Attached    to    1-Ton    Truck. 

devolving  upon  these  brackets  is  taken  care  of  by  means 
of  a  rod  which  fastens  both  brackets  together  at  points 
above  the  frame.  In  this  manner  all  the  strain  of 
eccentric  loading  is  relieved  from  the  attaching  U-bolts. 
It  is  possible  to  arrest  the  body  movement  at  any  angle 
and  hold  it  there.  In  the  same  manner  also  may  the 
body  be  so  retarded  that  the  final  dump  is  accomplished 
easily  and  without  excessive  strain  to  any  of  the  parts. 
In  connection  with  this  feature  road  material,  such  as 
crushed  rock,  gravel,  cinders,  etc.,  can  be  spread  by 
holding  the  body  at  the  proper  angle  and  opening  the 
tail  gate  at  that  point.  A  device  attachable  to  the  tail 
gate  can  limit  this  opening  so  that  only  a  certain  thick- 
ness of  material  will  pass  out  the  gate.  The  body  is 
manufactured  bv  the  Anthonv  Co.,  Inc.,  Streator,  III. 


PORTABLE  GRAVITY  PLANT  FOR  CONSTRUCT- 
ING CONCRETE  PAVING  ON  RIVER  BANKS. 

Excellent  results  in  the  construction  of  revetment 
on  the  banks  of  the  ^Mississippi  River  have  been  ob- 
tained by  the  U.  S.  Engineers  Office,  Vicksburg,  Miss., 
with  the  portable  gravity  concreting  outfit  shown  in 
the  illustration.  This  plant  is  stated  to  have  placed 
1S2  squares  of  concrete  pavement  on  its  first  day  of 


Portable  Gravity   Plant   Equipment    Employed   by  U 
Office.    Vicksburg.    Miss.,    for    IVIississippI 
Revetment   Work. 


S.   Engineer': 
River 


(11) 


1(H 


KXGIXEERING  AND   CONTRACTING 


Vol.  51,  No.  5. 


operation.  The  best  |)rcvioiis  rccoril  tor  work  of  this 
kind  on  tlie  Mississippi  River  was  105  squares.  The 
steel  tower  is  ux^  ft.  high  and  the  steel  boom  is  80  ft. 
long.  The  roller  hoist  bucket  has  a  capacity  of  34 
cu.  ft.  and  the  hopper  a  cainuity  of  34  cu.  ft.  The 
special  boom  chute  has  a  length  of  .S<i  ft.  and  the  coun- 
terweight chute  is  50  ft.  King.  Tiic  outht  is  carried 
on  a  y^xi-v  ft.  kirgV.  The  gravity  plant  was  made  by 
the  Insley  Mfg.  Co.,  Indianapolis.  Ind. 

CO.MHINATION     KI.KVATI.Nt;     KKAK     DELIVERY 
AND  SEMI-ULMl'  TRICK   UOUV. 
A    contbination    elevating    rear    delivery  and    semi- 
dump  body  lor  motor  trucks  has  been  placed  on  the 


Three  In  One  Truck  Body. 

market  by  the  Thomas  Wright  Co..  Jersey  City,  X.  J. 
The  arrangement  gives  a  combination  of  three  bodies 
in  one.  In  the  service-dump  condition  the  body  can 
be  used  for  hauling  construction  material,  such  as 
sand,  gravel,  brick,  brokenu  stone,  asphalt,  etc.  In  the 
full  elevated  position  it  can  chute  coal  to  a  distance 
of  20  ft.  or  more.  Tliis  makes  it  possible  for  a  con- 
tractor in  his  slack  season  to  rent  his  truck  to  a  coal 
dealer,  who  can  use  it  as  advantageously  as  though  it 
had  been  made  for  his  particular  business.  The 
bodies  are  made  to  fit  the  chassis  to  which  they  are  to 
be  attached  and  the  requirements  of  the  individual 
user.  They  are  made  in  capacities  from  2  tons  to  8 
tons  and  they  can  be  operated  by  power  hoist  or  liand 
hoist. 


NEW   EXPANSION   COUPLING. 

A  new  expansion  coupling  designed  by  ]\Ir.  ,E.  H. 
Ford,  of  the  Ford  Meter  Box  Co.,  Wabash.  Ind..  is 
shown  in  the  accompanying  illustration.  This  coupling, 
while    deyised    primarily    for    the    purpose    of    con- 


Detalls  of  Expansion  Coupling. 

necting  water  meters  into  straight  line  pipes, 
ma\-  be  used  in  any  place  where  flexibility  is 
required  in  water,  gas  or  steam  piping.  It  is 
made  now  in  three  sizes,  for  5^  in..  54  in.  and  i  in. 
meters,  and  mav  be  used  in  connection  with  '<  in.,  ^A 


in.  ;nul  1  in.  pipe.  .\'o  special  tools  are  ri'(|uired  for  its 
installation.  The  coupling  is  composed  of  only  three 
l)arts  and  the  three  sizes  mentioned  provide  expansion 
ranges  of  jg  in.,  J^  in.  and  i  in.  respectively.  Sample 
couplings  have  been  subjected  to  test  pressure  of  300 
lb.  without  showing  leak. 


NEW  TVI'E  OF  TRAVELING  FORM  HAS  NO  TIE 
ROUS. 

.\  new  type  of  traveling  "Jilawform"  was  used  by 
Stone  &  Webster  in  tlu;  construction  of  concrete  walls 
for  the  Brier  Hill  Steel  Co.,  Voungstown,  U.  A  fea- 
ture of  the  new  type  is  the  elimination  of  the  tie  rods 
(_ spaced  about  5  ft.  apart  horizontally  and  vertically) 
usually  used  in  this  type  of  form.  In  place  of  tie  rods 
the  forms  are  held  togethertby  means  of  jacks  pushed 
against  the  trusses  of  the  traveler.  These  trusses  are 
held  at  the  top  by  means  of  cross  girders  and  at  the 
very  bottom  either  by  struts  placed  against  offsets 
in  the  i:oncrete  foundation,  or  by  means  of  large, 
heavy  removai^le  steel  rods  spaced  10  ft.  apart  hori- 
zontally. It  is  stated  that  this  new  type  of  traveling 
"Blawform"  is  placed  in  from  one-third  to  one-half 
of  the  time  usually  consumed  in  placing  a  form  of  this 
size. 

The  most  notable  advantage  of  this  design  is  that 
all  stresses  can  be  calculated  and  solved  mathemat- 
ically. .\nother  feature  is  that  the  bulkheads,  which 
weigh  about  10  tons  each,  are  hinged  to  the  form  it- 
self, so  that  they  swing  open  as  a  door  when  the 
strutting  and  some  bolls  are  removed,  resulting  in  an- 
other large  saving  of  labor  and  time. 

The  form  works  as  indicated  in  the  illustration. 
The  first  section,  furnished  with  two  bulkheads,  runs 
ahead  and  casts  individual  blocks.     The  rear  section 


Concrete    Wall    Construction    at    Youngstown,    O..    With    New 
Type    of    Traveling    Form. 

comes  up  behind,  filling  up  the  alternate  gaps  between 
the  blocks.  This  rear  section  has  no  bulkheads  but 
overlaps  a  few  inches  on  the  concrete  blocks  cast  in 
the  first  section. 

It  is  stated  that  a  section  like  this  can  be  moved  and 
set  in  a  forenoon  and,  if  the  mixer  capacity  is  large 
enough,  can  be  filled  in  the  afternoon;  in  hot  weather 
the  section  can  be  removed  early  the  ne.xt  morning  and 
used  again  in  a  similar  manner.  On  some  jobs  it  is 
.said  a  section  of  this  type  could  actually  be  used  once 
every  day,  even  if  the  wall  had  dimensions  as  big  as 
34  ft.  in  height.  18  ft.  at  bottom,  about  10  ft.  at  top 
and  30  ft.  lone,  wliirh  is  the  case  In  the  one  shown  in 
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the  illustration.  Generally,  however,  the  work  is  laid 
out  so  that  the  section  is  used  every  other  day — that  is. 
with  two  sections  on  a  job  the  daily  progress  consists 
of  a  block  of  the  same  length  as  the  form  sections.  The 
advantages  claimed  for  a  form  of  this  type  is  that  a 
certain  schedule  can  be  laid  out  for  the  progress  of  the 
work  and,  if  the  necessary  precautions  are  taken,  it  can 
be  followed  absolutely  and  the  job  finished  on  specified 
time.  The  sections  are  made  adjustable,  for  dififerent 
cross  sections  of  wall. 


PORTABLE  MIXER  LOADER  THAT  CUTS  OUT 

LOADING  DELAYS  AND  REDUCES 

LABOR  COST. 

A  loader  that  eliminates  wheeler  work  in  getting 
concrete  aggregate  to  the  mixer  was  brought  out 
last  year  by  the  Koehring  Machine  Co.,  Milwaukee, 
Wis.  The  loader  is  a  combination  of  measuring  bins 
and  the  belt  conveyor  principle  applied  to  a  light 
portable  machine,  which  is  supplied  with  its  own 
power  and  traction.  The  measuring  bins  are  ad- 
justable, having  e.xtendable  sides  so  as  to  hold  the 
proper  proportions  of  aggregate  for  any  size  batch. 
When  the  bins  are  filled  by  shoveling  from  the  j)i!es  [ 
a  lever  control  opens  the  bottom  of  each  bin,  per- 
mitting the  aggregate  to  fall  on  the  conveyor  belt, 
which  carries  the  material  to  the  mixer  and  into  the 
loading  bin  which  is  then  operated  in  the  usual  way. 
The  measuring  bins  are  provided  with  wheels  and 
are  moved  along  the  top  of  the  frame  to  maintain 
them  in  convenient  shoveling  position  to  the  materials. 
The  speed  of  the  conveyor  belt.  500  ft.  per  minute, 
necessitates  the  use  either  of  the  loading  skip  or  a 
measuring  batch  hopper.  These  serve  as  a  storage 
supplv  of  aggregate  permitting  the  measuring  bins  of 
the  mixer  loader  to  be  refilled  without  reference  to 
the  discharge  of  the  preceding  bat'h  from  the  drum. 
The  loader  is  adapted  for  use  either  with  end  loading 
or  side  loading  mixers.  It  can  be  used  with  any  mixer 
without  changes  in  the  mixer  except  the  placing  of  a 
baffle  plate  in  open  end  loading  skips.  The  rated  capac- 
ity of  the  loader  is  100  cu.  ft.  per  minute  with  constant 


nig  work  and  it  is  claimed  that  it  will  dig  and  load 
coal  from  its  natural  deposit,  without  blasting,  at  a 
rate  of  2  tons  per  minute. 

The  machine  can  bo  operated  by  compressed  air. 
steam  or  electricity,  the  power  consumption  ranging 
from  25  111',  for  the  smallest  size  type  to  60  HI',  for 
the  largest.     One  man  is  required  for  operating. 

The  Type  P,  machine  has  a  width  over  all  of  5  ft.  4 
in.,  a  height  of  7  ft.  6  in.  and  a  length  of  10  ft.  It 
weighs  8  tons  and  will  make  a  cut  15  ft.  4  in.  wide 
without  moving  the  caterpillars.  The  cutting 
buckets  swing  in  a  half  circle  to  do  this.  This  type  is 
furnished  with  a  belt  conveyor  of  any  length  up  to. 
50  ft.  The  Type  A  machine  weighs  5  tons  and  will 
make  a  cut  10  ft.  wide,  and  the  Type  C  weighs  10 
tons  and  will  handle  a  cut  22  ft.  wide. 


HEAVY    DUTY    AUTO-EDUCTOR    FOR    CANTON- 
MENT AND  MUNICIPAL  WORK. 

During    iqiS,    the   ( )tterson   Auto-Eductor   Co.,   817 
l*"airbanks    Illdg..    Siiringfield.    O.,    designed    and    built 


The    Heavy   Duty   Otterson    Auto-Eductor    Mounted   on    Class  "B" 
Military   Chassis. 

several  special  heavy  duty  aulo-eductors  for  use  in  U. 
S.  army  camps  and  cantonments  for  cleaning  septic 
tanks  and  grit  chambers,  and  for  many  other  uses 
along  these  lines.  These  special  heavy  duty  auto-educ- 
tors  mav  also  be  used  for  cleaning  latrines,  cesspools, 
drv  wells,  vaults,  draining  flooded  areas,  cellars  and 
iiasements,  pumping  caissons  for  bridge  foundations, 
disinfecting  and  whitewashing  buildings,  and  for  an 
emergency  fire  engine.  The  body  is  water-tight  and 
lias  a  capacity  of  1,200  gal.  By  removing  the  baffle 
mechanism    from   the  body   which   requires  but  a   few 


Koehring   Mixer   Loader. 


feed.  Its  weight  on  wheels  with  5-H.P.  gas  engine 
and  steel  horse  but  without  bins  is  6.195  lb.  The  overall 
length  of  the  machine  is  about  60  ft.  and  it  receives 
materials  from  any  point  within  this  distance  of  the 
mixer.     Each  bin  complete  weighs  312  lb. 


A  NEW  DIGGING  AND  LOADING  MACHINE 

STATED  TO  HAVE  LARGE  CAPACITY  AND 

LOW  OPERATING  COST. 

A  new  design  of  digging  and  loading  machine  for 
which  large  capacity  and  low  operating  costs  are 
claimed  was  brought  out  last  year  by  George  W.  Tack- 
son,  the  well  known  contractor  and  engineer  of  Chicago. 
The  machine  is  designed  for  digging  and  loading  ore, 
shale  rock,  coal.  sand,  gravel,  earth,  etc.  It  can  be 
used  for  the  shallow  excavating  required  in  street 
grading  or  for  ripping  up  an  old  pavement  prepara- 
tory to  laving  a  new  one.     It  also  can  be  used  in  min- 


niinutes'  time,  the  outfit  is  converted  into  an  ordinary 
truck  for  general  hauling  purposes.  The  heavy  dutv 
auto-eductors  are  similar  to  the  standard  or  single 
stage  Otterson  auto-eductors  which  are  now  being  op- 
erated in  many  of  the  large  cities  of  the  United  States, 
with  the  exception  of  the  eductor  casting  and  pump. 
The  eductor  and  its  connections  in  the  new  machine 
are  specially  designed  to  perform  the  difficult  work 
encountered  in  cleaning  septic  tanks  and  grit 
chambers.  The  pump  is  of  the  two-stage  cen- 
trifugal tvpe  and  is  specially  designed  for  use 
in  connection  with  the  Otterson  auto-eductor.  This 
henvv  dntv  auto-eductor  equipment  is  mounted  on  Class 
■'P."  Militarv  chassis  for  Government  use  in  the  United 
.States  and  over.seas.  The  Otterson  .^uto-Eductor  Co. 
is  now  mounting  this  heavy  duty  equipment  on  various 
tnakes  of  5-ton  chassis  for  use  in  cities  where  catch- 
bas'ns  varv  from  q  ft.  to  35  ft.  in  depth. 
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NEW  CUlTlNi;  KLOWPIPE. 
To  meet  the  demands  caused  by  tlie  treiiieiuloiis  in 
crease   in    the   steel    lahricating    industries   during   the 
war  icially  the  need  in  shipyards   for  a  light 

and  U-,   yet    rugged   cutter,    for   work    in   dose 

l)laccs,  sucli  as  douhle  l>ottoms  and  below  decks,  the 
Oxweld  Acetylene  Co.,  Newark,  X.  J.,  developed  a  new 
cutting  blow  pipe,  known  as  the  (.j.xweld  .NIodel  C-6. 
Tile  weight  of  this  bIowi>ipe  is  at  least  i  lb.  lighter  than 
the  previtiiis  model,  being 
lengtl'  is  JO  in.  Tiie  new 
features,  contains  a  novel 
controlling  the  cutting  oxygen 
'genious      method       of       Seating 

this  method,  and  the  use  of  a  special  seat  material,  a 
remarkably  tight  and  durable  joint  is  secured,  and  the 
meclianisnj  for  operating  the  valve  is  materially  sim- 
plilied  and  strengthened.  Clxygen  leaks  greatly  retard 
pre-heating ;  hence  the  importance  of  this  improved 
valve  construction  reijuires  no  furthec  comment.  In 
addition  to  the  above  features,  the  Model  C-6  cutter 
emlKHlics  all  the  recognized  advantages  of  former  Ox- 
weld  tyi>es,  including:  Flexibility  of  movement  in  any 
directiiin  without  change  of  position  of  the  operator, 
which  is  secured  by  iiavng  the  cutting  jet  completely 
surrounded  by  the  pre-heating  flame,  and  maintenance 
of  the  correct  mixture  of  gases  in  the  pre-heating 
tiame  without  recourse  to  frequent  valve  adjustment. 
The  blowpipe  is  furnished  with  a  head  angle  of  either 
90"  or  75''.  The  seating  arrangement  of  the  internal 
nozzle  insures  a  thoroughly  gas-tight  joint.  Each  blow- 
pipe is  equipped  with  four  interchangeable  internal  noz- 
zles, properly  graduated  for  use  on  various  "depths  of 
cut,  and  by  means  of  which  a  cutting  range  of  from 
's  to  12  or  14  in.  may  be  secured. 


DKII.L  MOl'NTINC;   FOR  FLAT   HOI.K  WORK. 

.\  new  drill  mounting  specially  adapted  for  such 
llat  hole  work  as  is  encountered  in  driving  small 
tunnels  or  the  occasional  large  tniiiiels  wliere  shal- 
low holes  are  needed  was  brought  out  liy  the 
Ingersoil-Rand  Co.  The  mounting  is  made  to  hold 
eitlier  the  dry  or  the  wet  "Jackhamer."  It  is  but  an 
instant's  work  to  clamp  the  standard  "Jackhamer'"  in 
the  carriage  of  the  "Jackhamer"  mounting.  There-. 
fore,  a  single  drill  may  lie  used  conveniently  lor  the 
two-fold  purpose  of  drilling  ilat  holes  in  the  heading 
and  down  holes  on  the  bench  without  loss  of  time  in 
making  changes,  The  cl.inip  which  grips  the  handle 
of  the  drill  is  provided  with  a  cushion  spring  to  take 
up  the  shock  when  a  steel  is  being  pulled  out  of  a 
hole.  The  forward  clamp  on  the  carriage  does  not 
gri])  the  machine  firmly,  but  serves  only  as  a  support 
and  guide. 


NEW  BUCKEYE  CHAIN  AND  BUCKET  TYPE 
TRENCH  EXCAVATOR. 

A  trench  excavator  of  the  chain  and  bucket  type. 
designed  for  cutting  24-in.,  28-in..  32-in.  and  36-in. 
widths  and  12-ft.  to  15-ft.  depths,  has  been  placed  on 
the  market  by  the  Buckeye  Traction  Ditcher  Co.,  Find- 
lay,  O.  This  new  model  has  practically  the  same  main 
frame  construction  and  transmission  mechanism  as 
the  Buckeye  "wheel  type"  excavators.  The  machine 
is  10I2  ft.  wide.  I2'4  ft.  high  and  50  ft.  in  length.     Its 


Mounting    for   Either   Dry   or   Wet  "Jackhamer." 

The  carriage  is  nif)ved  by  a  feed  screw  which  is 
supported  at  both  ends,  these  supports  acting  as  tops 
lo  prevent  the  carriage  from  being  fed  out  of  the 
shell.  The  feed  screw  is  operated  by  crank,  one  turn 
of  which  moves  the  carriage  V2  in. 

The  "Jackhamer"  mounting  is  adapted  for  use 
either  on  the  arc  of  a  column  or  horizontal  shaft  bar 
or  a  tripod,  as  the  standard  s-in.  cone  upon  which 
the  shell  rests  will  fit  into  any  5-in.  Sargeant  saddle 
or  clamp.  The  cone  is  made  to  slide  on  the  shell, 
which  gives  a  quick  adjustment  when  setting  up  and 
can  be  used  to  increase  the  length  of  feed  whenever 
necessary. 

The  column  or  shaft  bar  most  commonly  used  w^ith 
the   "Jackhamer"   mounting   is    a   light    single     screw 


Model     C     Buckeye  Trench     Excavator. 

traction  speed  on  high  is  i  mile  per  hour.  Its  approx-  column  type.  The  "Jackhamer"  mounting  is  built  for 
imate  shipping  weight  is  47,000  lb.  The  main  frame  hard  usage,  steel  casting  and  drop  forgings  being  em- 
is  lO-in.  steel  I-beams.  The  tractor  wheels  are  Krupp  ployed  throughout  its  construction.  The  essential  de- 
aprons.  The  buckets  are  special  type  pressed  steel  and      tails  of  the  mounting  are  as  follows: 

can  be  fitted  with  either  cutters  or  rooters.     The  con-  weig-ht 63  in. 

veyor  is  a  6-ply  belt.  36  in.  wide,  and  is  friction  driven  Weight   with   Jackhamer 104  ib. 

by  large  rollers.    All  controlling  levers  are  banked  con-  He"ght  .'.■.'.■.■.■.■.■.'.■.■.■.■.■.'.'.■.■.'.■.■.'.■.■.■.'.■.'.■.'.'.■.'.■.'.'.■.■.■.■.".■.■;  loyt  in! 

veniently  at  the  operator's  platform.      The  power   plant  Distance    from    center     of     drilling     machine     to 

is  of  the  heavy  duty,  medium  speed  type.  A  65-HP.  i.^X^^.crew  feed::::::::::::::::::::::::::;::  ^ '";. 

engine    is    used.  Sllde  of  cone  on  shell 19%  in. 

(Ml  « 
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SELF-CONTAINED  MOTOR-DRIVEN  SWING  SAW. 

/  A  motor-driven  swing  saw  that  is  being  extensively 
used  in  shipbuilding  and  other  construction  is  shown 
in  the  accompanying  illustration.  The  installation  is 
very  simple  and  involves  very  little  labor,  due  to  the 
fact  that  the  machine  is  complete,  having   the  motor 


CONTRACTORS'   SAW  RIG. 

A  saw  rig,  designed  to  meet  the  needs  of  the  con- 
tractor, builder  and  cement  worker,  who  uses  large 
c]uantities  of  kinil)cr  for  cement  forms,  frame  work  of 
buildings,  etc.,  was  placed  on  the  market  last  year  by 
the  Novo  Engine  Co.,  Lansing,  Mich.  The  frame  of 
tlie  outht  is  made  of  2-in.  steel  angles  securelv  riveted 


Motor     Driven     Swing     Saw. 


and  the  necessary  driving  belt  in  one  unit  and  all  that 
is  required  is  to  clamp  it  against  any  convenient  wall, 
or  column,  or  supporting  brackets  •  from  the  ceiling, 
or  supports  from  the  floor  at  the  rear  of  the  table. 
The  type  shown  is  equipped  with  either  32-in.  blades 
snd  7J/2-HP.  motor  for  timbers  up  to  10  in.  square,  or 
36-in.  blade  and  lo-HP.  motor,  capable  of  cutting  tim- 
bers up  to  14  in.  square.  The  manufacturers,  the 
Reno-Kaetker  Electric  Co.,  41  Main  St.,  Cincinnati, 
O.,  also  build  a  line  of  smaller  sized  machines. 


SEMI-TRAILER  FOR  HAULING  HEAVY  PIPE. 

A  semi-trailer,  of  particular  usefulness  in  handling 
heavy  pipe  is  shown  in  the  accompanying  illustration. 
This  trailer  is  adjustable  in  length  from  12  to  20  ft., 
and  is  of  4-ton  capacity.  It  is  operated  with  either  a  i 
or  i^-ton  truck. 

The  trailer  is  equipped  with  removable  wedge  blocks 
on  the  front  and  rear  bolster.  The  front  bolster  goes 
with  the  trailer  as  well  as  a  steel  circle  fitted  on  the 
truck  upon  which  the  bolster  turns.     This  front  bolster 


together.  Heavy  wood  skids  7^2  ft.  long  on  which  the 
saw  fram  and  engine  are  mounted  make  the  outfit  ex- 
tremely rigid.  The  over  all  length  of  the  outfit  is  8 
ft.  The  table  top  42  in.  by  47  in.  in  size  is  only  37  in. 
above  the  ground  level.  The  table  is  adjustable  for 
any  depth  of  sawing  and  swings  back  or  locks  up  in 
a  convenient  position  to  permit  change  of  tools.  One 
of  the  greatest  advantages  of  this  outfit  is  the  swing 
cut  off  feature.  A  cross  cutting  gauge  is  furnished 
with  the  outfit.  The  cross  cut  gauge  is  adjustable  for 
different  widths  of  cutting  and  has  an  adjustable  stop 
for  the  lengths  required.  In  the  handling  of  heavy 
material  it  is  much  easier  to  move  the  saw  than  to  move 
the  material.  This  feature  cannot  be  emphasized  too 
strongly  as  it  is  not  only  a  much  faster  and  safer 
method  but  a  much  easier  method  especially  with  large 
and  long  timbers.  It  also  permits  the  use  of  saws  of 
sufficient  size  for  large  timbers, 


Semi-Trailer  for   IHauiing   Heavy   Pipe. 

is  attached  to  the  platform  of  the  truck  over  the  rear 
axle  by  means  of  a  steel  king  pin.  The  trailer  pulls 
from  a  trailer  connection  on  the  rear  of  the  truck 
frame.  This  semi-trailer  was  designed  by  Mr.  August 
C.  Fruehauf,  president  of  the  Fruehauf  Trailer  Co.  of 
Detroit,  Mich. 


A    SHEET    STEEL    PRESSURE    PIPE    WITH    SPI- 
RALLY WOUND  SEAMS. 

A  pressure  pipe  made  of  12-gage  or  lighter  sheet  steel 
with  a  lock  seam  W(.)und  s])irally  around  the  body  of  the 
pipe  has  been  placed  in  jiroduction  by  tlie  Xaylor-Rob- 
ertson  Co.,  1036  W.  37th  St.,  Chicago.  The  pipe  is 
of  narrow,  continuous  strips  of  sheet  metal  w-ound 
spirallv  into  an  elongated  cylinder.  The  adjoining 
edges  of  the  strips  are  contorted  as  the  strips  arc  being 
wound  around  a  mandel.  to  jointly  form  an  overlajii^ing 
continuous  pressure  tight  locking  seam.  The  seam  in- 
termediate the  convulations  is  compressed  as  it  is  being 
formed,  so  as  to  produce  such  a  tortuous  path  from  the 
pipe  interior  through  the  interfolded  parts  to  the  ex- 
terior of  the  pipe,  as  to  render  it  as  impervious  to  pene- 
tration as  the  body  part  of  the  strip.  This  pipe  is  made 
by  a  new  machine  invented  by  Mr.  Carl  Naylor  of  Chi- 
cago. It  is  claimed  that  the  method  of  operation  em- 
ployed by  this  machine  makes  possible  the  elimination 
of  crvstallization  or  over-stretching  of  the  metal  at 
point   of   the  seam.      The  pipe   is   made   in   contiiuious 
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lengths  and  the  machine  is  provided  to  handle  any 
widths  of  continuons  strip,  thus  making  the  dcijree  of 
pitch  of  the  spiral  scani  correspond  to  the  pressure  re- 
quired. 

NEW  lUCYRUS  TRENCH  EXCAVATOR. 

A  new  trench  excavator,  in  which  complicated  mech- 
anism  has  been   eliminated   and   the   number  of   wear- 


on  toj!  of  the  frame  just  ahead  of  the  digging  ladder, 
where  he  has  a  full  view  of  the  niachinerv  and  can 
also  see  to  the  bottom  of  the  trench  as  well  as  the 
roail  ahead.  The  variation  of  digging  speed  is  con- 
trolled by  a  lever  at  operator's  stand  and  is  changed 
without  stopping  the  machine.  The  machine  is  mounted 
on  Hncyrus  caterpillar  traction  at  the  rear  and  traction 
wheels  at  the  front. 


The    Class   72   Trench    Excavator   Brought   Out    Last   Year   by   the    Bucyrus  Co. 


ing  parts  reduced  to  the  lowest  possible  minimum. 
was  placed  on  the  market  by  the  Bucyrus  Co., 
South  Milwaukee,  Wis.  The  gears,  bearings,  shafts, 
engines,  boiler,  etc.,  are  of  steam  shovel  design  and 
the  maciiine  is  stated  to  be  built  with  the  simplicity. 
strength  and  ruggedness  of  a  steam  sliovel. 

In  this  trench  e.xcavator  sprockets,  chains  and  belts 
have  been  entirely  eliminated  in  the  main  drive.  The 
engine  pinion  drives  a  large  gear  on  the  jack  shaft 
which  drives  the  upper  tumbler  shaft  by  means  of 
two  heavy  side  connecting  rods  pinned  to  steel  crank 
discs  at  each  end  of  the  shafts.  The  discs  are  accurately 
quartered  and  one  disc  on  each  shaft  is  split  and  clamps 
on  so  that  they  can  be  easily  removed  and  any  part 
on  the  shaft  readily  dismantled. 

The  steel  buckets  are  of  the  open  or  scraper  type 
attached  to  the  chain  links  by  means  of  steel  arms 
and  can  be  easily  taken  off  when  changing  from  one 
size  to  another.  The  links  are  annealed  steel  cast- 
ings, of  simple  design.  They  are  14-in.  pitch,  are 
connected  by  means  of  heavy  case  hardened  forged 
pins  and  are  provided  with  renewable  case  hardened 
bushings. 

The  standard  ladder  is  designed  to  dig  17  ft.  or  less 
below  wheel  base,  and  the  same  ladder  is  used  for  all 
sizes  of  buckets  from  24  in.  to  72  in.  The  ladder  is 
provided  with  a  removable  section  w'hich  may  be 
taken  out  when  digging  12  ft.  or  less,  and  when  so 
ordered  an  extension  to  dig  to  a  depth  of  20  ft.  can  be 
supplied. 

The  conveyor  is  driven  by  an  independent  reversi- 
ble engine  so  that  its  operation  and  speed  are  en- 
tirelv  independent  of  the  operation  and  speed  of  the 
machine.  It  is  controlled  by  levers  at  the  operator's 
stand  and  runs  in  either  direction  at  any  speed  up  to 
650   ft.  per  minute.     The   operator's   stand  is  located 


5  FT.  MIXER  MOUNTED  ON  2-WHEEL  TRUCK. 

.■\  5  ft.  mixer  with  rear  discharge  on  2-wheel  trucks 
has  been  added  to  the  line  of  the  Ideal  Concrete  Ma- 
chinery Co.  of  Cincinnati,  O.  This  mixer  is  equipped 
with  standard  gage  trucks  and  large  wheels,  also  hav- 
ing strong  axles  to  enable  it  to  be  pulled  around  the 
country  behind  a  team  or  motor  truck.  The  platform 
which  is  an  integral  part  of  the  mixer  is  large  enough 
lor  a  wheel  barrow  to  be  turned  around  on.  and  is  only 
16  in.  above  the  ground,  making  the  loading  from 
wheel  barrows  a  very  simple  proposition.  The  mixer 
is  especially  useful  in  sidewalk  work  as  it  can  be  placed 


New   Ideal  5  ft.   Mixer. 


Straddle  the  form.s  and  moved  along  the  job.  the  con- 
crete being  deposited  directly  between  the  forms  from 
the  mixer.  In  the  case  of  foundations  or  similar  work 
the  mixer  can  be  backed  up  to  the  forms  and  the  con- 
crete deposited  directly  in  place  without  wheel-barows. 
The  machine  is  equipped  with  a  high-grade  vertical  3- 
HP.  engine.  The  trunnions  are  chilled  and  have  self- 
oiling  bearings.  The  drum  sheet  and  blades  are  steel, 
Vs  in,  thick.  The  mixer  is  built  in  every  way  to  stand 
the  hard  knocks  of  general  contracting  service. 
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NEW  AUTOMATIC  HIGHWAY  SIGNAL  THAT 
SHOWS  RED  DAY  OR  NIGHT. 

A  highwa}-  signal  that  operates  on  the  principle  of 
angular  reflection  and  shows  a  red  danger  warning 
both  day  and  night  is  illustrated  below.  This  effect  is 
obtained  by  means  o£  five  mirrors  (designated  as  E.E. 
in  the  cut )  arranged  to  reflect  light  through  a  special 


.shovel  is  also  self-pro]jelling. 

The  frame  describes  a  complete  circle  on  the  truck, 
ilms  giving  it  a  wide  range  of  operation  and  will  load 
into  cars  directly  behind  the  shovel.  The  three  Dake 
engines  are  arranged  with  remote  control  and  are  op- 
erated by  levers  from  the  operator's  seat  which  it  at- 
tached to  the  left  side  of  the  frame.    The  loader  weighs 


FRONT 

Automatic   Danger  Signal  That   Liglits   Itself. 

transparent,  sensitive  pot-colored  crystal-  glass  lens. 
The  signals  have  neither  wick  nor  w^ire,  nor  moving 
parts  or  light  of  any  sort.  In  the  daytime  the  signal  ap- 
pears as  a  brilliant  red  square.  At  night  it  penetrates 
the  darkness  with  a  powerful  reflected  red  light.  The 
signal  is  made  by  the  .\utomatic  Signal  &  Sign  Co., 
Canton,  O. 

MECHANICAL    LOADER    FOR    HANDLING    DIRT 
AND  ORE  IN  NARROW  DRIFTS. 

A  mechanical  loader  particularly  designed  as  a  min- 
ing shovel  for  loading  dirt  and  ore  in  narrow  drifts 
was  placed  on  the  market  during  the  early  part  of  iqi8. 
The  loader  is  the  invention  of  Capt.  .Samuel  Hoar  of 
Virginia,   Minn. 

The  cut  shows  the  loader  with  the  sides  of  the  frame 
removed  and  gives  a  view  of  the  power  mechanism. 
The  power  unit 'consists  of  three  Dake  air  operated 
reversible  engines  with  gearing  and  drums  all  com- 
pactly installed  on  a  bed  30  in.  x  53  in.  Five  horse- 
power engines  are  used  for  hoisting  and  thrusting,  and 
a  3-HP.  engine  for  swinging.  The  three  movements 
are  therefore  independently  controlled  and  the  shovel 
may  be  nm  forward  on  the  thrusting  table  at  the  same 
time  it  is  being  hoisted,  enabling  the  operator  to  take 
the  load  from  any  location  in  the  pile,  and  also  clean 
lip  the  dirt  as  completely  as  by  hand  labor.  The  thrust- 
ing table  to  which  the  dipper  is  attached  can  be  run 
back  and  forth,  enabling  the  operator  to  clean  up  more 
space  before  moving  the  shovel,  for  which  [)urpose  the 

(17) 


Mining   Shovel   That   Is  Claimed   to   Do  as   Much   Work   in   2   Hours 
as   2    Men    Can    Do    in   8    Hours. 

about  4,000  lb. ;  height  when  working,  5  ft.  6  in. ;  width, 
3  ft.  6  in. ;  length,  6  ft. ;  revolves  in  "-ft.  wide  drift, 
And  operates  with  air  pressure  of  80  lb.  The  track 
gage  is  adjustable  from  18  in.  up.  It  Ts  claimed  the 
shovel  will  load  in  two  hours  more  dirt  than  two  men 
can   load   in  8  hours. 


.\    lighting    ti.xture 
service,    particularly 


LIGHTING  HOOD  FOR  GENERAL  CONSTRUCTION 
WORK. 

designed  for  heavy  out-of-docr 
iround  wharves,  dry  docks,  in 
steamship  holds,  in 
building  and  general 
construction  work,  has 
been  placed  on  the  mar- 
ket by  the  Benjamin 
Electric  Mfg.  Co.,  120 
South  .Sangamon  St., 
Chicago.  "The  fixture 
consists  of  a  T6-in. 
hood,  non-discoloring 
white  paint  enameled 
inside,  black  on  out- 
side   with    cluster    bodv. 


Benjamin   Cargo   Light. 


and  a  strong  galvanized  iron  guard.  It  is  furnished 
with  a  fitting  for  suspension  by  rope.  This  jiermits 
shifting  the  fixture  from  one  location  to  another 
quickly,  so  that  the  light  can  be  directed  most  effec- 
tively on  the  work.  The  reflector  bow!  can  be  ad- 
justed to  throw  the  light  at  various  angles — directly 
below  or  sidewise  by  tipping  bowl  with  ro[)c  at- 
tached to  loop  on  the  guard. 
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.VrrACHMKNT  THAT  MAKES  A  FORD  CAR  A 
lHAtTOU. 

An  attacliincm   tii;u   transionns  a    I'onl   car  into  a 
tnu-tor  oapalili-.  aoconlint,'  to  tin-  iMaims  of  tlic  manu- 


Road   Dragging  With  Globe  Tractor  Attachment. 

lacturcr,  of  doing  the  work  of  4  horses,  has  been 
plaocil  on  the  market  by  the  (".lobe  Madiinery  &  Sup- 
ply Co.,  Des  Moines.  la.  In  the  attachment  the  frame 
of  the  tractor  unit  is  bolted  to  the  rear  axle  of  the 
car  and  clamped  to  the  front  axle,  thus  establishing 
a  three-point  suspension.  This  frame  can  be  left  on 
the  car  throughout  the  season.  The  tractor  wheels  are 
carried  on  an  axle  located  ahead  of  the  Ford  axle.  At- 
tached to  the  tractor  wheel  axle  is  a  raising  and  lower- 
ing device  by  which  the  traction  wheels  can  be  raised 
permitting  the  car  to  run  on  its  own  wheels  at  the 
regular  rate  of  speed.  When  the  tractor  wheels  are 
down  the  reduction  of  speed  is  i  to  10.  The  attachment 
has  a  positive  cooling  device  for  preventing  overheat- 
ing of  the  engine. 


CONCRETE  MIXER  USES  EITHER  GASOLINE  OR 
KEROSENE  AS  FUEL. 

A  carburetor  that  is  claimed  to  effect  a  33  per  cent 
to  50  per  cent  reduction  in  fuel  costs  was  used  last  year 
on  the  engines  of  the  concrete  mixers  of  the  X'orthw  est- 
em  Steel  &  Iron  Works.  Eau  Claire,  Wis.  This  twin 
service  carburetor  permits  the  operator  to  use  either 
gasoline  or  kerosene  in  the   engine,  a-     '     ''1.     The 


A    '  Wake  for  wafer 
B        ■•        "    Kerosene 
C       ••       •■   Gasolene. 
0  Hose  for  gas  from  muffler 

"Northwestern"  Twin   Service   Carburetor. 

ilustration  shows  two  lead  pipes  from  the  storage  tank, 
each  with  a  shut-off  valve,  enabling  the  operator  to 
draw  either  fuel    as    wished.     By  means    of  a  super- 


heating attachment,  wliicli  introduces  gas  from  the 
mulller  of  the  engine,  the  kerosene  is  volatilized  to  the 
proper  point  for  i>r()(hu'ing  the  ni;ixiniuni  cxjilosive 
power  within  the  cyliiulcr.  I'lic  engine  is  (-(juipped 
with  L'lasilN   feed  from  the  fuel  tank. 


Al  TOMATK    DKVK  K  FOR  Ri;(;i'LATING  MIXING 
OF  CONCRETE. 

.\mong  contractors  there  is  a  familiar  remark  that 
it  laf<es  varilage  to  make  prolits.  How  to  get  this 
maximum  yardage  is  always  a  jiroblem ;  and  chiefly 
so,  because  there  is  the  temptation  to  do  it  at  the 
sacrilice  of  quality.  This  latter  condition  (|uite  nat- 
urally involves  the  highway  engineer.  While  both 
the  contractor  and  engineer  may  have  the  best  inten- 
tions, they  are  nevertheless  working  in  opposite  di- 
rections, and  sometimes  the  result  is  disorganization 
and  friction,  where  harmony  should  exist.  Any  de- 
vice which  will  assist  in  eliminating  such  conditions 
is  not  only  desirable,  but  actually  necessary.  Such  a 
device,  used  in  constructing  14,000  sq.  yd.  of  concrete 
liavcment  at  BuBinglon,  Ind.,  is  shown  in  the  illustra- 
tion. 

By    analyzing    our  present  methods,  we  find  the  op- 


The   Batchmeter. 

erator  of  the  mixer  is  usually  depended  upon  to 
properly  mix  the  materials.  In  addition  to  this,  he 
has  the  following  duties:  observe  the  operations  of 
his  engine  in  a  general  way,  raise  and  lower  the  skip 
without  striking  careless  workmen,  supply  the  proper 
amount  of  water  for  the  mixture,  and,  finally,  op- 
erate the  bucket  in  placing  the  concrete.  Then,  in 
addition  to  all  these  operations,  we  expect  this  man 
to  be  efficient  in  guessing  to  a  few  seconds  the  time 
concrete  is  in  the  dump.  The  batchmeter  not  only 
relieves  the  operator  of  this  burden,  but  the  engineer 
or  inspector  knows  by  the  sound  of  the  bell  that  the 
materials  have  been  sufficiently  mixed. 

One  of  the  most  unusual  features  of  this  device  is 
the  effect  produced  by  the  ringing  of  the  bell.  It  seems 
to  affect  the  whole  organization  in  that  the  men  in 
front  of  the  mixer  speed  up  to  receive  the  coming 
batch  :  also  the  men  behind  the  mixer  are  awakened 
to  the  fact  that  their  material  should  be  in  the  skip  in 
the  next  few  seconds,  to  prevent  delay. 
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COMBINATION  AUTO  STREET  SPRINKLER  AND 
FLUSHER. 

The  accompanying  illustration  shows  a  combination 
machine  developed  by  the  F.  C.  Austin  Co.,  Inc.,  Chi- 
cago. An  important  feature  of  this  tlusher  and  sprink- 
ler is  the  pump.  This  is  so  constructed  that  wear 
caused  by  sand,  silt  or  grit  in  water  is  taken  up  auto- 
matically  through   centrifugal   action   of   the   impellers. 


watertight  contact  between  the  pliable  "Mushroom" 
core  and  the  joint  walls.  Third — As  installed  about 
'4  in.  of  the  "Mushroom"  should  project  above  the 
joint.  Tliis  projection  is  gradually  reduced  by  being 
wedged  tightly  into  the  joint  by  traffic.  The  surplus  is 
gradually  spread  over  the  edges,  forming  a  tough,  per- 
manent armor,  which  protects  the  corners  against  dam- 
age by  traffic. 


Combination   Auto    Flusher   and    Sprinkler. 


Another  feature  is  the  method  of  controlling  the  flow 
of  water  to  the  nozzles.  This  is  done  by  one  valve, 
thus  doing  away  with  a  multiplicity  of  levers  for  oper- 
ating the  nozzles.  The  tank  is  made  of  a  heavy  gage 
black  steel  and  is  mounted  on  oak  saddles,  reinforced 
with  metal  sides.  The  pump  has  a  capacity  of  400  gal. 
per  minute,  and  any  pressure  up  to  60  lb.  can  be  main- 
tained. The  four  flusher  nozzles  are  of  the  combina- 
tion type,  and  are  instantly  changeable  for  flushing  or 
sprinkling.  They  are  located  at  the  front  and  center 
of  the  machine  and  can  be  adjusted  to  flush  either  side 
of  the  street. 


ERASING  MACHINES  FOR  DRAFTING  ROOM. 

A  motor-driven  machine  for  cleaning  drawings  is  one 
of  the  latest  conveniences  for  the  drafting  room.  The 
machine  is  driven  by  a  variable  speed  motor  which  can 
lie  attached  to  any  electric  light  socket  and  will  operate 


"MUSHROOM     TOP"     EXPANSION     JOINT     FOR 
PAVEMENTS. 

.A.  new  pre-formed  filler  for  pavement  joints  has  been 
placed  in  production  bv  the  Standard  .'\sphalt  &-  Refin- 
ing Co.,  Chicago.  The  joint  proper  consists  of  a  core  of 
tough,  tenacious  asphalt  reinforced  with  two  bands  of 
flexible  felt.  The  novelty  of  the  design  consists  in  the 
termination  of  the  felt  reinforcing  a  short  distance  be- 
low the  top  of  the  joint,  leaving  a  narrow  section  of  the 
asphalt  core  entirely  exposed.  The  advantages  claimed 
for  this  construction  are  as  follows:  First — Actunl 
contact  is  obtained  between  the  pliable  "Mushroomed" 
asphalt  core  and  the  sidewalls  of  the  joint.  Second — 
The  "Mushroom"  is  expanded  in  the  joint  space  bv 
the  weight  and  impact  of  traffic  forming  a  permanently 


Circular    Eraser    Driven    by    Motor. 

on  either  direct  or  alternating  current.  The  flexible 
shaft  connecting  the  circular  eraser  and  motor  is  y,  ft. 
long.  .-111(1  i^  attached  to  a  counter  shaft  driven  by  a 
belt.  J'hc  machine  is  made  by  Koelsch  &  Co.,  1,^8  Ful- 
ton St..  Xew  "N'ork. 
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pneumatic    machink    for    mkchanu'ally 
calkim;  woodkn  ships. 

\\  tHHifU  slii|is  must  111-  rciiilfii-il  siMuurtliy  liy  calk- 
iufj  tlu-  seams  ot  docks  ;iiul  liiills  witli  oakum.  This 
in)|X)rlant  operaiinn  was  formerly  performed  I'litirely 
by  hand.  Kvery  type  of  \vo(Klen  vessel  wliieli  is  coii- 
striieted  with  separate  sheathings  and  wooden  decks 
on  steel,  iron  or  concrete  ships,  reipiires  calkinj;.  Hand 
calking  calls  for  a  large  amount  of  skill  to  perform  the 
initial  operation,  that  of  "tackini;"  the  nknm  into  |ilace. 


the  machine  is  tiiat  which  !;;i\es  the  regular  twist  or 
turn  to  the  oakum,  as  it  is  driven  by  iron.  This  feature 
is  one  of  the  points  wliicli  heretofore  had  iheen  only 
pt)ssil)li-  with  hand  calking  and  which  was  decnied  im- 
possible to  machine  design  until  the  advent  of  the  "Lit- 
tle Oavid"  calking  machine.  Special  care  is  taken  by 
llic  ni;nnif;ictiner  of  this  machine  to  heat-treat  all  parts 
necessitating  h.irdening,  in  order  thai  machines  when 
placed  on  the  market  will  be  as  nearly  proof  against 
wear  as  is  mechanically  possible.  .\  little  feature  which 
\\ill  demonstrate  the  thought  fulness  of  the  manufac- 
turer will  be  observed  in  the  fact  that  the  hand  hole 
in  the  handle  of  the  machine  is  sufficiently  large  to  per- 
mit the  worker  to  wear  heavy  gloves  during  llu-  cold 
weather  and  still  maintain  his  grip. 


Old   and   New   Methods  of  Ship   c  j 

after  which  it  is  driven  into  the  seam  a?  far  as  neces- 
sary, an  operation  called  "horsing."  This  usually  re- 
(|uires  two  men,  one  holding  the  "horsing"  iron  in  place 
and  the  other  witflding  a  heavy  mallet.  Needless  to 
say.  hand  calking  is  rather  a  slow  and  laborious  opera- 
tion, and  considering  the  skill  and  knowledge  neces- 
sary to  the  performance  of  "tacking,"  an  expensive 
one.  A  pneumatic  machine  for  mechanical  calking 
has  been  brought  out  by  the  Tngersoll-Rand  Co.  This 
machine — the  "Little  David"  Xo.  23  calking  machine 
— is  shown  on  the  right  in  the  illustration.  The  ma- 
chine is  neither  i)onderous  nor  intricate,  weighing  but 
13'^  lb.  with  an  over-all  length  of  22  in.,  and  having 
but  seven  major  parts,  all  of  which  are  so  constructed 
as  to  give  the  greatest  possible  amount  of  service  with 
the  .smallest  possible  w^r.  The  "Little  David"  calk- 
ing machine  is  controll™  by  a  trigger  similar  to  that 
of  a  light  pneumatic  scaling  hammer.  It  dififers.  how- 
ever, from  the  usual  hammer  in  that  the  piston  has  an 
extended  rod  fitted  with  a  thin  calking  blade.  This. 
being  a  reciprocating  iron  with  a  positive  pullback.  has 
no  tendency  to  bind.  The  calking  iron  tr.ivcls  in  guides 
which  prevent  it  from  turning,  the  whole  being  fitted 
with  .springs  .so  that  the  workman  can  vary  the  pene- 
tration of  iron  with  the  varying  depth  of  the  seam.  .\ 
unique  device  automatically  feeds  the  oakum  with  each 
movement  of  the  calking  blade.  Guide  wheels  run  in 
the  seam  being  calked  and  keep  the  calking  iron  lined 
up.  The  tool  o|)erates  with  negligible  vibration,  and 
it  follows  without  effort  on  the  part  of  the  workman : 
in  fact,  machine  calkintj  is  made  so  simple  that  ordi- 
nary workmen  can  do  highiv  etncient  w'ork.  The  ordi- 
nary equipment  consists  of  a  calking  iron  1/16  in. 
thick,  although  an  %-\n.  iron  can  be  furnished  if  re- 
<juired.  In  a  test  recently  conducted  35  ft.  of  deck 
seaming  were  completed  in  3'j  minutes  or  almost  to 
times  as  much  as  can  be  accomplished  by  hand  work 
in  t':e  same  leiglii  of  time.     An  important  feature  of 
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.m;\\  shovel  has  wide  range  of  service. 

Foreseeing  that  contractors'  and  industrial  plant 
ei|uipment  for  the  i)ost-war  construction  period  must 
have  a  wide  range  of  usefulness.  The  Thew  .\utomatic 
Shovel  Co,,  Lorain,  Ohio,  in  1918  added  to  its  list  of 
products  the  Type  00  Series.  The  Type  00  is  a  light 
weight,  readily  portable  machine.  It  is  so  designed  that, 
w  ith  very  minor  changes,  it  may  he  equipped  for  steam, 
electric  or  gasoline  operation.  Change  from  one  form 
of  jiower  to  another  can  readily  be  made  in  the  field, 
and  at  reasonable  expense.  Independent  double  re- 
versing engines  are  employed  for  hoisting,  crowding 
and  swinging  when  the  power  is  steam.  For  electric 
and  ga.soline  service,  a  single  motor  is  used,  operating 
at  constant  speeds.  The  various  motions  are  controlled 
through  reversing  frictions. 

When  equipped  as  a  .shovel,  the  machine  is  regularlv 
mounted  upon  a  truck  with  wide-tired  traction  wheels, 
with  both  hand  and  power  steer.  It  is  self-jiropelling 
at  sjieeds  ap])roximating  I'A  miles  per  hour.  The  Type 
00  weighs  only  14  tons  and  rcgul.-irly  uses  a  K'-vd. 
clip[)er. 

r.y   adding  an   auxiliary    shaft   carrying  two   drums, 


New    L  Kjht    Weight   Shovel. 

and  the  substitution  of  a  longer  and  lighter  boom,  the 
shovel  is  converted  into  a  crane  capable  of  handling  a 
'•2-yd.  clam  shell  bucket,  with  a  working  radius  of 
25  ft.  When  equipped  for  electric  or  gasoline  motor, 
this  auxiliary  sliaft  controls  the  dipper  crow-ding 
motion.  The  only  change,  then,  from  shovel  to  crane 
lies  in  the  exchange  of  booms.  All  drums  are  power 
driven  and  the  machine  is  quickly  adapted  to  clam  shell 
or  drag  scraper  service. 

The  Type  00  has  been  mounted  upon  special  trucks 
for    foreign    military    service.      The    niiljtar\-    traction 
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truck  was  designed  to  secure  a  5-ton  crane  which  could 
be  hauled  behind  a  motor  truck  and  over  ordinary 
macadam  roads  at  speeds  up  to  10  miles  per  hour.  The 
truck  is  spring  mounted,  with  swivel  joint  steering 
wheels  and  suitable  brakes.  It  is  also  self-propelling. 
For  use  on  narrow  gage  industrial  railways,  the  Type 
00  crane  superstructure  is  mounted  upon  double  trucks, 
distributing  the  weight  over  eight  wheels.  Inasmuch 
as  the  usual  gage  of  such  railways  is  60  centimeters, 
or  approximately  24  in.,  it  is  evident  that  the  use  of 
jacks  or  outriggers  is  necessary  when  operating  as  a 
crane.  With  jacks  set,  loads  of  10,000  lb.  may  be 
handled,  thus  meeting  the  usual  rating  for  a  5-ton 
crane. 


for  the  loaded  body,  and  about  the  same  time  is  re- 
quired at  the  place  of  delivery  for  unloading.  A 
Cdntinnons  hack  can  be  built   in   unloading  the  bodies, 


A  NEW  GRINDER  FOR  THE  DRILL  SHARPENING 
SHOP. 

Imperfectly  made  drill  shanks  ;  that  is,  not  properly 
square  on  the  end,  throw  a  strain  on  the  hammer  drill 
piston  and  are  the  chief  cause  of  piston  breakage. 
This  is  an  expensive  item  not  only  in  the  cost  of  part 
replacement,  but  also  in  the  time  that  the  drilling 
machine  is  out  of  commission.  Further,  with  imper- 
fect shanks  it  is  not  possible  to  take  advantage  of 
the  full  force  of  the  piston 
blow  and  drilling  speed  is  re- 
tarded. 

As  a  blacksmith  shop  help  in 
securing  shank  perfection,  the 
IngersoU-Rand  Co.  has  devel- 
oped the  "Little  David"  ped- 
estal grinder.  This,  like  the 
sharpener  and  punching  ma- 
chine, operates  on  compressed 
air.  It  is  light  in  weight, 
readily  portable  and  requires 
only  a  planking  support.  The 
,:5-cylinder  motor  operates  in  a 
bath  of  oil.  Power  consump- 
tion is  said  to  be  very  low. 
^^_^  A  single  foot  lever  controls 

L-  "^^>  t  h  e     machine,     leaving     the 

blacksmith  free  to  hold  the 
steel  with  both  hands.  Ordi- 
narily the  grinding  wheel 
used  is  8  in.  diameter  and  i-in.  face.  As  a  further 
convenience  the  spindle  is  fitted  with  a  No.  2  Morse 
taper  socket  to  take  a  rose  reamer  for  counter  sink- 
ing the  hole  in  the  end  of  the  shank.  This  operation 
guards  against  cutting  the  water  tube  of  the  drilling 
machine. 

The  Little  David  Crinder  also  finds  cni])loyment 
in  truing  the  edges  of  drill  pits,  pointing  picks  and 
grinding  other  tools  around  the  blacksmith  shop. 

The  complete  machine  weighs  105  lb.,  is  44? s  in- 
high  and  occupies  a  floor  space  17x20%  in.  It  op- 
erates satisfactorily  with  air  pressures  of  60  to  100  lb. 
per  square  inch. 

DEMOUNTABLE   TRUCK   BODY    FOR   HANDLING 

BRICK. 

A  truck  body,  specially  desi.gned  for  conveying 
brick,  has  been  placed  in  production  by  Greer  &  Fon- 
taine. Roanoke,  Va.  The  bodies  are  demountable- 
one  being  loaded  at  the  kiln  or  brick  yard  while  the 
other  is  in  transit.  P.y  this  arrangement  it  is  possible 
to  keep  the  motor  truck  running  nearly  all  the  time. 
About  3  minutes  is  required  for  exchanging  an  empty 


Little   David    Grinder. 


Two-Ton   Truck   Body   With   Capacity   for  1    M.   Standard   Building 

Bricl<. 

thus   permitting   the   contnictor   to   conserve   his   space 
in  stackine;  his  materials. 


PRESSED   STEEL   CONCRETE    INSERT. 

A  ].)ressed  steel  insert  adai)tcd  for  use  with  either 
steel  or  wood  forms  is  illustrated.  The  insert  is  set 
in  the  form  by  means  of  the  screw  point  shown  in  the 
cut.  .\  blow  with  the  hammer  and  a  turn  by  hand  sets 
the  screw  down  so  that  the  insert  is  held  securely  in 
a  vertical  position  ready  for  the  concrete  to  be  poured. 
After  the  work  is  finished  the  forms  are  easily  pulled 
awav  from  the  screw  points  which  are  then  quickly 
removed  with  the  fingers  leaving  the  tapered  hole  free 


»— YT^  '  y 


Koehler    Steel     Ccntrete     insert. 

for  the  threaded  bolt.  The  insert  is  made  in  various 
sizes  ranging  from  }i  in.  to  7s  in.,  by  the  Koehler  Die 
&  Specialtv  Co.,  De  Kalb.  111. 
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I'NFrAi  \Tic  ri  Nt  II  I  OK  iioi.i.ow  nuii.i. 
sri:i;i.. 

riic  ai"iiim|>aii\  ini;  illustration  shows  a  lU-vioo 
ulapli-d  tor  attachment  to  tlio  Sullivan  drill  sharp- 
ning  machine,  to  permit  rapid  and  convenient 
i.unching  out  of  the  iiolc  in  iioUow  drill  bits  and  drill 
shanks.  A  Sullivan  "DB-i^"  air  hannner  drill,  siuli 
as  is  used  frei|uently  for  hitch  cuttinj,'  and  trinnninj;, 
is  the  tool  employed  in  the  device.  Tliis  tool  weiglis 
14     U).       Its     two     essential      features     are     a     push 

throttle     h  a  n  tl  1  e 

and  a  nose  chuck 
with  a  knurled  or 
milled  cap,  which 
is  screwed  to  the 
end  of  the  cylin- 
der to  hold  the 
drilling  tool  in  po- 
sition. The  tool  is 
supplied  with  a 
collar  forged  on 
the  shank  to  pre- 
vent it  from  being 
pulled  out  of  the 
chuck.  The  drill 
is  placed  at  the  back  of  the  sharpener  on  a  special 
clamp  or  brace  bolted  to  the  frame  for  tliis  purpose, 
and  so  arranged  that  the  handle  of  the  tool  is  per- 
manentlv  held  while  the  cvlinder  is  left   free  to  slide 


steel   Punch  on   OrttI  Sharpener. 


throttle  and  starts  the  tool  reciprocating  so  that 
the  hole  is  quickly  opened  to  full  size.  When  the 
punch  has  ad\anced  far  enough  intt)  the  steel,  a  (|uick 
pull  releases  it.  Some  punches  have  been  made  up 
with  a  blunt  end,  with  the  diameter  of  the  punch  re- 
iluced  just  back  of  the  point.  This  is  said  to  give 
better  results  in  removing  the  steel  from  the  punch. 
In  some  cases  oi^crators  have  elaborated  the  bracket 
for  holding  the  "DB-13"  tool  by  adding  a  guide  arm 
in  front  on  which  the  steel  can  be  rested  when  thrust- 
ing it  onto  the  ])unch.  This  is  said  to  save  time  in 
handling.  This  special  altachmeiU  will  be  regularly 
furnished  on  any  Sullivan  drill  sharpening  maciiine, 
;nul  when  so  furnished  the  tool  is  ec|ui|)ped  with  a 
special  handle  and  is  permanently  placccl  in  an  open- 
ing cut  in  the  vertical  frame  for  it. 


NEW  5-TON  ACME  TRUCK. 

A  new  .\cnie  truck  designed  for  contracting  work, 
heavy  freight  hauling  .and  dump  truck  service,  has  been 
annoiHiccd  by  the  Acme  Motor  Truck  Co.,  Cadillac, 
Mich.  The  truck  is  of  5-ton  capacity.  It  will  be 
e(|uip])ed  with  the  latest  t5-HP.  Continental  Red  .Seal 
production,  known  as  "B-2"  motor.  Throughout  the 
new  5-ton  .\cnie,  oversize  design  predominates.  The 
frame,  for  instance,  is  9  in.  deep,  made  of  crushed 
steel  and  heat  treated.  The  transmission  gears  have 
I  ■{<-in.  face,  and  so,  thrciugliout.  this  truck  is  designed 


Plan    View    of    the    Acme    5-Ton    Truck. 


back  and  forth  on  a  support.  The  method  of  using  the 
tool  is  as  follows :  The  bit  is  forged  and  sharpened 
first  in  the  usual  manner.  The  operator  then  places 
the  bit  end  of  the  steel  over  the  end  of  the  punch, 
which  is  inserted  in  the  chuck  of  the  "DB-i.V 
too!.     A     slight    thrust    by    the    operator    opens    the 


to  meet  the  severest  service.  Like  all  other  Acme 
models,  it  has  the  cotta  transmission.  The  carbureter 
is  a  Ralfield,  the  governor  is  of  special  design  and  lim- 
its the  speed  to  123/i  miles  per  hour.  The  wheel  base 
is  180  in. ;  the  chassis  length  is  261  in.  over  all,  and  the 
loading  space  is  160  in. 
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DUMP  CAR  WITH  SIMPLIFIED  AIR  DUMPING 
"bEVICE. 

A  vertical  cylinder  duni])  car  with  simplilied  air  (lump- 
ing device,  which  gives  quicker  action  with  less  air  pres- 
sure was  brought  out  last  year  by  the  Western  Wheeled 
Scraper  Co.,  Aurora,  111.  In  this  device  the  cylinder 
push  rod  engages  directly  with  the  body  of  the  car, 
eliminating  all  loss  of  power  due  to  cables,  sheaves,  etc. 


the  power  of  absorption.  It  in  no  way  detracts  from 
the  architectural  appearance  or  the  decorative  scheme. 
This  method  is  known  as  the  Wilson  Echoliminator 
Treatment.  The  treatment  is  either  installed  by  en- 
gineers of  the  Department  of  Insulation  and  Acoustics 
of  Wilson  &  Co.,  Chicago,  the  points  of  faulty  acous- 
tics being  discovered  and  treated  to  eliminate  the  echo, 
or  the  work  can  be  done  by  the  construction  depart- 
ment of  anv  firm. 


12-Yard    Air   Dump   Car   With 


nder    and    Side    Chains 


The  thrust  of  the  piston  is  applied  near  the  outer  edge 
of  the  car  bottom,  so  as  to  give  as  great  a  leverage  as 
possible,  thus  further  reducing  the  amount  of  power 
needed.  The  car  is  supplied  with  safety  chains  to  hold 
the  bed  in  upright  position  when  being  loaded  or  trans- 
ported. The  car  is  of  the  approved  Western  type,  with 
built-up  doors  pivoted  to  give  large  discharge  opening. 


in     Dumping     Position. 

Steel  dumping  angle  and  separate  hinge  construction. 
It  is  claimed  this  car  will  stand  up  under  hard  usage  at 
a  minimum  of  expense,  and  with  great  rapidity  of  op- 
eration. It  is  made  in  four  sizes:  12  yd..  16  yd.,  20-yd. 
and  30-yd.  capacity,  the  last  named  havii\g  two  cylinders 
on  each  side. 


HAIR   MAT   FOR    REMEDYING    FAULTY    ACOUS- 
TICS IN  OFFICE  BIHLDINGS. 

Present  day  fireproof  construction  often  tends  to- 
ward faulty  acoustics ;  the  hard,  flinty  surfaces  that 
form  the  walls  and  ceilings  catch  the  sound  waves  and 
throw  them  back  multiplied  and  magnified.  .V  method 
of  eliminating  this  trouble  has  been  developed  re- 
cently. This  consists  of  the  application  of  a  scientific- 
ally constructed  mat  of  woven  hair  to  the  ceiling  and 
when  necessarv  to  other  points.  The  millions  of 
minute  interstices  of  the  mat  absorb  the  sound  waves 
in  both  direct  and  reflected  action.  The  mat  is  cov- 
ered in  such  a  way  to  give  the  appearance  of  a  pleas- 
ing and  harmonious  finished  surface,  without   injuring 


no- VOLT  NON-RATTERY  POWER  AND  LIGHTING 
PLANT. 

A  small  automatic  electric  power  ])lant  should  find 
a  lield  of  usefulness  on  construction  work.  .A  plant 
of  this  kind  could  be  used  for  lighting  camp  buildings 
as  well  as  such  outdoor  work  as  rec|uired  illumination 
at  night.  .Such  an  outfit,  designed  primarily  for  farms, 
is  illustrated  below.  The  engine  is  a  single  cylinder, 
4-cycle,  valve-in-head  tyjie.  The  generator  is  duplex 
wound,  having  1 10  volts  on  the  ])Ower  and  lighting  end 
and  /I  2  volts  on  the  other  end  which  is  used  as  a  motor 
(  from  the  6-volt  starting  battery)  in  starting  the  plant. 
The  switchboard  is  simiile  in  construction  and  positive 
of  action.  It  consists  of  a  relay  and  two  electro-mag- 
nets, also  an  automatic  cutout  of  simple  design  to  pro- 
tect the  battery  in  case  gasoline  tank  is  empty.  The 
operation  of  the  plant  is  as  follows:  When  any  light 
(or  power)  is  turned  on  anywhere  on  the  farm,  it  closes 


A 


The    AIco    110    Volt    Power   and    Lighting    Plant. 


the  circuit  of  the  relay  and  this  in  turn  closes  the  switch 
on  the  starting  motor  which  starts  the  engine.  When 
(;0  volts  are  reached,  the  6-volt  current  cuts  out  and 
the  iio-volt  cuts  in.  This  operation  reverses  when  the 
last  light  or  power  is  turned  off  and  plant  then  stops. 
The  voltage  regulation  is 'accomplished  by  an  electric 
.solenoid  governor  which  acts  directly  on  the  jhrottle 
of  the  carburetor.  The  plant  is  sold  by  the  Au'tomatic 
Light  Co..  Inc..  McKnight  I'.ldg.,  Minneapolis.  Minn. 
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ELKV.VTlNt;   AM)  (  ONVKYINCJ   MACHINE   FOR 
HAM)I.I.\(.    LOOSE   M.ATKKIALS. 

riu-  (Ifijuiiul  by  iiuliisirial  plants  aiul  coal  ik-alcrs  for 
macliiiu-rv  to  ilicai>ly  and  <niiikly  unload  railroad  cars 
containing;  rnn-of-minc  coal,  and  the  still  more  urj^cnt 
apjH-als  made  by  tlif  L'nitod  States  Govcriiincnt  engi- 
neers tor  mechanical  help  to  speed  the  loading  and  un- 
laiding  ot  sand,  gravel  and  crushed  stone  on  war  con- 
struction jobs,  brought  about  the  designing  and  manu- 
facturing of  the  machines  illustrated  by  the  accompany- 
ing drawing.     This  elevatin;.;   and   conveying   machine 


IKUSHING  OUTFIT  HAS  GRIZZLY  SCREEN   FOR 
SEI»ARAT1N(J  MATERIAL. 

The  Western  Wiu'cled  Scraper  Co..  .\urora.  111.,  has, 
fur  several  months  past,  been  furnishing  for  its  differ- 
ent si/cs  of  crushers  an  iniinovemeiU  wliich  seems  to 
meet  with  much  favor  with  the  users.  This  device 
consists  of  a  gravel  feeder,  crusher,  elevator  and  screen. 
The  improvement  consists  in  the  introduction  of  a 
grizzly  screen  which  receives  the  product  and  separates 
from  the  material  requiring  crushing,  delivering  the  same 
from  the  chute  screen  directlv  into  the  elevator  buck- 


Self  Propelled  Wagon  Loader  with  10-ft.  Belt  Conveyor. 


is  portable.  The  operator  stands  on  a  platform  fas- 
tened to  the  chassis,  from  which  position  he  has  full 
control  of  the  elevator  buckets,  the  belt  conveyor,  and 
the  propelling  mechanism  which  moves  the  entire  ma- 
chine backward  or  forward,  and  at  the  same  time  he 
can  steer  the  loader  by  means  of  a  hand  wheel  which 
operates  through  a  worm  and  sector  and  steering 
knuckles  to  the  wheels  on  the  auto  truck  axle.  The 
machine  is  operated  by  an  8  or  lo  H.  P.  gasoline  en- 
gine, or  electric  motors  may  be  installed.  Large 
clutches  engage  the  elevator  and  propelling  mechanisms 
on  the  gas  engine  equipped  machines,  while  the  latest 
type  of  roller-circuit-breaker-switch  starts  the  loader  on 
the  electric  motor  equipped  type.  A  capacity  of  6o  tons 
per  hour  is  claimed.  The  machine  is  manufactured  by 
the  Geo.  Haiss  Mfg.  Co.^  141st  St.  and  Rider  Ave..  Xew 
York  City. 

SPEED  TRANSFORMING  EQUIPMENT  FOR 
CENTRIFUGAL  PUMP. 

A   speed  transformer   for  pump  drive  that  occupies 
small  floor  space  and  requires  a  minimum  of  attention 

and  adjustment  is  illus- 
trated. This  reduction 
tjt'ar  is  known  as  the 
Turbo-Gear.  It  is  manu- 
factured by  the  Poole  En- 
gineering Co.,  Baltimore. 
Md.  The  Turbo-gear  op- 
erates without  noise  or  vi- 
bration and  will  drive  in 
either  direction  of  rotation 
w  i  t  h  o  u  t  necessitating 
changes  in  the  machine.  It  can  be  furnished  at  any 
ratio  from  4  to  i  and  in  any  size  from  i  to  20,000  HP. 


ets,  the  over-size  going  directly  to  the  crusher.  Where 
the  fine  product  is  run  through  the  crusher  together 
with  the  coarser  material,  the  capacity  of  the  crusher 
is  greatly  reduced  as  the  fine  product  will  require  as 
much  time  or  more  in  passing  through  the  crusher  as 
does  the  coarser  product.     The  gravel  in  the  bank  is 


Portable  Ct 


itfit   With  Gravel  Feeder,  Elevator  and  Screen. 


delivered  into  the  gravel  feeder  either  by  hand  shovelers 
or  with  team  and  drag  scrapers.  The  lower  end  of  the 
gravel  feeder,  being  bridged,  the  product  is  either 
dumped  through  the  trap  from  the  scrapers  of  from 
a  small  dump  car,  the  last  named  process  being  more 
economical  than  hand  shoveling. 
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SPECIAL  OUTFIT  FOR  EMPTYING  CESSPOOLS, 
VAULTS,  ETC. 

A  special  outfit  for  use  in  cleaning  out  cesspools, 
vaults,  catchbasins,  etc.,  has  been  brought  out  by  (ieorge 
H.  Holzbog  &  Bro.,  Jeffersonville,  Ind.  The  outfit  is 
a  combination  of  the  standard  Holzbog  cart  and  an 
Edson  diaphragm  pump.  The  method  of  operation 
is  shown  in  the  illustration.  The  cart  has  a  capacity 
of  2  cu.  vd.    It  carries  a  specially  shaped  steel  air  and 


.MULTI-USE  PORTABLE  PUMPING  OUTFIT. 

.\  |iortal)]c  immping  outfit  of  |)arlicular  usefulness 
for  cleaning  catch  basins,  but  adaptable  to  mariy  other 
operations,  sliould  be  of  interest  to  municipal  officials. 
An  outfit  of  this  kind  is  illustrated  below.  The  pump- 
ing ap]iaratus  is  mounted  on  a  special  Kelly-Springtield 
chassis.  In  cleaning  catch  basins  the  large  suction  hose 
is  .attached  to  the  suction  chandler  and  the  free  end  of 
the   hose   is   placed   in   ihc   basin.      .\   pipe  permit'^   the 


water-tight  tank,  fitted  with  two  lids,  one  in  front  and 
fine  in  the  rear.  The  cart  has  a  low  hang  which  makes 
it  easy  to  load  and  to  dump.  The  distance  from  the 
ground  to  the  top  of  tank  is  only  51  in.  The  tank  is 
well  balanced  and  as  it  is  adjustable  at  any  angle,  the 
lo.'id  can  be  completely  discharged  without  the  neces- 
sity of  raking.  The  dumping  is  done  by  a  simple  gear 
arrangement.  The  diaphragm  ininip  has  a  3-in.  suc- 
tion and  discharge  and  weighs  270  lb.  The  entire  puni])- 
ing  outfit  includes  strainer,  couplings,  the  necessary 
suction  and  discharge  hcse,  etc.  The  pump,  hose,  etc., 
can  be  detached  from  the  cart,  permitting  the  latter  t<i 
be  used  for  collecting  and  hauling  garbage  or  other  ma- 
terial. 


Special     Sanitary     Outfit    Cleaning     Out     Cesspool. 

oNcrtlow  water  to  run  back  into  the  sewer  as  the  water 


ill  the  tank  is  replaced  by  solids.  The  pump  forces  the 
water  from  the  previously  i-irimed  tank  through  the 
sediment  chandier,  creating  a  suction  which  elevates 
the  ikbris  from  ihe  basin  into  the  tank.  The  apparatus 
;i!so  can  br  used  for  s])raying  or  sprinkling  jjlants, 
trees  and  ■  hrubs.  for  colil  water  painting  or  disinfect- 


PUMP  FOR  SAND  AND  GRAVEL  WASHING 
PLANTS. 

A  centrifugal  pump  designed  for  heavy  duty  in  con- 
nection with  gravel  and  sand  washing  plants  is  illus- 
trated below.  The  pum|.> 
is  of  the  overhung  type. 
The  suction  flange  and 
head  are  removable  thus 
making  it  easy  to  thor- 
oughly clean  the  suction 
si(le  of  the  impeller.  The 
suction  elbow  is  fitted 
with  a  hand  hole  plate 
for  use  in  removing  ma- 
terials that  may  clog  the 

Pump    for    Sand    and    Gravel    Plants,  intake    side    of    the    pro- 

])eller.  The  casings  are  thick  and  heavy  at  the  wear- 
ing surfaces.  The  impellers  are  of  cast  steel  and  of  the 
enclosed  type.  The  pump  is  furnished  for  either  belt 
or  direct  drive.  This  pump  is  manufacturefl  bv  the 
.■\dvance  Pump  and  Compressor  Co.,  Battle  Creek, 
Mich. 


Seco   Portable  Pumping   Outfit   as   Used   in  Cleaning   Catch   Basins. 

ing  or  for  long  distance  pumping.  The  outfit  is  so 
designed  that  it  can  be  readily  converted  into  a  motor 
truck  ai)i)aratus.  I'.v  adding  certain  appliances  the 
outfit  can  be  used  for  street  sprinkling  and  flushing. 
This  portalile  pumping  apparatus  has  bcenjjlaced  on 
the  market  bv  the  .Springfield 
nell    I'.ldg..   Springfield,  O. 


Engineering  Co.,  Bush- 


(25) 


118 


EXC.IXKERINC.   AND   CONTRACTING 


\  ol.  51,  No.  5. 


rNKlMATU     PIMHIMJ    DKVUKS    lOK    DKll.I. 
STEEL. 

A  pneumatic  device  for  opciiiiiij  up  tlio  liolo  in  tlic 
end  of  a  piece  of  steel  while  being  worked  into  a  bit 
or  lug  was  placed  on  the  market  last  year  by  the  Denver 
Rock  Drill  Manufacturing  Co.,  Denver,  Colo.  This 
device  is  called  the  Model  lo  'Waiigii  Drill  Steel 
runcher"  and  is  designe<l  to  be  mounted  on  the 
pedestal  of  the  company's  Model  8  "Waugh"  ."^harpciui 


\>\  a  rapidly  oscillating;  piston  hamnu-r  of  the  vaheless 
type.  The  whole  mechanism  is  moiuucd  in  an  air  feed 
cylinder  :mii  is  controlled  by  a  simple  lever  at  the  base 
of  the  cvlinder. 


Model   10   Waugh    Drill   Steel   Puncher   Mounted   on    Sharpener. 

directly  in  the  rear  of  the  vise  jaws.  The  punch  is  held 
in  a  tapped  chuck  and  is  hammered  into  the  steel  as  it 
is  fed  forward  by  an  air  feed  cylinder.  The  operation 
is  very  simple  and  it  is  stated  the  punch  will  open  up 
the  water  hole  in  a  shank  or  bit  in  one-twentieth  the 
time  required  to  do  it  by  hand.  The  Denver  Rock  Drill 
Manufacturing  Co.  also  brought  out  this  puncher 
mounted  on  a  separate  pedestal.  This  later  combina- 
tion, known  as  ^lodel  no,  is  designed  particularly  for 
enterprises  where  large  quantities  of  drill  steel  are 
handled    daily,    and  where  it  is  desirable  to  expedite 


Model    110   Waugh    Drill    Steel    Punching    Machine. 

the  work  by  separating  the  hole  punching  from  other 
operations.  The  IModel  no  "Waugh"  Drill  Steel 
Punching  Machine  comprises  a  practical  air  feed 
puncher,  substantially  mounted  on  a  bracket  attached 
to  a  pedestal  containing  an  air  operated  vise.  The 
control  of  the  puncher  is  separate  and  distinct  from 
that  of  the  vise.  The  puncher  embodies  the  same  prin- 
ciple as  the  air  feed  stoping  drill.    The  punch  is  struck 


READY  TO  WEAK  SWITCHBOARDS. 

The  installation  of  the  old  types  of  switchboard  in- 
volved a  great  deal  of  detail  work.  First  of  all.  each 
piece  of  tletail  ajiparatus  must  be  ordered  with  carc- 
fid  consideration  given  to  the  type  and  capacity.  Drill- 
ing templates  of  each  must  be  secured  and  considerable 
sum  must  be  allowed  to  cover  investment  in  machines 
and  tools  for  drilling  the  slate  and  bending  the  copper 
strap  connections.  Finally,  when  the  panel  is  built  u]) 
and  installed,  it  may  operate  and  it  hnay  look  jiretty 
good,  but  one  cannot  be  absolutely  certain.  .\  switch- 
board which  eliminates  many  of  the  installation  difh- 
culties  is  illustrated.  This  switchboard  is  particularly 
adapted    for    smaller    installations,    .-iiul    is    suitable    for 


<^» 


Front   and    Back   Views   of   K.    D.   Panels. 

the  control  of  a  direct-current  geuerator  and  three  light- 
ing circuits.  One  feature  of  this  type  of  switchboard 
that  is  particularly  in  its  favor,  is  that  it  can  be  placed 
in  operation  by  simply  connecting  the  leads  from  the 
generator  and  feeder  circuits  to  the  terminals  provided 
for  that  purpose. 

The  accompanying  illustration  is  typical  of  the  types 
K.D.  and  J.D.  panels,  both  of  which  are  suitable  for 
125  and  250  volt';  installations  up  to  600  amperes  ca- 
pacity, which  are  manufactured  by  the  Westinghouse 
Electric  &  Mfg.  Co.  at  East  Pittsburgh.  Pa.  Both  the 
K.D.  and  J.D.  type  of  panels  permit  a  choice  in  num- 
ber and  capacity  of  feeder  circuits. 
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SULLIVAN  STRAIGHT  LINE   COMPRESSOR  NOW 
EQUIPPED  WITH  PLATE  VALVES. 

During  the  past  year  a  radical  improvement  has  been 
made  in  the  design  of  the  Sullivan  straight-line  steam- 
driven  two-stage  air  compressor,  which  will  be  of  in- 
terest to  contractors  and  engineers.  This  consists  in 
substituting  for  the  semi-rotary  or  corliss  mechanically 
driven  air  inlet  valves,  formerly  employed  on  these  ma- 
chines, the  new  type  of  Sullivan  plate  valves. 


lift  that  would  produce  a  hammering  or  slapping  effect. 
The  idea  for  these  valves  was  obtained  by  the  Sullivan 
engineers  from  the  familiar  band  saw,  which  is  con- 
tinnall)-  bending  and  straightening  again  around  its 
[)ulleys.  As  the  radius  of  curve  of  the  valve  guard 
[jlates  is  much  longer  than  that  of  the  pulleys,  the  dura- 
bility of  this  form  of  valve,  made  of  band  saw  steel  or 
its  equivalent  is  evident. 

The  valves  seat  over  rectangular  slots  or  ports  in  the 
face  of  the  cylinder  heads.  The  inlet  valves  are  situ- 
ated in  the  upper  half  of  the  head,  and  the  discharge 
valves,  which  are  of  the  same  design,  in  the  lower  half. 
.\n  improved  and  simplified  steam  valve  mechanism, 
controlled  by  a  Meyer  adjustable  cut-ofT,  and  a  new 
and  im])roved  pressure  and  speed  regulator,  form  other 
desirable  features  in  these  Sullivan  \VR-3  compressors 
as  now  furnished.  These  compressors  are  built  in  ca- 
pacities, ranging  from  400  to  950  cu.  ft.  per  minute. 


Sullivan    End    Rolling    Finger   Valve   and    Guard. 

These  valves,  which  are  similar  in  design  to  those  in 
successful  use  the  past  two  years  on  Sullivan  angle- 
compound  compressors,  are  shown  by  the  accompanying 
illustrations.  They  secure  rapidity  of  action,  wide  port 
opening,  with  minimum  wire  drawing  effect,  a  reduc- 
tion in  motive  power,  and  fewer  moving  parts.  They 
are  accessible  for  inspection  or  removal,  strong  and 
durable,  and  require  no  care  or  attendance.  Excellent 
volumetric  efficiency  is  secured,  the  factors  of  loss  from 
clearance  and  leakage  in  this  design  being  compara- 
tively low. 

The  Sullivan  finger  valve  is  of  a  distinctive  grid 
form,  shaped  'i!'-    -;  group  of  thin  flat  fingers  or  blades. 


NEW  END  SUCTION  CENTRIFUGAL  PUMP. 

One  of  the  1918  developments  of  the  Wheeler  Con- 
denser &  Engineering  Co.,  Carteret,  N.  J.,  is  their  new 
end  suction  centrifugal  pump.  It  is  of  special  interest 
because  of  the  unusual  position  of  the  suction  opening. 
This  opening  is  directly  beneath  and  parallel  to  the  end 
bearing.  In  this  position  it  is  out  of  the  way  and  yet 
it  is  in  a  convenient  position  for  the  erection  men.  for 
inspection,  for  upkeep,  etc.  This  arrangement  makes 
it  possible  to  place  a  pumping  unit  in  a  roorn  of  small 
area — considerably  smaller  than  where  the  suction 
end  is  opposite  the  outlet  end,  as  is  the  most  common 
practice.  In  many  cases  this  also  facilitates  the  mak- 
ing of  pipe  connections,  sometimes  saving  elbows  and 
reducing  the  length  of  piping. 

TRACTION    MACHINE    FOR   UNLOADING   LOOSE 
MATERIALS   FROM   GONDOLAS. 

A  machine  for  unloading  sand,  gravel,  crushed  stone 
or  other  loose  material  from  gondolas  has  been 
brought    out    bv  the   V.  C.  Austin  Co.,  Inc.,  Chicago. 


Sullivan   W   B  3   Straight   Line  2-Stage.   Steam    Driven   Air      Compressor. 


Cylinder  Head  Showing  Inside  Face.      The  Inlet  Valves  Are  Above. 

and  made  from  special  sheet  spring  steel.  These  valves 
are  bolted  at  one  end  only  to  a  steel  guard  plate,  the 
other  end  being  free.  This  guard  plate  is  curved  to 
form  a  rest  for  the  entire  length  of  each  blade,  when  it 
is  bent  or  lifted  by  the  incoming  or  outgoing  air.  In 
lifting,  under  air  pressure,  the  fingers  exercise  a  rolling 
or  rocking  action  against  the  guard,  opening  first  at 
their  outer  end ;  in  closing  the  fingers  roll  back  to  their 
seats,  the  fixed  end  closing  first  and  the  free,  outer 
points  last.     The  end  rolling  action  is  free  from  bodily 


The  material  is  lifted  by  a  I '  j-yd.  clamshell  bucket  to  a 
2-yd.  storage  hopiier  from  which  it  is  discharged  into 
the  wagon  or  truck.  The  normal  loading  reach  is  1 1  ft. 
from  centcfr  line  and  the  maximum  loading  reach  is  lO 
ft.  The  over-all  width  of  the  machine  proper  is  10  ft.: 
over-all  height  is  2-:,  ft.  and  over-all  length  is  13  ft.  7  in. 
The  total  weight  is  5  tons.  The  power  is  supplied  1)\-  a 
It  H.  P.  gasoline  engine.  The  machine  is  mounted  on 
traction  wheels  with  rear  axle  drive  and  front  steering 
wheels.  The  pro]>elling  speed  of  the  traction  device  is 
1 1  J  miles  per  hour. 
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1;KA\KI.  SIHKEN   WORKS  ON   NEW   PRINCIPLE. 

A  siTccii  tliat  is  claimcii  to  succcsslully  screen  j;ravcl 
regardless  of  weather  coiuiitions  has  been  brouj^ht  t)iit 
by  the  l>eaih  Maiuilaeinrinj;  Co.,  Charlotte,  Mich.  In 
this  outfit  tsee  l'\^.  i  I  the  pit  run  gravel  is  carried  up 
by  elevator  and  deposited  in  a  chute  whence  it  slides  into 
stone  drum.  The  grovel  and  sand  pass  through  the 
large  holes  and  drop  on  the  screen.  The  large  stones 
jiass  out  the  ojien  end  into  a  wooden  chute  which  car- 


The   "Ever   Clean"    Gravel    Screening   Outfit. 

ries  them  over  the  team  track.  The  screen  consists  of 
a  .series  of  perforated  steel  plates  hinged  at  each  end 
to  sprocket  chains.  These  screen  plates  travel  slowly 
upward,  presenting  a  surface  for  the  gravel  to  travel 
over.  W'hen  the  screen  plates  reach  the  top  they  tip 
bottom  side  up  and  strike  a  spring  bumper  that  re- 
moves anything  that  may  be  clinging  to  them.     The 


Gravel    Screening    Outfit    at    Worl<    Near    Ionia,    Mich. 

material  is  usually  scraped  into  the  boot  of  the  eleva- 
tor by  teams.  Several  of  the  screens,  however,  are  be- 
ing operated  in  connection  with  a  drag  line.  Figure  2 
shows  one  of  these  screens  installed  near  Ionia.  Mich. 
The  road  commissioner  in  charge  of  this  work  reports 
he  has  kept  35  teams  busy  hauling  away  sand  and  gravel 
from  this  outfit. 


SAFE  LOCK  SWITCH  MACHINE. 

.\  safe  lock  switch  machine  that  combines  in  one 
unit  the  operative  levers  and  facing  point  levers  for 
any  combination  of  functions  which  arc  onlinarily  con- 
nected lo  one  lever  of  a  mechanical  interlocking  ma- 
chine, as,  for  cxamiile,  a  single  switch,  single  or  double 
slip  switch  or  a  switch  and  derail,  is  illustrated.  Some 
of  the  advantages  claimed  for  this  machine  are:  Its 
use  adds  to  the  safety  of  operation ;    when  applied  to 


Safe   Lock   Switch   Machine. 

a  crossover,  one  operation  of  tiie  lever  unlocks,  throws 
and  relocks  both  switches,  thus  insuring  safe  and 
expeditious  handling  of  cross  over  movements.  The 
machine  has  only  three  working  parts  and  standard 
interlocking  material  is  used,  thus  eliminating  ordering 
or  carrying  in  stock  special  material.  The  mechanism 
and  parts  are  reversible  to  meet  any  conditions  and  are 
enclosed  in  weatherproof  iron  case.  The  moving  parts 
work  in  oil  contained  in  the  machine  case.  The  ma- 
chine is  manufactured  by  Safe  Lock  Switch  ^Tachine 
Co.,  414  Curry  Ave.,  Lexington,  Ky. 


TRUCK    BODY   THAT    DUMPS   TO    REAR    OR   TO 
EITHER  SIDE. 

A  truck  (lumj)  body  that  can  unload  from  the  rear  or 
from  cither  side  is  particularly  useful  in  construction, 
operations.  A  body  of  this  kind  has  been  placed  in 
production  by  Lawrence  Bruder,  211  West  Second  St., 
Cincinnati.  O.  This  body  is  equipped  with  a  specially 
designed  hand  power  hoist.  This  hoist  is  applicable 
to  any  make  of  truck  and  is  made  in  various  capacities 
from  I  to  5  tons.  The  gears  are  so  arranged  that  a 
5-ton  load  can  be  dumped  with  verv  little  effort  in  less 


4-Ton    Wood    Dump    Body   on    Packard    Truck. 

than  3  minutes.  A  dump  body  that  unloads  only  from 
the  rear  is  also  manufactured  by  this  firm.  Both  types 
are  made  of  wood  or  steel,  or  wood  with  steel  bottom. 
The  illustration  shows  a  4-ton  rear  dump  wood  body 
with  patented  hoist  mounted  on  a  Packard  truck.  In 
the  case  of  the  body  illustrated  the  hoist  takes  up  only 
12  in.  of  space  in  back  of  the  driver's  seat. 
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DITCHING  AND  BANK  BUILDING  ATTACHMENT 
FOR  JORDAN  SPREADER. 

<  )f  the  new  time-  and  money-saving  devices  added 
to  railway  construction  practice  and  maintenance  of 
way  equipment  during  the  past  twelve  months  the 
ditching  and  bank-building  attachment  for  the  Jordan 
spreader  is  of  particular  interest.    The  Jordan  spreader 


^^.^ 


Illustration    No.    1. 

is  extensively  used  in  ditching  projects  and  Jor  tlie 
removal  of  snow  from  railroads.  Addition  of  the 
improvement  to  the  spreader  enables  the  machine  to 
]5roduce  by  speedy  mechanical  action  accurate  cross- 
sections  in  ditching  and  bank  forming.  Another  im- 
portant point,  besides  the  ability  to 
produce  and  preserve  a  permanent 
cross-section,  is  that  once  the  cross- 
section  is  obtained  the  attachment 
may  be  employed  to  remove  snow 
from  it.  A  speed  of  from  3  to  12 
miles  an  hour,  depending  on  the  na- 
ture of  the  operation,  may  be  ob- 
tained by  means  of  the  new  attach- 
ment, in  certain  classes  of  work 
now  done  by  gang  labor  the  time 
element  is  reduced  from  a  week  to 
as  low  as  a  few  hours,  a  factor  that 
is  important  when  speed  is  desired  : 
and  last,  but  not  least,  there  is  the 
payroll   saving  gained. 

The  ditching  and  bank-building 
attachment  for  the  Jordan  spreader 
is  applied  in  place  of  one  of  the  large 
wings  on  the  side  of  the  spreader 
for  which  it  is  made,,  and  may  be 
attached  to  any  one  of  the  steel 
Jordan  spreaders  now  i  nuse.     It  is 


made  of  materials  of  the  same  strength  as  the  regular 
wing  and  will  move  any  material  that  could  be  moved 
by  the  regular  wing.  The  operation— opening  and 
closing,  raising  and  lowering — is  by  means  of'  air  from 
llie  train  line,  ihe  same  valves  being  used  -as  with  the 
regular  wing. 

The  attachments  are  made  to  order  to  shape_  tlie 
l)allast  section  and  form  the  ditch  and  bank  desired, 
and  may  lie  made  to  form  any  cross-section  up  to  19  ft. 
fr(jm  center  line  of  track  and  to  cut  a  ditch  with  a 
ma.xinnmi  depth  of  3  ft.  below  the  top  rail.  By  build- 
ing a  special  spreader  it  is  possible  to  form  a  ditch 
4  ft.  below  the  top  of  rail.  These  attachments  may  be 
used  to  form  ditches  by  two  methods:  one  in  deep  cuts; 
the  other  in  shallow  cuts  up  to  7  ft.  in  depth. 

Method  of  Forming  Ditches  in  Deep  Cuts. — In  the 
illustration  .\'o.  I,  Fig.  2.  shows  a  side  view  and  Fig. 
3,  a  rear  view  of  the  ditching  attachment  in  operation 
its  for  forming  ditches  in  deep  cuts.  The  method  used 
is  to  open  the  wing  and  lower  it  enough  so  that  the 
|.ocket  formed  by  the  templet  or  ballast  and  ditch  form- 
ing wing,  number  12s  in  the  illustration,  and  the  carry- 
ing or  outer  wing,  number  60  in  the  illustration  will  be 
tilled  up  by  pushing  the  spreader  through  the  cut,  re- 
peating this,  dropping  the  wing  lower  each  time  until 
the  desired  depth  is  reached.  This  pocket  will  hold 
from  6  to  10  cu.  yd.  of  material,  dependent  upon  the 
width  of  cross-section  of  road  bed  formed.  It  is  stated 
that  this  work  may  be  accomplished  at  a  rate  of  speed 
of  about  10  miles  per  hour.  The  material  is  disposed 
of  by  allowing  it  to  waste  out  under  the  carrying  wing 
on  fills  at  the  end  of  cuts  or  in  case  of  a  level  stretch 
it  is  left  in  piles  to  be  later  removed  by  plowing  with 
the  ditcher  arranged  to  work  by  the  second  method, 
which  will  be  explained  further  on.  The  carrying  or 
outer  wing,  number  60,  is  3  ft,  wide  an  approximately 
10  ft.  long,  the  length  varying  slightly  with  the  length 
of  ballast-forming  wing. 

In  the  illustration  No.  t.  Fig.  2,  number  62, 
represents  the  brace  connecting  the  carrying  wing, 
Number  60.  to  the  front  of  the  car;  number  63,  the 
joint  in  this  brace  to  allow  vertical  mcjvement :  and 
number  65,  the  connection  between  the  brace  and  the 
carrving  wing,  this  joint  being  also  the  hinge  for  the 
horizontal  movemein  :  number  68.  a  chain  used  to  sup- 
port the  front  end  of  carrying  wing  to  keep  it  from 
going  to  too  great  a  depth. 
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Mf^"--'  '^f  Forming  Ditches  in  Shallow  Cuts. —  In 
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!   it  is  possible  to   lonii  ditches  by  this 
rate  of  about  J  or  3  miles  per  hour  for 


A    CO.MBINEI)   TK.VFFIC    BITTON    AND   STREET 

SIGN. 

A  type  of  warning  sign  that  is  finding  favor  on  the 
good  roads  of  the  Southwest  is  shown  in  the  cut.  It 
serves  ever)-  purpose  as  a  traffic  and  street  sign  both 
day  and   night   as  the   illuminate<l   Kise  throws  a   red 


.^fl^   I^EJv 


Traffic    Button    and    Street    Sign. 

light  in  every  direction  and  the  street  names  are  easily 
read  from  the  sidewalk  or  passing  automobiles.  No 
damage  results  to  button  or  car  when  driven  upon  as 
it  stands  only  4'-2  in.  above  the  pavement.  Many  tests 
and  long  usuage  prove  that  the  glass  signs  are  thor- 
oughly protected  by  the  recesses.  The  inventor  is 
Grant  Friel,  215  Stimson  Bldg..  Los  Angeles.  Cal. 


Ditcher  Built  for  Iowa   Railway  A.   Light  Co. 

The  outer  wing  is  adjustable  from  horizontal  up  to 
a  one  to  one  slope  and  is  the  same  wing  as  the  carr}-- 
ing  wing  used  by  the  first  method  of  ditching,  arranged 
for  plowing  by  swinging  wing  around  into  a  straight 
line  with  the  templet  or  ballast-forming  wing  and  the 
outer  end  raised  to  the  desired  height  and  secured  ' 
means  of  the  diagonal  brace,  as  at  number  100,  F'^ 
4.  illustration  number  2,  and  by  meeans    of    the  p 
nimiber  64.  Fig.  4.  illustration  number  2,  and  is  ht 
out  when  at  work  by  means  of  braces  "a."  Figs.  3  a: 
4.  parts  of  these  braces  being  special  and  furnish^ 
with  the  ditching  attachment. 

The    standard    wing    may    be    removed    from    xV  ■ 
spreader  and  the  ditching  attachment  applied  in  ab< 
4  hours  by  6  men  if  a  means  of  handling  the  parts  ': 
power  is  a\-ailable :  and  the  attachment  may  be  changed 
to  operate  from  one  method  to  the  other  by  4  men  'r 
two  hours  if  power  is  a\-ailable.    If  no  power  is  avai 
able  it  will  require  12  men  to  do  either  job  and  w 
take  about  the  same  length  of  time. 

\\  ith  this  attachment,  it  is  claimed,  a  uniform  cro-- 
section  is  maintained  throughout  the  venr  at  n   rr:-- 
mum  expense  and  a  new  ditch  may 
places  at  a  very  low  cost. 

The  half-tone  illustration  shows  a  ditcher,  side  \-ie 
wing  closed,  manufactured  for  the  Iowa  Ry.  &  Lig! 
Co..  for  use  on  the  ^^'yoming  Ry..  arranged  for  forn:- 
ing  ditches  in  cuts  up  to  7  ft.  in  depth. 

The  ditching  and  bank  building  attachment  was  in- 
vented by  Robert  E.  Bressler.  Manager  and  Chief  En- 
gineer of  the  O.  F.  Jordan  Co..  East  Chicago.  Ind.. 
manufacturer  of  the  Jordan  spreader.  It  is  being  mar- 
keted bv  that  companv. 
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ONE-MAN  PILE  CITTING  SAW. 

.\  hand  operated  pile  cutter  that  will  cut  off  an  av- 
erage pile  about  three  times  as  fast  as  it  can  be  done  by 
two  men  with  a  cross  cut  saw  is  an  innovation  that  will 
be  appreciated  by  contractors.  Such  a  rig  has  lately 
been  placed  on  the  market.  The  machine  weighs  58  lb. 
and  can  be  handled  by  one  man  for  all  ordinary  pur- 
poses.    In  the  illustration  the  piles  are  being  cut  at 


A    Ore    Handed    Job    with    the    Forest    King. 

water  level.  The  contractor  has  thrown  together  a 
cradle  of  rough  lumber  which  holds  the  machine  at 
the  exact  level  required  for  the  work.  This  saw  rig  is 
manufactured  by  the  Forest  King  Corporation.  150 
Nassau  St..  New  York  Citv. 
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A  i.if;HT  KASiLY  I'Ofn'AJiij;  .sitf>vi;[„  strong 

ENOUGH  ton  HAKD  DIGGING. 

iixtreme  light  weight  and  traveling  ability,  romhine'l 
with  real  digging  ability,  are  features  of  the  'l'yi;e  "A" 
•/'  cu.  yd.  Krie  shovel,  which  was  placed  on  the  market 
in  the  late  fall  of  1918  by  the  liall  Engine  'ji..  I-,rie, 
la.  The  shovel  weighs  13  tons.  It  has  two  travel- 
ing speeds :  i  to  2  miles  jier  hour  on  low  and  2  to  y, 
miles  per  hour  on  high.  It  is  steered  by  power.  'I  he 
shovel  is  equipped  with  a  dipjjer  of  54  yd.  capacity. 
The  entire  machine  is  designed  and  built  to  operate  its 
jl-  yd.  dipper  in  hard  material,  without  undue  strain  on 
any  part.  The  "A"  Erie  is  rated  to  excavate  30  to  40 
cu.  yd.  per  hour  in  deej-  cuts,  and  15  to  25  cu.  yd,  per 


l!o-toij,  .Mass,  With  this  e/juipm'-nt,  it  is  -tated,  one 
"hiiiidy"  vorkrrian  'an  do  the  work  of  '',  to  ;2  or  more 
■•kill'-d  |;aint<-rs  using  hand  brushes,  'i  he  gerieral  pur- 
);o'-  ';ijtht  consists  of  a  "paint  gun'  v/ith  adjustaljle 
-pn-ad'-r  attachment,  a  pressure  control  head,  a  .^-gal. 
or  vg''h  irtateria!  container,  12-ff.  length  of  ^  in., 
fiexibie,  inetal  lined  material  hose,  a  12-ft.  length  of 
>^.-in,  heavy  rubber  air  hose  with  the  necessary  renev/- 
;,i;l'-  ci/ui/litigs.  'J'he  oiiffit  is  complete  in  its'-lf,  ready 
for  attachment  by  hose  connection  to  the  cf^nipressed 
;iir  -ujyjily,  I'or  inst;illation  where  a  supply  of  com- 
j^re-  'd  air  suitable  for  operating  the  {tainting  e-'juip- 
ment  i-  not  available,  the  manufacturers  are  prepared 
to    ftirni-.h    either  gasoline    engine  or  motor  driven  air 

rl 


This   Vi«//   Sho-««  the   High    Reach   of  the   Shovel. 
Standing    in   the   Pit   i*  6   Ft.   Tall. 


The    Man 


hour  in  shallow  cuts.  These  rated  caf/acities  have  be^m 
exceeded  over  and  over  again,  when  conditions  have 
been  favorable  to  larger  yardage.  The  attainable  work- 
ing sfx;ed  of  the  "A"  Erie  is  3  to  6  dippers  of  material 
per  minute,  although  the  average  speed  under  actual 
working  conditions  is  usually  i  to  3  dippers  per  min- 
ute. It  makes  a  cut  28  ft.  4  in,  wide  on  floor  level,  or 
46  ft.  4  in.  wide  at  8  ft.  above  floor  level.  The  width 
of  cuts  and  height  of  dump,  as  given,  are  based  upon 
the  boom  being  set  at  the  usual  angle  of  47^2'^  with  thf- 
horizontal.  The  height  of  dump  can  be  increased  be- 
yond 13  ft.,  as  high  as  i6  ft.  5  in.,  by  raising  the  boom. 
Since  it  weighs  only  13  tons  in  v.orking  trim,  the  ''.V 
Erie  is  very  easy  to  move  around.  It  travels  over  even 
an  asphalt  pavement  without  any  injury  to  the  surface 
and  without  planking.  It  will  cross  an  ordinary  county 
bridge  without  any  need  of  shoring  up  the  bridge.  The 
manufacture  of  "A"'  Eries  has  just  been  placed  upon  a 
production  basis,  but  the  "A"  is  not  a  new  machine. 
The  first  one  that  was  built  has  now  seen  r8  months  of 
very  strenuous  service.  The  total  repair  expense  of  the 
shovel  in  this  period  is  stated  to  have  been  only  S20. 


Painting     Stojctur^ii     Stee'      //.t^ 
Pneumatc,     Outfit. 

'  on'j^ressor  units.  The  net  v/eight  of  the  outfit  with 
5-gal.  mat'-rial  container  is  50  ib.  The  standard  i>aint 
guns  for  the  equif/ment  are  made  in  one  size  only,  but 
by  mean-   of  interchangeable  sets  of  caps  and  nose- 

j>iecf- 


ror  a 


vifh  -.arious  sized  oi>enings,  they  are  applicable 
id<-  .^ange  of  work. 


PNEUMATIC    PAINTING    EQUIPMENT. 

The  modern  method  of  applying  various  kinds  of 
I^ints  and  other  protective  coating-  is  h>y  the  use  of 
compressed  air.  This  pneumatic  method  not  only 
efiFerts  a  great  saving  in  time  and  labor  over  the  old 
.►land  brushing  system,  but  it  also  is  claimed  to  give 
much  Ijetter  results.  .-^  cornpact  portable  pneumatic 
painting  outfit,  adapted  for  both  field  and  shop  use, 
has  iK-en  brought  out  by  the  .Spray  Engineering  Co. 


piece, 
manu 


l-.MAN  HOI.ST  FOR  DU'MP  BODIES. 

,'•.  hand  hoi-t  for  dump 
bodies  that  will  fit  any 
chassis  and  can  be  mount- 
ed in  a  few  minutes  with- 
out drilling  holes  into 
the  frame  is  illustrated. 
It  is  claimed  that  this 
hoist  easily  handles  loads 
of  from  I  to  5  tons  with 
I'U  c^ne  man  at  the  crank, 
and  that  it  will  raise  the 
dump  body  to  an  hncline  of 
from  30  to  50'  in  less  than 
2  minutes.  The  hoist  is 
designed  on  the  prin.iple 
of  geared  .'.heels.  It  occu- 
pies 'out  8  :r,.  of  spa'^e  'oatk 
of  the  driver's  seat.  The 
frame  is  made  of  rolled 
steeL  The  large  gear  and 
■  the   drum   are  cast   in   one 

i  he  pinion  is  made  of  bronze.  The  hoist  is 
factored  by  the  CoIumLiar.  .Steel  Tank  Co.,  1601- 
.  1 2th  St.,  Kansas  Cif,-.  ?ro. 
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NON-SKID  CHAINS  FOR  MOTOR  TRUCKS. 

.\  lire  liiaiii  lioi.uiuii  i-spi\-iall\  lor  power  truck  use 
is  shown  in  ilie  aci-ompanvins;  illustration.  Tiie  ailvan- 
tages  dainu'tl  tor  this  tlevice  arc:  The  chains  are  licid 
ltH>scl_v  across  the  tread  of  the  tire  so  that  the  wear  is 
over  a  considerable  are-a :  they  can  be  put  on  or  taken 
■  )lT  from  a  wheel  in  a  minute,  without  jacking  and  w ith- 


the  frame.  The  spider  arms  are  very  short  and  heavy 
antl  tlie  bottom  spider  is  cast  into  the  lower  section 
of  the  franie,  wilh  big  arms  and  a  huge  hub.  The  Tel- 
smith  reiluction  crusher  is  made  by  the  Smith  l^ngi- 
neering   Works,   Milwaukee,   Wis. 


PAINT  SPRAYING  EQUIPMENT. 

The  labor  sa\ing  advantages  of  applying  paint  by 
.--praying  is  well  indicated  by  a  comparison  made  re- 
centlv  between  hand  brushing  and  air  brushing  in  esti- 
niatmg  for  the  (iovcrnment  on  the  painting  of  5.OOO,- 
oiX)  S(i.  ft.  of  concrete  buildings  in  two  coats.  It  w^ts 
shown  that   17  or  20  air  brush  operators  could  cover 


Thli  Type  of  Clamp  Win   Fit  Over   lo5  Makes  of  Trucks. 

out  requiring  the  use  of  tools;  they  are  adjustable  to 
length;  the  breakage  of  one  chain  does  not  materially 
lessen  the  degree  of  protection.  The  chains  are  made 
in  different  sizes  and  types  to  fit  practically  all  forms 
of  wooden  and  steel  wheels,  either  spoked  or  disc.  The 
chains  are  manufactured  bv  the  Challoner  Co.,  Osh- 
kosh.  Wis. 


A  NEW  REDUCTION  CRUSHER. 

A  "'follow-up"  crusher  that  is  claimed  to  simplify  a 
rock-crushing  plant  to  a  remarkable  extent  is  illus- 
trated. This  is  the  Xo.  4  Telsmith  reduction  crusher. 
It  is  a  very  short  massive  machine  of  the  gyratory 
type,  designed  to  follow  a  No.  7 'A'  8  or  9  gyratory 
breaker  and  to  re-crush  down  to  34-in.,  i  in.  or  i^- 
in.  size.  .-Vs  an  example  of  plant  simplification,  it  is 
stated  that  one  No.  9  Telsmith  primary  breaker,  fol- 
lowed by   two   Xo.  4  reduction   crushers,   w'ill   handle 


Portable    Painting    Outfit    Used 
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Contractors. 

tile  surface  with  tw'o  coats  in  fxi  days,  while  to  do 
the  work  by  hand  in  same  time  would  necessitate  the 
employment  of  approximately  84  men.  This  indicates 
that  one  man  with  an  air  brush  on  this  particular  work 
could  accomplish  more  than  4  men  using  hand  brushes. 
.\  portable  air  brush  outfit  is  illustrated  below. 
Thi>  outfit  has  sufficient  capacity  for  two  or  three 
painters.      It   consists   of   a   3-HF.   gasoline   engine   or 


The   Telsmith    Reduction    Crusher. 

300  cu.  yd.  of  rock  per  hour,  crushing  the  whole  output 
from  steam  shovel  size  down  to  i  in.  The  reduction 
crusher  is  an  adaptation  of  the  Telsmith  rigid  shaft 
breaker.  The  chief  point  of  difference  is  in  the  head, 
which  is  made  low  and  flat.  The  frame  is  cast  in  two 
pieces,  walled  and  ribbed  to  withstand  enormous 
strains.    The  top  spider  is  cast  into  the  upper  section  of 


Stacl<    Painting    Outfit. 

3  HP.  electric  motor,  4i/x4^  air  cooled  compressor, 
20-gal.  pressure  tank,  8-gal.  painting  unit,  air  brushes 
f.nd  25-ft.  hoses.  The  shipping  weight  is  1,250  lb.  The 
small  illustration  shows  an  outfit  designed  for  painting 
tanks,  smokestacks,  etc.  This  painting  equipment  is 
manufactured  bv  the  Paasche  Air  Brush  Co..  Chica- 
go,  111.  '  f!*! 
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SELF  -  FEEDING     MACHINE     FOR     LOADING 
BROKEN  STONE,  GRAVEL  AND  OTHER 
LOOSE  MATERIALS. 

A  multiple  bucket  type  loader  with  self-feeding  de- 
vice is  illustrated.     The  feeding  device  consists  of  two 


l)Oscs  has  been  brought  out  recently  by  the  Lee  Loader 
&  Hody  Co.,  Chicago.  Except  for  the  frame,  the  Lee 
>tan(lard  reversible  trailer  design  is  followed  in  the 
new  trailer.  The  frames  are  built  up  of  plates  and 
angles  like  a  bridge  girder.    The  frames  are  hot  riveted, 


Austin  Self  Feeding  Loader. 


eccentrically  mounted  discs  that  continually  sweep 
through  the  pile  of  material  to  be  loaded  with  a  range 
of  cut  5  ft.  6  in.  wide.  Mounted  over  these  discs  are  a 
series  of  curved  feeding  blades  that  carry  the  material 
from  the  pile  to  the  bucket  line  automatically  with- 
drawing from  the  load  so  that  the  buckets  have  a  clear 
sweep  across  the  discs  for  loading.  These  feeding 
blades  cut  through  the  material  pile  continuously,  forc- 
ing the  same  into  the  bucket  path.  The  elevator  proper 
is  arranged  for  vertical  movement  both  for  cutter  ad- 
justments and  folding  back  in  traveling  for  shipping 
clearances.  The  power  plant  consists  of  a  lo  H.  P. 
engine  hopper  cooled  type  and  operating  machinery 
consists  of  a  direct  drive  chain  and  gear  transmission, 
giving  elevator  operation  and  two  speed  and  reverse 
traction.  The  low  or  feeding  speed  is  provided  for  use 
under  working  conditions,  while  the  high  is  for  travel- 
ing. The  working  speed  is  to  be  50  ft.  forward 
and  25  ft.  into  pile  per  minute ;  the  traveling  speed  140 
ft.  per  minute  forwar4 :  "O  ft.  reverse.  The  loader  is 
lb.  This  loader  is  sold  by  the  F.  C.  Austin  Co.,  Inc., 
Chicago. 


DROP  FRAME  TRAILER. 

A  trailer  with  drop  frame  that  makes  it  particularly 
useful  for  carrying  heavy  machinery  or  light,  bulky 
merchandise  and   for  garbage  and  ash  collection   pur- 


the  flange  rivets  being  driven  with  an  air  operated  com- 
pressor. These  trailers,  equipped  with  water  tight  dump 
bodv,  are  used  for  garbage  collection  in  many  cities. 
Indianapolis,  Ind.,  for  instance,  is  employing  24  of 
these  vehicles  for  this  purpose.  The  trailers  are  built  in 
2'i.  33--;,  4'-l  and  6-ton  capacities.  The  last  mentionetl 
has  a  plain  wood  platform  and  is  designed  principally 
for  hauling  heavy  machinery,  blocks  of  stone  or  in  fact 


Drop 


Frame    Trailer    and    Dump    Body    as    Garbage    Vehicle 
Advantage   of   Easy    Lift  and    Low   Load. 


ahiiost  any  commodity  of  great  weight  where  saving 
of  time  and  energy  in  loading  and  unloading  is  of 
vital  importance. 
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ALlU.MAiir     MIXER     I.OADKK     KIXiUIRES     NO 
SHOVELEHS. 

A  nu.Ncr  loiiUcr  lliat^  eliminates  shovclcrs  lias  Liccn 
brought  out  by  the  F~.  C.  Austin  Co.,  Inc.,  Chicago. 
The  loailcr.  l>ecause  of  its  power  shoveling  and  measur- 
ing machines,  retjuircs  only  three  men  lor  its  operation, 
ant!  it  is  claimed  that  it  will  load  and  deliver  more  nia- 


widths  with  the  Austin  self- feeding  loader  for  the 
liuckcts.  'Hiis  loading  device  consists  of  two  leccentric- 
ally  mounted  discs  that  continually  swcc])  through  the 
material  with  a  range  of  5  ft.  6  in.  Mounted  over  these 
discs  are  a  series  of  curved  feeding  blades  that  carry 
the  material  from  the  pile  to  the  bucket  path  automat- 
ically withdrawing  from  tlie  load  so  that  the  buckets 


-i^^^ 


tcrial  in  accurate  measured  batches  than  can  be  run 
through  the  mixer  at  capacity.  The  action  of  the 
loader  is  as  follows:  A  contimious  running  belt  con- 
veyor, operated  by  a  gasoline  engine,  is  arranged  to 
feed  the  concrete  mixer  loading  skip  or  hopper.  The 
material  i>  arranged  in  wind-rows  either  side  of  the 
belt  conveyor  on  the  road  to  be  paved  and  Austin  auto- 
matic oscillating  i^hovels  arc  arranged  on  either  side 
of  the  belt  conveyor  and  in  front  of  the  material  wind- 
rows. The  shovel?  work  back  and  forth  through  the 
material  piles  arranged  automatically  according  to  their 


Austin    Mixer   Loader, 

liave  a  clear  sweep  across  the  discs  for  loading.  The 
shovel  rapidly  cats  away  the  material  pile  and  advances 
forward  continually.  The  measuring  hopper  is  fed 
from  the  shovel  by  means  of  a  belt  taking  the  load  of 
the  buckets.  One  man  located  between  the  two  shovels 
trips  the  measuring  hopper  doors  and  allows  the  meas- 
ured material  to  be  discharged  onto  the  continuously 
running  conveyor  which  carries  the  aggregate  into  the 
mixer  loading  hopper  or  skip.  The  loader  is  adapted 
for  use  either  with  the  end  loading  paving  mixers  or 
with  side  loading  mixers.    . 


LIGHT  SELF-PROPELLED  POWER  HOIST. 

.\  self-propelled  light  weight  power  hoist  that  is 
capable  of  hoisting  and  carrying  a  load  of  3  tons  at  a 
0-ft.  radius  is  illustrated.  The  power  plant  consists 
of  a  6  H.  P.  hopper  cooled  gasoline  engine  with  friction 


clutch  controls  for  hoisting,  swinging  and  traveling. 
|The  fuel  estimate  is  6  gal.  of  gasoline  per  10  'hours. 
The  traction  speeds  are  i  mile  per  hour  on  high  and  yi 
mile  on  low.  The  shipping  weight  is  5,650  lb.  The 
F.  C.  Au.stin  Co.,  Inc..  Chicago,  is  the  manufacturer. 


'oifySfons 
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5-0 

The   Austin   Traction    Power    Hoist. 
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PORTABLE  GRAVEL  WASHER. 

The  value  of  a  good  gravel  washer  is  often  not  appre- 
ciated. Building  contractors,  cement  block  plants  and 
road  makers  often  pass  by  a  local  deposit  because  it 
contains  a  little  clay  or  loam.  .\  machine  for  cleaning 
this  dirty  gravel  is  illustrated  below.  This  is  the  Tel- 
smith  gravel  washer.  It  consists  of  a  cylinder  with 
end  spiders  turning  on  a  central  shaft.  At  one  end  this 
shaft  is  supported  by  a  bracket  casting,  which  also  sup- 
ports the  feed  chute.  At  the  discharge  end  the  drum 
is  driven  by  a  girth-gear,  journalled  in  a  circular  hous- 
ing which  completely  encloses  gear,  pinion  and  bearing. 
The  central  shaft  is  supported  at  this  point  by  the  end- 
spider.  The  drum  is  horizontal — not  inclined.  At- 
tached to  the  inside  of  the  shell  are  angles  which  cut 
into,  lift  and  pour  the  gravel.     Chutes  are  threaded  on 


Tlie  li.xed  contacts  are  short  cylinders  of  carbon  held 
by  set  screws  in  machined  brass  terminals  bolted  to 
and  insulated  by  the  transite  block.  The  moving  con- 
tact is  a  folded  copper  strip  bolted  to  a  piece  of  transite, 
which  is  loosely  pivoted  in  the  forked  end  of  the  cam 
lever.  A  flat  spring  within  this  fork  keeps  the  contact 
piece  always  in  correct  position. 

The  operation  is  as  follows:  As  the  float  riding  up 
and  down  on  a  guide  rod  hits  a  limiting  stop  on  the  rod, 
the  rod  is  carried  up  or  down,  and  through  collars  upon 
its  upper  end  imparts  a  corresponding  movement  to  the 
switch  lever.  Movement  of  the  lever  oscillates  a  shaft 
.and  "grasshopper"  levers  which  in  turn  move  a  roller 
across  a  cam  on  the  end  of  the  electrical  contact  lever. 
The  roller  is  held  closely  to  the  cam  by  a  coil  spring  fast- 
ened to  the  <lividing  partition  in  the  case.     The  tension 
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No.  30  Telstnith   Portable  Gravel   Washer  With   Sci.ti.. 

the  central  shaft  at  such  an  angle  that,  as  the  gravel  falls 
from  the  angle  blades,  they  propel  the  material  steadily 
toward  the  discharge  end."  This  shaft,  and  the  chutes 
on  it.  are  stationary.  The  material  is  fed  into  the  washer 
through  the  feed  chute.  Water  is  sprayed  into  the 
cylinder  at  the  discharge  end,  through  the  hollow  cen- 
tral shaft.  The  dirty  water  escapes  at  the  opposite  end. 
The  water  and  the  gravel  flow  in  opposite  directions,  so 
that  the  clean  water  is  first  used  for  the  final  rinsing 
of  the  material,  while  the  dirty  water  is  employed  in  the 
first  stage  of  the  washing  process.  The  barrel  of  the 
washer  "is  30  in.  in  diameter.  It  will  wash  5  to  6  cu. 
yd.  of  gravel  per  hour.  Water  required,  10  to  15  gal. 
per  minute.  The  minimum  power  to  run  iiiachine  is 
2i-<  H.  P.  The  washer  is  made  by  the  Smith  Engineer- 
ing Works,  Milwaukee,  Wis. 
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Switch   with   Cover   Removed. 

from  this  spring  throws  the  contact  lever  with  a  quick, 
positive  motion  the  instant  the  roller  passes  over  the 
center  of  the  cam. 

This  switch  is  furnished  alone  or  with  auxiliaries 
for  mounting  either  on  a  cover  or  a  tank  wall.  It  has 
been  approved  by  the  Underwriters  Laboratories  and 
is  now  being  manufactured  and  marketed  by  the  Black- 
burn-.^mith  Corporation,  105  \\'est  40th  Street,  New 
York. 


NEW  TRACTION  TYPE  SHOVELING  MACHINE. 

.\  traction  type  shoveling  machine,  designed  particu- 
larly for  use  in  loading  from  stock  piles,  is  shown  in 
the  illustration.  This  machine  consists  of  a  cast  stbel 
frame  nmunted  iipim  three  wheels;  the  two  front 
wheels  are  diivin-  wheels  and  the  rear  wheel  is  used  to 


THE   BLACKBURN  -  SMITH   ENCLOSED  TANK 
SWITCH. 

This  switch  is  of  the  single-pole  double-break  type, 
is  instantaneous  in  action  and  suitable  for  use  with 
tanks,  etc.,  wherever  regulation  of  liquid  level  between 
high  and  low  limits  is  required.  This  regulation  is 
obtained  by  a  float  operating  the  switch,  which  in  turn 
actuates  a  solenoid  controlling  mechanical  or  other 
electrical  devices. 

The  joint  of  the  case  is  flanged  to  permit  the  use  of 
gasket  when  desired  for  waterproofing  and  the  internal 
electrical  and  mechanical  parts  are  separated  by  an 
inside  dividing  partition  which  forms  two  separate 
compartments.  A  block  of  transite  ebony  asbestos 
bolted  into  the  electrical  compartment  of  the  case  sup- 
ports the  fixed  contacts  and  also  acts  as  an  insulating 
bushing  for  the  incoming  wires,  which  are  brought 
through  a  threaded  boss  in  the  back  of  the  case. 

(35) 
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Traction   Type   Shoveling    Machine. 
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steer  the  machine.  At  the  forward  end  of  the  cast  steel 
franie  is  mounted  an  adjustable  yoke  carrying  the 
sliovel.  This  is  automatic  in  action  and  can,  it  is 
claimed,  handle  a  ton  of  loose  material  i)er  minute. 
This  shovel  is  also  capable  of  lilting  jiieces  weighing  as 
much  as  i,ooo  lb.  or  any  rock  not  over  _»S  in.  in  any  one 
dimension.  Tlie  shovel  discharges  directly  onto  an 
armored  belt  conveyor  which  delivers  into  a  hopper  sup- 
ported at  the  rear  end  of  the  conveyor  frame.  This 
hop|>er  is  designed  to  hold  one  buggy  load  or  car  load 
and  in  the  operation  of  the  machine  this  hopper  is  kept 
tilleil  by  the  operator,  and  it  is  arranged  to  discharge 
instantly  into  the  wagons  or  carts  used  to  carry  the  ma- 
terial away  from  the  machine.  The  machines  can  be 
equipficd  with  any  standard  type  electric  motor  or  with 
gasoline  or  air  engine.  The  total  weight  of  the  ma- 
chine, including  motor,  is  about  13.500  lb.  It  is  espe- 
cially adapted*o  handhng  stock  piles  of  coarse  or  tine 
material,  loading  .<ame  into  carts  or  trucks  which  run 
upon  the  gound.  The  machine  is  manufactued  by  the 
Mvers-Wlialev  Co..  Knowillc.  Tenn. 


COl  lAl  >I»LK  FORM  FOR  4  TO  5  FT.  CULVERTS. 

.A    i-man  collapsible  culvert   form  that  can  he  used 
for  constructing  culverts  from  4  ft.  tn  5  ft.  in  lici^ht 


30  by  4(1  in.  anil  lengths  fioni  .]  it.  to  30  ft.,  and  the 
.\'o.  3,  the  latest  for  culverts  4  to  5  It.  in  height.  These 
hgures  are  based  on  tlie  use  of  2  in.  lumber  for  casing. 

ONE  MAN  SAW  DOES  WORK  OF  TWO  MEN  WITH 
CROSS  CUT  SAW. 

.\  one  man  saw  that  is  staleil  to  ilo  as  nuicli  work  as 
can  be  accomplished  by  two  men  with  a  standard  cross 
cut  saw  should  i)rove  of  interest  to  contraclors.  It 
could  be  used  for  cutting  square  linil)er,  ;ind  tun- 
nel i)rops,  cutting  ])oles,  etc.,  etc.  .'\  saw  of  this  kind 
lias  recently  been  placed  on  the  market  by  the  Inter- 
national Saw  Co.,  625  North  3rd  St.,  Newark,  N.  J. 
Comparative  tests  of  this  saw  witii  a  2-man  cross  cut 
saw  made  last  April  gave  the  following  results: 

Cross-cut  Machine  saw 

two  men  one  man 

No.  of  strokes.  No.  of  strokes. 

11-in.    chestnut    log    92  70 

»-ln.  yellow  poplar  log   44  30 

9-ln.  white  oak 109  96 

The  saw  consists  of  two  steel  arms  actuated  by  a  pow- 
erful connecting  spring  and  crossing  at  the  other  end 
tiirough  a  slide,  lirackets  are  fastened  to  each  of  the 
tlat  ends,  to  which  tiie  blades  or  plain  [pressure  bars  are 
attached.  Two  blades  can  be  used  or  one  blade  and 
one  ]ircssurc  bar.  the  former  cutting  the  more  rajiidh-. 


Upper: 


Form    Assembled. 
Form    Collapsed. 


and  from  n  ft.  to  8  ft.  in  width  has  been  added  to  the 
line  of  the  Storms  .Manufacturing  Co.,  Crawfonlsville. 
Ind.  The  form  operates  on  the  same  principle  as  the 
smaller  si7.e  forms  of  this  concern.  With  this  form  it 
is  claimed  that  a  saving  of  25  to  50  per  cent  can  be 
made  in  culvert  con.struction.  Tn  the  illustration  the 
top  view  shows  the  form  assembled  ready  for  the  wood 
frames.  The  bottom  view  shows  the  forms  collapsed. 
The.se  forms  are  tripped  by  pulling  on  the  cross  rod, 
which  causes  the  frame  to  collapse  and  gives  the  neces- 
sary clearance  for  the  removal  of  the  casing  lumber. 
After  the  lumber  has  been  withdrawn,  a  pull  at  the 
center  bar  of  the  form  draws  in  the  side  sills,  giving 
ample  clearance  for  pulling  out  the  forms.  The  col- 
lajising  and  removal  of  the  forms  including  the  limiber. 
in  several  recent  jobs,  has  been  accomi^lished  bv  one 
man  in  less  than  5  minutes'  time.  The  forms  can  be 
used  for  molding  either  the  arch  type  culvert  or  the 
box  type.  They  are  made  in  three  sizes :  No.  i  for 
culverts  from  14  by  16  in.  to  22  bv  28  in.  inside  dimen- 
sions, and  lengths  from  4  ft.  to  30  ft. :  No.  2  size  for 
culverts  with  inside  dimensions  "from  24  bv  26  in.  to 


Ordinarily   the   Cutting    Blade    Is   On    Top   of   the    Log,    but   When 

Circumstances    Require,    the    Saw    Can     Be    Placed    Below 

the   Log,    the    Pressure    Bar   Being    Above. 

When  starting  the  two  blades  (or  blade  and  plain  pres- 
sure bar)  are  spread  against  the  resistance  of  the  spring 
and  straddle  the  tree.  The  saw  is  simply  worked  for- 
ward and  backward,  all  the  necessary  pressure  being 
furnished  by  the  spring  whose  tension  is  balanced  by 
the  compensating  spring  action  through  the  hollow  bar 
attached  to  one  arm.     The  entire  machine  weighs  12  lb. 
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A    TRENCH    MACHINE    THAT   DIGS   AND    BACK- 
FILLS. 

.\  machine,  wjiich  it  is  claimed  will  dig  and  back- 
fill an\-  ordinary  trench  and  requires  onlv  two  men 
for  operation,  has  been  brought  out  recently.  The  dig- 
ging is  done  by  a  movable  steam  shovel  operated  by 
an  engine  placed  on  a  stationary  car  ahead  of  the 
trench  to  be  dug.  The  shovel  itself  is  mounted  on  a 
light,  quick-acting,  separate  car,  which  is  built  to  pass 
over  .sheeting  to  a  height  of  about  8  ft.  above  the  sur- 
face.   A  movable  anchor  is  placed  at  the  opposite  end 
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of  the  trench.  The  dipper  car  is  moved  by  the  same  over-han;;  of  the  [joint  of  attachment  of  the  pulling 
lines  that  do  the  holdin.ij  and  digging  back  and  forth  chain  beyond  the  cutting  edge.  A  third  advantage  is 
upon  the  trench.'  With  an  operating  crew  of  but  two  that  the  connection  has  very  little  width,  thus  offering 
men — an  engineer  to  run  the  engine  and  a  car  operator  little  resistance  when  the  bucket  is  being  loaded.  It 
— the  earth  is  dug  ahead  by  the  dipper,  carried  back,  is  stated  that  the  connection  when  placed  on  the  stand- 
and  dumped  into  the  trench  again.  If  for  any  reason  ard  bucket  of  today,  increases  its  digging  ability  or 
the  dipper  cannot  be  operated,  it  is  locked  up  out  of 
the  way  upon  the  car,  and  by  means  of  an  additional 
fall  block,  buckets  can  be  lowered  into  the  trench,  filled 
by  hand,  and  then  hoisted  and  backfilled.  In  addition 
to  the  digging  and  conveying  the  machine  can  be  used 
for  handling  boulders,  pulling  sheeting  planks,  shifting 
pumps,  loading  wagons,  etc.  The  complete  machine 
can  he  loaded  on  one  flat  car,  and  it  is  stated  that  it 


Front    End    rf    Dipper    Carrying    Car. 

can  be  assembled  in  two  days  after  arrival  at  the  work. 
This  trench  digger  is  manufactured  by  the  Moore 
Trench   Machine  Co..   Rockawav,  N.   T. 


NEW    PULLING    BAIL     CONNECTION 
SCRAPER  BUCKETS. 

Patents  liave  been  ap|iHed  for  by  Air.  John  \\ 


FOR 


Page 
of  the  Page  Engineering  Co.,  Chicago,  for  a  new  pull- 
ing bail   connection    for 


connection  for  scraper  buckets.  The  fasten- 
ing consists  of  a  plate  clevis  fastened  to  each  cheek 
plate  of  the  bucket,  the  pin  of  this  plate  clevis  being 
vertical  and  the  plate  clevis  being  arranged  to  accom- 
modate the  small  connecting  clevis  in  two  or  more  po- 
sitions. In  this  design  it  is  claimed  that  all  of  the  wear 
comes  on  the  pin  of  the  plate  clevis  which  is  easily  re- 
placed, and  even  if  the  plate  clevis  itself  becomes  worn, 
as  it  will  undoubtedly  in  time,  it  can  be  replaced  in  an 
ordinary  blacksmith  sho|).  .\nother  advantage  claimed 
for  this  new  connection,  is  that  it  virtually  increases 
the  hood  or  over-hang  of  the  scrai^er  bucket  beyond 
the  cutting  edge.  This  is  very  important  as  the  digging 
tendencv  of  the  scraper  l)ucket  largely  depends  on  the 


New    Pulling    Ball    Connections    for    Scraper    Buckets. 

when  used  in  designing  new  buckets,  the  hood  or  arcli 
can  be  shortened  where  this  connection  is  used.  All 
Page  buckets,  except  those  of  the  very  heaviest  type, 
are  at  ])resent  being  fitted  with  tliis  connection. 


BENDING  MACHINE  MAKES  90     COLD  BEND  IN 
6  IN.  PIPE. 

A  m;ichine  capable  of  making  a  90'  cold  bend  in  a  6 
in.  iron  pipe  in  less  than  10  minutes  has  been  brought 
out  recently.  The  labor  cost  in  making  a  bend  of  this 
kuiil  with  the  machine  is  about  $1.50.  The  bender  is 
manually  operated.  It  consists  of  a  semicircular  head, 
which  is  supported  by  an  upright  and  from  which  arms 
e.xtend  to  carry  the  bending  shoe  and  a  toggle-jointed 
lever.  The  pipe  is  placed  behind  the  head  and  the  bend- 
ing shoe  and  pressure  applied  by  moving  the  lever.  In 
making  the  6  in.  bend,  six  laborers  handled  the  lever. 
This   machine   is   made  in   five   sizes    for  bending  pipe 


90'Bend   in  6-in, 


Pipe   Shown   in   Foreground 
It   in   Background. 


Machine  That   Made 


from  ',0  in.  to  (>  in.  \v.  di.-inu-ter.  The  largest  size. 
Model  C  Wonder  Pipe  I'lcnder,  is  shown  in  the  illus- 
tration. This  particular  model  is  made  for  bending 
either  iron  or  steel  pipe  from  4  in.  to  6  in.  in  size.  The 
machines  are  manufactured  by  the  American  Pipe 
lending  Machine  Co..  37  I'earl  St.,  Boston,  Mass. 
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NEW  FAVIN(;  (;i  AKI)   1  OK  I'KOTKC'TlNr,  EDGES 
OF  I'AVEMENT. 

A  paving  guard  tiiat  n-intorccs  a  roadway  at  its 
weak  point — the  Oiij;ts-  and  lioitis  in  place  the  wearing 
.surface,  at  the  same  time,  preventing  water  seeping 
helow  the  surface,  has  heen  placed  on  ihe  market  re- 


.^i 


lo  absorb  "load  shocks,"  without  raising  load  higher 
than  necessary  to  give  jiropcr  clearance  at  wheels. 
Three  holes  are  provided  in  "hinge  aisting"  (Fig.  i) 
lo  shift  body  forward  or  backward  for  proper  attach- 
ment lo  hoisting  mechanism.  A  "i)artial  dumping"  tail- 
gale   (ratchet  conirol  )    is  also  prdxiilt'il,  permitting  op- 


2-ln.    Gu,-ird    in    Pt.ice. 


Method    of     Installation. 


ccntly  by  ti»e  international  Steel  Tie  Co..  Cleveland 
O.  The  guard  is  indicated  by  the  accompanying  sketch. 
consists  of  a  steel  angle  held  in  place  by  anchors  buried 
in  the  concrete  base.  The  method  of  installation  also 
is  shown  in  the  sketch.  The  guards  are  made  in  va- 
inous  sizes :  2  in.  for  asphalt :  },  in.  for  street  railway 
paving  and  headers;  4'i  in.  for  brick  pavement.  The 
company  also  manufactures  grooved  guards  for  street 
railway  paving. 


STANDARDIZED  DIMP  HODY  LNDERl  KAME  RE- 
DUCES MOUNTING  COST. 

r.y  means  of  the  quadruple  adjustability  of  the  under- 
frame  structure  of  a  steel  dump  body  for  motor  trucks. 
illustrated  in  accompanying  detail  drawings,  it  is 
claimed  that  any  one  owning  a  motor  truck  re- 
quiring a  new  dump  body  may  purchase  the 
body  unit  complete,  with  all  sills,  fittings  and 
fasteners  and  mount  it  on  any  chassis  frame 
with  ordinary  tools,  without  drilling  holes  or  driving 
rivets.  The  longitudinal  sills  are  adjusted  by  means 
of  malleable  casting  brackets  and  a  slot  opening  in  "I" 
beam  transoms  (Section  "BB.""  Fig.  i).  The  hinge  cast- 
ing and  rod  on  which  body  pivots  when  dumping  (Sec. 
"A.A,"  Fig.  i)  are  also  adjustable  by  means  of  a  "turn- 


-<•-- 


1^1    !3,  I 

Fig.    1 — K.    &    J.    Standard    Steel    End    Dumping    Body. 

nut"  in  center  and  "castle-nuts"'  on  each  end  of  rod. 
The  bolting  arrangement  which  clamps  sills  and  hinge 
castings  onto  frame  is  also  adjustable  to  fit  around  any 
size  of  chassis  frame.  This  eliminates  drilling  holes 
in  frame,  which  often  causes  "frame  fractures."  The 
design  also  allows  the  use  of  a  6-in.  seasoned  oak  sill 


cralor  to  "spread"  materials  with  truck  in  motion. 
These  bodies  also  "nest"  or  fit  one  w^ithin  the  other  for 
shipping,  hauling  and  storage.  This  adjustable  under- 
frame  structure  was  invented  by  B.  D.  DeWeese,  man- 
ager of  the   Motor  '("ruck   Body  Sales   Department  of 


Fig.  2 — Sections  of  Underframe. 

the  Kilbourne  &  Jacobs  .Manufacturing  Co., 
bus,  O. 


of  Colum- 


EQUIPMENT  FOR  PAINTING  WITH  COMPRESSED 

AIR. 

i'(irtal)le  ciiuipnient    for  applying  paint  bv  the  spray 
method  is  illustrated.     The  essential   features  of  the 


AUTOMATIC  UHLOAOER 
Oft    GOVERNOR  x- 


isolinc  engine 


'■C  OVTflT(MS0LIN£) 


Portable    Compressor   Outfit. 
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outfit  are  indicated  in  the  illustrations.  The  ojieratini; 
method  is  as  follows :  The  paint  tank  res^ulatinj;;  head 
inlet  is  eonnected  with  ,'-_.-in.  air  hose  to  the  compressing 
outfit  outlet.  One  or  two  spraj'  heads  are  connected 
with   -"'s-in.  air  and    '_>-in.   fluid  hose  to  the  resfulatinsj 


RttULAIOHS.  GAUGES    AN  ft,  5.Af£TY   VALVE 
•ifiTH    TANN   AMD         r'/.IN'  lill  E    AIR    PRESSURE 


GALLON    FLUIO     TANK 


Portable    Paint    Tank. 

head  outlets.  The  paint  is  put  intu  the  lank  thriiui;h 
filter  plug  hole,  .\fter  screwing  in  plug,  starting  coni- 
]:)ressor.  and  o])ening  \alves.  the  air  pressure  on  the 
paint  in  the  tank  and  the  air  pressure  used  at  the  nozzle 
of  the  spray  head  are  regulateii  to  meet  the  \arying 
conditions  of  size  of  nozzle,  weight  and  viscositv  of 
paint,  height  of  nozzle  above  tank  and  nature  of  sur- 
face to  be  painted.  The  air  pressure  on  the  paint 
should  not  be  more  than  necessary  to  raise  tiie  paint  to 
r.nd  cause  it  to  flow  slowly  from  the  nozzle  held  in  a 
working  position.  The  air  pressure  at  the  nozzle 
should  be  just  sufficient  to  atomize  the  paint.  The 
nozzle  is  held  about  6  to  lo  in.  from  the  surface  and 
moved  back  and  forth  with  smooth,  even  strokes.  This 
e(|uipment  is  made  by  the  Pe  \'ilbiss  Mfg.  Co.,  Tole- 
do, O. 


COUNTERWEIGHT  CHUTES  FOR  CONCRETING. 

The  most  recent  and  mn^t  important  addition  to  the 


line  of  concrete  equipment  manufactured  bv  the  Ran- 
sonie  t'oncrete  Machinery  Co.,  of  Dunellen,  X.  J.,  is 
llieir  counterweight  chutes.  The  big  feature  of  these 
chutes  is  the  hog-rod  trussing  of  the  last  section  and 
tile  tact  that  the  32-ft.  swivel  is  built  strong  enough 
lo  carr\'  ;i  _\2-\t.  swivel  head  section  while  tiie  48-ft. 
(ounterweight  chute  is  proportionately  strong  enough 
to  carr\-  a  48-ft.  swivel  head  trussed  section  at  its  lower 
end.  'I"he  main  part  of  the  new  counterweight  chutes 
is  built  of  high  carbon  steel  the  same  as  the  standard 
Kansonic  cliutes.  This  superior  strength  and  hard- 
ness insures  much  greater  resistance  to  abrasion  and 
longer  wearing  (|ualities.  Besides  tins  the  cross  section 
of  the  new  design  has  been  increased  50  per  cent  in 
are.'i.  ;niothcr  element  of  strength  and  endurance. 


TIME  RECORDING  DEVICE  FOR  MOTOR  TRUCKS. 

.'\n     instrumenl     t'or    indicating     all    movements    of- 
1  lower  trucks  was  nlaced  on  the  market  last  season  bv 
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Instrument  for-  Recording  Truck   Movements  and  Section  of  Chart. 

the  Service  Recorder  Co.,  Cleveland,  O.  This  dc\ice, 
known  as  the  Servis  Recorder,  shows  the  lime  of 
starting  the  truck  and  each  stop,  the  duration  of  the 
stop  anil  when  start  was  again  made,  so  that  the  rec- 
ord is  complete  so  far  as  movement  of  the  truck  is 
concerned. 

The  instrument  consists  essentially  of  a  specially 
lonslructcLl  clock  movement  that  is,  with  a  marker  or 
indicator  and  a  chart,  entirely  enclosed  in  a  heavy  metal 
case.  There  is  no  outside  connection,  but  the  device 
may  be  bolted  lo  the  truck  chassis  or  liody  in  any  one 
of  a  dozen  coinenient  places,  and,  in  fact,  it  would 
indicate  if  it  were  merely  carried  aboard  the  truck.  In 
o])eraiion  it  is  actuated  by  the  side  sway,  which  is  al- 
ways created  when  any  vehicle  is  in  motion.  The  side 
sway  c'luses  a  pendulum  to  oscillate  and  the  pendulum 
is  fitted  with  a  steel  stylus  or  marker  which  marks  a 
tra\cl  j)ath  on  a  waxed  chart  that  revolves  once  every 
24  hours. 
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Sl'ECI.VL  I  AKS  lOK  STKAM  Cl  KIN(;  CONCRKTE 
PRODl'CTS, 

Curing  cars  h\  means  oi  wliicli  (.'oiKTOtc  products 
may  be  siibjtcU'd  to  steam  treatment  immediately  after 
manufacture  and  tlu-  treatment  contimied  without  tlie 
interruption  of  opening  curing  room  doors,  have  been 
developed  by  the  Brandell  Co.,  Cincinnati,  O.  It  is 
claimed  that  witli  this  equipment  tlie  steam  curing  pe- 
riod may  be  reduced  to  about  8  hours.  Details  of  the  car 
are  sliiiwn  in  the  accomi^inyitig  drawing;.  Fach  car  is  a 
steam  curing  chamlx-r.  When  filled  the  car  is  moved 
to  a  storage  s|vice.  covered  by  a  metal  hood,  and  tlie 
steam  turned  on  through  a  tlexible  coupling,  the 
suppiv  U'ing  obtained  from  an  overhead  line.  The 
hixul  is  air  tight.  It  is  made  of  a  heavy  gage  galvan- 
ized iron  and  is  lowered  and  raised  by  a  pulley  arrange- 
ment. This  system  of  curing  proposes  the  eliminatijon 
of   expensive    steam   curing   chambers   or   tunnels.      Tt 


ei|uippc(l    with    (i|H'n-enil    |ii\(it    hcippcr    with    (hliujiing 
bar    lor   luiick    (hiinping,   .-ilso    ilu'     lo  ft.     ilistiihiitinsr 
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steam    Curing    Car    and    Track    Layout. 

also  is  claimed  to  save  a  considerable  amount  of  steam 
as  there  is  vtry  little  waste  space  around  the  cars. 


RANSOME  7-E  HIGH-DRUM  PAVER. 

.\  mixer  particularl\-  designed  for  handling  small 
paving  jobs  such  as  alleys,  long  driveways  and  narrow 
roads,  is  illustrated  below.  This  is  the  Ransome  7-E 
higl--drum  paver.  It  is  a  natural  development  of  the 
Ransi  r.ie  one-bag  batch  bantam  mixer.     The  paver  is 


Ransome    7-E    Hign-Druni    Paver. 

thute  which  has  a  clear  swing  of  nearly  half  a  circle. 
The  mi.xer  end  of  the  chute  is  4  ft.  8  in.  above  the 
ground  so  that  a  fairly  steep  slope  ("21°)  can  be  ob- 
tained when  desired.  Its  weight  is  a  little  over  two 
tons. 


NOVEL  PORTABLE  WELDING  AND  CUTTING 
UNIT. 

.\   h.and  truck  t>pe  of  portable  welding  and  cutting 
;nit  was  original'y  designed  by  the  Oxvveld  Acetylene 


Portable    Unit   for    Welding    and    Cutting. 

Co..  .Xewark,  X.  j..  for  Clovernment  war  service,  but 
its  adaptability  to  genera!  purposes  was  instantly  rec- 
ognized, and  a  demand   for  it  has  grown  up.  particu- 
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larly  among  contractor.s.  The  truck  contains  a  com- 
plete welding  and  cutting  station,  including  Linde  oxy- 
gen cylinder.  Prest-O-Lite  acetylene  cylinder,  regula- 
tors, hose,  blowpipes,  and  the  necessary  fluxes,  weld- 
ing rods  and  other  accessories.  The  regulators  are  so 
mounted  that  no  time  is  lost  in  making  connections 
with  the  cylinders — a  good  feature  of  every  day  effi- 
cency.  but  invaluable  when  the  outfit  is  called  upon  for 
emergency  service.  There  is  a  place  for  everything  in 
the  apparatus  chest,  and  hence,  if  any  place  is  vacant, 
the  negligence  of  an  operator  in  not  replacing  his  tools 
at  once  becomes  conspicuous.  The  chest  is  securely 
locked,  when  not  in  use.  by  means  of  a  padlock.  The 
weight  of  the  outfit  complete  is  about  550  lb.,  and  the 
truck  can  be  easily  handled  bv  one  man. 


RECENT  INVENTIONS  IN  TOOLS  AND  MACHINES 
FOR  SHIP  BUILDING. 

-  The  great  activity  in  ship  building  in  this  country 
in  the  past  year  resulted  in  the  development  of  many 
new  methods  and  practices  in  the  shipyards.  Numer- 
ous machines  and  devices  for  superseding  hand  work 
were  invented.  The  mechanical  air-driven  plane, 
alone,  in  the  first  few  months  after  being  placed  in  op- 
eration, released  2,000  men  for  other  service.  The 
following  notes  summarize  a  few  of  the  inventions : 
Mechanical  Bolter  Up. —  Tn  ship  building  thousands 
of  temporary  bolts  arc  juit  in  to  draw  up  and  pull  the 
plates  and  bars  together,  before  riveting.  Those  put 
in  through  the  keel  and  shell  at  the  bottom  of  the  ship 
are  tightened  by  workmen  with  uplifted  arms.  In  that 
position  it  is  not  possible  for  a  man  to  e.xert  his  full 
strength,  because  with  one  hand  ho  holds  the  wrench 
on  the  nut.  and  with  the  other  hand,  he  either  pulls, 
or  jnishe?  the  wrench.  \\'hen  doing  this  he  must  use 
every  care  to  prevent  injury  to  his  hands.  \'cry  often 
the  wrench  slips  off  the  nut  and  his  hand  foul  of  one 
or  mo'-e  bolts  and  nuts  alreadv  in  place.  A  device  for 
mechanically  doing  this  bolting  was  invented  by  Mr. 
David  iMartyn  of  the  Vancouver,  Wash.,  shipyard  of 
the  (J.  'SI.  ."-^tandifer  Construction  Co.,  It  consists  of 
a  steel  tube  about  36  in.  long,  fitted  with  a  cap  at  its 
bottom  end.  In  the  tube  there  is  a  suitable  valve,  to 
which  is  attached  a  compressed  air  hose.  Into  the 
tube  is  yilaced  a  sc|uare  piston  rod,  having  a  piston  at- 
tached to  its  bottom  end.  At  the  top  of  this  rod, 
sockets  which  fit  the  different  size  nuts  may  be  placed. 
Resting  on  the  top  of  the  tube  is  a  piece  of  steel,  hex- 
a,gonal  in  shape,  which  has  a  square  hole  in  it,  to  fit 
the  square  piston  rod.  .\  lever,  or  wrench,  having  a 
hexagonal  hole,  fits  over  the  steel  piece  just  described. 
To  use  the  machine,  the  workman  attaches  the  com- 
pressed air,  then  o[)ens  the  valve.  The  air  forces  up 
the  piston  rod  and  its  top  end,  on  which  is  the  socket, 
is  guided  over  the  nut.  onto  the  l)olt  to  be  tightened. 
The  le\er  is  turned  round  until  the  nut  on  the  liolt  is 
screwed  up  and  the  plates  drawn  together.  To  remove 
the  machine  the  operator  turns  oft"  the  air.  The 
"bolter-up''  also  is  an  air  jack,  for  the  application  tends 
to  force  the  plates  together,  before  tightening  the  nut. 
and  at  that  time.  By  using  it  the  plates,  or  bars,  are 
brought  firmly  and  close  tr)gether,  which  insures  good 


riveting  and  excellent  workmanship.  It  is  estimated 
that  Ijy  the  use  of  this  machine  one  man  can  do  the 
work  of  five.  The  machine  is  made  in  three  lengths, 
each  having  sockets  to  fit  •;4,  "s  and  i-in.  inits. 

Apparatus  for  Bending  Frames  for  Wooden  Ships. 
— .\  new  method  of  seating  and  bending  the  fnunes 
upon  wooden  ships  was  invented  by  .\Ir.  Frederick 
Meron,  mechanical  engineer,  of  New  York  City.  The 
\\f)()il  timbers  are  first  saturated  by  means  of  steam, 
pr(|)arator\-  to  subjecting  the  timbers  to  ])ressnre  for 
bending  them  to  the  necessary  sha[)e.  This  new 
nietliii(!  obtains  a  uniform  saturation  which  was  not 
obtained  under  the  old  plan.  The  invention  provides 
for  continuous  saturation  of  the  timbers  with  low  jjres- 
surt'  or  exhaust  steam,  so  tli;it  all  sides  i>i  each  piece 
are  treated  uniformly.  This  inventor  also  devised  ap- 
paratus for  the  shaping  of  the  wood  after  it  is  steam 
iieated,  so  that  the  parts  may  be  turned  out  in  cpiantity. 

Riveting  Device. — A  rivet  device,  cutter  and  buffer 
was  tile  in\ention  of  Engineer  Rioux,  a  riveter  at  the 
AJerrill  .Stevens  Shijiyard,  Jacksonville.  Ma.  The 
set  is  composed  of  the  regular  riveting  head,  built  in 
a  new  way,  havin.g  at  one  side,  and  made  into  the  head, 
a  rivet  head  cutter  and  buffer.  It  is  said  to  be  impos- 
sible for  vibration  to  shake  loose  the  cutter,  it  being 
fastened  with  a  safety  lock,  also  made  into  the  driving 
iiead.  The  invention  has  been  patented,  and  its  man- 
ufacture is  being  financed  by  E.  C.  I'.roward  of  the 
International  IMarine  Planer  Co. 

Angle  Saw  Reduces  Three  Cut  Operation  to  One. — 
.\  saw  that  crosscuts  timber  at  any  angle  with  one  op- 
eration was  the  invention  of  David  C.  Martyn  and  H. 
P.  Stacew  employes  at  the  ship\ard  of  the  G.  W.  Stan- 
difer  Construction  Corporation.  \'ancouver,  Wash. 
The  saw  was  adopted  at  the  Vancouver  wood  >ard 
and  at  the  Xortli  Portland  yard  of  the  Standpipe  Co. 
It  is  an  angle  cut,  cut-oft'  saw,  and  dift'erent  from  the 
nrd:nar\  swing  saw,  which  could  only  cross-cut  a 
S(|uare  cut  or  a  right  angle.  The  method  used  in  the 
majorit\-  of  shipyards  is  to  cross-cut  the  pieces  to  the 
desired  length  by  a  swing  saw.  and  transfer  them  to 
the  band  saw,  where  the  angle  is  cut.  With  this  de- 
\ice  one  cut  now  takes  the  place  of  tliree,  as  formerly 
done  in  other  yards.  The  machine  is  described  as  fol- 
lows :  There  is  a  platform,  say,  jjA  ft.  s(|uare.  Cpon 
it  there  are  two  pieces  of  angle  iron  bent  half  round, 
each  forming  a  segment  of  a  circle.  In  the  center  there 
is  a  ball-bearing  pivot;  upon  this  pivot  segmental  angle 
irons:  there  are  two  rails  14  ft.  6  in.  long  which  are 
bniccil  together  and  form  a  turn-table,  .\bove  that  is 
a  wood  frame,  to  which  is  attached  suitable  hearings 
for  the  saw  arbor.  On  the  top  at  the  other  end  of  the 
frame  is  an  electric  motor,  which  by  means  of  a  licit 
is  comiected  to  the  saw  shaft.  The  saw  is  48  in.  in 
diameter  and  the  motor  jo  I  I  I'.,  ni;iking  ()()o  revolutions 
per  minute. 

Folding  Square. — ,\  folding  scpiare.  which  serves 
the  triple  [lUrpose  of  a  protractor,  inclinometer  and 
angle  device,  besides  doing  all  the  old  duties  of  the  steel 
s(|uare  and  the  time-honored  yard  stick,  is  the  inven- 
tion of  Joseph  La  l-"ollette.  an  em])loye  at  the  Portland, 
C)re..  shi])yard  of  the  l*"oundalion  Co.  The  ])rinci])al  ad- 
vantage which  is  claimed  f(.)r  the  invention  is  that  with 
it  the  workman  can  perform  all  scirts  of  work  that  he 
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can  not  do  with  tlic  ordinary  framing  siiuari-.  unless 
suppleinentfd  by   other   instnuncnts. 

Rollers  for  Bending  Angle    on    Channel  Irons. — 

John  1".  Kckenroth,  m  the  (.'luster  .^hipluiiKliiit;  Co., 
"has  obtained  a  patent  on  a  rolhnf;  mill  that  will  bend 
angle  or  ehannei  irons.  The  nuuliine  adapts  the  roll- 
ing mill  idea  to  the  task  of  converting  an  angle  iron  of 
the  right  angular  fonn  into  one  of  a  ditYerent  angle.  A 
bar  of  iron  is  passed  between  a  pair  of  rollers  and  can 
I*  bent  to  any  acute  angle  or  obtuse  angle,  by  adjusting 
a  tniveling  nut,  or.  if  desired,  one  angle  may  lie  made 
acute  and  the  oilier  obtuse. 

Cold  Plate  Bending  Machine. — .\  cold  plate  bend- 
ing machine  that  executes  compound  curves  was  per- 
fected by  S.  F.  Robinson,  Chief  Engineer  of  the  Pen- 
sacola  Shipbuilding  Co.,  Pcnsacola,  Fla.  The  madiine 
was  designed  to  do  the  work  ordinarily  done  by  the 
pyramid  type  of  plate  bending  rolls.  The  frame  is 
made  of  15-in.  I-bcams  carried  on  a  concrete  founda- 
(ion.  I'ctween  the  beams  arc  14  pneumatic  hoists,  with 
12-in.  diameter  pistons  and  "-ft.  stroke.  On  the  top 
flanges  of  the  I-beams  are  bolted  structural  steel  form- 
ers with  cur\'atures  corresponding  to  tiie  bends  desired 
in  the  plate.  The  plate  is  placed  vertically  against  the 
formers,  and  the  bottom  clamped  in  place  against  a 
structural  steel  bracket.  On  the  head  of  each  piston 
rod  is  a  chain  sheave,  and  around  this  sheave  is  a 
length  of  "s-in.  coil  chain.  Each  end  of  this  chain  is 
passed  over  a  sheave  carried  on  the  outer  end  of  the 
I-beam  base,  and  a  saddle  casting  which  is  laid  on  the 
edge  of  the  plate.  The  ends  are  hooked  to  the  base 
and  the  application  of  compressed  air  to  the  cylinders 
pulls  the  plate  to  the  formers.  The  rear  ends  of  the 
cylinders  are  piped  for  water  instead  of  compressed 
air,  and  the  length  of  stroke  and  speed  of  travel  are 
governed  by  allowing  the  water  to  flow  out  through 
a  controlling  valve.  An  especially  valuable  feature  of 
the  apparatus  is  its  ability  to  bend  warped  surfaces  at 
one  operation,  as  the  radius  of  the  formers  at  any  point 
determines  the  curvature  at  that  point. 

Hydraulic  Plate  Tightener. — A  hydraulic  plate 
tightener,  which  is  claimed  to  enable  2  men  to  do  the 
work  formerly  requiring  20,  is  the  invention  of  Archer 
B.  Gark,  of  Seattle,  Wash.  The  device  is  now  being 
used  in  Pacific  Coast  shipj-ards.  The  machine  is  22 
in.  over  all  and  weighs  58  lb.  It  is  portable,  handled 
easily,  and  is  operated  by  one  man,  assisted  by  a 
helper,  working  on  the  opposite  side  of  the  plates.  The 
shell  and  piston  rod  of  the  machine  are  made  of 
chrom.e  nickel  and  the  piston  of  tool  steel.  The  triple 
expansion  hydrauHc  pump  is  of  manganese  bronze. 
The  plates  to  be  bolted  up  are  placed  between  two  com- 
pensating nuts  of  the  plate  tightener,  the  piston  rod, 
taking  the  place  of  a  bolt  used  in  the  hand  method  of 
tightening,  is  slipped  through  the  proper  holes  punched 
in  either  plate,  the  lever  is  worked  by  hand  and  forces 
oil  down  on  the  piston  rod  in  the  chamber  or  shell  until 
a  pressure  of  20  tons  is  exerted  in  drawing  the  plates 
together.  When  the  plates  are  drawn  together  by  hand 
not  all  of  the  spring  is  ever  entirely  taken  out  of  them. 
The  plate  tightener  is  stated  to  absolutely  take  out  all 
spring  in  the  plates.  Once  the  plates  are  drawn  to- 
gether tightly,  bolts  are  slipped  through  the  holes  on 
either  side  of  the  piston  rod  and  screwed  up.  The  ma- 
chine is  then  moved  over  two  holes  and  the  process 
repeated.  In  the  hand  method,  repeated  changes  in 
lengths  of  bolts  have  been  required,  considerable  de- 
lay being  entailed  in  putting  on  washers  to  take  up  the 
added  space  from  time  to  time.  With  this  machine 
but  one  length  of  bolt  is  required,  a  great  saving  in 
time  and   expensive  materials   therebv   resulting. 


New  Protractor  Rule.—  I'.  1.  Icmple,  a  machine  tit- 
ter at  the  Tacoma,  Wash,,  shipyard  of  The  houndation 
Co,,  invented  a  protractor  rule.  A  hinged  arm  on  the 
end  of  liie  rule  can  be  set  to  any  angle,  and  the  gratlu- 
ation  on  the  rule  itself  automatically  scales  the  degree 
of  the  angle.  The  instrument  is  very  useful  in  taking 
me;isurcments  for  angle  iron  work  and  is  a  valuable 
suiiplcmcntal  device  to  the  regular  protractor  used  by 
the  anglesmith.  It  should  be  useful  also  in  any  other 
kind  of  work  where  measurements  to  ascertain  exact 
;mgles  are  to  be  taken  on  the  job. 

Mask  for  Paint  Sprayers. — .\  mask  for  operators  of 
paint  s[iraying  UKKliiiU's  designed  to  be  worn  whenever 
the  operator  might  otherwise  be  forced  to  inhale  paint 
laden  air  was  invented  by  Gordon  Phillips,  foreman, 
and  Pat  Hanlon,  assistant  foreman  of  the  paint  de- 
partment at  the  Ecorse  shipyards  of  the  Great  Lakes 
Engineering  Works.  The  mask  is  in  use  at  this  ship- 
yard. It  is  similar  to  some  of  the  earlier  types  of  gas 
mask  used  on  the  Western  front.  Rubber  tubing 
brings  an  uninterru])led  supply  of  fresh  air  to  the 
wearer.  Small  copper  tubing,  punched  with  holes  en- 
circling the  glasses,  prevents  any  paint  from  gathering 
there  and  insures  perfect  vision  at  all  times.  The 
mask  proper  is  made  of  papier  mache.  No  cap  or  hat 
is  worn,  so  the  mask  fits  snugly  around  the  crown  of 
the  head  and  along  the  cheek  and  jawbones.  .\  cur- 
tain of  rubberized  cloth  falls  like  a  mantle  from  the 
mask  over  the  neck  and  shoulders  of  the  wearer  as  fur- 
ther protection. 

Power  Planers. — Two,  possibly  more,  power  planes 
have  been  developed  in  the  shipyards  that  are  building 
vessels  for  the  Emergency  Fleet  Corporation.  One  of 
the  most  popular,  which  is  used  extensively  on  the 
Western  Coast,  was  invented  by  Johannes  Emil  Chris- 
tensen.  a  skilled  worker  in  the  .St.  Helens  Shipbuilding 
Co.  yards,  St.  Helens,  Ore.  The  planer  weighs  but  10 
lb.  and  is  only  16  in.  over  all.  The  wearing  parts  of 
the  instrument  are_so  few  and  so  well  protected  that 
it  is  said  not  one  has  had  to  be  replaced,  although  some 
have  been  in  service  10  months.  In  a  demonstration 
on  the  coast  recently  a  workman  with  the  tool  planed 
385  sq.  ft.  in  live  hours.  Eight  men  working  against 
him  by  hand  finished  275  sq.  ft.  in  seven  hours.  Two 
models  of  this  particular  machine  are  made.  One  of 
these  will  do  outboard  dubbing,  joining  and  finishing. 
It  will  cut  through  treenails,  knots,  marine  glue  and 
pitch — leaving  a  clean,  finished  surface,  and  it  is 
claimed  will  do  work  equivalent  of  15  to  20  men  with 
hand  planers.  This  model  consists  of  a  bronze  cutter 
head  with  a  turbine  attached  to  either  end  and  hung 
on  ball  bearings  in  an  aluminum  frame.  The  point 
where  the  head  revolves  on  its  ball  bearings  is  the  only 
place  where  there  is  any  friction  or  clumce  to  wear. 
The  cutter  head  holds  two  high-speed  blades  so  at- 
tached that  they  can  be  taken  out  with  slight  troubles 
for  sharpening.  At  the  front  of  the  aluminum  frame 
is  a  shoe  with  a  screw  adjustment  \o  regulate  depth  of 
cut  and  fit. to  concave  and  convex  surfaces.  The  air  is 
controlled  by  a  valve  in  the  handle  which  shuts  off  the 
power  automatically  when  released.  The  other  model 
is  constructed  on  a  different  cutting  principle.  The 
knife  revolves  on  a  plane  horizontal  to  the  work,  the 
cutting  stroke  of  this  type  approaching  that  of  the 
adz.  One  double  bronze  turbine  operates  the  cutter. 
The  turbine,  with  cutter  attached,  is  hung  in  the  frame 
on  ball  bearings.  Adjustment  of  the  "bite"  to  desired 
depth  is  instantaneous  by  means  of  a  lever  on  a  quad- 
rant which  show-s  depth.  Good  air  pressure  is  neces- 
sary to  get  best  results  with  the  tool  and  it  is  recom- 
mended that  the  gage  show  not  less  than  So  lb.  of  air. 
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Objections   to    the    Proposed   In- 
crease in  Freight  Rates  on 
Road  Materials 

The  public  pays  for  roarl  construction  ;ind  tlie  public 
■must  also  pay  (or  the  dei'^cit  in  railway  net  earnings  as 
long  as  the  Government  operates  the  railways.  In  order 
In  reduce  this  deficit  the  Railroad  Administration  is  con- 
sidering a  plan  to  raise  freight  rates  on  sand,  gravel,  stone, 
slag  and  cement — the  principal  road  building  materials.  If 
the  plan  is  adopted,  the  deficit  in  railway  earnings  will  be 
somewhat  decreased,  but  the  cost  of  highways  will  be 
correspondingly  increased.  The  Railroad  .Administration 
will  make  a  better  showing  as  to  earnings,  but  at  the  ex- 
pense of  a  poorer  showing  by  highway  officials  as  to  the 
cost  of  building  and  maintaining  roads  and  streets. 

This  furnishes  an  excellent  example  of  how  one  depart- 
ment of  Government  often  seeks  to  gain  at  the  expense 
of  other  departments  of  government,  unless  action  is  taken 
by  some  third  department  of  government  to  secure  general 
economy  and  equity.  In  this  case  the  Interstate  Commerce 
Commission  and  the  State  Railroad  Commissioners  should 
be  the  ■'third  department''  to  settle  the  rival  claims  as  to 
equity;  but  as  long  as  the  Railroad  ,\dininistration  retains 
its  extraordinary  rate  fixing  powers,  highway  commissions 
and  city  officials  will  be  almost  helpless.  It  is  certainly 
high  time  that  the  Railroad  .Administration's  rate  fixing 
powers  be  restricted. 

If  Congress  wishes  to  aid  the  great  roadbuilding  pro- 
gram, it  should  lose  no  time  in  depriving  the  Railroad  .Ad- 
ministration of  the  power  to  establish  freight  rates. 


The  |iiui)i)sed  increases  in  freight  rates  on  sand,  gravel, 
cement,  etc,,  average  2.j  to  40  per  cent.  aiTd  this  is  on 
top  cf  a  recent  i;,'i  per  cent  increase!  Never  was  a  more 
short-sigl'.ted  act  proposed  than  to  increase  the  cost  of 
lil.chway   materials   by   raising  freight  rates. 

I'nder  "pri'>atp  management"  of  railways,  the  railway 
i-onij'anies  often  gave  exceptionally  low  freight  rates  on 
road  building  materials.  They  realized  that  not  only  was 
it  good  iniblic  policy  to  do  so,  but  that  any  general  im- 
proven'ent  in  the  condition  of  the  highways  would  result 
in   greater   railway   earnings. 

.A  short-sighted  railway  policy  would  treat  the  highways 
as  competitors  of  the  railways,  but  such  a  policy  has  rarely 
existed  in  any  railway  company.  Not  only  does  the  build- 
ing of  better  roads  increase  the  amount  of  farm  produce 
shipped  by  rail,  because  of  the  greater  prosperity  of  the 
farmers  who  have  good  roads,  but  the  existence  of  "all 
the  year  roads"  greatly  reduces  railway  congestion  by 
enabling  tampers  to  deliver  their  produce  to  the  railways 
more  imifornily.  In  the  absence  of  hard  roads,  farmers 
rush  most  of  their  grain  crops  to  market  in  the  early  fall 
to  avoid  the  mud  that  comes  as  soon  as  the  fall  rains  start. 
Hence  every  autumn  there  is  a  "crop  moving  congestion" 
and  car  shortage  that  would  be  largelv  reduced  were  hard 
roads   generally   available   in   the   grain  raising  states. 

Put  in  another  way,  the  "peak  load"  on  the  railways 
can  be  gi'catly  reduced,  and  railway  expenses  correspond- 
ingly brought  down,  by  the  construction  of  an  adequate 
system  of  "all  the  yeai'  roads"  in  the  farming  states,  .lust 
as  Illinois,  Michigan,  Ohio.  Indiana.  Iowa  and  other  great 
farming  states  are  beginning  to  plan  the  expenditure  of 
large  sums  for  state  highways,  the  Railroad  Administration 
throws  cold    water  on   these   projects   by   proposing   to  add 
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greatl.v  to  the  iilroady  hlRli  i-ost  of  roiul  work,  tii  our 
Judcmont  It  would  bo  sood  pulillc  policy  to  cut  In  two  the 
present  frelRht  riitos  on  road  bulUliuK  niiiterlnls.  We  be- 
li.'v.  'iuit  nearly  every  student,  of  tr.in.sportntlon  economics 
■vi!'     .  r-.  .■  Willi  uM  In  this  statement. 

:i    this   Issue   we   quote  sonic  of   the  pro(ests 
.  ^  .    frol^ht  rates  on  roud  materials. 


Why  the  Texas  Hij^hwny  and  Rail- 
road Cloininissions  Should 
Not  Be  Consolidated 

.\  bill  has  been  inlioiUKod  In  llio  Texas  leKislaliiro  to 
coii-nlldnte  the  hlKhway  commission  and  the  railroad  com- 
:!ii-sion.  the  theory  behiR  that  one  corps  of  engineers, 
clrrks  and  olllclals  can  hamlle  all  the  work  of  both  commls- 
siKiis  It  Is  evident  that  the  sponsors  for  this  bill  do  not 
iilU'reclate  that  a  corps  of  engineers  thoroughly  competent 
to  conduct  appraisals  of  public  utilities  and  railways  would 
not  be  competent  to  design  and  build  highways,  and  vice 
versa.  The  average  layman,  knowing  little  of  the  speciali- 
zation necessary  In  modern  engineering  practice,  is  apt  to 
Uilnk  that  a  civil  engineer  can  turn  his  hand  to  any  class 
of  civil  engineering  with  equal  facility.  Doctors  treat  all 
kinds  of  disease,  and  lawyers  take  all  kinds  of  cases,  then 
why  shouldn't  any  civil  engineer  be  competent  to  design 
and  direct  any  kind  of  engineering  work? 

It  is  true  that  there  are  engineers  who  have  a  general 
engineering  practice  that  is  very  diversified,  but  they 
either  employ  a  corps  of  specialists  or  they  operate  indi- 
vidually on  a  small  scale  in  small  communities.  In  the 
latter  case  they  usually  employ  consulting  engineering 
specialistis  when  they  secure  important  jobs.  Obviouslv 
a  great  state  like  Texas  can  not  afford  to  employ  engi- 
neers that  are  not  specialists.  The  road  problems  in  Texas 
are  as  varied  and  as  important  as  in  any  state  in  the  Union. 
Texas  is  just  about  to  begin  the  construction  of  state 
roads.  Surveys  and  plans  for  1,772  miles,  to  cost  $7.2.53.000, 
have  been  made.  The  engineering  salaries  for  this  work 
have  totaled  only  $35,866,  or  less  than  half  of  one  per 
cent,  or  about  $20  per  mile  of  road.  This  is  a  very  low  cost, 
an  extremely  low  cost,  for  work  of  this  character. 

A  creditable  beginning  has  been  made  bv  the  Texas 
Highway  Commission,  whose  chairman  is  Curtis  Hancock. 
We  doubt  ngt  that  if  the  legislature  will  give  the  com- 
mission two  years  in  which  to  show  construction  results, 
all  talk  of  abolishing  the  commission  will  cease  forever. 


Is  the  Constitution  of  Your  State 

as  Archaic  as  That  of 

Minnesota? 

A  year  ago  how  many  civil  engineers  or  contractors  in 
the  state  of  Minnesota  knew  that  the  state  constitution 
limited  state  tax  levies  for  roads  and  bridges  to  one  mill 
on  the  assessed  valuation  of  the  state?  This  absurd  limi- 
tation makes  it  impossible  to  raise  more  than  about  $1,600.- 
000  during  1019  for  state-aid  roadwork.  Hence  unless  the 
constitution  is  speedily  amended.  Minnesota  with  its  $4.- 
lOS.ooo  share  of  the  Federal  appropriation  for  road  work 
for  the  state,  must  match  dollar  for  dollar  with  the  Fed- 
eral  Government. 

But  this  is  not  all.  The  constitution  of  Minnesota  pro- 
hibits the  state  from  incurring  any  debt  whatsoever  for 
■works  of  internal  improvement  I  Consider  the  economic 
absurdity  of  such  a  constitution,  and  then  ask  yourself 
whether  your  own  state  constitution  may  not  be  equally 
absurd  in  sonje  of  its  provisions  that  restrict  public  works. 

As  noted  in  our  Jan.  1  issue,  the  engineers  of  Minne- 
sota are  taking  steps  to  secure  a  revision  of  the  state  con- 
stitution. Engineering  societies  in  other  states  should 
lose  no  time  in  studying  state  laws  and  constitutions  as 
well  as  city  charters,  with  a  view  to  securing  amendments 
that  will  facilitate  and  encourage  liberal  expenditures  for 
public  works. 


The  Prospective  Loss  in  Municipal 
Revenue  When  John  Barley- 
corn Dies 

One  of  the  arguments  against  prohibiliou  has  been  the 
prospective  loss  of  municiiial  revenue  from  taxes  on  the 
liquor  trallic.  The  argument  is  somewhat  plausible  until 
sliitistlcs  are  applied  to  it.  Then  it  is  dearly  seen  to  be 
sophistical. 

.■\ccording  to  the  Bureau  of  the  Census  there  were  219 
cities  In  1!»17  having  a  population  of  30,000  or  more,  and 
their  aggregate  pojiulation  was  33.257,131.  In  round  num- 
bers the  total  revenue  that  these  cities  received  in  1917 
was  $1,065,000,000,  of  which  $37,000,000.  or  only  3.5  per 
cent,  came  from  taxes  on  the  liquor  trafllc.  In  other  words, 
the  total  per  capita  tax  of  these  219  cities  was  about  $32, 
of   which   only   $1.10  came   from   liquor  taxation. 

Evidently  it  would  be  no  great  burden  were  the  public 
to  tax  itself  $1.-10  per  capita  to  make  good  the  decrease 
in  city  revenue  that  will  occur  when  all  saloons  are  closed. 
Probably,  however,  the  tax  will  simply  be  shifted  to  the 
soft  drink  emporiums  and  sweet  shops:  and  we  doubt  not 
they  would  gladly  bear  the  new  burden  rather  than  lose 
the  new  business  that  will  flow  to  them  after  .lohn  Bar- 
leycorn's wake. 


PubUc   Work   Should   Go  Ahead 
Regardless  of  Prices 

Three  months  after  the  ending  of  the  war  finds  America 
still  hesitating  as  to  what  should  be  done  to  restore  the 
country  to  normal  business  conditions.  President  Wilson 
sailed  for  Europe,  saying  that  our  industries  needed  no 
governmental  assistance  or  guidance  and  that  readjust- 
ment was  occurring  rapidly  and  automatically.  He  will 
return  in  a  few  days  to  find  that  industry  has  been  halt- 
ing and  that  the  number  of  men  out  of  jobs  has  grown 
steadily    greater. 

Fortunately  the  situation  is  becoming  acute  so  rapidly 
that  local  and  national  legislators  are  becoming  aroused. 
The  City  Council  of  Chicago  listened  the  other  day  to  sev- 
eral spirited  and  well-put  speeches  as  to  the  necessity  of 
providing  large  appropriations  for  public  works.  Mr.  H.  H. 
-Merrick,  president  of  the  Association  of  (^ommerce,  said: 
"You  can't  let  the  soldiers  sell  shoe  laces,  beg  on  the 
streets,  or  stay  in  the  camps  for  lack  of  a  job." 

■'It  is  unspeakable  that  the  men  who  have  offered  to 
make  the  supreme  sacrifice  should  return  home  to  find  no 
eraplo>4ment,"  Louis  T.  Janime,  chairman  of  the  civic  in- 
dustrial committee,  declared. 

"Let  us  not  kid  ourselves.  You  will  provide  public 
works  or  public  charity."  Prof.  Harold  G.  Moulton.  Uni- 
versity of  Chicago,  said. 

"There's  nothing  doing  on  giving  the  boys  a  doughnut,  a 
cup  of  coffee,  and  slap  on  the  back.  They  merit  some- 
thing more  substantial.  They  have  to  have  work,"  Simon 
O'Donnell  of  the  building  trades  union  declared. 

"If  you  don't  do  something  willingly  you  will  be  forced 
to  do  it.  There's  no  shirking  this  duty.  The  men  will 
have  their  right  to  honest  work,"  Charles  H.  Wacker.  head 
of  the   Chicago   plan  commission,  said. 

Mr.    Merrick   said: 

"Gen.  JIarch.  chief  of  staff,  has  assured  us  that  the  army 
will  be  brought  back  at  the  rate  of  300,000  a  month. 
Within  the  next  month  he  proposes  to  turn  785.000  out  of 
the  cantonments  in  this  country,  so  that  within  one  month 
we  will  have  1.085.000  men  turned  out  among  us,  and  we 
have  not  done  a  thing  to  provide  for  them.  This  is  the 
richest  country  in  the  world.  Canada  at  the  north  gives 
each  soldier  $100  and  a  section  of  land.  Great  Britain  pays 
the  soldier  a  salary  for  six  months.  We  are  not  even  pre- 
pared to  give  jobs  to  our  soldiers. 

•Public  work  should  go  ahead  regardless  of  prices.  We 
should  get  together.     We  owe  a  duty  to  the  men  returning. 

"During  the  war  we  worked  together.  Y^ou  will  not  stand 
for  the  red  flag.  No  one  should  stand  for  bolshevikism 
now.     The  man  who  does  should  be  shot,  and  I'm  willing 
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to  serve  in  the  firing  squad.  You  can't  stand  for  inade- 
quate employment. 

■Send  a  delegation  to  Washington.  Get  the  Government 
to  loosen  up  on  the  railroad  expenditures.  Send  another 
delegation   to   Springfield.     We   must  get  results." 

Civil  engineers  should  note  particularly  the  economic 
reasons  why  •'public  work  should  go  ahead  regardless  of 
prices."  By  holding  back  it  will  be  possible  to  secure 
lower  prices,  but  only  as  a  result  of  general  unemploy- 
ment. The  cost  of  such  unemployment  will  be  far  greater 
to  society  than  the  saving  affected  .through  waiting  for 
lower  price.<.  Civil  engineers  employed  by  the  public 
should  regard  themselves  as  political  economists,  and 
sjiould  therefore  take  a  broad  view  of  the  economics  of 
public    works    expenditures. 


City  Managers'  Association  Takes 
Three   Important  Steps 

The  City  Managers'  Association  has  Just  taken  three  im- 
portant steps:  First,  its  secretary,  Harrison  Gray  Otis, 
will  hereafter  devote  his  entire  time  to  the  association 
and  to  the  promotion  of  the  city  manager  plan.  Second, 
a  City  Manager  Bulletin  is  to  be  published  and  sent  to  all 
association  members.  Third,  the  by-laws  have  been  so  al- 
tered as  to  provide  for  an  associate  membership  open  to 
all  friends  of  municipal  progress,  the  dues  being  $5  a  year. 

This  last  innovation  is  one  that  Engineering  and  Con- 
tracting suggested  editorially  a  few  months  ago,  in  the  be- 
lief that  many  civil  engineers  will  eventually  affiliate  with 
this  association.  City  engineers,  for  example,  should  be 
particularly  interested  in  spreading  the  doctrine  that  mu- 
nicipalities should  be  managed  by  trained  men.  Moreover, 
many  a  city  engineer  will  become  a  city  manager,  and  the 
association  will  be  helpful  to  all  worthy  aspirants  for 
managerial   positions. 

Mr.  Harrison  Gray  Otis,  who  has  been  the  able  city 
manager  of  Auburn,  Me.,  has  resigned  his  position  in  order 
10  give  his  entire  attention  to  the  affairs  of  the  associa- 
tion and  to  publicity  work  in  behalf  of  the  city_  manager 
plan  of  municipal  government.  Mr.  Otis  will  be  one  of 
the  staff  of  the  American  City  Bureau,  some  of  whose  ac- 
tivities are  outlined  in  another  column  under  the  title  "To 
Promote  City  Manager  Plan." 


Public  Works  or  Public  Charity? 

The  above  is  the  title  of  a  20-page  pamphlet  by  Prof. 
Harold  G.  Moulton.  published  by  the  Union  League  Club 
of  Chicago.  In  another  column  we  give  some  abstracts 
from  this  pamphlet.  It  deserves  a  wide  circulation.  En- 
gineering societies  and  clubs  will  perform  a  real  public 
service  by  purchasing  and  distributing  copies  of  the 
pamphlet  among  city  councilmen,  village  trustees,  county 
commissioners  and  state  legislators.  Copies  can  be  se- 
cured from  the  ITnion  League  Club  at  the  rate  of  1  ct.  each 
en  orders  for  1,000  copies,  or  2  ct.  each  on  orders  for  100 
copies. 

Harold  G.  Moulton,  who  has  a  national  reputation  as  an 
economist,  is  the  author  of  a  notable  series  of  pamphlets 
dealing  with  the  business  situation  in  war  time.  These 
were  published  and  given  wide  distribution  by  the  Union 
League  Club  of  Chicago  and  proved  helpful  in  the  speedy 
adjustment  of  business  to  war  conditions.  Prof.  Moulton 
Is  a  member  of  the  Department  of  Political  Economy  of 
the  University  of  Chicago:  acting  editor  of  the  .Journal 
of  Political  Economy;  secretary  of  the  Western  Economic 
Society;  author  of  Industrial  Conscription;  Some  Dangers 
of  Price  Control;  Unusual  Business.  Not  Business  as  Usual; 
Your  Business  and  War  Business,  the  Duty  of  the  Con- 
sumer in  War  Time,  etc. 

Prof.  Moulton  estimates  that  during  the  next  12  months 
five  or  six  millions  of  workers  will  be  out  of  jobs  and  seek- 
ing employment.  Three  or  four  millions  wit^be  discharged 
munition   workers. 

Owing  to  the  poor  financial  condition  of  the  railway  and 
public  utility  companies,  coupled  with  abnormally  high 
prices  of  materials.  Prof.  :\loulton  predicts  that  those  com- 
panies   will    not    engage    extensively    in    construction    work 


this  year.  Hence  he  concludes  that.  "If  we  are  to  provide 
buffer  employment  for  returning  soldiers,  it  must  bo  on 
distinctly  Government  projects."     He  says; 

"In  the  various  states  of  the  Union  there  are  many  pub- 
lic works  which  have  been  postponed  because  of  the 
shortage  of  material  during  the  war.  These  should  now 
be  completed  at  once.  The  public  highways  of  this  coun- 
try are  recognized  to  be  at  once  a  disgrace  to  American 
enterprise  and  economically  wasteful  to  the  extent  of 
millions  of  dollars  annually.  The  case  is  perfectly  clear, 
therefore,  that  the  states  should,  wherever  possible,  put 
through  extensive  road  building  programs.  Not  only  is  the 
social  value  of  such  improvements  beyond  question;  '  but 
the  amount  of  employment  given  to  labor  is  larger  in  pro- 
portion to  the  total  expenditure  than  in  most  other  types 
of  public  works. 

"In  passing,  it  may  be  noted,  however,  that  many  states 
have  reached  the  limit  of  their  bond  issuing  capacity  and 
that  some  are  not  permitted  to  borrow  at  all.  This  is  a 
result  of  the  experience  through  which  we  passed  in  the 
decade  of  the  thirties.  With  high  hopes  of  great  financial 
returns,  the  young  middle  western  and  southern  states  of 
those  days  engaged  extensively  in  the  construction  of  pub- 
lic highways,  railroads,  and  waterways.  They  built  be- 
yond the  needs  of  the  time,  however,  and  the  disastrous 
years  following  the  panic  of  1837  carried  the  sparsely  set- 
tled commonwealths  of  that  day  into  bankruptcy.  The 
reaction  proved  so  strong  that  the  amendments  of  the  state 
constitution  that  resulted  in  the  forties  in  many  cases  im- 
posed limitations  upon  the  borrowing  powers  of  the  state 
so  serious  that  now,  although  the  conditions  which  existed 
in  earlier  days  have  passed  forever,  many  states  are  still 
debarred  from  engaging  in  public  enterprises.  True,  the 
constitutions  may  be  amended.  But  the  time  required  for 
such  drastic  procedure  is  so  great  that  it  could  often  not 
be  accomplished  until  years  after  the  transitional  crisis 
had  come  upon  us.  There  is  one  state,  at  least,  where  it 
takes  six  years  to  amend  the  constitution.  But  whether 
or  no  such  states  can  accomplish  anything  in  the  present 
crisis,  it  is  high  time  that  steps  be  taken  to  remove  the 
financial  restrictions,  which  now  prevent  constructive  in- 
ternal  development." 

We  have  frequently  called  the  attention  of  our  readers 
to  archaic  laws  and  city  charters  that  unreasonably  re- 
strict bond  issues  for  public  works.  Prof.  Moulton  empha- 
sizes this  economic  evil.  It  is  an  evil  that  engineering  so- 
cieties can  be  instrumental  in  eliminating,  and  now.  if 
ever,  is  the  time  for  them  to  act. 

The   Need   for  Engineers  in    Public    Life 

To  the  Editor:  Aluch  of  our  trouble  in  trying  to  do 
things  and  in  having  so  much  unnecessary  wastage  is 
caused  by  the  fact  that  so  many  men  are  put  into  public 
office,  whether  national,  state,  county  or  municipal,  by 
political  appointment  or  election,  who  have  at  the  utmost 
but  a  legal  training  or  in  many  cases  are  but  ex-stenog- 
raphers. Many  of  them  are  men  who  never  employed  any- 
body whom  they  had  to  pay  for  his  work  out  of  their  own 
pocket  and  they  can  therefore  never  judge  the  value  of  any 
man's  work.  Furthermore,  much  time  is  wasted  by  the 
engineer  to  explain  to  his  superior  officials  the  whys  and 
wherefores  of  his  w'ork  so  the  superior  official  can  talk 
somewhat  intelligently  about  the  work  performed  under 
his  direction. 

A  good  illustration  of  this  occurred  during  the  first  year 
on  the  Isthmus  of  Panama,  while  getting  things  in  shape 
and  making  the  place  healthy.  Whenever  a  division  engi- 
neer would  be  absent  the  place  of  acting  division  engineer 
would  be  taken,  not  by  the  next  ranking  engineer,  but  by 
his  stenographer  or  chief  clerk,  who  had  perhaps  never 
seen  any  other  machine,  outside  of  a  typewriter,  and  some 
of  the  most  beautiful  orders  were  sent  to  the  engineers  and 
surveying  crews  struggling  in  the  jungle  to  accomplish 
something.  Chief  Engineer  Stevens'  great  success  in  get- 
ting things  finally  properly  started  and  in  shape,  so  that  the 
army  engineers  could  finish  it,  was  derived  from  the  fact 
realized  by  him  and  as  he  himself  expressed  it,  that  the 
canal  had  to  be  dug  by  engineers  and  not  by  typewriters. 
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I  have  often  thouslit  how  imuh  easier  a  boanl  ot  on^:i- 
neers  coulU  getile  i|uestloiis  lii  many  lawsult.s  than  it  Is 
doii.»  today,  when  Iho  lawyers  on  hoth  sides  and  the  judge 
on  the  hench  have  to  leurn  tlrst  from  the  ennlneerlnn  ex- 
\>,-rx^  what  It  Is  all  about.  Wh.-n  ll  Is  a  ijiiestlon  affecting 
IneerlUK  matters  before  railroad  or  i>ublU-  utility 
UH.  why  have  a  lawyer  at   all'.' 

.Miothtr  tait  whuh  Is  worthy  of  belns  changed  la  the 
.ilinosi  Invariable  appointment  by  judges  of  Inwyers  for 
receiverships  regardless  of  the  lawyers'  qnalilicatlons  to 
run  the  business  so  Involved.  If  engineerini;  (|uestions  are 
involved  and  the  lawyer-receiver  Is  wise,  he  hires  an  engi- 
neer to  tell  him  what  to  do;  then  why  saddle  the  expense 
of  the  lawyer-receiver  at  all  on  the  sufferlnK  company,  and 
wh\   n-jt  make  the  engineer  the  receiver  in  the  llrst  place'.' 

All  of  the  above  may  sound  as  an  Indictment  of  lawyers 
a«  a  whole:  however,  it  Is  not  so  meant.  Lawyers  them- 
selves will  be  better  off  when  engineers  take  a  greater  part 
In  public  life  and  become  members  ot  the  law  making 
bo<lles.  It  would  not  be  necessary  then  to  hold  endless 
congressional  hearings  whenever  an  engineering  question 
Is  presented  to  t'ongress.  and  have  engineers  spend  time 
and  money  explaining  to  Congress  what  is  needed  and 
wanted,  and  usually  without  a  beneflcial  result,  because 
when  the  bill  Is  finally  drawn  by  Congress  the  engineer  has 
gone  again  and  the  verbiage  put  into  the  liill  often  causes 
more  harm  than  pood. 

.At  present  our  Congress  consists  principally  of  lawyers, 
and  In  many  cases  after  having  passed  a  law  they  them- 
selves do  not  know  what  it  means  and  very  often  no  one 
else  does  until  the  C.  S.  Supreme  Court  declares  what  Con- 
gress must  have  meant.  I  believe  no  other  country  in  the 
world  has  as  many  lawyers  as  ours,  and  consequently  we 
have  more  laws  made  by  lawyers  and.  ot  course,  lawyer- 
judges  to  defihe  them  and  very  often  lawyer-executives  to 
enforce  them.  It  seems  to  me  such  an  unnecessary  waste 
of  time  to  spend  in  so  much  talking  and  arguing,  which 
could  be  spent  for  a  better  purpose  in  real  construction 
work.  How  much  better  for  our  country  it  would  be  it  so 
many  bright  and  lirainy  lawyers  had  studied  engineering 
in  their  youth  and  had  become  builders  of  iraproveinents 
benefiting  mankind  instead  of  mere  orators  talking  about 
them,  but  not  knowing  how  to  secure  them. 

New  York.  N.  Y.  PETROLrS. 


American  Road  Builders'  Convention.— The  9th  .American 
Good  Roads  Congress  and  the  irth  annual  convention  ot 
the  American  Road  Builders'  Association  will  be  held  at 
the  Hotel  Mc.Alpin.  Broadway  and  "AXh  street.  Xew  York 
City,  Feb.  25,  2fi,  27  and  2!^.  I!tl9.  The  eight  sessions  of 
the  congress  will  be  devoted  to  the  consideration  of  high- 
way transportation  and  the  administration,  financing,  con- 
struction and  maintenance  of  national,  state,  county  and 
municipalhighways.  Papers  by  prominent  highway  authori- 
ties and  reports  on  live  topics  by  several  committees  will 
be  presented  for  discussion.  The  general  plan  contem- 
plates devoting  Feb.  2.5  and  26  to  the  presentation  and 
discussion  of  papers  and  Feb.  27  and  28  for  the  considera- 
tion ot  reports  to  be  submitted  by  several  committees.  The 
business  session  ot  the  Association  will  be  held  on  the 
afternoon  ot  Feb.  28  and  the  annual  banquet  on  the  eve- 
ning ot  the  26th  or  27th. 


National  Highway  Association  Formed.— Delegates  from 
thirty-seven  good  reads  associations,  each  ot  which  has  a 
trail  ot  more  than  .li  o  miles,  touching  at  least  three  States, 
held  a  conference  at  Kansas  City,  Mo.,  .Jan.  21,  and  per- 
fected a  permanent  organization,  choosing  "The  Associated 
Highways  of  America'  as  the  official  title.  Forty-eight 
bodies,  representing  all  States  but  Massachusetts,  had 
delegates  present,  but  only  37  could  meet  the  qualifications 
at  this  time  for  membership.  An  executive  board  of  di- 
rectors to  be  composed  of  the  president  and  secretary  ot 
each  of  the  thirty-five  or,ganizations  also  was  decided  on. 
General  officers  elected  were:  President,  C.  F.  Adams, 
Chillicothe,  Mo.,  president  of  the  Pikes  Peak  Ocean  to 
Ocean  Highwav:  secretary,  Frank  A.  Davis,  Kansas  City, 
secretary  of  the  National  Old  Trails  Association;  treasurer, 
A.  L.  Hutchings,  Kansas  City,  president  ot  the  Kansas  City 
Auto  Club. 


The  Wisconsin  System  of  Marking 
'Frunk  Highways* 

By  ARTHUR  R.  HIRST. 
Slate  MUliwiiy  KiiBliieer  of  Wisioiisin, 
The  marking  and  signing  ot  a  state  highway  system  la 
a  problem  in  itself,  and  lo  this  problem  we  have  devoted  a 
great  deal  of  attention.  Our  state  trunk  highway  law  pro- 
vided that  each  state  trunk  highway  should  receive  a  num- 
ber, which  should  be  displayed  along  the  road  itself  in  a 
standar<i  design,  similar  on  all  state  trunk  highways  ex- 
cept the  number.  These  highways  are  numbered  in  order 
of  their  length  in  miles,  from  lo  upward,  the  longest  (456 
miles>  being  number  10.  The  idea  in  selecting  10  as  the 
lowest  number  was  that  every  highway  number  should 
contain  two  digits,  and  thus  give  uniformity. 

Standard  Marker  for  State  Trunk  System.--.\fter  con- 
fidering  a  large  number  of  designs  for  the  standard 
marker  it  was  decided  to  use  a  triangle  containing  at  the 
top  the  words  "State  Trunk  Highway,"  then  the  number 
in  large  figures,  and  in  the  lower  point  of  the  triangle  the 
word  "Wis."  The  triangle  is  10  in.  wide  at  the  top  and 
l.">  in.  long  and  is  placed  on  telephone  poles  on  a  white- 
lead  and  oil-paint  background  IS  in.  wide;  the  triangle  and 
the  lettering  being  coach  black.  We  find  that  it  is  ad- 
visable to  be  rather  profuse  with  these  road  markers. 
There  should  be  one  or  two  on  each  side  of  intersections 
with  other  roads,  and  an  occasional  one  between  inter- 
secting roads.  The  traveler  welcomes  their  kindly  re- 
minder that  he  is  still  on  the  right  road,  especially  at 
night,  even  when  they  are  not  absolutely  essential  tor 
guidance.  The  white  bands  are  just  as  valuable  as  the 
marker  itself  in  outlining  the  route.  Where  a  turn  should 
be  made  the  white  band  is  widened  to  30  in.  and  an  "R"^ 
or  an  "I/'  stenciled  beneath  the  marker  in  the  white  field. 
These  markers  were  placed  upon  the  telephone  and  tele- 
graph poles,  fences,  culvert  end  walls,  and  in  some  cases 
on  boards  nailed  to  trees,  where  other  objects  were  not 
available. 

By  the'  co-operation  of  the  71  counties,  the  whole  sys- 
tem was  marked  in  one  week.  Each  county  did  the  mark- 
ing within  its  limits,  the  stencils  and  instructions  being 
furnished  by  the  State  Highway  Commission.  .As  a  mat- 
ter of  interest,  1  gal.  of  good,  thick,  white-lead  and  oil  paint 
covered  about  60  average  poles,  two  coats,  the  bands  be- 
ing IS  in.  wide.  The  cost  of  marking  in  the  counties  varied 
with  the  care  taken,  the  complexity  of  the  roads,  the 
length  in  the  cities,  etc.;  the  highest  county  rate  per  mil& 
was  $5.25;  the  lowest  $1.  The  total  cost  of  marking  the 
O.300  miles  was  about  $9,000.  or  at  the  rate  of  $1.70  pep 
mile. 

The  marking  covers  5.300  miles,  although  onlv  5,000 
miles  are  on  the  system  and  maintained.  This  is  due  to 
duplicate  marking  where  two  trunk  highways  follow  the 
same  road  for  a  distance,  and  to  the  tact  that  the  mark- 
ing continues  through  all  cities,  although  streets,  in  fully- 
built-up  districts,  of  places  larger  than  2,500  population 
are  not  a  part  of  the  system  and  are  not  state-maintained. 
Careful  and  full  marking  through  cities  and  villages  is 
verr  essential  and  can  hardly  be  overdone. 

The  system  of  numbering  the  highways  has  proved  to 
be  very  satisfactory.  The  principal  highways  are  now 
called  by  their  numbers  just  as  naturally  as  people  call 
trains  by  number.  For  instance,  it  one  asks  in  :Madison 
the  road  to  Wausau,  he  will  be  told,  "Take  State  Trunk 
Highw.iy  No.  10,"  or  if  one  is  in  Milw^aukee  and  wishes 
to  go  to  Fond  du  Lac,  they  will  tell  him  just  as  naturally 
to   "Take   No.    15."   and   so   on. 

County  Line  Signs  and  Mile  Posts.— We  have  erected 
county-line  signs  and  state-line  signs  giving  the  name  of 
the  two  counties  and  the  county  highway  commissioner's 
name  and  address.  On  the  same  principle,  every  patrol 
section  has  a  sign  at  each  end,  giving  the  name  of  the 
patrolman  each  way  from  that  point.  These  two  types 
of  signs  are  placed  so  that  the  traveler  may  know  who  is 
responsible    for    the    maintenance    of    the    section    of    road 

«'Froni  a  n.->per  pre.scnted  Pec.  12  liefore  the  .Toint  Highway 
('ongrns-s.   riiicnso. 
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over  « hich  he  has  just  passed  and  of  the  section  into 
which  he  is  passing.  We  have  found  these  signs  very  val- 
uable in  stimulating  the  natural  spirit  of  competition  and 
pride  which  should  exist  in  patrol  work. 

We  have  also  set  up  standard  mile-posts  or  markers 
showing  the  state  trunk  highway  standard  design  and 
number  and  the  mile  number  measured  from  the  east  or 
south  end  of  that  especial  state  trunk  liighway.  These 
mile-posts  serve  to  tie  our  office  records  to  the  road  itself, 
and  also  enable  any  traveler  encountering  good  or  bad 
conditions  to  boost  or  to  complain  to  us  as  the  case  may 
demand,  and  enable  us  to  locate  tlie  exact  place  mentioned. 
Culverts  and  bridges  are  numbered  and  tied  into  the  mile 
numbers:  thus,  the  first  culvert  in  mile  number  2.5  on 
trunk  highway  10  is  10-25-1,  and  the  first  bridge  is  10-2.5-11. 
'etc.  All  mile-posts  are  of  wood  and  cost  us  about  $1..50 
each,  erected.  We  are  erecting  about  2,0ii0  direction  signs. 
These  are   board   signs   painted   white,  with   lilack   lettering. 


as  is  possible  without  interfering  with  maintenance  opera- 
tions or  being  dangerous  to  travel.  This  is  necessary  in 
order  to  bring  them  within  the  area  of  motor-vehicle  lights 
at  nigiit,  when  the  markers  on  telephone  poles  are  some- 
times hard  to  catch. 

Protection  Markings  for  Bridges  and  Culverts. — In  addi- 
tion to  the  above,  all  of  which  serve  to  outline  the  course 
of  the  system  in  one  way  or  the  other,  we  expect  in  13151 
lo  paint  or  whitewash  the  end  walls  of  all  culverts,  the 
end  ijosts  of  all  bridges,  to  place  posts  painted  white  at 
>''!■  end  of  all  c\ilverts  without  end  walls,  and  where  the 
l'l!s  arc  not  high  and  we  have  no  guard  rails  we  shall  otit- 
lini'  the  edse  of  the  fills  with  stones  painted  white  or  with 
o''casit)na!  white  posts.  This  epidemic  of  white  along  the 
state  trunk  highways  will  be  an  additional  distinctive 
marking  and  help  travelers  lo  follow  the  system,  especially 
at  niglit,  besides  serving  the  first  essential  purpose  of  in- 
dicating  points  of  danger  on   the  edge  of  the  road.     Some 
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standard    Signs   and    Markers    Used   on   the    State   Trunk    Railway    system    of    Wisconsin. 

FiK  1  show<  the  standard  dt-vice  eniploved  for  maiking  tlie  state  trunk  system.  It  is  placed  on  each  side  of  mile  posts,  on 
telephone  poles  and  other  convenient  places.  The  standard  danger  sign  (Fis.  2)  is  placed  at  railroad  cro.ssings.  dangerous  curves 
and  hills  the  words  "Railroad  Crossing"  or  "Curve"  being  substituted  foi-  the  word  "Hill"  shown  in  the  illustration.  The  county 
line  sign'  (Fig  3)  shows  the  boundary  line  of  the  two  counties  with  the  name  of  tlie  County  Highway  Commissioner  who  is  in 
charge  of  the  maintenance  of  the  trunk  system  in  each  county.  Below  the  county  line  system  is  attached  the  patrol  section  sign, 
which  in  this  case  appears  at  the  county  line.  The  patrol  section  sign  shows  the  iiumher  of  each  section  and  the  name  and  address 
of  the  patrolman  These  -signs  are  placed  at  the  limits  of  each  patrol  section  and  are  very  valuable  in  placing  responsibility 
on  the  man  actually  in  charge  of  each  section.  Fig.  4  is  the  standaid  two  way  "on  system"  direction  sign.  Signs  similar  to  this 
are  placed  at  important  road  intersections  along  the  trunk  .svstem  directing  the  travel  to  towns  on  the  system.  Similar  signs  with- 
out the  state  trunk  highway  heading  are  used  to  direct  travel  to  towns  off  the  state  trunk  system  and  are  called  "off  system 
slgna." 

They  are  divided  into  "on  system  signs" — that  is.  signs  at 
intersections  directing  both  ways  to  places  on  that  state 
trunk  highway  or  beyond,  and  giving  the  mileage— and 
"off  system  signs."  located  at  intersections  with  other 
roads  and  directing  to  important  points  not  on  the  state 
trunk  liighway  system.  These  "off  system  signs"  are  lo- 
cated only  at  the  intersection  with  the  one  road  which 
should  be  taken  from  the  -state  trunk  highway  to  the 
point  in  question.  A  lecture  could  be  given  on  the  dan- 
ger of  indiscriminate  signing,  where  several  consecutive 
intersections  give  directions  to  a  certain  point  when  only 
one  road  should  l)e  used  to  get  to  that  point.  In  brief,  we 
believe  that  indiscriminately  located  direction  signs  do 
more  harm   than  good. 

\\p  have  also  designed  and  have  had  made  special  metal 
danger  signs  for  railroad  grade  crossings  and  dangerous 
hills  and  curves.  These  are  the  only  metal  signs  we  have 
used,  and  cost  us  $1.3fii/2  each,  f.o.b.  Madison.  Caution 
signs  stenciled  on  telephone  poles  or  other  convenient  ob- 
jects are  used  where  there  is  no  real  danger  if  reasonable 
care  is  exercised. 

Direction  signs  and  all  other  signs  are  erected  on  wooden 
nr  concrete  posts  painted  white.  All  posts  and  the  mile 
markers    should    be   erected    as   close    to   the    traveled    way 


nf  our  counties  have  this  year  done  much  of  this  kind  of 
work,  and  it  has  been  found  very  effective  for  night  travel. 
Inclndint;  the  marking  of  the  triangles  (costing  $9,000) 
(he  total  cost  of  marking,  signing  and  protecting  the  state 
trunk  highway  system  will  be  $2.5,000,  or  at  the  rate  of  $5 
per  mile.  We  believe  that  this  expense,  and  much  more, 
can  be  fully  justified  by  the  results  attained.  Our  people 
are  well  satisfied  with  the  system  of  marking  and  signing 
used,  and  we  have  received  many  compliments  from  trav- 
elers from  other  states  who  have  passed  through  Wis- 
consin. 


Bids  Not  Limited  by  Engineer's  Estimates. — The  Superior 
Court  of  Ohio  has  handed  down  a  decision  that  the  city  au- 
thorities have  a  riglit  to  award  a  contract  for  street  im- 
provements even  tliongh  the  lowest  bidder  was  above  the 
estimate  made  by  (lie  city  engineer.  Heretofore  it  has  been 
a  custom  to  readvertise  for  bids  when  no  bid  was  as  low  as 
the  engineer's  estimate.  The  court  held,  however,  that 
this  was  purely  a  custom  and  not  mandatory  and  that  in 
these  days  of  fluctuating  prices  it  would  be  difficult  for  an 
engineer  to  give  an  estimate  that  would  be  really  worth 
soniediing   three   or   four  months  later. 
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Effect  of  Ciood  Roads  on  Farm 
^  alues 

Ciood  rouds  udvocutfs  lire  almost  dully  nsked  the  ques- 
tion. "Is  the  building  of  Rood  rouds  u  business  proposi- 
tlonT  Does  the  cupltul  Invested  In  perniunent  highways 
return  dividends,  nnd  If  so.  how  much  nre  these  dividends?" 
These  questions  are  discussed  as  follows  by  Stnte  High- 
way (.'oninilsslouer  H.  S.  Tlernnu  of  Fort  Scott,  Kan,,  In 
the  January   Issue   of   Kansas    Highways. 

There  Is  good  rea.son  why  this  question  Is  so  frequently 
asked.  The  dividends  which  are  returned  from  capital  In- 
vested In  permanent  roads  are  often  more  dlfllciilt  to  ac- 
curately figure  than  dividends  returned  from  other  forms 
of  Invested  capital.  .-V  person  can  invest  In  a  tractor.  He 
knows  Its  cost;  he  can  accurately  figure  the  cost  of  main- 
tenance, depreciation  ond  of  operation.  He  can  easily 
compute  In  dollars  and  cents  the  work  which  the  tractor 
does,  and  can  readily  discover  whether  or  not  he  receives 
dividends  on  the  capital  Invested  In  It.  On  the  other  hand, 
a  person  makes  an  Investment  In  a  permanent  road.  Al- 
though he  knows  exactly  what  the  original  cost  of  the  road 
is.  the  cost  of  maintenance,  the  depreciation,  and  the  ac- 
tual returns  in  dollars  and  cents  are  often  more  or  less 
uncertain  and  Indefinite.  Accordingly,  the  dividends  from 
the  capital  Invested  in  the  good  roads  are  more  difficult 
to  ascertain. 

As  a  general  proposition,  capital  invested  in  good  roads 
returns  bigger  dividends  than  capital  invested  In  any  other 
form  of  improvements.  Nevertheless,  it  Is  always  true 
that  the  returns  from  a  good-road  investment  vary  accord- 
ing to  the  locality,  the  kind  of  construction,  and  the  cir- 
cumstances of  the  individuals  who  make  use  of  it.  A  cer- 
tain good-road  improvement  will  return  big  dividends  to 
a  certain  comnmnity.  while  to  another  community  a  simi- 
lar improvement  will  return  small  dividends,  or  possibly 
none  at  all.  Likewise,  a  good-road  improvement  may  be  of 
great  value  to  certain  individuals  in  the  community,  while 
to  others  its  value  is  small.  Whether  or  not  a  permanent 
highway  investment  will  bring  dividends  to  a  community 
■will  depend  entirely  upon  the  amount  of  business  and  the 
kind   of  business  which  the  highway   will  carry. 

There  are  several  direct  benefits  which  usually  come 
from  the  building  of  good  roads  and  directly  cause  the 
capital  invested  to  return  large  dividends.  These  benefits 
are  the  immediate  increase  in  land  values,  the  possibility 
of  marketing  when  prices  are  highest,  the  making  of  new 
markets  available,  and  the  increase  in  the  amount  of  load 
hauled.  Actual  cases  illustrating  these  benefits  are  inter- 
esting. 

During  the  last  10  years  this  community  has  invested  a 
considerable  amount  of  capital  in  highways.  The  farm 
land  upon  these  improved  highways  has  increased  from  $5 
to  $25  an  acre  immediately  upon  the  completion  of  the 
road.  A  fair  average  increase  would  be  |10.  Even  if 
the  permanent  road  cost  the  land-owner  $2  an  acre,  there 
would  still  be  a  profit  of  $S  an  acre  immediately  upon  the 
construction   of  the  highway. 

The  hard-surface  road  invariably  permits  the  farmer 
to  market  his  crops  when  the  prices  are  the  highest.  This 
fact  is  illustrated  by  the  following  case:  During  the  win- 
ter of  1916  a  certain  farmer  in  this  community  stated  that 
had  he  been  able  to  haul  his  oats  to  market  during  the 
time  the  roads  were  Impassable  he  could  have  obtained  15 
ct.  more  a  bushel  than  he  received  when  it  was  possible 
for  him  to  market  his  crop.  His  oat  crop  made  40  bu.  to 
the  acre,  so  by  not  having  the  use  of  a  permanent  high- 
way to  market  he  lost  $6  an  acre  from  the  sale  of  his  crop 
for  one  year.  He  could  have  paid  $2  an  acre  for  a  per- 
manent highway  and  still  had  a  profit  of  $4  on  every  acre 
he  had  planted  in  oats. 

A  permanent  highway  by  or  near  a  farm  makes  avail- 
able markets  that  otherwise  cannot  be  taken  advantage 
of.  The  following  case  which  recently  occurred  in  this 
community  splendidly  illustrates  this  case.  A  farmer  liv- 
ing at  a  distance  of  20  miles  desired  to  sell  his  milk  to  a 
condensery.  He  accordingly  arranged  to  have  the  milk 
delivered  upon  a  truck.    A  few  days  after  the  delivery  was 


started  the  roads  became  impassable  for  the  truck,  and 
he  was  compelled  to  discontinue  the  sale  of  the  milk  upon 
the  condensery  market.  On  account  of  the  lack  of  a  hard- 
surfaced  road  he  lost  the  benefit  of  u  milk  market  which 
would  have  returned  him  .">  ct.  more  a  gallon  net  for  his 
milk  than  he  otherwise  received.  On  an  average  produc- 
tion of  20  gal.  of  milk  daily  throughout  the  year,  his  an- 
nual loss  in  milk  sales  would  amount  to  $3U5. 

The  increased  amount  of  load  possible  when  a  good  road 
is  available  is  one  of  the  greatest  factors  in  making  good 
roads  a  profitable  investment.  A  few  years  ago  a  perma- 
nent highway  was  built  past  an  SOO-acre  farm  which  Is 
situated  a  few  miles  from  town.  With  the  same  motive 
power  and  with  less  expense  of  maintenance,  the  farmer 
operating  this  farm  increased  his  annual  haul  1.000  tons. 
Figuring  the  cost  of  hauling  at  50  ct.  per  ton,  on  this  one 
item  alone  the  value  of  the  permanent  highway  to  the  land- 
owner was  annually  $500. 

Innumerable  cases  can  be  given  showing  the  actual  cash 
returns  which  a  permanent  highway  brings.  Proof  is 
everywhere  that  even  without  considering  the  social, 
moral,  and  intellectual  benefits  of  good  roads  and  the 
special  community  benefits  through  additional  trade  and 
business  that  road  building  brings,  the  construction  of  good 
roads   is  a   profitable   investment. 

Today  permanent  highway  construction  is  the  thought 
uppermost  in  the  minds  of  the  rural  population  of  the  state. 
Everywhere  the  question  is  being  asked.  Do  good  roads 
pay,  and  if  so,  how  much?  A  study  of  the  conimunities 
that  have  constructed  good  roads  will  readily  prove  that 
good  roads  pay;  that  they  pay  better  for  some  communi- 
ties and  for  some  individuals  than  others;  that  certain 
kinds  of  construction  pay  better  than  others.  .411  good- 
road  advocates  are  urging  that  the  people  of  this  state 
make  a  study  of  road  building  as  a  business  proposition; 
that  they  figure  out  where  the  roads  and  what  kind  of 
roads  will  return  the  largest  dividends,  and  that  they  bend 
every  effort  to  immediately  provide  for  the  construction 
of  such  roads. 


Steel   Roller  5  Ft.   Diameter  and   1   Ton 
Weight  for  Rolling  Concrete  Roads 

A  5-ft.  diameter.  2,000-lb.  roller,  is  employed  by  J.  W 
White,  County  Highway  Engineer  of  Monroe  County,  Mich- 
igan, in  rolling  concrete.  The  first  roller  used  was  made' 
of  2-in.  plank,  was  32  in.  in  diameter  and  ISVa  ft.  long  and 
weighed  2,200  lb.  This  roller  had  a  tendency  to  make  the 
concrete  wavy,  which  was  attributed  to  the  small  diameter, 
sc  the  larger  one  was  constructed.  The  surfaces  of  both 
rollers  were  concave  so  as  to  give  the  requisite  crown  to 
the  roadbed.  The  large  roller  is  made  of  steel  and  cost  a 
little  over  |400.  Mr.  White  states  that  their  experience 
would  indicate  that  one  roller  could  be  depended  upon  to 
roll  several  hundred  miles  of  concrete  without  wearing^ 
out.  During  the  1318  season  10  miles  of  concrete  was 
rolled.  It  was  found  that  the  rolling  compressed  a  o-in. 
slab  between  %  and  %  in.,  and  that  the  surface  of  the 
rolled  slab  was  as  true  as  the  average  concrete  road  sur- 
face. The  roller  picks  up  the  mortar  just  enough  to  leave 
a  pebbled  effect  which  forms  a  good  base  tor  the  asphalt 
top.  For  the  finishing  operations  Mr.  White  has  a  tem- 
plet which  rides  on  the  forms  and  is  dragged  ahead  bv 
the  mixer.  When  15  or  20  ft.  of  concrete  have  been  spread 
the  roller  is  rolled  back  and  forth  an  average  of  three 
times. 


Would  Abolish  Office  of  County  Engineer  in  Washington. 
A  bill  will  be  introduced  in  the  State  Legislature  in  Wash- 
ington to  abolish  the  office  of  county  engineer  and  to  sub- 
stitute a  superintendent  of  highways  appointed  by  the 
county  commissioners  and  to  serve  as  long  as  he  makes 
good.  This  bill  would  make  the  county  commissioners 
agents  of  the  state  highway  department  and  require  that 
they  appoint  a  competent  engineer  with  5  years  expeiience 
as  highway  superintendent,  the  state  to  pay  the  superin- 
tendent $100  a  month  and  the  county  such  other  salary  as 
may  be  necessary,  not  to  exceed  $5,000  a  year. 
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Method  of   Constructing  Smooth 

Top  Concrete  Base  for  Wood 

Block  Paving 

By   EJ.l.lS   K.   UUTTON, 
Assistant  City  Engineer.  Minneapolis.   Minn. 

Convinced  by  observation  and  also  by  theory  that  the 
-laying  of  creosoted  wood  block  paving  on  a  smooth  top 
concrete  with  a  bituminous  cushion  was  the  best  method 
ot  construction,  we  began  to  lay  this  class  of  paving  that 
way  in  the  season  of  1918. 

The  only  objection  we  have  had  a.s  to  this  way  of  lay- 
ing blocks  was  the  added  cost  entailed  by  reason  of  get- 
ting a  smooth  top  concrete.  There  was  no  question  as  to 
its  possible  superiority  to  the  mortar  or  sand  cushion,  but 
how  to  do  it  was  the  question.  We  have  had  very  little 
trouble  from  our  method  of  using  a  sand  cushion  here  in 
Minneapolis  and  we  have  laid  over  2.0Un,000  sq.  yd.  of 
creosoted  wood  block  pavements  in  this  way  since  190i'.  We 
are,  however,  beginning  to  have  some  trouble  from  some 
of  our  older  pavements  on  account  of  the  water  getting  in 
under  the  blocks  and  causing  expansion.  This  difliculty 
can  be  attributed  more  to  the  method  employed  in  clean- 
ing, using  squeegees  and  power  flushing  thereby  keeping 
the  pavement  continuously  wet  and  very  wet  most  of  the 
time. 

There  has  been  many  suggestions  made  at  various  times 
and  places  as  to  the  best  method  of  securing  a  smooth 
top  concrete  and  we  started  in  to  try  out  several  methods. 
We  began  experimenting  with  templates  made  to  the 
proper  crown  of  the  street,  having  iron  stakes  attached 
to  hold  them  to  the  proper  elevation.  We  used  a  screed 
rirawn  over  the  templates,  but  on  account  of  the  larger  ag- 
gregates it  was  difficult  to  bring  the  concrete  to  the  proper 
grade.  We  then  used  a  large  iron  roller  about  10  in.  in 
diameter  and  6  ft.  in  length  having  a  long  handle  and 
drawn  by  hand  across  the  screeded  concrete.  This  worked 
tairly  well,  but  would  leave  marks  in  the  concrete.  We 
then  used  a  belt  to  obliterate  the  marks,  but  this  was  not 
entirely  successful. 

We  obtained  the  best  results  by  the  use  of  the  templates 
and  a  small  sized  roller  to  smooth  the  top  of  the  concrete 
as  shown  in  the  accompanying  illustration. 

The  roller  was  made  from  a  :;-in.  wrought  iron  pipe  l:; 
ft.  long  filled  with  sand  to  increase  its  weight.  The  han- 
dles were  fastened  to  a  round  block  of  hard  wood  about 
('  in.  long  which  were  driven  into  the  ends  of  the  pipe. 
The  templates  "were  made  from  IxG-in.  lumber.  4  pieces 
for  each  complete  template,  the  upper  edge  being  finished 
to   the   contour  of   the   street.     It   requires   at   least   :'.   tem- 


Pipe    Roller   Used   at    Minneapolis   on    Smooth   Top   Concrete    Base. 

plates  for  working  continuousl.\ .  These  templates  were 
placed  12  ft.  apart  longitudinally  of  the  street  as  that  was 
about  the  limit  of  the  amount  of  concrete  that  could  be 
handled  by  a  concrete  mixer  using  a  20-ft.  boom.  The 
templates  were  held  to  the  proper  grade  by  iron  stakes 
with   brackets   driven   into   the   ground.     The   stakes    were 


made  from  IV^-in.  x  Vi-in.  flat  iron  in  the  form  as  shown 
in  the  drawing.  There  was  also  required  a  removable 
bridge  from  which  the  workman  removed  the  templates 
from  I  ho  finished  section  and  from  which  he  filled  the 
space  caused  by  such  removal  and  finished  the  filled  in  ma- 
(erinl  with  an  ordinary  long-handled   float. 

]'-y   the  use  of  the  above  described  equipment  we  could 
do  tlic  work  almost  as  rapidly  as  on  ordinary  concrete  and 
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Method    of    Using    Template    and    Roller. 

the  cost  was  only  a  little  higher,  taking  into  consideration 
the  fact  tliat  there  was  no  sand  or  mortar  cushion  to  be 
laid. 


Bamboo  Roads  in  Burma 

.\  metlioil  of  building  roads  employed  in  Burma  that  may 
be  applicable  for  use  in  other  tropical  localities  is  de- 
scribed by  Mr.  Harley  E.  Harper  in  the  Engineering  & 
Mining  Journal,  from  which  the  matter  following  is  taken: 

In  the  Tavoy  district.  Lower  Burma,  the  rainfall  during 
the  monsoon  season  is  exceptionally  heavy.  In  the  mid- 
dle of  this  season,  it  was  necessary  to  haul  wolfram  ore 
over  10  miles  of  jungle  road  which  the  bull-cart  traffic  had 
reduced  to  a  series  of  morasses  or  bogs.  The  road  was 
first  corduroyed  with  3-in.  and  4-iu.  saplings  and  these  were 
covered  with  a  few  inches  of  laterite.  In  carting  the  later- 
ite,  the  few  good  portions  of  the  road  were  badly  cut  up 
and  the  job  was  costing  about  $28.80  per  100  ft. 

Bamboos  of  2-in.  diameter  were  split  into  four  sections 
,ind  laid  longitudinally,  at  1-ft.  centers,  along  'the  road. 
Similar  quarter  sticks  were  closely  woven,  in  sets  of  two, 
across  the  longitudinal  strips,  two  over  and  two  under. 
The  alternate  longitudinals  were  held  up  while  the  cross 
pairs  were  put  in  and  then  tapped  back  into  position.  The 
contract  for  the  road,  including  the  rough  leveling,  was  let 
at  $5.7U  per  100  ft.  and  100  coolies  could  cut  and  lay  1,000 
ft.  per  day  The  hard,  external  part  of  the  bamboo  was 
always  laid   upward. 

To  split  the  bamboo,  a  rough  cross  is  erected,  about  ?, 
it.  abo\e  the  ground  and  against  a  firm  wooden  frame. 
The  end  of  the  bamboo  is  slightly  split  twice  with  a  dah. 
&nd  the  four  pieces  are  thrust  through  the  angles  of  the 
cross   with  a  good  push. 

An  elephant  hitched  to  an  improvised  cart,  made  from 
the  steel  wheels  of  a  portable  engine,  formed  part  of  the 
transport  kit.  and  he  negotiated  the  bamboo  matting  re- 
peatedly, leaving  no  visible  impression.  Owing  to  the  nat- 
urally uneven  length  of  the  longitudinals,  the  joints  are 
staggered,  thus  making  a  continuous  semi-elastic  mat  hun- 
dreds of  feet  long.  It  is  an  improvement  to  pin  down  the 
sides,  but  not  an  absolute  necessity.  The  sharp  curves  in 
tlie  road  are  covered  without  any  noticeable  irregularity  in 
the  matting.  The  mud  works  up  slightly  in  the  softest 
parts,  hut  the  heavy  rains  wash  it  down  again,  and  the 
mat  usually  presents  a  clean  and  orderly  appearance.  Such 
a  track  will  last  from  four  to  five  months,  sufficient  to  see 
one  well  through  the  monsoon  period  and  give  a  chance 
for  road   repairs  to  be  made  during  the  dry  season. 
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Sii^^estcd  Procedure  for  Machine 
Flushing  in  Street  Cleaning 

I'st'fiil  siiKK«'s't'ons  ou  motor  thishlii);  (irocodviro  aro  given 
In  «i  rt'port  on  stroi't  cU-anint;  iit  Rochester,  .\.  Y.,  sub- 
lultteil  recently  by  the  Kocbester  Bureau  of  Munlcipiil  Ke- 
search.  Inc.,  of  which  .Mr.  Jiiuies  \V.  Koiith  Is  Chief  Eu- 
glueer.     The  mutter  followlns  Is  tnken  from  this  report: 

Motor  Flushing  Practice  and  Costs  at  Rochester.— In  ISUG 
the  city  iiurehiuseil  one  motor  llusher  of  IJOO  gal.  capacity, 
and  in  r.'lT  iin  nildltloniil  one  of  l.MUi-gal.  capacity  was  put 
Into  service.  The  llrst  of  these  Is  mounted  on  a  5-ton  truck; 
the  second  has  a  oVi-ton  truck.  A  comparison  of  the  two 
flusbers  follows: 

Klusher  No.  1.     FUishor  No.  2. 

i^ar.ii-ltv    l,250gal.  LSOO^al. 

\,  12  Ions  13^1  tons 

liow>T   30  10 

tod)   6  to  10  miles        lOtolSmlles 

iiUiiUKul)    Dlrt'Ct  conn.       Direct  conn. 

A  4 

None  L'lj-ln.  crane 

Tuw  Ui  lonnoct.  IIU  nn<l  C't  iiwuy  B  nitnutcs  71^  minutes 

TUno  to  enuity  Innk  i3  nozzles)..  3^t!  minutes         3V2  minutes 
Worklnu      pressures       (on       level 
ipvund) — 

J  noxiles IS  to  10  lb.  30  to  *2  lb. 

S  noiiles 18  to  23  lb.  26  to  30  lb. 

«  noulos 10  to  15  lb.  22  to  25  lb. 

Fuel  used  per  shift — 

tlnsollne   7  pnl.  9  gal. 

Oil    1  pmt  1  pint 

The  two  machines  are  used  for  flushing  some  of  the  main 
streets.  Two  men,  a  driver  and  an  assistant,  are  used  on 
each  machine.  The  assistant  makes  the  hydrant  connec- 
tions and  operates  the  nozzle  levers.  When  the  1917  season 
started  the  flushing  was  done  with  new  operators  on  the 
machines.  Both  men  were  experienced  motor  drivers, 
but  neither  knew  anything  about  street  flushing;  as  a  con- 
sequence they  did  not  always  obtain  the  best  possible 
results. 

During  the  four  months,  June,  July,  August  and  Septem- 
ber, 1917,  the  two  machines  flushed  a  total  of  12,399,734 
sq.  yd.  of  pavement,  the  total  number  of  flushing  miles 
traveled  being  1,319.1S,  of  which  machine  No.  1  covered 
533.52  and  machine  No.  2  7S5.66.  The  average  cost  per  1000 
sq.  yd.  for  the  flushing  was  9.62  ct.  This  figure  does  not 
include  the  costs  of  the  water.  An  average  of  338.6  gal.  ot 
water  was  used  per  1000  sq.  yd.  flushed.  The  average 
yardage  flushed  per  hour  amounted  to  14.515  sq.  yd.  Of  the 
total  yardage  flushed,  5,777,000  was  asphalt  pavement,  600,- 
000  sq.  yd.  of  Medina  block  and  6,000.000  sq.  yd.  asphalt 
and  Medina  block.  On  the  asphalt  pavement  the  average 
number  of  gallons  of  water  used  per  1000  sq.  yd.  was  299.2, 
and  the  average  yardage  covered  was  14,976  sq.  yd.  per 
hour.  The  average  cost  per  1000  sq.  yd.  was  10.124.  In 
flushing  the  Medina  block  an  average  of  365.4  gal.  of  water 
per  1000  sq.  yd.  was  used.  The  average  yardage  flushed 
per  hour  was  13.171  sq.  yd.  The  average  cost  was  8.57  ct. 
per  1000  sq.  yd.  The  cost  of  operating  the  flushers  for  the 
four  months  was  as  follows: 

No.  1  machine.  No.  2  machine. 

Gas*    $99.63  $142.71 

out    4.84  14.75 

Labor  462.75  467.69 

Flushing,   miles    533.52  785  66 

Miles  flushed  per  sal.  gas 1.375  1.471 

Lal>or  co.st  per  mile $0.8673  $0.5953 

Total  cost  per  mile $1.0722  $0.7956 

•■388  gal.,  for  No.  1  machine,  534  gal.  for  No.  2,  t9.75  gal.  for 
No.  1  and  30  gal.  for  No.  2. 

General  Comments  as  to  Motor  Flushing. — In  general, 
it  appears,  as  a  result  of  tests  made,  that  only  two  nozzles 
should  be  used  together  on  either  flusher.  In  order  to  save 
one  trip,  three  nozzles  may  be  used  on  a  narrow  street 
or  for  flushing  the  center  of  a  very  wide  street,  If  an  effec- 
tive pressure  can  still  be  maintained.  This  qualification 
is  important  because  it  was  found  that  where  three  nozzles 
were  used  together  instead  of  two,  less  effective  pressures, 
and  consequently  less  side  wash,  were  obtained.  The  re- 
sult was  that  dirty  spaces  sometimes  were  left  near  the 
center  of  the  street  When  four  nozzles  were  used  to- 
gether, water  was  wasted  and,  moreover,  the  nozzles  were 
not  all  effective,  because  the  two  in  front  interfered  with 
each  other  and  pushed  the  water  straight  ahead  instead  of 
to  one  side.     The  resultant  loss  of  pressure  alone  is  suffi- 


cient cause  to  prohibit  the  use  of  four  nozzles  together  at 
any  time,  with  these  machines.  A  suggested  combina- 
tion of  nozzles  for  different  conditions  is  indicated  In 
Klg.   1. 

The  relative  value  ot  the  nozzles  also  was  given  attention 
in  the  tests,  because  there  are  two  sizes  of  openings  in  the 
l:ui-shaped  nozzles  on  llusher  No.  2.  The  two  nozzles  with 
the  smaller  openings  gave  the  best  results  because  the 
wider  openings  wasted  water.  When  the  two  wide  nozzles 
were  in  use,  the  ga.ee  Indicated  5  lb.  loss  pi'essure  because 
the  pump  had  less  resistance  to  work  against.  The  open- 
ings of  the  wide  nozzles  should  be  reduced  In  size.  The 
nuiiuifacturer  states  that  this  can  be  done  without  difli- 
culty  by   means  of  a  vise. 

The  effectiveness  of  flushing  was  found  to  be  less  up 
grade,  on  account  of  the  slower  speed.  This  is  because  the 
pumps  ai'e  directly  connected  to  the  main  shafts,  and  the 
pressure  maintained  is  dependent  on  the  rotary  speed  of 
the  shaft.  AVlien  flushing  up  grade  it  is  best,  therefore,  to- 
reduce  the  load  by  having  the  tank  only  partly  filled. 

The  nozzles  are  operated  from  the  front  seat  by  four 
hand  levers;  the  two  in  the  center  controlling  the  front 
nozzles,  the  outside  levers  controlling  the  rear  nozzles.  The 
nozzles  should  be  adjusted  so  that  the  water  from  the 
rear  nozzle  on  either  side  will  pick  up  the  stroke  of  the 
front  nozzle  on  the  same  side.  AVhen  three  nozzles  are 
used,  ordinarily  there  should  be  two  flushing  to  the  right 
and  one  to  the  left.  The  two  front  nozzles  on  these  ma- 
chines should  never  be  used  together,  because  water  would 
be  wasted,  pressure  reduced  and  but  little  side  wash  ob- 
tained. Usually  only  two  nozzles  should  be  used  at  a  time. 
Sometimes  the  use  of  three  will  flush  a  narrow  street  in 
one  trip  or  will  save  a  trip  on  a  very  wide  street,  but  al- 
ways with  a  reduction  in  pressure.  The  pressure  gages 
should  be  so  placed  that  the  drivers  can  see  them  while 
driving. 

For  regular  street  sprinkling  work,  two  stiitable  nozzles 
are  connected  to  the  front  flushing  nozzle  pipes  and  are 
operated  by  using  the  two  center  levers.  The  water  is 
diverted  from  the  flushing  nozzles  to  the  sprinkling  noz- 
zles by  a  quarter  turn  of  the  valve  nut  behind  them.  In 
sprinkling  or  flushing,  the  quantity  of  water  used  can  be 
regulated  only  by  the  speed  of  the  machine,  as  the  valves 
cannot  be  partially  closed.  Only  one  sprinkling  nozzle 
should  be  used  at  a  time.  It  should  be  set  so  that  the  top 
holes  are  at  the  same  height  on  both  sides  ot  the  nozzle. 

The  efficient  operation  of  flusher  trucks  depends  to  a 
large  extent  on  the  drivers,  who  have  expensive  pieces  ot 
apparatus  in  their  care.  Flushers  will  give  good  service 
only  when  carefully  handled  and  kept  in  good  repair. 

IVIotor  Flushing  Results. — The  cleaning  results  obtained 
by  motor  flushing,  with  30  lb.  pressure  or  more,  proved  to 
be  very  satisfactory  on  asphalt  streets.  This  was  not  the 
case,  however,  on  Medina  block  pavements.  These  pave- 
ments are  laid  on  a  sand  cushion,'  and  the  joints  of  most 
of  them  are  not  grouted;  hence  the  sand  and  dirt  work  up 
from  the  bottom  through  the  interstices  and  make  them 
difficult  to  clean  and  hard  to  keep  clean.  Where  car  tracks 
are  paved  with  Medina  blocks  without  a  concrete  base,  the 
area  included  is  still  harder  to  clean,  because  the  rails 
are  all  on  a  level,  and  because  dirt  and  sand  deposited 
on  the  rails  are  caught  in  the  grooves.  On  a  rainy  day  It 
can  be  seen  plainly  how  much  cleaner  are  the  sides  of  such 
streets  than  is  the  car  track  area. 

As  the  motor  flushing  results  obtained  on  these  Medina 
block  car  track  streets  were  not  all  that  might  be  desired, 
means  should  be  provided  tor  improving  the  work.  With  the 
present  apparatus,  better  results  could  be  obtained  by  mak- 
ing more  trips  on  such  streets.  The  flushing  strokes  then 
could  be  lapped  more.  This  would  make  them  narrower 
and  more  effective,  because  the  side  throw  would  not  have 
to  be  so  far  for  each  individual  stroke.  (Increasing  the 
number  ot  trips,  ot  course,  would  Increase  the  cost  in  direct 
proportion  to  the  number  ot  extra  trips.) 

In  order  to  aid  in  obtaining  the  desired  results,  dia- 
grams, based  on  past  performances  of  the  local  motor 
flushing  apparatus  and  needs,  have  been  prepared  in  the 
hope  that  they  may  be  adopted  for  the  guidance  ot  flusher 
operators.     These  proposed  procedure  diagrams,  tor  motor 
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flushers  producing  a  maximum  pump  pressure  of  40  lb., 
are  shown  as  Fig.  1.  It  additional  flushers  are  purchased, 
higher  working  pressures  should  be  specified.  The  use  of 
such  apparatus  would  necessitate  a  modification  of  the  sug- 
gested procedure,  as  fewer  trips  would  then  be  necessary 
to  obtain  the  same  results.  Higher  pressures  thus  would 
tend  also  to  reduce  the  unit  costs  for  the  work. 

As  experience  elsewhere  has  proved  that  on  rough  pave- 
ments the  best  results  can  be  obtained  by  hose  flushing,  it 
is  suggested  that  certain  Medina  block  pavements  he 
flushed  by  hose  rather  than  by  machine,  even  if  the  sug- 
gested procedure  for  motor  flushers  be  adopted  and  new- 
machines  are  purchased.  Streets  paved  with  Medina  block 
require  the   use  of  more   water,   because   they  are   rou.gher 


Fig. 


-Proposed 


Machine     Flushing     Procedure     for     Equipment 
Developing    a    Maximum    of    40-lb.    Pressure. 

and  dirtier  than  other  pavements.  With  hose,  the  water 
can 'be  concentrated  on  the  dirty  spots,  and  rough  places 
can  be  given  special  attention. 

Suggestions  for  Bettering  the  Service.— The  following 
suggestions  are  made  with  reference  to  obtaining  better 
results  from  present  equipment,  as  wcU  as  to  point  out  de- 
sirable factors  in  purchasing  and  operating  new  equip- 
ment: 

As  much  valuable  time  is  lost  in  filling  the  tanks  with  wa- 
ter, 4-in.  intake  pipes  and  hose,  instead  of  the  2%-in.  size 
BOW  used,  would  save  considerable  time.  It  takes  7%  min- 
utes to  stop  and  fill  a  l.'iOO-gal.  tank,  and  only  nv>  minutes 
to  empty  it.  Many  of  the  local  hydrants  now  have  4-in. 
connections,  and  4-in.  strainers  and  hose  can  be  obtained 
on  specifications.  A  recent  quotation  on  4-in.  rubber  hose 
capable  of  withstanding  HO  lb.  pressure  was  $2.21  per  foot, 
without  connections.  It  weighs  2  lb.  per  lineal  foot.  This 
question  should  be  given  consideration  in  purchasing  new 
equipment. 

Mileage  records  are  necessary  for  obtaining  good  cost 
data.  No  speedometers  are  used  on  the  flushers,  and  it 
has  been  shown  that  they  are  hard  to  keep  in  order,  on  ac- 
count of  the  vibrations  of  the  trucks.  However,_  hub  odom- 
eters will  give  satisfactory  service  on  trucks  of  this  size, 
and  should  be  supplied  so  that  the  proper  records  can  be 
kept. 

A  worth  while  saving  could  be  made  in  gasoline  con- 
sumption if  the  motors  were  stopped  while  the  tanks  are 
being  filled,  which  is  approximately  one-half  of  the  time. 
As  starters  are  little  used  on  heavy  trucks,  the  engine 
-would  have  to  be  cranked  2.5  or  30  times  a  shift  in  such 
an  event. 

The  following  data  were  obtained  from  a  consumption 
test  on  the  No.  2  flusher  to  determine  the  amount  of 
gasoline  wasted  by  running  the  engine  while  filling  the  wa- 
ter tanks: 

Total  time  of  test 1  hr.   17%  min. 

Less   time  not  running H       'nm. 

Time  to  consume  %  gal 1  hr.     B'/4  rnin. 

Time  to  consume  1  gal 2  hr.   l.i      min. 


in  a  season,  the  saving  would  be  102.7  gal.,  costing  $26.70 
with  gasoline  at  20  cl.  a  gallon.  The  total  gasoline  cost 
for  this  one  truck  for  the  1917  season  was  $142.71,  and  if 
this  were  reduced  by  $26.70  there  would  be  a  saving  of  IS. 7 
per  cent.  This  saving,  of  course,  w'ould  be  multiplied  by 
more  extensive;  use  of  one  flusher  and  by  the  use  of  sev- 
eral flushers. 

'the  life  of  hose  could  be  prolonged  if  more  care  were 
exercised  in  turning  on  the  hydrants  slowly,  and  also  if 
han'ging  the  hose  over  one  hook  were  discontinued.  If 
|)()ssibl(-.  the  hose  should  be  hung  around  the  tank  of  the 
flusher  without  kinks.  (These  points  are  largely  matters 
of  instruction  and  discipline  which  should  be  given  con- 
slant  attention.) 

Sometimes  sprinkling  15  to  30  minutes  before  flushing 
would  increase  the  effectiveness  of  the  results  obtained, 
especially  in  removing  horse  droppings.  This  would  soften 
up  the  dirt,  which  then  could  be  flushed  off  readily.  The 
frequent  rains  and  wagon  sprinkling  made  sprinkling  ahead 
of  flushing  less  necessary  last  year  than  usual.  However, 
the  necessity  for  sprinkling  should  be  determined  by  the 
judgment  of  the  man  directly  in  charge  of  the  flushing 
work. 

It  is  believed  that  a  flusher  having  a  capacity  of  1.500 
gal.  is  the  largest  size  desirable  for  Rochester,  as  a  weight 
much  greater  than  I2V2  tons  is  likely  to  prove  detrimental 
to  the  pavements. 

Two  tlushers  which  could  maintain  the  same  speed  could 
be  used  to  advantage  in  a  battery  on  the  wide  streets.  If 
this  were  done,  the  less  frequented  streets  could  be  flushed 
first  and  the  others  done  in  the  early  morning  uours,  when 
there  would  be  no  serious  delays  from  vehicular  traffic. 

It  cannot  be  expected  that  tfle  best  results  will  be  ob- 
tained if  the  work  is  done  without  competent  supervision 
in  the  field.  The  work  done  by  each  flusher  should  be 
studied  and  analyzed  under  the  various  conditions  to  be 
met,  and  the  work  should  be  planned  so  as  to  get  the  best 
results  possible  from  each  machine.  It  this  is  to  be  ac- 
complished, the  night  Hushing  work  must  be  under  the 
direction  of  a  night  superintendent  who  understands  the 
work  thoroughly  and  who  can  develop  it  to  meet  local  con- 
ditions satisfactorily, 

"Don'ts  for  Motor  Flusher  Operators." — The  following 
"Don'ts"  are  suggested  tor  the  observance  of  motor  flusher 
operators    and    helpers: 

Don't  waste  water. 

Don't  forget  to  close  hydrants. 

Don't  use  too  much  force  to  open  hydrants. 

Don't  forget  to  use  burlap  spray  shields  on  leaky  hy- 
drants and  hose. 

Don't  wet  pedestrians. 

Don't  forget  to  shut  off  nozzles  when  blocked  by  traffic, 
when  horses  become  frightened  and  when  not  flushin,g. 

Don't  forget  to  report  damaged  hydrants  to  the  super- 
intendent. 

Don't  forget  to  blow  your  horn  when  approaching  ve- 
hicles, corners  or  people  standing  near  the  curb  or  on  the 
street. 

Don't  let  the  engine  run  when  not  in  use  or  w-hen  filling 
tanks. 

Don't  open  hydrants  foo  rapidly,  because  it  damages  the 
hose. 

Don't  forget  to  keep  kinks  out  of  hose  connections. 


including  r,  starts 
or  133  minute.s 


At  71/2  minutes  a  filling  for  28  fillings  per  7-hour  shift, 
the  flusher  is  standing  210  minutes.  This  means  that  the 
machine  is  standing  half  the  time  and  is  then  consuming 
one  gallon  every  133  minutes.  For  210  minutes  a  shift, 
the  possible  saving  should   be  1.58  gal.     For  the  65  shifts 


Winter  Dragging  of  Roads. — Drag  the  roads  during  every 
thaw,  urges  the  Service  Bulletin  of  the  Iowa  State  High- 
way Commission.  No  dragging  of  the  year  gives  better  re- 
turns in  good  roads  than  the  winter  dragging  when  the 
road  surface  is  softened  by  a  thaw.  There  is  no  road  on 
earth  better  to  drive  on  than  the  dirt  road  frozen  up  per- 
fectly smooth  and  solid.  If  the  road  surface  is  allowed  to 
remain  rough  the  water  from  the  melting  snows  next  spring 
will  stand  in  the  rough  spots  and  ruts  instead  of  flowing 
away  to  the  roadside  with  the  result  that  the  spring  break- 
up will  probably  be  one  of  the  old  fashioned  kind  with  the 
roads  almost  impassable  for  weeks.  A  road  which  Is  al- 
lowed to  go  all  to  pieces  during  the  spring  break-up  requires 
a  through  blade  treatment  to  put  it  into  shape  for  the  year's 
traffic. 
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Financinji  Hiiihway  Construction 

and  MaintcMvanco    by    License 

Fees  for  Motor  Vehicles* 

n>    H.   K.   BREKn, 

I    i>i   i',i.iii\.   Nt«    York  Sliilc   IllKliwiiy  Coniiuls.'ilon. 

Those  who  bciiellt  from  an  lni|irove>iiient  should  be  tho 
linos  in  piiy  for  It.  Like  mmiy  iinothor  obvious  truth,  tliat 
easy  souiulltiK  stntcuiont  coiu'oiils  tlio  koniol  of  our  per- 
l>li'xlty.  Who  betipflts  by  liuprovod  highways  and  In  what 
proportion?  Tho  quosllon  Involves  the  ocononiU-s  of  tax- 
.iilt'u:  tho  answers  to  It  are  various.  Thoy  run  the  gamut 
frviii  those  who  would  place  the  entire  cost  of  highway 
construction  and  maintenance  upon  the  direct  users  of 
the  rouds.  to  those  who  would  exempt  them  and  make  the 
Koneral  public  foot  the  total  bill.  In  between  are  the  va- 
rious degrees  of  compromise,  all  of  them  advocating,  in 
different  ratio,  some  tax  on  the  public  and  some  on  the 
vehicles.  To  prepare  the  way  for  this  middle  group  let 
\is  briotly  consider  the  arguments  of  the  two  extremes. 
Many  of  them  appear  in  replies  to  a  questionnaire  that  I 
sent  to  a  number  of  state  highway  officials  and  to  repre- 
sentatives of  automobile  associations  and   industries. 

Placing  Entire  Cost  on  the  Public-  The  strong  plea  for 
exempting  the  direct  users  of  roads  and  placing  the  entire 
cost  upon  the  public,  is,  of  course,  that  the  public  is  ulti- 
mately  the  great   beneficiary. 

I  may  never  own  a  car,  or  ride  in  one.  but  when  my 
child  is  taken  critically  ill.  his  life  may  depend  upon  the 
speed  of  the  good  road  over  which  the  doctor  can  reach 
him.     Shall  I  hesitate  to  ppy  my  share  toward  it? 

I  may  never  have  letters  to  send  or  goods  to  export,  yet 
inevitably  the  life  of  my  household  and  business  depend 
upon  the  receipt  of  supplies  from  without.  Shall  I  not 
help  pay  for  the  route  over  which  they  travel? 

Even  though  I  may  never  use  the  pul)lic  schools  I  gladly 
1  ay  the  school  tax,  because  through  education  it  enhances 
the  life  of  the  community,  and  hence  my  own  welfare. 

I  pay  for  police  and  fire  protection  though  personally  I 
may  never  need  either,  and  I  don't  demand  that  people 
whose  houses  bum  up  or  who  have  burglars  arrested  shall 
pay  a  special  fee.  Should  I  not  be  willing,  as  one  of  the 
public,  to  pay  for  the  public  benefits  derived  from  good 
roads,  especially  as  1  am  bound  to  receive  from  them  not 
cnly  a  share  in  the  general  good,  but  direct  personal  ad- 
vantages? 

The  argument  sounds  convincing.  It  is  ably  supported 
by  Mr.  George  Diehl.  of  the  American  Automobile  .Vssocia- 
tion. 

An  interesting  suggestion  for  application  of  the  entire 
tax  upon  the  public  is  made  by  Mr.  Ellis  Dutton.  Land 
bordering  the  highway  whose  value  is  directly  increased 
by  it  shall  carry  the  greatest  burden  of  expense;  con- 
tiguous lands  and  the  general  public  less,  proportioned  as 
far  as  possible  upon  the  benefits  they  receive.  Says  Mr. 
Dutton:  "In  every  case  where  streets  or  roads  are  paved, 
the  increased  value  of  the  property  is  more  than  the  cost 
of  the  improvement.  Shouldn't  these  benefited  lands  pay 
for  the  paving  *  *  *  *  an^  jn  less  proportion,  con- 
tiguous lands  and  the  general  public?" 

But  as  in  the  case  of  so  many  other  convincing  argu- 
ments, there  is  a  practical  difficulty,  not  insuperable  per- 
haps, but  considerable.  The  traffic  demands  for  and  upon 
highways  are  greater  than  the  tax  paying  power  of  the 
public  can  sustain.  More  and  more  traffic — an  increase  in 
New  York  State  of  ."90  per  cent  in  motor  vehicles  in  the 
last  7  years — more  need  for  new  routes  and  good  mainte- 
nance, higher  and  higher  taxes,  until  the  point  is  reached 
where  the  increased  cost  of  the  roads  does  not  yield  the 
tax  payers  a  commensurate  return  in  public  benefits.  The 
gain  accrues  to  private  pocketbooks.  Thence  we  swing 
to  the  opposite  extreme  that  says  that  the  motor  vehicles 
using  the  roads  and  directly  profiting  from  them  should 
be  the  ones  to  pay  for  them.  I  purposely  omit  horse  drawn 
traffic  here,  as  being  an  increasingly  negligible  factor 
upon   our   highways. 


^Paper  presented  at  the  December  Highway  Congress.  Chicago. 


Placing  entire  cost  of  improvement  on  niolor  voliicles 
Illinois  is  the  chief  exponent  of  taxing  niolor  tratlic  for  en- 
lire   cost   of   the   highways. 

I'he  arguments  advanced  by  Mr  Hr:uU  of  Illinois  in  favor 
of   their   arrangements   are: 

1.  The  practical  dllllculli("s  of  raising  money  through  a 
general  public  lax.  The  political  party  in  power,  particu- 
larly in  election  year,  is  so  anxious  to  keep  ^iovvn  taxes 
that  it  is  loath  to  secure  funds  for  absolutely  necessary 
work.     The  tax  burden  In  Illinois  is  already  very  heavy. 

2.  The  greatest  benetlts  from  tho  roads  accrue  to  the 
liirect  users  of  them.  Molorisis  gain  directly  through  the 
lower  cost  of  running  on  good  roads.  Hence  llie  user 
should   pay. 

S.  The  public  really  pays  a  share  ihrougli  the  increased 
cost  of  service  and  commodities  received  over  these  high- 
ways. 

On  the  strength  of  these  arguments,  Illinois  has  author- 
ized bonds  for  $(;0,OOg,(tOii  lor  highway  improvement,  all 
of  which  will  be  paid  from  automobile,  dealers',  motorcycle 
and  chaufl'eurs'  license  fees,  the  greater  jiart  being  derived 
from  automobile  fees.  Tho  system  to  be  built  from  this 
sum  will  extend  1800  miles,  and  it  is  estimated  will  carry 
forty  to  fifty  per  cent  of  the  total  state  traflic.  It  comprises, 
however,  only  5  per  cent  of  the  total  road  mileage.  The 
other  95  per  cent  will  have  to  be  mainlained  and  improved 
through  general  taxation. 

So  even  the  state  that  has  gone  farthest  in  taxing  ve- 
hicles for  highway  purposes  has  stopped  short  of  the  ulti- 
mate. !•."   per  cent  in   niilea;;e  and  .">0  per  cent  in  traffic. 

Objections  to  Putting  Entire  Cost  on  Motor  Vehicle 
Owners.  -The  practical  objections  to  putting  the  whole 
cost  of  the  highways  upon  motor  car  users  are  obvious. 
In  the  first  place,  even  if  it  were  practicable,  it  wouldn't 
work — which  isn't  quite  so  much  of  a  bull  as  it  sounds.  It 
wouldn't  work  because  of  argument  No.  3.  All  cars  en- 
gaged in  any  kind  of  public  service — by  tar  the  greater  and 
more  destructive  number  when  you  include  the  motor 
trucks — would  immediately  charge  the  expense  of  the  fee 
to  the  cost  of  their  service,  increasing  the  price  to  the  con- 
sumer, so  that  the  public  would  be  paying  just  the  same, 
only  a  little  more  so.  for  the  benefits  It  receives  via  the 
highway  route.  Indirect  taxation  may  tickle  the  palate,  but 
it's  fundamentally  bad  for  financial  digestion.  The  rela- 
tively small  number  of  car  owners  who  do  not  perform 
;my  public  service  for  which  they  charge  would  hear  the 
brunt  of  disproportionately  high  taxation.  This  immedi- 
ately raises  the  question  of  how  far  we  believe  in  class 
taxation.    Is  it,  or  is  it  not  justifiable? 

Moreover.  I  don't  believe  it  is  generally  practicable  to 
raise  highway  funds  exclusively  through  taxation  or  ve- 
hicles. It  would  tend  to  limit  the  number  of  vehicles,  and 
the  fewer  these  were  the  more  each  one  would  have  to 
pay,  until  the  limit  that  any  one  could  endure  would  be 
reached.  Then  the  roads  would  have  to  suffer — less  new- 
construction,  poorer  maintenance,  until  the  public,  realizing 
that  the  loss  of  good  roads  was  costing  far  more  than  the 
taxes  necessary  to  sustain  them,  would  rise  up  and  demand 
that  they  be  continuel. 

Dividing  the  Cost  Between  the  Public  and  the  Direct 
Users  of  the  Roads. — It  is  really  the  theory  of  marginal 
utility  that  adjusts  the  difference  between  the  two  extremes 
and  offers  us  a  working  basis.  The  public  is  willing  to  pay 
up  to  the  margin  where  the  utility  it  receives  from  the  road 
compensates  the  money  outlay  in  taxes.  Beyond  that  it 
cannot  economically  go.  But  so  great  is  the  destruction 
of  the  roads  under  heavy  traffic  that  taxes  on  this  basis  will 
not  meet  the  entire  cost  of  maintenance  and  desirable  new- 
construction. •  The  difference  must  probably  be  met  by  a 
tax  on  vehicles.  Now  the  vehicles  are  willing  to  pay  up 
to  the  margin  where  the  tax  levied  upon  them  is  com- 
mensurate with  the  especial  value  that  they,  as  direct 
users,  receive  from  the  road  in  distinction  from  the  non- 
direct  using  public.  Believing,  therefore,  that  both  classes 
of  beneficiaries  should  contribute  toward  the  support  of 
highways,  it  remains  to  adjust  the  balance  between  them. 

The  point  of  marginal  utility  for  the  public  seems  to  be 
reached  at  paying  tor  the  construction  of  new  roads.  The 
cost  of  these  is  great,  so  is  the  immediate  benefits  derived 
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by  the  public.     More  exactly   than  such  balances  can  usu-  their  business  depends  upon  the  success  o£  the  roads  and 

ally  be  made,  the  point  of  marginal  utility  for  the  vehicles  the   success   of  the   roads   depends   upon  highway   adminis- 

seems  to  be  reached  at  paying  for  maintenance.     The  cost  1  ration. 

of    maintenance    is   great— so    also   is    the    darage   done   by  For  instance,  for  years  Mr.  Bennett  has  been  building  in 

motor  vehicles  to  roads  for  which  the  public  has  paid.     I  Connecticut  durable   types   of  pavement   with   maintenance 

make  these  two  statements  a  priori,  from  a  study  of  cost  charges  of  $100  to  $200  per  mile  per  year.    A  very  different 

data  and  of  the  means  taken  by  the  different  states  to  raise  •jiroposition  from  having  waterbound  macadam  with  a  main- 

Ihe  necessary   funds   for  highway   purposes.     They   are,  of  lonance   of  $1000   a   mile   or  upwards   a   year   under  heavy 

course,  open  to  dispute.     I  offer  them  as  an  hypothesis,  be-  traffic.     If   motor   vehicle    fees   are   to   cover    maintenance, 

cause  motor  truck  fees   must  be  considered  in  relation  to  wisdom  must  be  shown  in  laying  permanent  types  of  pave- 

the  objects  for  which  they  will  be  used.  „ient   for  heavy   traffic,  so  that  repairs   will   be  kept  at  a 

Motor  Vehicle  Fees  and  Road  Maintenance. — If  we  consid-  minimum, 
er  the  fees  in  relation  to  maintenance,  Connecticut  offers  us  The   maintenance   itself   must   be    well   advised   and   exe- 
some   interesting   experience.     The   Commissioner   there   is  cuted.     Millions  of  dollars  can  be  squandered  on  poor  ma- 
working  on   the   theory   that   the   income   from   motor   fees  terials  or  work  delayed  or  done  at  the  wrong  time.     The 
should  approach  the  outgo  for  maintenance.  proverbial    stitch    saves    nine.      The    motorist    must    insist 
Here  are  the  schedules  of  Connecticut's  heaviest  revenue  that  repairs  be  promptly  made,  so  that  his  fee  is  used  to 
producers   in  fees:  the    limit    of    advantage.      In    justice    to    himself    he    can't 
For  passenger  cars,   50  cents  per  H.P.   per  annum;  shunt  off  the  responsibility  upon  some  unknown  official. 
For  commercial  vehicles  up  to  1000  lb.,  $11  per  annum.  in   New   York   State   motor  fees   are   a   trifle   lower  than 
One  ton,  $15  per  annum;  those   in   Connecticut.     For  the   last   two   years   they  have 
Then  an  increase  of  $5  per  Vo  ton  to  the  3-ton  weight,  $35;  almost  covered   the  cost  of  maintenance.     Last  year,  fees 
Then  an  increase  of  $10  per  V2  ton  to  the  5-ton  weight,  aggregated  $4,284,114;  maintenance  was  $4,939,916.    For  the 
$75;  9    months   of   this    fiscal   year   ending   Nov.   1st,   1918,   fees 
Then  an  increase  of  $12.50  per  i.i  ton  to  the  7-ton  weight,  ^yere   $4,571,852,   while  maintenance   was  over   $54,000   less. 
$125;  Maintenance    is   high   now    because   almost   all    our   earlier 
Seven   and  one-half  tons.   $150  per  annum;  roads,    built   to   sustain   traffic    up   to   three   tons,    are   pro- 
Eight  tons.  $200  per  annum;  testing  against  traffic  ten  times  that  weight.     The  mainte- 
Then   for  each  additional   ton   or  a   fraction   over  a   ton,  nance  includes  many  complete  resurfacing  jobs  done  with 
$100;  durable    pavements.      As    we    build    better    roads,    mainte- 
Each  motor  cycle,  $2;  nance  should  decrease,  even  with  increase  of  traffic.     Motor 
Each  chauffeur  or  operator,  $2.  vehicle  fees  can  then   be  lowered.     They  will  probably  be 
Here  are  the  schedules  of  New  York's  heaviest  revenue  close   to  the   scale  now   advocated   by   the   Highway   Indus- 
producers  in  fees;  tries  Association  in  its  uniform  motor  vehicle  traffic  law. 
Passenger  cars,  25  H.  P.,  $5  per  annum;  Another  important  point  to  consider  in  relation  of  motor 
25  to  35  H.  P.,  $10  per  annum;  truck    fees    to    maintenance    is    limitation    of    damage    that 
35  to  50  H.  P.,  $15;  ^j,y   Qjjg   vehicle   may   do   to   your   pavement.     It    is   mani- 
50  H.  P.  or  more,  $25;  festly  unfair  to  expect  all  motorists  to  pay  for  the  destruc- 
For  commercial  vehicles,  2  tons  or  less,  $10  per  annum;  tion   done   by   a   few   excessively   heavy   trucks.     As   unfair 
Then  an  increase  of  $5   per  ton  up  to  14  tons,  which  is  ^^^  ^^  expect  the  public  to  pay  $50,000  a  mile  for  new  roads 
$70;  for  each  ton  over  14.  $10  per  ton;  j^  sustain  such  trucks.    There  must  be  an  arbitrary  limit  of 
For  trailers  of  2  tons  or  less,  $5  per  annum;  ^^^^   j^j.   .^^jjieh   we   can   design   our   roads.     Otherwise,   as 
2  to     5  tons,  $10;  fast   as    they    are    built,   roads    will    attract    to   themselves 
5  to     7  tons,  $15;  traffic  heavier  than   they   are  designed   to  bear.     The  road 
7  to  10  tons.  $20;  and  the  load  will  be  forever  outstripping  each  other,  with 
10  to  14  tons,  $30;  great  economic  loss  both  to  the  original  investment  in  the 
And  $5  for  each  ton  above  14.  ,.Qad    and    in    the   appallingly   high    maintenance.     In    addi- 
For   passengej-   omnibuses;  ,jo,j   to   regulation   of   weight   of   load,   there   must  also   he 
PASSENGERS  regulation  of  other  destructive  factors,  such  as  width  and 

Up  to 5    '..'.■:. .'..^ ' Si.^.ni'  kind   of  tires,  springs,   speed,  etc.     If,  after  our  roads  are 

Not   less   than     6   nor  more  than     7 24.50  ^^^^^    .^    accordance    with    those    regulations,    it    seems    in 

Not  IS   Ihin    11  nor  nZl  5han  le! ! ! ! ! ! ! ! ! : .' ! ! ! ! : : ! ! ! : ! ! :  «:oo  course  of  time   desirable  to  put  much  heavier  loads  upon 

Not   less  than   17  nor  more  than  20 R2.on  ^^^^    ^.^   ^       .^.^jj  consider  the  suggestion  made  by  Mr. 

Sot  IS  thtn   i  nor  mofi  Ihan  L^! !  i :  l !  i!!  i:::!  i! ::::::: :  m.so  whitney   that   we   lay   narrow   gage   tracks   on   either   side 

Not  less   than   27  nor  more  than  30 ii7.50  ^j  ^^j,  pavement  to  carry  the  heavy  trucks. 

And  an  additional   $2  for  each  passenger  over  thirty.  with  these  regulations,  it  is  obviously  only  fair  to  pro- 
Motor  cycles,  $2.50;                                                     .  portion  the  fee  to  the  vehicle  In  accordance  with  its  prob- 
Chauffeurs    $5   first   year;    $3   for  license;    $2   for   exami-  able  requirements  upon  maintenance  funds.     It  would  not 
nation-    renewal,  $2.  be   fair  to   tax   the   little   two   passenger   flivver   the   same 

According  to  motor  car  owners  with  whom  I  have  talked,  amount  as  the  twelve  ton  truck.                         ,     ,  ^  ,.      , 

these  fees  are  paid  willingly,  both  as  a  matter  of  abstract  Mr.  Nelson  P.  Lewis,  Chief  Engmeer  Board  of  Es  imate 

justice  in  repairing  the  damage  done  by  the  vehicles  them-  and   Apportionment, , New   York   City,   says:        The   plan   or 

selves,   and    as   a   matter   of   personal    interest   to   the   mo-  grading  the  annual  fee  in  proportion  to  the  gross   weight 

torist.     Through   the   payment  of   tees   for  maintenance  of  and    carrying    capacity    is    rational    and    it    might    well    go 

good  roads  they  assure  themselves  that  they  will  lower  op-  further  and  make  the  total  width  of  the  vehicle,  where  such 

erating   expenses,  decrease  hazards,  i^nd   curtail   delays.  width  exceeds  seven  feet,  an  element   in  the  determination 

But,    here    is    an    important    point   in    considering    motor  "^^^f  ^^^^"'^i^^^l,  undoubtedly  be  graduated  in  accordance 

car  fees  in  relation  to  maintenance^     The  cost  of  mamte-  ^  {j^^jj^g'^;,j°„,ti,p  factors  to  the  road  of  the  vehicle  in 

nance  depends  upon  the  efficiency  o    your  highway  depart-  wUh  Uie  ^^  ''""'■f    /^              j^  „^^  „,ade  in  many  states, 

ment.     Put  in  incompetents  or  grafters,  and  the  fees  will  j^";„';;°°,,,7e7raL  from  bombarding  your  ears  with  masses 

either  go  beyond  bounds  or  the  maintenance  will  fall  short.  '  purpo&ei* 

The  general  public  is  not  yet  educated  to  knowledge  of 'and  "£  figures.                                          ,  .  ,     ,        ,             ,  .»,„  ^„=f 

insistence  upon  the  best  use  of  the  taxes  it  pays.     It  is  all  A  graduated  scale  of  motor  vehicle    ees  t°  /^"^  ^^^  'Jie  cost 

up  to  the  motor  car  users   and  industries  to  see  that  the  of    highway    maintenance    necessitated    by    the    cars    tliem- 

money  for  highway  purposes   be  expended  by  honest  men  selves,  would  not,  I  believe,  fall  too  heavily  upon  an>one. 

of  proven  ability,  "whether  they  like  to  or  not  they  must  There  are,  of  courst,  objections  to  It    but  it  seeins  to  me 

concern   themselves   in    politics   to   the   extent   of   securing  the   fairest   adjustment   yet  made   m   taxation   between  the 

good  highway  men  in  the  state  service,  for  the  success  of  vehicle  and  the  highway,  the  motorist  and  the  public. 
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Results  of    12   Year  Service  Test 

of  KxperinuMital  Wood  Blt)ck 

Pavement  at  Minneapolis 

In  1906  the  r.  S.  Forest  Servko,  In  cooponitlon  with  (ho 
city  of  .Minneapolis,  Minn..  liiUl  nn  exporlmt-ntul  wood  block 
pavement  on  NuoUet  Ave..  Minneapolis,  for  the  purpo.se 
o(  stuJylnp  the  relative  merits  of  various  species  of  wood 
for  pavlns  material.  In  addition  it  was  desired  to  Inves- 
tigate the  Inrtuenee  of  the  foilowInK  variables:  (a)  heart- 
wood  and  sapwood.  (h»  length  of  blocks  and  (c>  angle  of 
courses.  .\  description  of  this  experimental  pavement 
with  observations  on  Its  conditions  appeared  in  the  April 
19,  1911.  Issue  of  Knglneerlng  and  rontracting.  A  progress 
report  giving  the  result  observed  after  -I  years'  service,  was 
printed  In  the  K.-b.  H.  1!"12,  Issue  of  Knglneerlng  and  Con- 
tracting.    A   progress   report   on   this   pavement,  the  result 

of  Investigations  made 
after  12  years'  service  un- 
der heavy  traffic  condi- 
tions, was  submitted  Jan. 
2S  at  the  Wood  Preserv- 
ers' convention  by  C.  H. 
Teesdale  and  .T.  D.  Mac- 
Lean.  Engineering  in  For- 
est Products,  V.  S.  Forest 
Products  Laboratory 
Madison,  Wis.  An  ab- 
stract of  the  report  fol- 
lows: 

Seven  species  of  wood 
were  employed  In  the  ex- 
periment as  follows:  tam- 
arack, Norway  pine,  long- 
leaf  pine,  white  birch, 
Douglas  fir,  western  larch, 
and  hemlock.  On  account 
of  the  wide  use  of  long- 
leaf  pine  as  a  paving  ma- 
terial, this  species  was 
used  in  the  test  to  pro- 
vide a  basis  of  compari- 
son for  the  other  woods. 
Location  and  Construc- 
tion of  the  Pavement. — 
The  pavement  was  laid 
on  Nicollet  Ave.  (see  Fig. 
1)  between  Washington 
Ave.  and  Second  St.. 
where  it  has  been  sub- 
jected t  o  continuous 
heavy  traffic.  North  of 
the  intersection  of  Sec- 
ond St.  three  sections  of 
Norway  pine  blocks  were  laid  at  angles  of  43  C7%  and  90° 
with  the  curb,  for  a  comparison  of  angles  of  courses. 

The  pavement  was  laid  on  a  1-ln.  sand  cushion  placed 
over  a   cement  foundation   5   in.   deep. 

The  blocks  were  laid  with  close  joints  and  rolled  with 
a  steam  roller.  A  1-in.  expansion  joint  was  provided  at  the 
curb.  The  expansion  joints  were  filled  with  sand  to  within 
a  short  distance  of  the  top,  after  which  the  body  joints 
and  top  of  the  expansion  joints  were  filled  with  paving 
pitch  heated  to  approximately  300°  F.  A  light  top  dress- 
ing of  sharp  sand  was  placed  over  the  surface  of  the  com- 
pleted pavement. 

IVIethod  of  Making  Inspections. — In  order  to  determine  a 
basis  of  comparison  the  following  method  was  adopted: 

(1)  Measurement  of  blocks  to  determine  the  average 
v,ear. 

(2)  Estimation  of  total  number  of  square  feet  in  sec- 
tion below  general  level  of  street. 

(3)  Estimation  of  total  number  of  square  feet  %  in.  or 
more  below  the  general  level  of  the  pavement. 

Wear  of  the  various  species  was  measured  on  a  block 
removed  from  each  section  from  a  portion  about  midway 
between  the  curb  and  the  center  of  the  street.  This  block 
was   selected   from   a  portion   of  the   pavement   where   the 
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surface  WHS  fairly  uniiOrni.  .Moastiremonis  to  the  near- 
est 1/lti  In.  were  nuule  at  a  number  of  points  and  the  aver- 
age depth  determined.  The  difference  between  this  and 
the  (iriginal  depth  of  llie  blocks  was  taken  as  llie  average 
wi-ar  of  the  section. 

Kstinuiles  of  the  total  number  of  square  feet  of  depres- 
sion below  the  general  level  of  the  surface,  and  '/{>  in.  or 
more  below  the  general  level,  were  made  independently 
by  each  member  of  the  inspection  party.  These  estimates 
were  averaged   and   recorded. 

The  number  of  observers  present  at  the  different  inspec- 
tions varied  from  2  to  C.  While  In  some  cases  a  consid- 
erable variation  may  be  found  in  the  estimates  made  by 
different  individuals,  averages  of  the  figures  obtained  in- 
dicate quite  clearly  the  relative  condition  of  the  different 
species.  \'iiriations  in  the  estimates  are  inclined  to  in- 
crease as  larger  portions  of  the  pavement  become  af- 
fected by  depressions.  For  this  reason  the  data  were 
plotted  for  each  of  the  inspections  and  curves  drawn  show- 
ing the  average  results.  These  curves  are  shown  in  Figs. 
2  and  :J. 

In  order  to  determine  the  relative  joint  wear  of  courses 
laid  at  different  angles  each  member  of  the  inspection 
party  counted  the  number  of  depressions  due  to  joint  wear 
in  a  ."iOft.  stretch  of  each  section.  The  average  of  these 
determinations  was  taken  as  the  number  of  holes  in  the 
lespective  sections  due  to  joint  wear.  The  total  area  of 
the  depressions  below  the  general  level  of  a  rS-tt.  stretch 
of  each  section  was  estimated  as  described  for  the  com- 
parison of  species. 

Results  of  Inspections. 

Comparison  of  Species. — In  the  early  part  of  the  sum- 
mer of  1911  the  Douglas  fir  blocks  were  in  such  bad  con- 
dition that  it  was  necessary  to  relay  the  two  sections  of 
this    species.      Deep    depressions   had    developed    and    some 


Fig.  2 — Average  Total  Area  of  Depressions  Below  General  Level 
of  Section  for  Species  in  Sections  1  to  10  in  Service  12  Years. 
• 
of  the  blocks  were  badly  broken.  The  failure  of  this  wood 
after  5  years'  service  was  probably  due  to  the  poor  qual- 
ity of  the  original  blocks.  In  order  to  further  test  this 
species  a  quantity  of  Grade  A  material  was  obtained. 
There  was  not  a  sufficient  amount  of  this  Douglas  fir  to 
entirely    replace    the    sections    removed    so    the    remaining 
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area   was   paved   with   the   regular  yellow    pine   blocks   sup- 
plied by  the  city. 

No  replacements  have  been  made  in  sections  containing 
any  of  the  other  species  with  the  exception  of  a  few  de- 
cayed blocks  removed  from  the  white  birch  sections.  This 
decay  was  present  in  the  wood  before  treatment,  but  was 
not  detected  at  the  time  selection  of  the  material  was 
made. 

A  good  comparison  of  the  durability  of  Douglas  fir  with 
respect  to  the  other  species  cannot  be  made  at  present 
as  the  relaid  material  has  been  in  use  only  7  years,  while 
all  the  other  species  have  been  in  use  12  years.  However, 
at  the  inspections  made  in  the  last  2  years,  a  very  rapid 
increase  in  area  of  local  depressions  was  observed. 
While  these  depressions  are  not  deep  at  present,  the  area 
nffected  is  in  marked  contrast  to  the  surface  of  the  yel- 
low pine  portion  laid  at  the  same  time. 

Blocks  of  Douglas  fir,  which  were  removed  for  inspec- 
tion, show'ed  an  average  wear  and  brooming  from  5/16  in. 
to  %  in.  as  compared  with  3/16  to  V4  in.  for  the  yellow  pine 
placed  at  the  same  time. 

It  will  be  noted,  from  an  inspection  of  the  curves  (Figs. 
2  and  3),  that  it  is  impossible  to  predict  the  deterioration 
of  a  particular  species  from  conditions  observed  during  7 
or  8  years'  service.  Practically  all  of  the  species  showed 
very  small  areas  of  depression  for  the  first  5  or  6  years. 
After  this  period,  however,  the  depressions  suddenly  in- 
creased in  area  at  a  very  rapid  rate.  Results  of  the  more 
recent  inspection  seem  to  indicate  that  the  increase  in 
depressions  will  be  much  more  rapid  in  the  future  and 
will  necessitate  the  replacement  of  some  species  at  an 
early   date. 

There  is  no  question  but  that  longleaf  pine  and  white 
birch  are  in  a  much  better  condition  than  most  of  the 
other  species.  The  depressions  in  the  white  birch  are 
somewhat  more  numerous  and  deeper  than  those  in  the 
longleaf  pine,  but  these  depressions  are  largely  due  to  the 
crushing  down  of  blocks  which  were  partly  decayed  be- 
fore they  were  treated.  Depressions  in  the  longleaf  pine 
seemed  to  be  due  in  a  large  degree,  to  decay  in  the  sap- 
wood  of  individual  blocks.  Poor  penetration,  on  account 
of  moisture  in  the  wood  at  the  time  of  treatment,  prob- 
ably accounts  for  most  of  the  cases  of  decay  found  in  the 
sapwood. 

Apparently  the  white  birch  and  longleaf  pine  may  be 
classified  on  the  basis  of  this  experiment  as  about  equally 
durable  for  paving  purposes.  An  objectional  feature  of 
white  birch  seems  to  be  the  difficulty  in  selecting  mate- 
rial free  from  decay.  The  Norway  pine  section  has  large 
areas  of  depression  and  a  considerable  number  of  deep 
pockets.  The  bad  condition  of  this  section,  however,  is 
not  a  good  criterion  of  the  wearing  qualities  of  the  spe- 
cies. This  section  is  triangular  in  shape  and  therefore 
has  but  a  small  area  which  is  not  subjected  to  continually 
severe  traffic   conditions. 

The  section  receives  all  of  the  heavy  southbound  traffic 
and  is  also  under  more  severe  conditions  due  to  the  turn- 
ing of  vehicles  from  Nicollet  Ave.  to  Washington  Ave. 
Sections  12,  13  and  14.  which  were  laid  for  a  comparison 
of  angle  and  of  courses,  give  a  much  better  basis  for  a 
comparison  of  the  durability  of  Norway  pine.  The  con- 
dition of  these  sections  would  indicate  that  this  species 
compares  very  favorably  with  white  birch  and  longleaf 
pine.  Sections  1  to  in  appear  to  be  under  more  severe 
trafSc  conditions  than  the  Norway  pine  sections  north  of 
Second  St.  This  is  possibly  due  to  some  of  the  traffic 
being  distributed  on  Second  St.  Section  14  seems  to  have 
a  somewhat  smaller  area  of  depression  than  sections  12 
and  13.  This  section  is  at  the  junction  of  Nicollet  Ave. 
and  Hennepin  Ave.  Very  likely  this  situation  permits  a 
better  distribution   of  traffic   over  the^entire   section. 

The  eastern  hemlock  seems  to  be  in  slightly  better  shape 
than  the  tamarack.  However,  there  is  not  a  very  pro- 
nounced difference  in  the  condition  of  these  two  species. 
The  Western  larch  sections  are  in  very  poor  condition. 
Compared  with  the  other  species,  this  wood  has  the  largest 
percentage   of   area   affected   by   depressions. 

Measurements  of  wear  were  taken  on  all  of  the  species 


until  I'.u'i.  At  this  time  the  depressions  had  reached  a 
state  where  it  was  not  practicable  to  select  blocks  repre- 
senting average  conditions. 

In  subsequent  inspections  a  general  estimate  of  the  rela- 
tive wear  has  been  made.  Beginning  with  the  species 
showing  the  least  wear  at  the  last  inspection  the  approx- 
imate average   wear  and  brooming  is  as  follows: 

W  hite  liiiTh   3/lC  to  1  '4     in. 

I.oiml.;'f    I'lru-    5/16  to  7/16  in. 

.\'orwa\    pini;    1/2     to  J*/16  in. 

■r.uriar:uk    7/lC  to  5/.S     in. 

Eastern  hemlock  and  western  l.ircli 5/8     to  3,  4     in. 

Most  of  the  wear  on  longleaf  pine  and  white  birch  blocks 
seemed  to  have  taken  place  during  the  first  .5  or  6  years 
of  .-service.  This  was  probably  largely  due  to  brooming  of 
the  fibers.     Some  of  the  other  species,  in  which  the  wear 
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Fig.   3 — Average   Area   of   Depressi.in    V2    In.   or   More    Below    Gen- 
eral   Level    of   Section   for   Species   In    Sections   1    to    10 
in    Service   12  Years. 

was  most  iironounced,  showed  a  general  increase  in  wear 
from  year  to  year. 

Heartwood  and  Sapwood. — Results  of  the  investigations 
do  not  seem  to  indicate  that  the  efficiency  of  the  pave- 
ment is  materially  affected  by  the  presence  of  sapwood. 
No  marktid  difference  in  the  relative  wear  of  the  heart- 
wood  and  sapwood  was  observed. 

Effect  of  Length  of  Blocks. — The  section  of  western 
larch  blocks,  6  and  8  in.  long,  is  not  In  as  good  condition 
as  the  section  of  4-in.  blocks.  Apparently  this  condition  is 
due  to  a  difference  in  density  of  traffic  on  the  two  sides 
of  the  street.  From  the  condition  of  blocks  in  other  sec- 
tions, the  length  of  blocks  does  not  seem  to  be  an  impor- 
tant factor  affecting  wear.  * 

Angle  of  Courses. —  Sections  13  and  14  in  which  the 
blocks  are  laid  at  angles  of  45°  and  67%°.  respectively, 
show  the  least  amount  of  joint  wear.  In  the  early  inspec- 
tions the  course  laid  at  071/2°  seemed  to  be  in  better  shape 
than  the  sections  laid  at  90°  and  45°  with  the  curb.  At 
the  present  time  the  section  laid  at  90'  with  the  curb  shows 
the  greatest  amount  of  joint  wear.  Joint  wear  on  the 
other  two  sections  is  about  equal  and  results  would  ap- 
parently indicate  that  the  difference  between  using  an 
angle  of  45°  and  of  67%°  is  of  little  importance.  On  ac- 
count of  the  greatly  increased  motor  traffic,  the  effect  of 
the  angle  of  courses  is  probably  much  less  now  than 
formerly. 
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Patrol  System  of  rnink  Hij^hway, 
Mainteivance  in  Wisconsin* 

lis    AKTIll  K    It.    IllliST, 
Stnlf   lllKhnny    KiiRliioor  of   WIsionslii 
■       •    M    It    a   truism    Hint    the   estnbllslimeiu   of   u    pre- 
tem  of  minis   by   iiiiy   imlt  of  Ki'voinment  should 
.    r->     \y\:h   It   tlu'   iruMU'iliiUe   iimlutenniu'»>   of  that   system 
;  ^     iho    establlslilns    unit.      It    c-aiuiot    bo    overoiuphasized 
•-.to  systiMU  of  roads  should  not  bo  laid  out  unless 
i-ontrol  of  Its  malnlonanco  Is  also  provided.     The 
M.r.   -:,..uld  pay  for  the  nuiiutenanco,  tor  state  control  with- 
luH  state  money  Is  bound  to  be  dllllcult,  not  to  say  impos- 
.-iibli',    to   administer.     The   same   general    principles    would 
ab.-iolutelv    apply    to   any    Federal   system    which    might   be 
laid  out. 

There  Is  much  to  be  said  for  the  Wisconsin  system  in 
which  the  state  has  general  supervision,  the  county  or- 
ganliations  carry  out  the  details  of  the  maintenance  work 
In  accordance  with  state  requlreiuents,  and  the  state  re- 
pays the  cost  to  the  counties  when  the  work  is  properly 
done.  A  one  year's  trial  of  this  method  has  worked  out 
quite  well  in  Wisconsin.  We  cannot  say  that  it  has  or  has 
not  worked  out  as  well  as  would  a  system  of  exclusive 
state  control.  I'nder  the  plan  ot  organization,  long  estab- 
lished for  state  aid  construction,  county  maintenance  di- 
rected by  the  state  seemed  to  be  the  logical  method,  and 
we  will  say  that  almost  without  exception  the  county  or- 
£;anl7.ation$  have  co-operated  wonderfully  well  and  have 
gotten  excellent  results.  Where  they  have  not,  our  law 
gives  the  state  department  adequate  remedies. 

Patrol  Sections,  Selection  of  Patrolmen  and  Salaries. — 
We  believe  in  the  patrol  maintenance  system.  Patrol  sec- 
tions of  proper  length,  whatever  the  character  ot  the  high- 
way, should  be  placed  in  charge  of  a  patrolman  who  is 
solely  responsible  to  those  above  him  tor  the  condition  of 
his  section.  We  have  established  about  4S0  patrol  sec- 
tions on  our  5000  miles  of  highway,  varying  in  length  from 
as  little  as  six  miles  on  very  bad  earth  road  stretches,  to 
as  much  as  20  miles  on  some  of  the  macadam  truck  patrol 
sections.  We  believe  that  the  average  patrol  section  should 
be  not  more  than  seven  miles,  if  the  road  is  an  earth  road 
in  average  condition.  Sections  may  be  longer  or  shorter 
than  this,  according  to  the  character  and  condition  of  the 
road. 

Patrolmen  in  Wisconsin  were  obtained  through  adver- 
tisements in  local  papers  after  the  patrol  sections  were 
determined.  Applicants  were  asked  to  appear  at  the  county 
seat  and  were  looked  over  and  questioned  by  county  au- 
thorities and  a  representative  of  the  State  Highway  De- 
partment. Starting  salaries  were  fixed  at  from  $120  to 
5135  per  month,  and  the  patrolman  is  required  to  furnish 
a  good  team  and  a  wagon.  The  county  furnishes  the  re- 
mainder of  the  tools,  consisting  of  a  small  four-wheeled 
Toad  grader  for  two  horses,  a  road  planer,  or  road  drag, 
or  both:  plow,  shovels,  picks,  brush  hooks,  etc.  Patrolmen  are 
required  to  sign  a  contract  and  to  give  a  bond  for  $500. 
No  very  great  difficulty  was  encountered  in  obtaining  patrol- 
men, except  in  certain  localities  where  a  large  amount  of 
war  work  was  being  done.  After  the  selection  of  the 
r-atrolmen.  county  road  schools  were  held  at  each  county 
seat  at  which  the  division  engineer  and  the  county  highway 
commissioner  explained  in  detail  the  methods  to  be  used 
in  patrol  maintenance.  A  pamphlet  on  patrol  maintenance 
was  also  published  by  the  commission,  giving  instruction 
for  the  gang  and  patrol  maintenance  of  the  various  types 
of  road. 

Of  the  560  patrolmen  originally  hired.  75  were  discharged 
and  replaced  before  the  end  of  the  season.  It  was  neces- 
sary in  many  cases  to  raise  the  compensation,  so  that  at 
the  end  of  the  season  the  scale  was  from  $120  to  $140  per 
month. 

In  1919,  unless  conditions  change,  we  expect  to  pay  more, 
especially  for  the  better  patrolmen. 

The  patrolmen  are  engaged  continuously  during  the 
maintenance  season,  which  with  us  lasts  about  eight  months. 


'■From   a  paper  presented   Dec.    12   at   the  Joint   Highway  Con- 


li\  the  winter  season  we  expect  to  use  them  a  part  of  the 
lime  for  winter  hauling  of  surfacing  materials  and  for  snow 
removal,  where  the  counties  are  forced  to  remove  the  snow 
owing  to  the  failure  ot  local  units  to  do  so.  The  patrol- 
man's wagon  Is  marked  with  the  standard  triangle  and 
number,  and  he  Is  required  to  wear  a  disling\ushing  badge, 
to  display  a  Hag  when  oft  the  road  during  working  hours, 
and  to  make  daily  and  semi-monthly  reports. 

Experience  with  Patrolmen.— In  general,  the  patrolmen 
have  more  than  Justified  our  expectations.  At  least  65  per 
cent  ot  them  have  given  excellent  service.  About  20  per 
cent  are  on  the  division  line  between  good  and  poor,  and 
about  15  per  cent  will  not  be  with  us  next  year.  We  have 
had  a  small  percentage  of  sections  which  as  a  result  of  a 
combination  of  disasters  have  given  us  considerable  worry. 
We  believe  that  when  a  section  threatens  to  become  a 
continuous  "hoodoo,"  the  only  thing  to  do  is  to  take  It  in 
hand  and  devote  the  organization's  time  ard  money  to  it 
lintil  it  is  brought  up  to  standard.  In  1018  we  shall  reduce 
the  length  ot  many  ot  our  patrol  sections  and  thus  increase 
the  number  ot  our  patrolmen.  This  increase  will  probably 
be  about  20  per  cent  and  will  cut  the  average  length  of 
our  sections  from  9  to  7.5  miles. 

We  are  trying  to  make  the  patrolmen's  job  an  attrac- 
tive one,  and  are  going  to  make  a  specialty  of  paying  the 
better  men  more  money  than  the  poorer  ones,  so  that  they 
will  realize  that  good  services  are  appreciated.  We  hope 
to  develop  an  esprit  de  corps  by  providing  certificates  of 
merit,  banners  to  be  displayed  on  especially  well-main- 
tained sections,  and  bonuses  for  consistently  good  work 
to  the  good  patrolmen.  We  want  to  make  the  patrolman's 
job  one  well  worth  while,  for  upon  him  rests  the  success  or 
failure  of  patrol  maintenance. 

Very  few  complaints  have  been  received  that  the  patrol- 
men were  loafing.  There  has  been  some  ot  this,  inevitably, 
but  between  the  county  highway  commissioner's  getting 
around  almost  daily,  our  division  engineer  or  division  main- 
tenance engineer's  visiting  each  patrolman  about  once  a 
week  and  reports  from  travelers  and  neighbors,  we  have 
kept  a  pretty  close  check  on  the  patrolmen's  activities,  and 
believe  that  there  has  been  comparatively  little  shirking. 

In  addition  to  the  patrol  maintenance,  we  organized  each 
county  for  a  certain  amount  ot  gang  maintenance.  This 
includes  heavy  road  machine  grading;  scarifying,  shaping 
and  placing  light  resurfacings  on  old  gravel  and  macadam 
roads:  also  surface  treatments.  Roughly,  the  expenditure 
for  maintenance  has  been  divided,  one-halt  for  patrol  main- 
tenance and  one-halt  for  gang  maintenance.  The  expendi- 
tures in  191S  were  at  the  rate  of  about  $250  per  mile.  The 
cost  of  patrol  maintenance  per  mile  on  earth  and  gravel 
roads  averaged  $125.  the  remainder  being  expended  for 
gang  maintenance  or  maintenance  of  the  more  expensive 
surfaces,  sucli  as  macadam. 

Wisconsin  made  an  error  in  distributing  the  funds  avail- 
able for  maintenance  to  the  counties  pro  rata  with  the  state 
trunk  highway  mileage  lying  in  them.  The  distribution  of 
maintenance  funds  should  be  made  by  the  state  depart- 
ment on  the  basis  of  maintenance  needs.  Type  ot  road  and 
amount  of  travel,  of  course,  determine  the  funds  which 
should  be  used,  not  any  fixed  factor  of  road  mileage,  pop- 
ulation or  valuation  or  even  automobile  ownership.  Other 
states  should  not  repeat  our  mistake. 

Conclusions  Deduced  from  the  'Vear's  Experience. — It 
may  be  interesting  to  summarize  briefly  some  of  the  con- 
clusions we  have  reached  as  a  result  of  one  year's  state 
maintenance.  These  may  net  be  final,  but  they  seem  well 
founded  on  our  experience  so  far. 

We  find  that  earth  roads  ot  light  clay  or  loam  are  easy  to 
maintain  either  by  dragging  and  planing  or  -with  the  road 
grader,  providing  we  have  a  rain  about  every  10  days.  Con- 
tinued dry  spells  are  almost  as  troublesome  as  continuous 
wet  spells,  especialjy  on  light  soils. 

The  two-horse,  four-wheeled  blade  grader  is  the  most 
effective  tool  for  earth  and  road  maintenance.  The  road 
planers  are  the  second  most  effective,  but  must  be  built 
much  stronger  than  usually  shown  or  sold,  it  they  are  to 
stand  the  pounding  of  constant  use.  We  are  going  to  start 
an  intensive  campaign  tor  applying  a  sand  or  gravel  light 
surfacing,  on  earth  roads  which  are  sticky  or  slippery  after 
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rains.  We  have  been  astounded  at  the  results  from  light 
(2-in.  to  4-in.)  sand  and  gravel  coatings  on  heavy  clay 
soils,  if  followed  by  patrol  maintenance.  This  is  probably 
the  most  valuable  lesson  we  have  gotten  from  this  year's 
maintenance  experience.  We  have  learned  that  well  main- 
tained earth  roads  need  very  little  crown.  The  flatter  and 
wider  an  earth  road  the  better,  it  it  has  good  drainage  and 
is  kept  constantly  smooth.  The  same  is  true  tor  all  other 
types. 

On  sand  roads,  we  find  that  marsh  hay  and  straw  are 
effective  if  covered  with  sand  at  the  time  of  application. 
and  that  sand  prolongs  by  much  the  life  of  these  mate- 
rials. Cedar  bark  and  cedar  shavings  are  the  best  tem- 
porary sand  coverings.  Our  tar-hay  experiment  on  sand 
was  quite  successful,  but  this  method  of  sand  maintenance 
is  entirely  too  expensive,  costing  at  least  $700  per  mile  per 
year  to  maintain  a  good  16-tt.  composition  surface.  We  be- 
lieve that  the  economical  thing  to  do  with  sands  is  to  cover 
them  with  good  clay  or  gravel  as  rapidly  as  funds  permit. 
Tar-hay,  hay,  straw  and  weeds  wear  out  rapidly  and  are 
far  more  expensive  in  the  long  run  than  a  clay  or  gravel 
permanent  treatment  under  even  very  disadvantageous 
and  expensive  hauling  conditions. 

The  roughest  roads  on  the  state  trunk  highway  system 
have  been  the  water-bound  macadam  roads  which  have 
been  surface-treated  in  past  years.  It  is  probably  the- 
oretically possible  to  maintain  a  limestone  macadam  road 
with  surface  treatments,  but  with  the  instruments  of  main- 
tenance in  the  way  of  man-power  which  we  have  to  use  in 
these  days,  effective  results  are  very  difficult  to  obtain. 
The  untreated  waterbound  macadam  roads  maintained  with 
light  coatings  of  sand,  pea  gravel  or  stone  screenings,  or 
even  with  a  road  machine,  have  been  more  satisfactory 
than  have  the  treated  macadams  that  were  not  properly 
maintained  from  their  construction.  We  expect  as  rapidlv 
as  possible  to  scarify  all  of  our  worn  macadam  roads, 
widen  them  to  16  or  IS  ft.  and  cover  them  with  a  coating 
of  2  or  3  in.  of  fine  gravel. 

We  have  about  given  up  the  water-bound  stone  macadam 
road  as  too  expensive  to  maintain.  Some  of  the  penetra- 
tion macadams  bound  with  tar  or  asphalt  have  given  much 
better  service  than  expected,  and  have  shown  themselves 
superior  in  maintenance  possibilities  to  any  water-bound 
structure  we  have  built.  This  is  another  reversal  of  a 
former  opinion. 

We  have  found  that  the  most  satisfactory  cheaply  built 
roads  to  maintain  are  the  gravel  roads.  We  have  scarified 
many  miles  of  old  gravel  roads  and  at  a  cost  of  $200  or  less 
per  mile  have  produced  a  surface  very  satisfactory  and 
easy  to  maintain.  The  more  experience  we  have  with 
gravel,  the  more  convinced  we  are  that  it  is  the  lowest  cost 
surfaced  road,  both  to  build  and  maintain,  and  much  su- 
perior to  water-bound  macadam.  We  believe  that  the  par- 
ticles of  gravel  in  the  top  4  in.  of  a  gravel  road  should  not 
be  larger  than  1  in.,  and  we  would  crush  even  finer  if  it 
were  not  so  expensive  to  produce  fine  crushed  gravels. 
Gravel  roads  give  the  best  and  smoothest  service  without 
surface  treatments.  If  it  is  necessary  to  treat  them  to  elim- 
inate dust  use  very  light  oils  and  don't  try  to  build  up  a 
protective  coat. 

We  have  found  trucks  and  tractors  not  generally  sat- 
isfactory for  patrol  maintenance.  Trucks  give  too  much 
opportunity  for  "joy  riding,"  are  economical  only  when 
used  for  hauling,  and  then  only  when  rapid  loading  and 
unloading  facilities  are  available.  Tractors  give  fair  serv- 
ice, but  to  make  them  economical  the  sections  must  be 
so  long  that  a  part  of  the  road  lies  undragged  for  too  many 
hours  after  it  gets  in  condition  for  dragging.  It  is  a  fact 
that  with  both  the  trucks  and  tractors  it  the  patrolman 
starts  as  soon  as  a  road  is  fit  for  dragging,  on  the  long  sec- 
tions the  road  has  become  too  dry  before  he  completes  the 
two  round  trips  necessary.  Furthermore,  neither  tractors 
nor  trucks  provide  the  ditch  and  shoulder  maintenance  that 
can  be  gotten  with  a  team.  We  are  distinctly  going  to  dis- 
courage the  use  of  both  trucks  and  tractors  in  patrol  main- 
tenance except  as  supplements  to  team  patrol,  and  stand 
by  old  Dobbin. 

Summing  up  the  maintenance  results,  w.e  can  say  that 
on  the  state   trunk  highway  system   in  Wisconsin,  despite 


the  fact  that  our  construction  has  been  cut  to  less  than  half 
of  the  normal,  due  to  war  conditions,  the  main  roads  in 
Wisconsin  were  never  so  good  as  they  have  been  through- 
out this  season.  We  estimate  that  in  one  year  we  have 
improved  the  average  condition  of  the  5000  miles  at  least 
50  per  cent.  Competent  estimates  are  that  in  the  one  year 
the  increased  number  of  miles  per  hour  which  can  be 
safely  averaged  by  auto  over  the  state  trunk  highways  is 
seven.  This  improvement  and  this  increased  mileage  per 
hour  means  much. 

It  is  not  safe  to  make  broad  statements,  because  condi- 
tions as  to  soils  and  availability  of  materials  vary  so  much 
in  various  states.  Nevertheless,  we  believe  that  any  state 
can  equal  or  surpass  this  record  at  an  average  cost  of 
about  $2.^)0  per  mile  per  year.  If  more  money  can  be  made 
available  the  first  few  years,  so  much  the  better.  We  have 
learned  to  have  the  greatest  respect,  which  we  did  not  en- 
tertain heretofore,  for  the  less  expensive  methods  of  main- 
tenance and  construction.  In  fact,  IfllS  has  taught  us  all 
in  Wisconsin  more  than  we  have  learned  in  several  preced- 
ing years  of  routine  construction. 

We  feel  distinctly  confident  that  if  one  year  has  enabled 
us  to  obtain  the  results  which  have  been  produced,  a  suc- 
cession of  years  will  give  us  a  passable  highway  system 
at  an  expense  within  our  means.  Maintenance  will  bridge 
over  the  gaps  which  there  must  be  between  our  present 
iiractically  unroaded  condition  and  the  ultimate  system  of 
adequate  highways  built  to  bear  modern  traffic,  which  all 
states  are  going  to  have  as  fast  as  these  systems  can  be 
financed  and  built. 

Probably  the  best  commentary  on  the  maintenance  re- 
sults of  this  year  is  the  fact  that  at  the  November  meet- 
ings of  our  county  boards  many  of  the  counties  adopted 
county  trunk  highway  systems  to  be  maintained  in  1919  by 
the  counties  by  the  patrol  system.  It  is  probable  that  the 
total  mileage  on  these  county  systems  is  half  that  on  the 
state  system,  so  that  Wisconsin  will  have  7.500  miles  of 
patroled   highways  in  1919. 


Labor    Saving    Machinery  in    Marquette 
County,  Michigan,  Road  Work 

In  road  surfacing  operations  in  1916  in  Marquette  County, 
Michigan,  17  men  and  5  teams,  including  roller  men,  fireman 
and  cook,  were  employed.  The  past  year  a  maximum  force 
of  S  men,  including  foreman  and  roller  men  and  one  team 
was  employed,  and  yet  approximately  double  the  amount 
of  stone  on  longer  hauls  was  put  down. 

The  machinery  used  on  this  work  was  as  follows:  One 
hand  pump;  a  6-HP.  Fairbanks  gas  engine;  a  250-gal. 
Morse  centrifugal  pump,  both  mounted  on  one  set  of  skids 
and  belt  connected.  The  same  apparatus  was  used  for  pump- 
ing water  for  sprinklers  and  pumping  bitumen  from  tank 
cars  into  the  tank  wagons.  A  motor  truck  also  was  substi- 
tuted for  four  teams.  An  endless  belt  conveyor  of  the  grain 
type  without  buckets  was  used  for  unloading  the  stone  cars. 
This  took  the  place  of  six  men  while  the  spreading  ap- 
paratus on  the  truck  cut  down  the  necessary  spreading  crew. 
The  roller  crew  remained  the  same  but  because  of  better 
watering  conditions  one  sprinkler  with  a  team  proved  all 
that  was  necessary  except  on  long  hauls  or  in  exceedingly 
dry  weather.  When  water  had  to  be  pumped  by  hand  two 
teams  and  two  extra  men  were  required  for  the  same  work. 
K.  I.  Sawyer  is  County  Road  Engineer. 

The  foregoing  note  is  taken  from  a  paper  presented  at  the 
recent  convention  of  the  American  Association  of  State 
Highway  Officials  by  Frank  F.  Rogers,  State  Highway  Com- 
mission of  Michigan. 


Amendment  to  Post  Office  Federal  Appropriation  Bill 
Provides  $50,000,000  Additional  for  Federal  Aid  Roads. — 
The  U.  S.  Senate  committee  on  post  offices  and  post  roads 
on  .Tan.  27  adopted  an  amendment  to  post  office  appropria- 
tion bill,  adding  $.50,000,000  to  the  amount  to  be  expended 
in  aiding  the  several  states  to  build  roads  during  the  fiscal 
year  1919,  and  increasing  by  $75,000,000  the  amount  to  be 
expended  during  each  of  the  two  fiscal  years  1920  and  1921. 
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The    Kdutational    Campaign    for 

the  $h(),()00, ()()()  Road    Bond 

Issue  in  Illinois 

Last  Novouibor,  the  clli/.ous  of  lllinuis,  by  n  vote  of 
507.000  to  154,000.  niithorlr.cd  a  $(".0,000,000  bond  Issue  for 
highway  Iniproveniouts.  Tho  largo  iimjorlty  Is  generally 
ascribed  to  the  very  thorough  campalKn  carried  out  for 
the  purpose  of  pointing  out  to  the  voters  the  nuMlts  of 
the  proposition.  The  main  features  of  this  educutional 
work  are  described  by  Mr.  S.  E,  Uradt.  State  Superintend- 
ent of  lllKhways,  In  a  pamphlet  issued  by  the  Torlland 
Cement  AsHoctation. 

Features  of  the  Campaign. — At  the  time  the  bill  was  in- 
troduced In  the  legislature,  the  United  States  was  not  in- 
volved in  the  European  conflict,  but  before  it  became  a 
law  war  had  been  declared.  Following  the  passage  of  the 
bill,  the  Illinois  Highway  Improvement  Association  com- 
menced to  outline  its  plan  of  campaign.  The  plan  pro- 
posed (or  the  Improvement  of  this  system  of  roads  met 
with  practically  no  opposition  wherever  it  was  understood, 
but  Uie  man  who  failed  to  have  full  information  In  regard 
to  it  was  Inclined  to  oppose  this  bond  issue  the  same  as 
others,  fearing  additional  taxation.  In  this  connection,  at- 
tention Is  called  to  the  fact  that  Instead  of  requiring  only 
a  majority  of  the  votes  cast  upon  the  proposition,  the  Con- 
^titutlon  of  Illinois  required  a  majority  of  votes  cast  by 
men  voting  for  members  of  the  General  Assembly,  which 
meant  practically  a  majority  of  all  votes  cast  at  the  elec- 
tion. This  feature,  combined  with  the  general  opposition 
to  bond  issues  which  necessitate  additional  taxation,  made 
necessary  a  vigorous  campaign  of  information. 

The  war,  however,  had  become  the  all  absorbing  topic. 
The  people,  with  the  exception  of  those  particularly  inter- 
ested in  road  improvement  who  needed  no  convincing,  would 
not  take  the  time  to  attend  good  roads  meetings.  It  there- 
fore became  necessary  to  formulate  a  different  campaign 
from  that  ordinarily  carried  on.  Instead  of  the  projected 
road  meetings  attention  was  given  to  securing  a  place  for 
speakers  on  the  programs  of  all  public  gatherings.  At 
these  meetings,  the  plan  was  presented  briefly  and  an  en- 
dorsement requested  and  usually  unanimously  given.  Be- 
fore the  closing  month  of  the  campaign  the  most  formida- 
ble list  of  endorsements,  both  from  organizations  and  prom- 
inent Individuals,  ever  given  to  any  project  presented  to 
the  people  of  Illinois,  had  been  obtained. 

Forming  of  County  and  Precinct\  Organizations. — It  was 
deemed  essential  also  to  carry  on  a  local  campaign  in  each 
community.  For  this  purpose  there  was  appointed  a  county 
campaign  committee  in  each  county.  These  committees  con- 
sisted in  the  beginning  of  from  three  to  five  members  who 
were  permitted  to  make  such  additions  to  their  number  as 
they  saw  fit.  Great  care  was  used  in  forming  these  county 
committees  by  selecting  people  of  standing  in  the  com- 
munity as  well  as  those  who  were  enthusiastic  road  advo- 
cates. 

The  county  committees  were  requested  to  meet  and  elect 
a  chairman,  secretary,  treasurer,  and  publicity  manager 
and  then  proceed  to  organize  the  county  by  naming  town- 
ship chairmen,  precinct  and  school  district  committeemen, 
and  workers  at  the  polls  on  election  day.  During  the  last 
few  months  of  the  campaign,  fieldmen  were  sent  out  to 
visit  the  various  county  campaign  committees  and  to  assist 
them  where  necessary  in  completing  their  organizations 
to  effectively  carry  on  the  campaign.  Where  it  was  found 
necessary,  these  lieldmen  went  to  the  counties  several 
times  before  election  day.  The  work  done  by  these  county 
organizations  in  a  hand  to  hand  manner  is  undoubtedly 
responsible  in  a  large  measure  for  the  success  of  the  bond 
issue. 

Publicity  Through  Literature. — Another  interesting  fea- 
ture of  the  campaign  was  the  method  of  securing  publicity. 
The  Illinois  Highway  Improvement  Association  furnished 
to  the  county  committees  the  necessary  literature  consist- 
ing of  maps,  booklets,  circulars,  folders,  etc.  These  in- 
cluded a  test-book  covering  the  entire  plan  in  detail  to  be 
used  by  those  who  wished  to  prepare  themselves  to  talk 
both   publicly   and   privately  for  the   bond   Issue.     A   state 


map  15  In.  by  2S  in.,  showing  the  bond  issue  system  of 
roads  and  giving  essential  details  of  the  plan,  was  distrib- 
uted; also  three  ditTerent  circulars  written  by  well  known 
farmers;  three  circulars  preiuired  by  well  known  labor 
lenders;  a  circular  covering  the  llnuncial  phase  of  the  sit- 
uation; and  during  (he  last  ;'>0  days  of  the  campaign  a 
folder  appealing  to  automobilists  was  distributed  through 
all  the  lUing  stations  of  the  state.  A  small  leaflet  for  use 
by  nuinufacturcrs  in  the  employes'  pay  envelope  was  an- 
other feature;  and  llnally.  a  sample  ballot  for  distribution 
on  election  day  and  badges  to  be  worn  by  those  favoring 
the  proposition.  Most  of  these  circulars,  folders,  and  leaf- 
lets were  brief,  yet  contained  the  main  facts  regarding  the 
proposition.  Not  fewer  than  6,000.000  pieces  of  literature 
were  distributed  by  the  Illinois  Highway  Improvement 
Association    mainly   through    the   county   organizations. 

Newspaper  Publicity. — Another  thing  that  should  be 
given  special  mention  is  the  co-operation  of  the  news- 
papers of  the  state  in  this  campaign.  Ail  papers,  includ- 
ing the  metropolitan  dailies,  the  country  daily  and  weekly 
papers,  the  farm  and  trade  papers,  gave  of  their  space 
freely.  During  the  last  six  weeks  of  the  campaign  tw-o  full 
page  sheets  of  publicity  matter  were  sent  out  by  the  Illi- 
nois Highway  Improvement  Association.  This  was  fur- 
nished in  the  form  of  "boiler  plate"  to  those  papers  so  de- 
siring it,  while  to  others  the  copy  was  given  and  set  up 
in  their  own  composing  rooms.  It  is  estimated  that  ap- 
proximately 25,000  columns  of  printed  matter  pertaining 
to  the  bond  issue  were  donated  by  the  newspapers  of  the 
state. 

Special  Motion  Picture  Film. — Another  interesting  fea- 
ture of  the  campaign  was  a  two-reel  film  prepared  and  cir- 
culated by  the  Illinois  Highway  Improvement  Association. 
This  was  entitled,  "Through  Illinois  Over  I'nchanged  Roads 
in  a  World  of  Change,"  and  was  furnished  without  expense 
to  moving  picture  houses.  It  was  used  generally  over  the 
state  in  motion  picture  theaters  and  brought  out  unusually 
favorable  comment.     Ten  sets  of  films  were  thus  circulated. 

Closing  the  Campaign. — During  the  last  six  weeks  of 
the  campaign,  the  association  was  handicapped  by  the 
launching  of  the  Fourth  Liberty  Loan  campaign  which 
closed  about  tliree  weeks  before  election,  and  also  by  the 
influenza  epidemic.  Practically  all  county  committees  had 
arranged  for  township  and  schoolhouse  meetings  either  in 
the  interest  of  the  bond  issue  alone  or  in  connection  with 
political  and  other  gatherings.  The  order  issued  by  the 
State  Board  of  Health  prohibiting  all  public  gatherings 
forced  the  making  of  a  sudden  change  in  the  campaign 
from  public  meetings  to  newspaper  and  poster  advertising. 
The  Illinois  Highway  Improvement  Association  imme- 
diately printed  and  forwarded  to  the  county  campaign 
committees  for  circulation  50.000  balf-sheet  posters.  In 
addition,  the  county,  committees  were  urged  to  use,  es- 
pecially in  the  larger  centers  of  population,  half  page  and 
page  paid  advertisements  in  their  daily  papers.  Also  a 
thorough  organization  of  nonpartisan  poll  workers  had 
been  effected  by  the  county  campaign  committees  generally 
throughout  each  county.  These  workers  were  at  the  polls 
with  the  sample  ballots,  wearing  bond  issue  badges  and 
urging  the  people  to  vote  for  the  road  bond  issue.  This 
was  supplemented  by  both  the  Republican  and  Democratic 
poll  workers,  who  gave  the  proposition  their  hearty  sup- 
port. On  the  little  ballot,  with  the  road  bond  issue  was 
the  proposition  of  submitting  the  questions  of  the  Consti- 
tutional Convention  in  which  the  women  of  the  state  were 
greatly  interested.  Because  of  this,  many  women  workers 
were  at  the  polling  places  supporting  not  only  the  consti- 
tutional convention  proposition  but  also  the  good  roads 
bond  issue. 

Effect  of  the  War  on  the  Campaign.— Shortly  after  the 
adjournment  of  the  legislature  much  unfavorable  comment 
was  heard  concerning  the  bond  issue  on  the  grounds  that 
while  we  were  engaged  in  this  stupendous  war  we  bad  no 
time  to  think  of  or  discuss  a  good  roads  bond  issue — that 
the  entire  matter  should  be  postponed  until  some  later 
date.  The  Governor  with  his  usual  foresight  then  came 
to  the  rescue  by  making  a  public  statement  to  the  effect 
that  if  the  bond  issues  was  approved  by  the  people  he 
would  not  issue  the  bonds  or  commence  construction  until 
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the  close  of  the  war.  In  connection  with  this  statement 
he  called  attention  to  the  tact  that  economists  predicted  a 
period  of  depression  following  the  war  in  which  wo  would 
probably  find  labor  plentiful  and  work  scarce.  In  view 
of  this  probability,  he  urged  the  people  to  approve  the 
bond  issue  in  order  that  the  state  of  Illinois  might  be  pro- 
pared  to  do  its  share  in  providing  employment  for  soldiers 
returning  from  the  front  and  civilians  released  from  war 
industries.  This  statement  immediately  relieved  the  sit- 
uation and  proved  to  have  a  decided  influence  on  the  minds 
of  the  people  in  favor  of  the  bond  issue. 

Financing  the  Campaign. — The  financing  of  the  campaign 
was  done  entirely  through  voluntary  contributions.  The 
Illinois  Highway  Improvement  Association,  through  its 
finance  committee,  raised  sufficient  funds  to  pay  for  all 
printed  matter  and  the  preparation  of  the  public  news 
sheets  furnished  to  the  press  of  the  state;  also  to  defray 
the  general  office  expense,  which  was  considerable.  The 
local  campaign  expenses,  including  the  payment  for  local 
newspapei-  advertising,  were  provided  by  the  county  cam- 
paign committees. 


Public  Works  as  Buffer  Employment  for 
Soldiers  and  War  Workers 

In  his  pamphlet,  "Public  Works  or  Public  Charity,"  Is- 
sued recently  by  the  War  Committee  of  the  Union  League 
Club  of  Chicago,  Prof.  H.  G.  Moulton,  of  the  University 
of  Chicago,  estimates  that  during  the  next  12  months  5,000,- 
000  or  6,000,000  workers  will  seek  employment  in  this  coun- 
try. To  meet  this  labor  crisis,  arising  from  the  demoboli- 
zation  of  troops  and  war  workers,  he  suggests  the  provid- 
ing of  buffer  employment  by  quasi-public  enterprise,  by  the 
Federal  Government,  the  state  governments,  and  by  mu- 
nicipalities. He  considers  that  American  cities  perhaps 
afford  the  best  opportunity  for  extensive  construction  proj- 
ects during  the  coming  months.     Regarding  this  he  states: 

Many  building  projects  were  postponed  during  the  war 
in  consequence  of  the  shortage  of  labor  and  building  ma- 
terials, and  many  of  the  cities  now  have  funds  in  hand  and 
are  prepared  to  begin  at  once  the  delayed  construction 
operations.  Data  before  me  from  13  typical  middle  west- 
ern cities  show  expenditures  of  $27,000,000  which  will  be 
made  in  the  near  future.  It  is  estimated  that  48  per  cent 
of  this  will  go  for  labor.  It  has  been  reliably  estimated 
that  the  total  of  public  money  annually  spent  in  the  United 
States  on  permanent  improvements  is  about  $600,000,000 — 
about  two-thirds  of  which  is  spent  by  the  governments  of 
cities.  During  the  years  1917-18  about  $300,000,000  of  such 
work  was  postponed — mainly  in  the  states  and  cities.  If 
in  the  year  1919  we  should  spend  this  $300,000,000,  plus  the 
$600,000,000  normally  devoted  to  new  construction,  and 
add  to  that  another  $300,000,000  as  an  insurance  for  the 
emergency,  we  would  be  able  to  employ  on  public  works 
(Federal,  state,  and  municipal!  during  the  year  1919  about 
400,000  men. 

The  carrying  through  at  this  time  of  a  program  of  public 
works  would  result  not  merely  in  giving  direct  employ- 
ment to  400,000  workmen;  it  would  do  much  to  start  the 
hesitant  wheels  of  industry  everywhere.  At  the  present 
moment  the  demands  for  the  production  of  basic  raw  ma- 
terials is  at  a  low  ebb  owing  to  the  sudden  cessation  of 
enormous  war  orders  and  the  uncertainty  as  to  the  im- 
mediate future  of  private  industry.  Let  the  national  Gov- 
ernment, the  state  governments,  and  the  municipalities 
engage  in  a  comprehensive  building  program  and  the  ma- 
terials required  will  immediately  create  a  strong  demand 
for  the  production  of  iron  and  steel,  and  metals  generally, 
of  coal,  lumber,  cement,  etc.  The  wages  paid  to  the  em- 
employes  engaged  in  public  works  would  at  the  same  time 
place  in  their  hands  purchasing  power  with  which  they 
would  go  into  the  markets  and  demand  the  commodities 
which  enter  into  ordinary  consumption.  Similarly,  the 
wages  paid  to  those  engaged  in  the  production  of  the  raw 
materials  required  for  the  building  operations  would  serve 
to  create  an  additional  demand  for  consumptive  goods.  The 
Increase  in  demand  thus  becomes  rapidly  cumulative,  and 
the  foundations  are  laid  for  a  period  of  great  activity  in 
all  lines  of  Industry. 


Specification  for  Pitch  Paint  Coat 
Method  of  Constructing  Creo- 
soted  Wood  Block  Pave- 
ment 

At  the  191S  convention  of  the  American  Wood  Preservers' 
Association  the  Committee  on  Wood  Block  Paving  sub- 
mitted as  a  specification  for  information  its  report  on  bi- 
tuminous paint  coat  construction  and  recommended  that 
one  more  year  of  experience  with  this  type  of  wood  block 
pavement  construction  should  be  had  before  definitely 
adopting  it  as  a  standard  method.  In  its  report  submitted 
at  the  convention  last  month  the  committee  made  a  few 
slight  changes  in  the  specification.  The  specificaton*  as 
recommended  for  adoption  by  this  committee  now  reads 
as   follows: 

Base:  On  tlic  .sub-grade,  properly  prepared,  shall  be  .spread 
the  concrete  base  of  the  thicknes.s  specified.  The  concrete  shall 
fonsist  of  1  part  cement,  3  parts  fine  aggregate,  and  5  parts 
coar.^e  aggregate,  mixed  with  sufficient  water  to  produce  a  wet 
nii.xturt;  that  can  be  readily  lloated.  The  surface  of  concrete 
.shall  be  finished  to  an  even  .surface  by  any  approved  method. 
The  finished  surface  when  tested  by  laying  a  metal  shod  straight 
edge  at  least  5  ft.  long  in  direction  parallel  to  curb  line,  shall 
show  no  variation  greater  than  %  in.  Projections  greater  than 
'4  in.  to  be  trimmed.  Depressions  to  be  flushed  with  mortar, 
(■on.sisting  of  1  part  cement  to  3  parts  sand  of  sufHcient  thick- 
ness to  bring  surface  within  the  allowable  limits  specified. 

Cement:  Cement  shall  be  Portland  Cement  conforming  to  the 
.specirication  of  the  American  Society  for  Testing  Materials. 
Fine  Aggregate:  Fine  aggregate  shall  be  clean,  sharp  sand. 
Coarse  Aggregate:  Coarse  aggregate  shall  consist  of  clean, 
.sharp,  tough,  durable  crushed  rock  or  gravel,  graded  in  size, 
free  from  vegetable  or  other  deleterious  matter.  The  size  of  the 
coar.se  aggregate  shall  be  such  as  to  pa*s  a  IV2  in.  round  open- 
ing and  shall  range  from  I'/i  in.  down,  not  more  than  5  per  cent 
I>assing  a  screen  having  4  meshes  per  linear  inch  and  no  in- 
termediate sizes  shall  be  removed. 

Pitch  Paint  Coat:  On  the  thoroughly  cleaned  and  dried  con- 
cr-'te  base  shall  be  spread  as  thin  a  uniform  coat  of  pitch  as 
it  is  possible  to  apply,  as  hereinafter  specified.  It  shall  be  heated 
to  .a  temperature  of  not  less  than  2.50°  F.,  and  not  "niorb^' fthan 
300°  F.,  poured  directly  on  concrete  and  spread  smootWlyHwhile 
hot  to  a  uniform  thickness  of  not  more  than  %  in. 

Laying  Blocks:  On  the  hardened  pitch  paint  coat,  thus  pre- 
pared, the  blocks  shall  be  carefully  set  with  the  fiber  of  the 
wood  vertical  in  straight  parallel  courses,  leaving  a  space  next 
to  the  curb  1  in.   in  width  for  the  expansion  joint. 

The  blocks  shall  be  laid  by  setting  them  hand-tight.  No  joint 
shall  be  more  than  3  16  in.  in  width.  They  may  be  driven  to- 
gether lightly  every  fourth  course  to  keep  the  rows  straight. 
.Nothing  but  whole  blocks  shall  be  used,  except  in  starting  a 
course,  or  in  such  other  cases  as  the  purchaser  may  desire,  and 
in  no  case  shall  the  lap  joint  be  less  than  2  in.  Closures  shall  be 
carefully  cut  and  trimmed  by  experienced  men.  The  angle  of 
the  course  to  the  curb  shall  be  fixed  at  the  discretion  of  the  pur- 
chaser. After  blocks  have  been  placed  they  may  be  rolled  by  a 
tandem  roller,  weighing  between  4  and  7  tons. 

Expansion  Joints:  Expan.sion  joints  1  in.  wide  shall  be  pro- 
vided ni-xt  to  and  along  the  curb  line,  expansion  joints  being 
Ijllf'rt  with  pitch  as  hereinafter  specified. 

Filler:  .^fter  rolling  is  completed  the  joints  between  the  blocks 
sh:ill  be  filled  with  a  pitch  filler  as  hereinafter  specified.  It  shall 
preferably  be  done  only  when  the  temperature  of  the  air  is 
above  45°  F. 

Tlie  pitch  shall  be  heated  to  a  temperature  of  not  less  than 
2.'.0°  F..  nor  more  than  300°  F..  pouring  directly  on  the  surface 
of  the  blocks,  and  by  means  of  a  hard  rubber  squee.gee  shall  be 
squeegeed  into  the  joints  between  the  blocks.  Care  must  be 
.xercised  that  no  surplus  pitch  is.  left  on  the  surface  of  the 
blocks,  and  in  no  case  .shall  there  be  a  second  application  of 
jiitch.  After  the  filler  has  been  thoroughly  worked  into  the 
joints  between  the  blocks  the  surface  shall  be  completely  cov- 
ered to  a  depth  of  about  Ms  In.,  with  clean,  coarse,  dry  sand  or 
slag  screenings,  which  shall  be  left  upon  the  pavement. 

Coal  Tar  Pitch:  The  pitch  used  for  the  paint  coat,  e.vpansion 
joints  and  filler,  shall  be  obtained  entirely  from  the  distillation 
of  coal  tar  and  shall  comply  with  the  requirements  specified  on 
page  457.  WIT  proceedings  of  the  American  Wood  Preservers' 
Association. 

•Where  this  specification  is  used  it  should  be  inserted  In  the 
sTiecification  printed  in  the  1317  proceedings  of  the  American 
Wood   Preservers'   Association. 
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How  to  Cut  a  Strikeboard  to  a  Circular  Arc 

The  Standard  Specll\iations  of  the  Anierioiiii  Concreto 
Institute  recoiuniend  that  the  surface  of  coiu-rete  highways 
be  tlnlshed  to  a  crown  corrospondinK  to  the  arc  of  a  circle. 
The  height  of  the  crown  at  the  center  of  the  highway  above 
the  margin  of  the  pavement  Is  recommended  to  be  not  more 
than  1  Til)  and  not  less  than  1, 1(U>  of  the  width  of  the  pave- 
ment. It  Is  dItlU-uli  for  a  carpenter  or  mechanic  to  lay 
out  a  cur%'o  of  this  kind  which  can  be  relied  upon  to  give  a 
correct  curve.  A  method  based  upon  a  simple  geometric 
proposition,  which  if  properly  followed  will  give  an  abso- 
lutely true  curve.  Is  described  In  The  Concrete  Highway 
Magazine. 

If  the  lower  edge  of  the  piece  from  which  the  strikeboard 
Is  to  be  cut  is  not  absolutely  straight,  the  layout  can  be 
made  to  a  chalk  line.  Prive  a  stiff  llnishing  nail  at  each 
of  the  points  A  and  B,  see  Kig.  1,  which  will  mark  the 
width  of  the  pavement.     Find  the  mid-point  between  these 
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Fig.   1. 


nails  and  mark  on  tlr^  board  a  line  at  right  angle  to  the 
straight  line  A  B  and  drive  a  nail  at  M,  as  far  above  the 
mid-point  of  the  line  A  B  as  required  by  the  cross  section 
for  the  crown  height  at  center. 

Take  two  light  pieces  of  lumber  which  have  straight 
edges  (strips  of  cedar  siding  are  good)  and  fasten  them 
rigidly  together  so  that  they  form  the  angle  KM  A.  The 
line  KM  must  be  parallel  to  AB.  Then  if  one  side  of  this 
angle  is  held  against  the  nail  at  M  and  one  at  A,  the  inter- 
section will  form  a  point  on  the  desired  curve.  By  shift- 
ing the  angle  the  intersection  may  be  moved  from  M  to 
A  and  points  on  the  curve  marked  as  often  as  desired.  By 
turning  the  angle  frame  over,  the  curve  on  the  other  halt 
may  be  similarly  marked. 


Public   Works  and  the   Returned   Soldier 

Here  is  what  I  should  want  to  do  if  I  were  City  Manager: 
Get  the  Commission  to  announce  that  our  town  intends  to 
see  every  bona  fide  resident  safely  through  the  crisis.  No 
soldier  returning  from  war  shall  be  told  that  society  has 
no  use  for  him  or  that  he  must  now  go  tramping  from 
employer  to  employer  vainly  trying  to  sell  his  services. 
Neither  must  those  who  stayed  home  be  displaced  to  make 
room  for  the  soldier,  since  that  merely  doubles  the  amount 
of  necessary  adjustment  without  touching  the  problem. 

Therefore  our  town  will  concentrate  in  this  year  the 
public  work  that  ordinarily  would  be  spread  over  last 
year  and  this  year  and  next  year  and  the  year  after,  im- 
proving and  beautifying  and  setting  in  order  our  municipal 
household  in  every  sound  and  ultimately  profitable  way. 
What  little  extra  it  may  cost  to  float  a  bond  issue  and  buy 
materials  now  will  be  offset  by  the  prevention  of  enlarged 
expenditures  on  crime,  disorder,  hospitals  and  police  which 
are  the  inevitable  accompaniments  of  hard  times  and  indus- 
trial chaos. 

We  will  push  these  public  works  to  whatever  point  may 
be  necessary  to  absorb  the  excess  supply  of  local  labor. — 
Richard  S.  Childs  in  a  paper  presented  Nov.  7  at  the 
convention  of  the  city  managers'  association. 


Kentucky  Road  School. — A  short  course  in  highway  en- 
gineering will  be  held  Feb.  24-2S  at  the  University  of  Ken- 
tucky under  the  auspices  of  the  college  and  the  State  De- 
partment of  Public  Roads. 


(lost  of  (iOnstructinj^  (Jravel  Foundations 
for  Roads 

In  estinuiting  the  cost  ol  a  grave!  foundation  it  is  neces- 
sary to  consider:  The  purchase  price  of  the  gravel  it  is 
proposed  to  use;  the  cost  of  delivering  the  gravel  on  the 
work,  and  the  cost  of  spreading  and  compacting.  The  first 
two  of  these  factors  are  evidently  dei)endenl  to  a  very  great 
extent  on  local  conditions,  and  their  inlluenco  on  the  cost 
of  a  given  foundation  cannot  be  deterniinod  except  by  a 
study  of  the  given  conditions.  The  following  data,  from  a 
Bulletin  of  Drainage  Methods  and  Foundations  for  County 
Roads,  issued  last  December  by  the  V.  S.  Bureau  of  Pub- 
lic Roads,  are  intended  to  serve  only  as  an  aid  in  making 
the  necessary  study: 

A  cubic  yard  of  loose  gravel  or<linarily  weighs  between 
2700  and  WWm  lb.,  the  average  weight   being  about  3000  lb. 

l.,oose  gravel  will  shrink  from  12  to  V-,  per  cent  in  vol- 
ume when  compacted  in  a  road  foundation.  In  determin- 
ing the  loose  volume  of  gravel  required  for  a  given  proj- 
ect it  is  customary  to  compute  the  compacted  volume  and 
add  from  20  to  :>0  per  cent  to  cover  waste,  shrinkage  and 
loss  in  handling. 

The  average  cost  of  loading  pit  gravel  by  hand  into 
wagons  is  about  20  ct.  per  cubic  yard.  Where  the  amount 
of  work  to  be  done  is  sufficient  to  warrant  the  installa- 
tion of  a  steam  shovel  or  the  construction  of  a  special 
scaiTold  so  that  wheeled  scrapers  may  be  used  for  loading, 
the  cost  of  this  work  usually  may  lie  reduced,  the  reduc- 
tion sometimes  amounting  to  50  per  cent  or  more. 

The  cost  of  screening  gravel  varies  greatly  according 
to  the  character  of  the  pit-run  material  and  the  kind  of 
screening  equipment  employed.  Hand  screening  costs 
from  25  to  50  ct.  per  cubic  yard,  while  with  a  properly  ar- 
langed  mechanical  screen  the  cost  should  not  often  ex- 
ceed  15  or  20  ct.  per  cubic  yard. 

The  cost  of  hauling  depends  on  the  equipment  used  and 
the  condition  of  the  road  over  which  the  hauling  is  done. 
With  teams  at  $5  per  day  and  the  roads  such  that  two 
tons  may  be  hauled  at  a  load,  the  average  cost  is  about 
25  ct.  per  ton  mile,  or  37  V^  ct.  per  cubic-yard  mile. 

The  cost  of  spreading  gravel,  on  five  road  projects  re- 
cently supervised  by  the  Office  of  Public  Roads  and  Rural 
Engineering,  ranged  from  about  3  ct.  to  about  S  ct.  per 
(  ubic  yard.  The  average  cost  was  about  6'/4  ct.  per  cubic 
yard  and  the  average  cost  of  labor  was  about  20  ct.  per 
hour.  The  wagons  used  in  all  cases  were  built  so  that 
they  dumped  directly  upon  the  subgrade  and  were  designed 
to  spread  the  material  to  a  considerable  extent  while  it 
.vas  being  dumped. 

The  cost  of  rolling  the  gravel  on  the  above  five  projects 
ranged  from  slightly  less  than  %  ct.  to  about  1  ct.  per 
square  yard.  The  average  cost  was  about  0.6  ct.  per  square 
yard.  This  included  only  the  labor  cost  and  if  fuel  for  the 
roller  and  depreciation  were  considered  the  average  cost 
probably  would  approximate   1%   or  2  ct.  per  square  yard. 


Scientific  Training  and  Executive  Ability 

We  have  learned  that  real  experience  must  take  science 
as  its  handmaiden  to  accomplish  real  results  No  longer 
is  that  vague  thing  executive  ability  regarded  as  of  neces- 
sity divorced  from  knowledge  and  scientific  training.  You 
make  professors  of  your  universities  heads  of  your  great 
philanthropic  trusts  and  your  national  executives;  in  Brit- 
ain we  make  an  ex-professor  of  a  Canadian  university  min- 
ister of  National  SeiTice  and  Local  Government.  You 
make  engineers  food  controllers  and  we  make  them  presi- 
dents of  our  railroads  and  civil  lords  of  the  Admiralty. 
This  is  a  fundamental  change,  for  much  of  our  wrong-doing 
in  the  past  has  been  due  to  suppression  of  the  trained 
scientific  mind  in  the  formulating  and  practical  working 
out  of  our  policies.  In  no  matter  do  we  need  more  to  get 
away  from  custom  and  clap-trap  about  uninformed  execu- 
tive ability,  than  in  municipal  government  and  housing, 
with  all  deference  to  the  many  able  amateurs  who  have 
heretofore  controlled  our  public  affairs. — Thomas  Adams, 
Town  Planning  Adviser,  Canadian  Commission  of  Conser- 
vation, in  address  at  7th  National  Conference  on  Housing. 
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Some  Things  the  Road  Contractor     Cost   of   Subgrade    Preparation   in   Road 
Often  Overlooks  Construction 


Until  a  short  time  ago  overtiead  expense  was  something 
that  the  average  business  man  thought  he  need  not  know 
anything  about,  and  there  are  few  lines  ot  business  that 
have  not  suffered  at  some  time  from  the  ravages  of  this 
unrecognized   messenger  of  gloom. 

When  estimatin.g  on  concrete  highways,  states  William 
V.  Hildeman.  Concrete  Road  Contractor,  in  the  January 
Concrete  Highway  Magazine,  it  is  proper  to  give  attention 
to  unexpected  costs  with  which  every  job  is  more  or  less 
burdened.  Let's  start  at  the  beginning  and  work  through. 
Perhaps  we  can  find  some  of  the  oversights  that  are  fre- 
quently responsible  for  our  coming  out  at  the  small  end 
of  the  horn  when  the  job  is  finished. 

With  the  contract  in  your  pocket,  bond  filed  to  cover, 
have  you  figured  the  interest  on  cost  of  check  and  cost  of 
bond  ? 

You  ship  machinery  somewhere  near  the  starting  point 
of  the  job  and  when  you  expect  it  to  arrive  your  superin- 
tendent and  a  couple  of  your  regular  men  are  there  wait- 
ing for  it.  Railroad  fare,  board  and  room,  and  freight  bills 
start  at  this  lime. 

The  equipment  arrives — some  part  is  broken  or  dam- 
aged in  transit.  Another  delay  until  either  the  local  black- 
smith can  make  the  necessary  repairs  or  new  parts  may 
be  brought  from  somewhere  in  America — with  cost  of 
board  and  looni  and  other  expensive  elements  going  on 
as  usual. 

Xext  is  either  a  camping  outfit  or  some  means  ot  con- 
veyance to  get  men  back  and  forth  from  the  job.  Oil,  gas- 
oline, tire,  and  many  kinds  of  repair  expenses  are.  among 
things,  in  order.  A  night  watchman,  a  man  at  the  pump- 
ing house  to  keep  the  water  coming  through  the  roller  or 
mixer  have  to  be  considered. 

Telephone  bills  are  incurred  daily  to  keep  material  com- 
ing. Few  days  of  rainy  weather  are  scattered  here  and 
there  throughout  the  period  of  the  job.  Roads  are  muddy; 
demurrage  puts  a  blot  on  the  profit  side  of  the  ledger. 
Either  these,  or  no  material  at  all,  and  regular  men  of  the 
crew  drawing  their  salary  in  the  meantime. 

Just  as  you  are  getting  a  good  start,  something  happens 
with  some  part  of  the  mechanical  equipment.  Flues  com- 
mence to  leak,  possibly  because  of  the  quality  of  water  you 
had  to  use.  As  there  is  no  chance  to  send  the  gang  home, 
you  start  in  to  work  on  the  shoulders.  Progress  is  slow,  how- 
ever, for  most  concreting  gangs  do  not  like  building  road 
shoulders,  and  as  the  concrete  laid  will  not  permit  use  of 
a  wheeler  or  scraper,  you  are  up  against  it. 

About  this  time  the  party  owning  a  water  hole,  from 
which  you  are  getting  your  supply,  wants  pay  for  the  water 
with  chances  that  he  wants  as  much  for  It  as  you  are  ex- 
pecting in  profit  on  the  job.  Never  use  a  farmer's  well 
until  you  have  made  a  written  agreement  covering  its  use, 
knowing  whether  or  not  it  is  going  to  cost  you  something 
and  how  much. 

Then  there  are  those  numerous  things  that  can  be 
grouped  in  no  other  way  than  by  calling  them  incidentals. 
They  all  show  up  on  every  job  and  they  all  cost  money. 

We  have  depreciation,  too.  Isn't  it  a  fact  that  we  fool 
ourselves  on  this  very  important  question?  There  seems 
to  be  a  very  large  difference  of  opinion  among  road  build- 
ers as  to  the  amount  to  be  charged  for  depreciation  ot 
road-building  machinery  and  this  is  one  of  the  real  reasons 
why  many  contractors  lose  out  financially  in  concrete  road 
building. 

Another  important  item  that  must  not  be  overlooked 
is  interest  on  balance  held  over  from  fall  to  spring  on  in- 
complete jobs.  This  is  a  very  important  expense  for  a 
contractor  with  limited   capital. 

The  foregoing  are  merely  a  few  reminders.  Neverthe- 
less, they  are  sure  to  be  on  almost  every  joh.  Are  you 
sure  that  every  time  you  bid  you  give  them  proper  con- 
sideration? 


The  (ost  of  preparing  the  subgrade  of  a  road  to  receive 
the  foundation  or  road  crust  depends  to  a  very  consider- 
able extent  on  the  degree  of  care  exercised  in  doing  the 
rough  grading,  and  to  a  less  extent  on  the  type  of  road 
<  rust  or  foundation  which  it  is  proposed  to  employ.  The 
character  of  the  soil  composing  the  roadbed  also  may  be 
an  imi)ortanl  consideration  in  estimating  the  cost  of  this 
work,  fspecially  if  any  considerable  period  of  time  elapses 
after  the  completion  of  the  rough  grading  before  the  sub- 
grade  is  prepared.  Some  soils  remain  loose  indefinitely 
and  are  easily  worked  into  proper  shape,  while  others  may 
become  hard  and  compact  in  a  very  short  time  after  being 
placed  in  a  roadbed.  In  a  recently  issued  bulletin  of  the 
I'.  S.  Bureau  of  Public  Roads  on  drainage  methods  and 
foundations  for  county  roads  the  following  examples  ot 
road  improvement  projects  completed  under  the  supervi- 
sion of  the  Bureau  of  Roads  are  given  to  illustrate  how 
the  cost  of  subgrade  preparation  varies  with  the  local  con- 
ditions. 

IC.xainplt  .N'o.  1. — A  macadam  road  in  ilontgomeiy  Coiintv,  Md. 
.\ri-a  surfaoe.  J". 451!  sq.  yd. 
("haracter  of  soil,   stiff  clay. 
(Jrading  done  with  steam-shovel  outfit  and  not  vorv  carefully 

tinishpd. 
Cost  of  proparinf?  subgrade,  6.S  ct.  per  sriiiare  yard. 
Work  done  with  pick  and  shovels. 
Cost  includes  necessary  rolling. 

E-sanipIe  Xo.  2. — Several  sections  of  gravel  road  in  LioMore  County, 

Miss. 
.\ggregate  area  surfaced,  189,535  sq.  yd. 
Character  ot  soil,  light  loam. 

Crading  done  with  .scrapers  and  fairly  well  linished. 
Cost  of  preparing  subgrade,  approxiniatelv,  1.4  ct.  per  square 

yard. 
Work  done  with  road  grader  and  a  liniitrd  amount  of  plowing 

required. 
Cost  includes  necessary  rolling. 

Example  No.  3 — A  gravel  road  in  Bexar  County.  Tex. 
.\rea  surfaced,   100,000  sq.  yd. 
Work    consisted    in    scarifying    and    reshaping    an    old    gravel 

road,  and  was  done  by  means  of  a  roller  with  scarifier  and 

road   grader. 
Cost  of  preparing  subgrade.  3.S  ct.  per  square  yard. 
Cost  includes  picking  out  large  stones  that  were  turned  up  in 

scarifying,  as  well  as  all  necessary  rollings. 

Example  No.  4. — A  concrete  road  in  Licking  and  Muskingum 
Counties,  Ohio. 
Length  of  road.  24  miles;  width  of  concrete  surface.  16 
ft.;  character  of  soil,  stiff  clay.  The  rough  grading 
was  done  with  steam-shovel  equipment  and  scrapers,  and 
the  work  was  in  progress  during  1914  and  1915.  During 
1914  the  subgrade  wa5  prepared  almost  immediately  after 
the  rough  grading  was  completed,  and  the  average  cost 
of  its  preparation  was  approximately  3  ct.  per  square 
yard.  During  191.5  the  rough  grading  was  completed  sev- 
eral months  in  advance  of  the  subgrade,  and  the  aver- 
age cost  of  preparing  the  subgrade  was  approximately 
'iVz  ct.  per  square  yard.  This  large  difference  in  cost  is 
attributable  partly  to  the  fact  that  several  washing  rains 
occurred  between  the  time  of  completing  the  rough  grad- 
ing and  the  time  of  preparing  the  subgrade.  and  the  work 
charged  to  subgrade  preparations  really  included  a  con- 
siderable amotmt  of  rough  grading  made  necessary  by 
erosion   of  the  roadbed. 


Arkansas  Proposes  Construction  of  3,115  miles  of  Road  in 
1919-20. — The  State  Highway  Commission  of  Arkansas  in 
the  last  annual  report  states  that  during  the  period 
1917-18  surveys  were  made  for  .3,461  miles  of  road  to 
cost  about  $18,000,000.  The  department  constructed  or 
had  under  construction  under  the  improvement  district 
plan  5-59  miles  of  roads  at  an  approximate  cost  of  $.5,173,- 
237.72,  to  which  the  State  and  Federal  governments  are 
contributing  $S2!),.510.4S.  In  addition  I  constructed  or  had 
under  construction  approximately  400  miles  of  graded 
roads  at  a  cost  ot  $494,276.10,  the  State  and  counties  each 
bearing  half  ot  the  expenses.  It  also  constructed  or  has 
under  construction  .")0  miles  of  road,  the  cost  being  $179,- 
171.84.  Of  this  amount  the  State  is  contributing  $70,000 
and  the  Federal  government  $103,171.84.  The  total  num- 
ber ot  miles  ot  all  kinds  of  roads  constructed  or  now  un- 
der construction  for  1917-18  was  1.009  miles,  the  total  ap- 
proximated cost  of  which  is  $."i.S4G.6S.5.G0. 

During  the  next  biennial  period  ot  1919-20,  it  is  expected 
that  3,11.5.22  miles  of  road  will  he  improved,  at  an  approxi- 
mate cost  of  $14,299.0fifi. 
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31.   No.  6. 


F.xporioiuo   With    Hiiumiiious  Paint   Coat 

Method    of    I.ayiiiii    Wood     lilock 

Pavement 

liilHivstiMK  tiiforiiiiitliui  on  oxpi-riiMices  with  tlit»  Inyliii; 
of  crfosolid  wood  lilocks  on  n  I'oiilili);  of  bitinniiioiis  pniiil 
OH  the  concrt'lf  biiso  Is  kIvi'h  in  thi>  ifporl  of  tho  conimlt- 
toe  on  wiHitl  paving  suhuitltt'il  lust  month  at  the  conven- 
tion of  Iho  AiniTloun  Wood  riosorvors'  Assoclatiun. 
A  unesllonnulrc  was  sont  to  a  nunilior  of  cities  and  wood 
block  niannfaclurers.  The  replies  received  represenl  I.ir>(;,- 
lOO'  »q.  yd.  of  pavement  This  loliil.  however,  does 
not  represent  the  total  yardage  laid  of  this  type  of 
wood  block  pavement,  as  a  number  of  cities  hay- 
inK  this  form  of  conslnicllon  failed  to  answer  the  ques- 
tionnaire. The  first  Installation  was  in  1!10!>  at  St.  nonlface, 
I'nnada  KeplylnK  to  the  unestion.  ■.Vside  from  considera- 
tion of  t'rst  cost.  Is.  in  your  opinion  this  type  of  construc- 
tion to  be  preferred?"  .i.l!*  per  cent  of  the  replies  were 
"no."  SS.;!;!  per  cent  were  "yes."  and  t>.4.'v  per  cent  expressed 
no  opinion.  Other  points  covered  in  the  questionnaire  in- 
cluded the  followliiK: 

i.ju<-t*llon  Tv     In  \oiir  t-xiuTlrnci'.  itot't*  this  niothod 
(tt>  Iflve  a  MurfHco  sntliclently  smooth? 
I  III   I'rexent   IuiIkIkk   or   InioklInK'.' 

vo»   l*ri'Vvnt   blocks  fi*oni  beconiins  looso   »Uirintr   prolracti^il 
ilr.v  weatlipr? 
Qiio9tlon  7.  What.   In  your  oxportoaco.   arc   the   disadvantages   of 

this  method  of  construction.  If  any? 
Qui'Stlon  v.   tlavo    you     experienced     any    diflicuUy     from     blocks 

llontin);  in  pitch  when  exposed  to  summer  l\eat? 
Qui'-siion  11.  What  quantity  pitch  per  square  do  you  recommend 

for  painting  concrete? 
Question  12.  What  dCKrce  meltinp  point  do  you  recommend? 

The  answers  are  summarized  as  follows: 
Question  5 — 

1?  per  cent  no:  SS.3S  per  cent  yes: 


!>3.42  per  cent  yes: 
SS.23  per  cent  yes; 


C.4S  per  cent  don't 
fi.5S  per  cent  don't 
6.5S  per  cent  don't 


(n)  .' 

answer, 
(b)  0.00  per  cent  no 

answer, 
tc)  5.19  per  cent  no 
answer. 
Question  7 — 

U'  S7  per  cent — Getting  smooth  surface. 

1.7a  per  cent — Hcinspectlon.  blork.s  sUcU  to  pitch. 
.Sfi.i;    per  cent — Xo  disadvantages. 

The  total.  14.4  per  cent,   pointini;  out  disadvantages  ansv 
that  these  disadvantages  can  be  overcome. 
Question    9 — 

!';i.42  per  cent  no;  li.4.S  per  cent  yes;  .1  per  cent  don'i  answ 
Question  11 — 

UiO  per  cent — .4   to  .6  gal.  per  sq.   yd. 
Question  12 — 

Answers  vary  from  130°  to  145°. 


Wisconsin  Highway  Commission  Publishes  Map  for  Gen- 
eral Public  Use  in  Touring.— The  Wisconsin  Highway  Com- 
mission adopted  the  innovation  last  season  of  publishing 
a  road  map  on  a  scale  of  1  in.  equals  16  miles  tor  general 
public  use  in  touring.  In  addition  to  showing  the  num- 
bered and  marked  state  trunk  highway  system  and  the 
principal  secondary  roads,  the  points  of  historic  and 
scenic  interest  and  state  institutions  are  also  located  and 
numbered  in  the  map.  Accompanying  the  map  was  a  lit- 
tle booklet  on  Wisconsin  giving  her  history,  an  index  to 
historic,  scenic,  manufacturing  and  state  property  features 
located  on  the  map.  some  record  of  the  states  agricultural 
and  manufaciuring  resotirces.  and  other  material  of  inter- 
est. These  maps  were  sold  for  10  ct.  each.  After  the  first 
edition,  the  cost  of  which  included  about  $350  for  the  plates 
and  set-up.  succeeding  editions  cost,  addressed  ready  for 
mailing,  about  7  ct.  each,  including  1  ct.  for  postage.  About 
20.000  were  sold  in  191S.  The  Commission  expects  a  larger 
circulation   in   future   years. 


Indiana  State  Highway  Law  Valid.— The  Supreme  Court 
of  Indiana  on  Jan.  10  handed  down  a  decision  upholding 
the  validity  of  the  law  creating  a  state  hi.ghway  commis- 
sion. The  commisson  was  created  by  a  legislative  act  of 
1917.  but  shortly  after  it  had  effected  its  organization  suit 
was  brought  by  a  taxpayer  to  enjoin  the  enforcement  of 
the  law  and  the  issuance  of  bonds  under  it. 


Cost    of   Qiiarryiiiji  and   Criishinsi   linie- 
stoiie   for   a  Road   Improvement 

The  followinK  data  are  for  a  limestone  quarry  in  London 
County.  Tennessee,  operated  under  the  siii)ervision  of  the 
r.  S.  Hureau  of  Kouds  In  connection  with  a  single  road 
Improvement.  The  quarry  had  been  faced  up,  but  reciuirod 
heavy  stripping  and  the  presence  of  numerous  clay  sc;imis 
made  drilling  and  lilasling  exiiensive.  The  stone  is  a  dark 
blue,  lough  limosloiie.  very  similar  In  appearance  to  Knox- 
ville  dolomite.  The  depth  of  quarry  face  was  from  12  to 
1,>;  ri.  Hlastlng  was  dotie  with  10  per  cent  dynamite,  llred 
by  means  of  batteries,  and  the  rock  was  hauled  to  the 
iharging  platform  in  dump  carts.  A  25  H.  P.  engine  and  a 
.\o.  4>2  crusher  were  used.  The  record  output  was  1S:!% 
cti.  yd.  in  one  day  of  M  hours.  The  bins  were  of  70  cu.  yd. 
capacity,  with  Uiree  sub-divisions.  The  total  amount  of  stone 
quarried  and  crushed  was  4.!t.'12..'!  cu.  ft.  The  scale  of  wages 
was : 

Su!>erintondent.  per  day $4  .''lO 

Timekeeper,  per  day ■  .     ^.^^ 

Quarry  foreman,    per   hour 
Drill    ruimers,    per   hour 
l>rill    rumier's.    per    hour 
I'ruslier  feeders,  per  hour 
Crusher  ensineman.   per   liour 
How-aer  man.   per  hour... 
Unskilled  labor,   per  jiour 

Water   ttoy.    per-  hour 

Water   bo.v.    i>er  lioui- 

I'art  and  dri\'er.   per  hour 

The  items  of  cost  were: 
Labor: 
.Superintendence 

Stripping  

Urilling   and    blasting 

.Sledging    

Hauling  to  and   chargin.?   crusher 
Ci-usliin;^  and   screening 

Repairs  to  crusher 

.Sliarpening  steel    and    small    tool: 

Total  labor 

Materials: 

Coal   

(  il    

T>ynamite,   caps  and  fuse    

l:erairs    to   crusher 

Small  tools   


$11.7011 


II 

261 

4!) 

65 


lis 


Total  HKitr 
Finance: 

Inlei-est  on    investment,    flepreciation.    etc.. 

Grand  total,  cost  of  quarrying  and  crush- 


$i.:!(is 


.ois 
.003 

.or,3 

.010 
.OK! 

$0,007 

.096 

$0.,<!n:! 


The  recentl.-  issued  U.  S.  Bureau  of  Public  Roads,  Bulle- 
tin No.  724.  "Drainage  Methods  and  Foundations  for  Coun- 
try Koads."  from  which  the  above  note  is  taken,  states 
that  the  cost  of  quarrying  and  crushing  will  average  at 
least  2.^,  per  cent  higher  for  trap  or  granite  than  for  lime- 
stone where  the  quarry  conditions  are  similar.  The  Bulle- 
tin states  that  nine  small  trap  and  granite  quarries  in  the 
state  of  Maine,  operated  under  the  supervision  of  the  Bu- 
reau of  Public  Roads,  showed  a  total  average  cost  tor 
crushing  and  quarrying  of  about  $1.25  per  cu.  yd.  The 
total  quantity  of  crushed  stone  taken  from  the  nine  quar- 
ries  was  about   55.000  cu.  vd. 


Dunn  Wire-Cut-Lug  Brick  Patents  Sustained. — The  V.  S. 
Circuit  Court  of  Appeals  of  the  Sixth  District  has  rendered 
a  decision  for  the  Dunn  Wire-Cut-Lug  Brick  f^o.,  Conneaut, 
O.,  in  its  suit  against  .loseph  Nicholson  et  al.  of  Toronto, 
O..  for  infringement  of  patent  on  wire-cut-Uig  paving  brick. 
The  court  affirmed  the  validity  of  the  Dunn  patent,  declar- 
ing it  basic,  and  requiring  a  discontinuance  of  the  manu- 
facture by  the  defendant  and  an  accounting  by  him.  The 
suit  grew  out  of  the  manufacture  and  sale  by  the  defendant 
of  wire-cut  brick. having  lugs  cut  by  a  knife  instead  of  wires. 
The  court  held  that  the  Dunn  brick  was  a  new  and  useful 
invention:  that  its  general  use  aided  in  establishing  its 
character:  that  it  was  an  improvement  on  other  wire-cut 
I  rick  and  was  produced  by  simple  means:  that  the  inven- 
tion was  protected  by  a  basic  patent,  and  that  the  method 
of  cutting  the  lugs  made  no  difference,  since  whether  the 
cutting  was  done  by  wire  or  knife  or  saw  the  methods  were 
equivalent,  and  the  Dunn  company  was  entitled  to  protec- 
tion. 
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Wind  Aids  in  Constructing  Sand 
Roads  in  New  Mexico 

A  radical  departure  from  old  methods  of  building  roads 
across  extensive  stretches  of  sand  has  been  employed  suc- 
cessfully in  the  construction  of  some  80  miles  of  highway 
in  New  Mexico.  The  method,  in  brief,  is  to  make  a  cut 
in  the  sand  to  the  underlying  clay  and  then  let  the  wind 
widen  this  cut.  The  method  was  developed  by  D.  W.  Jones, 
District    Highway    Superintendent     of     Curry,     De     Boca,' 


lll'inillini(i;!;l;![;i:i','-';r;iH' 


'i!ili)li([)r(r'(lrnfi(ii|iiii(fti( 


First  Stage  of  Construction:   Sand   Excavated  to   Hard   Pan   Ready 
for   Wind   Action. 

Roosevelt  and  Guadalupe  Counties,  New  Mexico,  and  was 
described  by  him  in   the  .January  Highway  Magazine. 

The  first  highway  constructed  by  this  method  was  the 
Delphos  Road  in  Roosevelt  County.  The  route  ran  through 
a  sand  bed  9  miles  long,  7  miles  of  which  consisted  of  sand 
more  than  ;;o  in.  deep  with  pockets  of  unknown  depth.  A 
state  road  outfit  in  charge  of  Mr.  Jones  handled  the  work. 
The  right  of  way  was  cleared  of  weeds  and  grass  and  the 
sand  excavated  down  to  hard  pan.  Fresnoes  were  used  for 
moving  the  sand,  which  was  deposited  in  spoil  banks,  lo- 
cated as  shown  in  the  sketch.  The  width  of  the  cut  at 
the  bottom  was  about  12  ft.  A  narrow  strip  of  clay  road 
between  high  walls  of  loose  sand  was  constructed,  and  left 
to  action  of  the  wind.  The  spring  and  fall  winds  swept 
away  the  sand  remaining  on  the  clay  surface  and  widened 
the  highway  from  its  original  width  of  12  ft.  to  35  ft.  for 
the  entire  length  of  9  miles. 

The  surface  of  the  clay  was  very  irregular  and  there 
were  sand  pockets  ranging  from  30  in.  to  5  ft.  in  depth. 
This  surface  was  not  graded  off  until  the  waste  piles  had 
disappeared   and  the  widening  of  the   road   by  wind  scour- 


cosxful  that  this  method  was  a^iopted  for  a  dozen  different 
sand  beds  in  eight  counties  of  the  state.  After  the  Del- 
phos ,iob  the  others  followed  in  rapid  succession.  The 
most  important  are:  The  Clovis-.Melrose  sand  bed,  7  miles 
long;  the  Kenna-Chavos  County  sand  bed,  6.!!  miles  long; 
the  Fort  Sumner-Ricard  sands.  111  miles;  the  Evanola-Yeso 
sand,  -^  miles;  the  Thompson-Xear  Road,  9  miles;  the  Elida- 
Icnkins  Road,  10  miles:  the  Portales-lx)ving  Road  and  the 
Alamorgordo-Newman  ( K.  Paso)  Road.  The  latter  two 
had  more  than  30  miles  of  sand  beds,  sand  hills  and  sand 
dunes  and  other  complications  of  this  material.  All  these 
roads  are  oi)ened  today  and  in  almost  every  instance  just 
where  they  were  the  worst  before  treatment  they  are  now 
the  best. 


Example  of  Effect  of  Proposed  Increase  in 
Freight  Rates  on  Road  Building 

At  a  hearing  at  Chicago  on  Jan.  30  before  the  Central 
District  Freight  TraflTic  Committee  of  the  Federal  Railroad 
Association  some  interesting  facts  were  brought  out  re- 
garding the  effect  of  the  proposed  increase  in  freight  rates 
on  broken  stone,  sand,  gravel,  cement  and  slag  on  high- 
way construction.  J.  H.  Bateman,  Assistant  Highway 
Commissioner  of  Michigan,  stated  that  in  the  construction 
last  year  of  the  Detroit-Monroe  road,  the  freight  on  the 
sand  and  gravel  cost  ?2,4(i0  per  mile  before  June  when  the 
cost  was  increased  to  $3,200.  \A'ith  the  proposed  increase 
the  cost  would  have  been  $5,200  per  mile. 

S.  E.  Bradt,  State  Highway  Commissioner  of  Illinois, 
gave  the  following  concrete  examples: 

"We  will  ship  a  ton  from  Janesville  to  Park  Ridge,  a  dis- 
tance of  9S  miles.  The  price  was  30  ct.  until  last  June. 
Then  the  cost  was  raised  to  50  ct.,  and  now  it  is  proposed 
to  raise  it  to  95  ct.  You  can  figure  out  how  much  that 
means  in  road  construction  when  you  estimate  that  6.000 
tons  must  be  used  to  each  mile.    With  the  increase  in  rates 


Condition    of   Delphos    Road   Three   Years   After   Construction. 


ing  had  taken  place.  If  the  pockets  were  less  than  30  in. 
deep  they  were  left  to  the  action  of  the  wind  and  the 
wheels  of  vehicles.  If  they  were  more  than  30  in.  deep 
clay  was  hauled  in  and  used  to  fill  them. 

The  Delphos  Road  was  constructed  in  1915.  The  illus- 
tration is  made  from  a  photograph  taken  last  October,  and 
shows  the  eroded  width  of  the  sand  on  that  date.  The 
two  stakes  and  the  cross  bar  show  the  exact  width  (omit- 
ting the  side  slopes)  and  depth  of  the  original  excavation 
through  the  sand.  The  road  cost  less  than  $500  per  tnile, 
which  figures  includes  some  betterment  work '  done  dur- 
ing the  following  year.  The  maintenance  cost  in  1918 
was  only  about  20  per  cent  of  the  cost  of  maintaining  the 
adjoining  Clovis-Portales  Roads  "plated"  road,  the  original 
cost  of  which  was  more  than  $2,000  per  mile. 

The  results  obtained  on  the  Delphos  Road  were  so  sue- 


last  June  the  cost  of  the  Illinois  road  program  was  raised 
from  $00,000,000  to  $64,000,000.  This  proposed  raise  adds 
on  at  least  $4,000,000  more.  Take  a  ton  from  Joliet  to 
Springfield,  148  miles.  It  cost  53  ct.  until  .June,  then  70 
ct.,  and  now  it  is  proposed  to  make  it  $1.20.  Another  illus- 
tration is  from  Racine  to  Evanston,  52  miles.  The  increase 
was  from  40  to  GO  ct.  last  June,  and  the  proposal  is  for  85. 
The  raise  from  Joliet  to  Pontiac.  55  miles,  is  from  47  ct.  to 
70  ct.,  and  now  to  85  ct." 


Machine  Grading  of  Roads  in  Pottawatamie  County,  Kan- 
sas.— Road  grading  by  machinery  is  being  done  in  Potta- 
watamie County,  Kansas,  at  an  average  cost  of  $55.13  per 
mile,  according  to  Kansas  Highways.  This  figure  includes 
labor,  gasoline,  oil,  repairs,  upkeep  of  machinery,  6  per 
cent  on  investment  and  20  per  cent  depreciation. 
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Effect  of  Soil  and   Grade  Condi- 
tions on  Krosion  of  Road 
Ditches 

ObKorvBtlons  hnvi>  been  iimile  by  engineers  of  the  l'.  S. 
Kur.-aii  of  Public  Itoiul.s  with  ii  view  to  nscertiilnlns  just 
'  ■.>  ihe  i-roslon  of  side  tlltehes  aelmilly  Is  alTeott'd  by  liif- 
limit  conilitlons  of  soil  iind  griide.  The  results  of  these 
obsiTMillons    are    siiniinarli'.eil    in     a     nullellii,    "Orolnnge 

.ml   Funntlatlons  for  Country    Roads,"   issued   last 

liy  the  Itureau. 

1 II.    ~.  .lions  of   road   selected   for  study   were  all   so   slt- 

tialt'il  that   the  area  drained   by   the  side  ditches  consisted 

•nl>    the  ttiadway  and   the  excavation   slopes  formed   In 

n-.K  the  rt>ud.     Studies   were  mnde  In    Maryland,  Ohio, 

!i    Carotinn.   and   South   Tarollnn,   but   the   data   so   far 

r.'d   do   not   warrant   any   attempt   to   take   the   locality 

into   account    In    prt<senting    the    results.      The    conclusions 

which  seem  warranted  at  present   may  be  stated   briefly  as 

rollows : 

Kxcept  where  the  soil  is  sandy,  the  run-off,  so  tar  as  the 
roiid\va>  and  slopes  are  concerned,  should  be  assumed  as 
l(Ki  per  cent  of  the  rainfall. 

For  sandy  soils  the  runoff  varies  considerably.  Where 
the  soil  is  as  much  as  :!  or  i  ft.  in  depth  and  the  Ki-ade 
does  not  txceed  5  or  t>  per  cent,  it  appears  that  the  sur- 
face run-off  may  usually  be  entirely  neglected.  For  less 
depths  of  sandy  soil  the  run-off  may  for  present  purposes 
be  assumed  as  inversely  proportional  to  the  depth.  This 
does  not  apply  to  soils  consisting  of  very  fine  sand  with 
a  large  percentage  of  silt,  as  such  soils  may  be  almost  im- 
pervious 10  water  and  always  erode  very  easily. 

The  power  of  soils  to  resist  erosion  is  much  less  when 
the  ditch  is  first  constructed  than  later.  This  is  true  es- 
pecially where  vegetation  is  allowed  to  grow  in  the  ditches. 

.Although  the  velocity  of  flow  is  independent  of  the 
length  of  ditch,  the  length  affects  the  quantity  of  water 
passing  any  given  point,  and  consequently  affects  the 
amount  of  erosion.  Further,  the  tendency  to  erode  on  the 
steep  section  of  a  ditch,  however  short,  will  be  practically 
the  same  as  if  the  steep  grade  prevailed  throughout  the 
length   drained. 

It  is  theoretically  possible  to  construct  an  earth  side 
ditch  of  such  cross  section  as  to  carry  any  given  amount 
of  water  on  any  given  grade  without  erosion.  But  the  im- 
practicabilitTf'  of  widening  the  ditch  indefinitely  and  the 
difficulty  of  maintainin,g  a  wide  flat-bottomed  ditch  neces- 
sary to  produce  this  result  in  practice  usually  serve  to  place 
a  rather  low  limit  on  the  capacity. 

Where  ditches  of  ordinary  cross  section  are  employed, 
the  most  satisfactory  way  to  prevent  erosion  is  to  provide 
outlets  for  the  water  at  proper  intervals,  to  be  determined 
itt  the  manner  already  discussed. 

Where  for  any  reason  outlets  for  the  ditches  can  not  be 
provided  at  proper  intervals  it  usually  is  much  more  satis- 
factory to  provide  a  paved  gutter  than  to  attempt  to  widen 
the  ditch  beyond  the  limits  already  described  as  conform- 
ing to  good  practice.  The  main  reason  for  this  is  that  a 
wide  ditch,  though  properly  designed  and  constructed. 
easily  may  become  partially  obstructed,  so  that  the  chan- 
nel is  effectively  narrowed  and  erosion  results.  Once 
started  this  may  increase  very  rapidly. 

Side  ditches  may  be  protected  to  some  extent  from  ero- 
sion by  means  of  "bars."  "breakers,"  or  "drops"  constructed 
across  the  ditch  at  such  intervals  that  the  slope  from  the 
bottom  of  one  breaker  to  the  top  of  the  next  one  below 
does  not  exceed  what  is  allowable  for  the  soil  and  maxi- 
muc.  flow  of  water  involved.  Such  breakers  frequently 
have  been  constructed  of  wood  and  sometimes  of  stone  or 
concrete.  It  should  be  noted  that  where  drops  are  used 
much  difficulty  is  experienced  sometimes  in  preventing  the 
water  from  finding  its  way  around  their  ends  and  cutting 
into  the  shoulders  or  banks. 

Where  doubt  exists  as  to  the  necessity  tor  employing 
a  paved  gutter  it  frequently  is  permissible  to  withhold  de- 
cision \mtil  time  can  demonstrate  whether  or  not  the  side 
ditch  is  adequate.  This  is  true  especially  where  the  gutter 
won'd  be  made  of  different  material  from  the  road   crust, 
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;iMd  constriiclcd  at  a  dilTcreiU  lime  or  b,\  a  different  force 
I'f  laborers. 

The  maintenance  of  side  ditches  consists  in  keeping  llicin 
free  from  obstructions,  and  in  reshaping  them  whenever 
this  is  desirable  in  order  to  prevent  erosion.  While  a  lim- 
ited amount  of  vegetnllon  may  be  advantageous  to  ditches 
on  steep  grades,  It  should  not  be  such  as  (o  interfere  se- 
riously with  the  How  of  water  in  the  ditch,  Where  drops 
are  employed  should  receive  frequent  attention  to  see  that 
they  are  not  being  undermined  and  that  the  water  is  not 
cutting  around  them.  The  design  of  drops  sometimes  calls 
for  the  use  of  brush,  logs,  saplings,  cut  stakes,  etc.,  as 
these  often  are  the  only  inexpensive  local  materials  avail- 
able in  rural  sections.  While  such  designs,  if  carefully 
considered,  may  produce  drops  effective  for  a  considerable 
period,  their  use  is  not  recommended  because  of  the  great 
danger  that  the  drop  will  break  up  under  stress  of  unusual 
conditions  and  the  floating  parts  seriously  obstruct  the 
ditch. 

The  following  examjiles  have  been  selected  from  notes 
regarding  some  of  the  existing  side  ditches  which  have 
been  observed: 


i:li.    in<-ln(]iiie:   slope.    25    ft. 
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oxaniple  No. 


Example   No.  1. — Side  ditch  on   Rook   Point   ro.-i(l,   Charli-.-;  Coiiiilv. 
Md. : 
Aire  of  road,   l'^  years. 
Original  shape  of  (litoli.  Hat   V. 
Width  ot  roadway.   24   ft. 
^^'i^ith  of  griivel  surface,  15  ft. 
Average  width  drained   by   side   t 
Character  of  soil,  verj-  light  clay. 
Slope  of  dltcli    (Kraile),   2  per  cent. 
I-ong-th  from  summit  to  where  ero.sion   begins 
Ditcli   empties   into  cross   drain   at   500    ft. 
Example   No.  2. — Same  road  and  .same  conditions 
1,   except  .slope  of  ditch   is   .3   per  cent: 

Length   from   summit    to  where   erosion   tjetfins,    2(10    ft. 
Ditch  maintained  with  considerable  ditBculty  below  the  200-ft. 
point  by  means  of  wooden  breakers. 
Example    No.    3. — Side    iliteh    on    Owings-Prinre     Frederick    road. 
Calvert   County,   Md. : 
Age  of  road,   4  years. 
Original  shape  of  ditch,   fl.it   V. 
Width  of   roadway.    23   ft. 
Sandy-clay   surface. 

Average  width   dr.-iined  by  side  ditch   including  slope.   22i^    ft. 
Character   of   soil,    very   light   clay    -with    small    percenta.ge   of 

fine  sand. 
Slope  of  ditch   (grade).  G  per  cent. 

lyength  from  summit  to  where  erosion  begins,   lon   ft. 
At  300  ft.   the  ditch  has  eroded  1   ft.  below  the   original   sec- 
tion, and  below  550  ft.  it  is  maintained  with  great  difficulty 
by  means  of  wooden   breakers.     Below  650  ft.,   in  fact,  the 
entire   road   has  been   wa.shed   out  at   least   twice,   notwith- 
standing  the   breakers. 
Example  No.  4. — Same  road  as  No.   3. 
Original  shape  of  ditch,  Hat   V. 
Width  of  roadway.   21    ft. 

Sand-clay    surface.  • 

Average  width  drained  by  side  ditch,   including  slope.    25  ft. 
Character  of  soil,   mixture  ot  light  clay  and  fine  sand. 
Slope  of   ditch    (grad?),    6   per   cent. 

Length   from   summit   to   where  erosion   begins,   150   ft. 
Below  200  ft.   it  has  been  necessary  to  employ  breaker.?,   and 
below  400  ft.   the  breakers  have  been  washed   out  on   sev- 
eral occasions  and  the  ditch  has  become  dangerous  to  traffic. 
Example    No.    5. — Same   road   and   same   conditions   as   No.    4.    ex- 
cept  width    drained    by    side    ditch.    13    ft.: 
Slope  of  ditch    (grade),   1%   per  cent. 
Lengtli.   600  ft.,   no   erosion.  __ 

Example   No.   6. — Washington-Baltimore  road: 
Age  of  road.   5  years. 
Original   shape  ot  ditch,   wide  Hat   v 
Width  of  roadway.  27  ft. 
16-ft.    bituminous    macadam    surface. 
Average  width  drained   by  side  ditch.   16  ft. 
Character  of  soil,   sandy   clay  with   considerable   gravel. 
Slope  of  ditch   (grade).  4   per  cent. 
Total    length   of   ditch.    900   ft. 

Below  SOO-tt.    point   the   ditch   has   eroded    slightly,   but    main- 
tenance  is   very  light 
Example  No.  7. — Washington-.Vtlanta  highway  in  North  Carolina: 
Age  of  road,  over  5  years. 
Original  shape  of  ditch,  irregular,  with  average  bottom  width 

of  about   1  ft. 
Width   of   roadway,    24    ft. 
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Earth   road. 

.Werage  width  drained   b.v  side  ditoh.   IS  ft. 

Character  of  soil,   clay  loam. 

Slope  of  ditch  (grade).  2^/^  per  cent. 

Length   from   summit   to   where   erosion    begins,    1.000   1 

Water   turned    off   at    1,100   ft. 
Example  No.  8. — Same  road  and  -same  conditions  as  Xo.   T. 
slope   of  ditch,   4  per  cent; 

Length   from  summit  to  where  erosion  begins.  .".OO  ft. 

Ditch   becomes  dangerous  to   traffic   below   600   ft. 
Example  No.  9. — Same  road  and  same  condition.s  as  Xo.  S. 
soil  is  a  very  stiff  cla>-  and  slope  of  ditch  is  TVj  per  cei 

Length  from  summit  to   where  erosion   begins,   500  ft. 

Difficult  to  maintain   ditch  below    t',uo  ft.;   water  turned 
about  700  ft. 


except 


Simple   Device    for   Straightening    Mesh 
Reinforcement 

The  accompanying  illustration  from  the  Concrete  High- 
way Magazine  .sliows  a  simple  and  ine.xpensive  device  devel- 
oped by  the  American  Steel  and  Wire  Co.  for  taking  the 
roll  out  of  mesh  reinforcement.  This  device  consists  es- 
sentially of  three  pipe  rolls  with  the  necessary  end  housings 
and  a  channel  iron  base,  the  entire  device  weighing  approx- 


a  working  nucleus,  with  the  large  staff  of  the  Burt-au's  men 
available  to  assist  as  occasion  requires. 

The  scope  of  the  Bureau's  activities  will  expand  as  the 
demand  increases.  The  furnishing  of  public  speakers,  of 
(barter  drafters  and  publicity  men,  and  the  actual  con- 
duct of  election  campaigns  are  among  the  first  steps.  A 
"clearing  house"  for  city  managers  will  be  developed  in  an 
effort  to  help  cities  secure  trained  executives. 

The  City  Managers'  Association  will  remain  unchanged 
as  to  purpose  and  organization,  being  purely  professional 
in  character.  It  will  continue  to  publish  its  year  book  and 
Association  bulletin.  Mr.  Otis  will  serve  the  remainder  of 
bis  term  as  executive  secretary  and  the  New  '\'ork  office 
of  the  City  Managers'  Association  will  hereafter  be  located 
in   tlie  Tribune  building. 


Device   for    Straightening    Wire     Mesh    Reinforcement 

imately  200  pounds.  By  manipulating  set  screws,  the  top 
pipe  roll  is  raised  or  lowered  until  in  the  position  reciuired 
to  exert  the  force  necessary  to  straighten  the  fabric.  Fabric 
is  pulled  through  by  man  or  horse  power  and  cut  to  proper 
length  by  using  hand  nippers.  The  set  of  rolls,  properly 
mounted,  is  attached  to  a  bench  of  suitable  height,  which 
may  be  of  crude  construction.  The  weight  of  the  entire 
device,  including  the  bench,  is  such  that  it  can  easily  be 
moved. 


To  Promote  City  Manager  Plan 

The  constantly  increasing  interest  in  the  commission- 
manager  plan  of  city  government  has  created  a  very  deti- 
nite  demand  for  information,  for  aid  in  charter  drafting, 
publicity  methods  and  conducting  of  non-partisan  cam- 
paigns. The  City  Managers'  Association  has  felt  this  de- 
mand more  keenly,  perhaps,  than  any  other  one  organiza- 
tion and  the  flood  of  inquiries  reaching  the  desk  of  the 
Association's  secretary  emphasizes  the  urgent  need  of  real 
service,  organized  and  equipped  to  answer  the  scores  of 
appeals. 

To  solve  the  problem,  Harrison  Gray  Otis,  recently  re- 
elected secretary  of  the  City  Managers'  Association,  has 
resigned  his  position  as  city  manager  at  Auburn,  Me.,  and 
has  tied  up  with  the  American  City  Bureau.  Tribune  BIdg.. 
New  York  City,  which  is  already  in  the  field  of  organization 
service.  Lucius  E.  Wilson,  who  introduced  the  manager 
plan  into  Dayton,  Ohio,  and  played  a  leading  part  in  the 
successful  charter  campaign  in  that  city,  is  at  the  head  of 
the  Bureau's  field  staff.  The  addition  of  Professor  A.  R. 
Hatton  of  Western  Reserve  University,  the  charter  expert, 
and  affiliated  with  the  Short  Ballot  Organization  and  the 
National  Municipal  League,  and  of  Mr.  Otis,  who,  in  ad- 
dition to  his  oflice  of  secretary  of  the  City  Managers'  As- 
sociation is  a  member  of  the  Advisory  Board  of  the  National 
Municipal  Review,  completes  a  trio  of  well  qtialifled  men  as 


Massachusetts  Has  Special  Committee  to 

Forward  Public  Works  and  CiviJ 

Construction 

Calvin  Coolidge,  Governor  of  Massachusetts,  who  with 
the  Governors  of  the  other  states  recently  received  from 
Secretary  of  Labor  Wilson  a  request  to  stimulate  interest 
in  public  works  and  civil  construction, 
has  announced  the  appointment  of  a  spe- 
cial committee  composed  of  representa- 
tives of  labor  and  capital  to  forward  this 
purpose. 

Governor  Coolidge  has,  in  addition,  is- 
sued an  inspiring  statement  to  the  people 
of  Massachusetts  advising  them  that 
Massachusetts  does  not  intend  to  be  the 
"sport  of  chance."  but  the  "master  of 
of  her  destiny." 

^he  Governor  argues  that  the  return 
to  normal  business  life  will  not  be  ac- 
complished by  worrying  over  what  may 
happen,  but  can  only  be  accomplished 
by  doing  the  tasks  at  hand.  His  state- 
ment is  a  gospel  of  courage  and  optim- 
ism not  only  for  the  people  of  Massa- 
chusetts but  tor  the  country.  The  sub- 
stance of  his  message  follows: 

Men  entrusted  with  the  grave  responsibility  of  managing  the 
business  affairs  of  Ma.ssachusetts  are  now  called  on  to  decide 
whether  they  will  continue  their  activities  as  usual  or  wait  to 
see  if  there  is  a  decline  in  prices.  Xo  doubt  there  will  be  a  de- 
cline in  .some  direction.s.  Tlie  public  question  now  is  liow  best 
to  proceed  for  the  general  welfare.  It  seems  clear  that  a  grad- 
ual decline  would  be  preferable  to  a  perpendicular  fall  in  prices. 
It  should  be  remembered  that  prices  of  labor  and  materials  are 
all  relative.  When  once  adjusted  the  amount  is  not  of  great 
importance.  There  are  two  things  to  do.  One  is  to  wait  ;  the 
otiier  is  to  go  on  with  business  activity.  If  everybody  waits 
tliere  un  doubt  will  be  a  perpendicular  fall  with  attending  want, 
distress  and  calamity.  If  people  will  go  ahead  with  business, 
while  there  may  be  a  gradual  decline,  it  can  be  borne  with  the 
least   inconvenience. 

I  realize  that  business  is  and  ought  to  be  conducted  for  profit. 
Still,  there  is  not  only  tlie  dtity.  but  tlie  expediency  of  keeping 
the  working  force,  the  organization,  in  dull  times.  We  have  all 
worked  together  to  win  the  w'ar.  Let  us  all  work  together  to 
enjoy  the  blessings  of  peace.  Tlic  working  people  of  Massachu- 
setts, tier  most  valuable  possession,  must  be  considered  atid  tliey 
must  be  maintained. 

Instead  of  being  the  sport  of  cliaiu'e.  Massachusetts  ought  to 
be  the  master  of  destiny.  Instead  of  waiting,  we  should  act. 
(3Jovernment  has  released  raw  materials,  labor  and  ii'unsport.'i- 
tion.  There  is  plenty  of  money,  which  maKes  a  demand  for 
mei-chandise.  There  ouglit  to  be  no  lack  of  a  disposition  to  act. 
no   lack  of  enterprise. 

Tlie  question  is  whcri'  to  begin.  .-V.  committee  working  with 
our  board  of  labor  and  industries  suggests  the  revival  of  build- 
ing. This  industry  has  been  at  a  standstill  for  the  past  two 
years.  It  is  in  its  nature  basic.  A  contract  for  any  kind  of 
building  at  once  makes  the  opportunity  tor  other  contracts  for 
steel,  cement,  bricks,  Imnber,  plumbing,  steam  heating,  electrical 
equipment,  and  all  other  materials  reiiuired  in  construction.  Thi.s 
would  mean  the  employment  of  large  numbers  of  people  in  va- 
rious  factories  manufacturng  these  materials. 

In  this  the  various  agencies  of  government  ought  to  take  the 
lead.     It  is  therefore  urged  that  all  tlic  departments  in  the  com- 
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monweullh.   nninllM.   rlilm  uiiil   lawn*,  ohoiikl  Htart   the  foumln- 
II,.  xumv.   liOfiiiUiils.   IIMiirlos.    ihiIIoo  iiml 

II:  .  i>.     lilMut-s    iliul     oilier     I'llblli-     bulUI- 

Ir  .■    -  .    tlu-so   4t|>oi'U()t«ii.s    |uirtl;illy    coiii|iIotU(i. 

ii:  (or  ulilrh   |>liui!i   liiivo  Ix'rn   ilrawi)   anil  muiK\v 

l>ublli'    iiiii.itnii'tl»ii    Ih'kIi'S.    prlviito    coiistruc- 

:>i\v  u*  tlip  iiurisiMr  In  |Mi|>tiliitlon  iviiiilroK  moro 

Thcr*'   li  iilfo  much  i-»>nmnielli>M  work  on  llu- 

I  N<  n    Kniilnml.   which   the   romls  thomsolvpa  nnd   tho 

II  riiimcnt  nhouKI  l<i'  tirKvHl   to  hcKhi  iit  once. 

'irc«>»    of    Iliu   coniMUinUy    ninsl    bo    UBcd    for 
r  lo  of  the  comnmnlty.     Such  use  Is  tho  only 

1  vnlue,   iinil   the  only   warrant   for  thoir  cx- 

i  <   done    by    |<rlcnle   eiitorprlse.    It    will    have 

t  .■  ta\lnK  iKiwer  and  othorwlso,  for  the  pur- 

|H>!>e  ol  rriii-MMK  (lie  KurterliiK  cnuMHl  by  unemrloyincni.  I^rory 
fiicllil,\  1«  nt  bund  for  «n  era  of  ureat  prosperity.  What  Is 
nrrtb-d  In  the  coumKo  lo  net.  In  the  exhibition  of  that  courage 
the  iSosrrnmenI  ai:eitrl»s  must  tak«  the  lead. 


Kuad  .Machine  willi  Moating  Wings 

.\  riwiil  machliu-  Ihal  opt>rat»'.>i  on  the  endless  belt  prin- 
ciple Is  llliistnited.  The  machine  is  provided  with  two 
winjts  which  carry  a  series  of  steel  slats  riveted  to  the 
chain  bellliii;  and  traveling  toward  the  center  of  the  road 
at  a  rvasonsihly  high  rate  of  speed.  These  drags  overlap, 
thus  permitting  the  conveying  of  material   from   the  sides 


Personals 


Road   Machine  With  One  Wing   Raised. 

of  the  road  to  the  center.  The  wings  can  be  raised  to  a 
vertical  position  to  permit  teams  to  pass  or  to  provide 
clearance  in  going  over  bridges.  They  also  are  adjustable 
for  different  widths  of  road  bed.  The  machine  is  equipped 
with  a  en-HP.  motor  which  furnishes  power  for  traction 
and  for  operating  the  drags.  In  a  trial  demonstration  it 
is  stated  that  the  machine  graded  up  1  mile  of  30-ft.  road 
in  4.")  minutes,  consuming  r,  ga!.  of  kerosene  and  1  quart  of 
lubricating  oil  in  the  work.  The  machine  is  manufactured 
by  the  Reschke   .Machine  Works  Co.,  Wichita.  Kan. 


Chicago   Draftnien's  Union  Has  Over  700 
Members 

-At  the  regular  semi-monthly  meeting  of  the  Draftsmen 
and  Designers'  L'nion.  Local  14,  Chicago,  on  Feb.  1,  122  new- 
members  were  initiated,  making  the  total  membership  over 
Too.  Officers  for  the  ensuing  year  were  installed  by  Mr. 
.John  Fitzpatrick.  President  of  the  Chicago  Federation  of 
Labor,  who  also  delivered  an  interesting  talk  on  the  value 
of  organization  among  technical  men.  The  ofBcers  are:  JI. 
J.  Brown.  President:  C.  H.  Monger.  Vice  President:  R. 
Matthei,  Treasurer;  E.  Hemmer.  Recording  Secretary:  W. 
Callahan.  Sergeant-at-.\rms,  and  H.  C.  Brodman,  Business 
Manager,  4954  West  End  Ave.,  Chicago. 


Capt.  C.  R.  Twisa  has  resumed  his  duties  as  city  engineer  of 
\■|cK^.on^•K■,  .Miss.,  after  sevc.al  months'  service  lor  tho  War  De- 
liartment. 

William  A.  Stickel  has  returned  to  his  duties  as  assistant 
couiiiy  eiiKlin'.r  ol  l';.ssex  t'ounty,  New  Jersey.  Mr.  Stickel  en- 
listed In  Ihc  navy   latl  .\i>rli. 

Prof.  Myron  Creese,  of  tho  onKlneerlns  dopartniont  of  the 
.Mary  land  sniie  (',)ili-i.',e  ol  .\KrlcuUure,  has  resumed  his  duties  at 
Iho  college  allci-  six  months'  service  In  the  army. 

Thomas  Walters,  iai'2  I'arker  avoiiue.  Indianapolis,  Ind.,  has 
been  appolmctl  superlntcndci.l  of  street  clcaMliiK  to  1111  tha 
\acjinc\'  caiist'il  b>    the  reslj;natlon  of  Charles  U.  tlllt. 

John  S.  Cravens  has  been  aiijiolntcd  chainiuui  of  the  highways 
Iran.-. port  coiiimiilee  of  Ine  Council  of  National  Defense,  to  suc- 
.■•■ci.  Koy  II.  Chaplin,  who  has  returned  lo  his  private  business. 

Bert  G.  Daniey,  lor  a  number  of  years  manancr  lor  the 
llauuhsun,  l''recnaut,'hty  Company,  In  Spokane,  has  entered  the 
general  road  contracting  business  wKli  headiiuariers  In  Spokane. 

Herbert  C.  Hoover,  n.atlonal  food  ailministrator,  was  awarded 
the  WashliiKton  tablet,  by  the  Western  Society  of  lOngineers.  The 
tablet  Is  awarded  annually  to  the  iiigineer  who  has  rendered  the 
greatest  ser.  Ice  to  humuiilty  witliln  the  year. 

H.  C.  Shinn,  of  Trenton,  .\'.  .1.,  has  been  api>ointed  by  tho 
State  Highway  Commission  supervisor  of  convict  labor  In  the 
highway  dtpartnient.  Mr.  ShInn  was  asslstaiu  engineer  In 
charge  of  the  central  division  of  the  depai-tment. 

F.  E.  Bonner,  assistant  engineer  for  the  forest  service  with 
headtiuarters  at  Washington,  has  been  detailed  to  act  as  <listrict 
engnneer  for  the  forest  service  pending  the  appointment  of  a 
successor  to  U.   K.  I'ratt,  who  died  several  weeks  ago. 

John  R.  Malang,  of  Joplin.  iMo..  has  been  appointed  by  the 
.state  Highway  Hoard  as  secretary  to  till  the  vacancy  occasioned 
by  the  resignation  of  A.  C.  McKibiiin,  who  held  that  position  ex- 
ollleio  during  the  time  he  was  member  of  the  Highway  Board. 

Z.  A.  Kauftman  has  been  elected  president  of  tlie  Colorado 
Society  of  Engineers.  The  other  otllcers  arc:  Vice  president,  .T. 
E.  Jlaloney;  secretary-treasurer,  C.  B,  Daniels.  Board  of  di- 
rectors: A.  Lincoln  Fellows,  Z.  D.  Wagner,  C.  S.  Booth  and  C. 
.M.   Llghtburns. 

Horace  H.  Hull,  city  engineer  of  MemphLs,  Tenn.,  has  been 
elected  president  of  the  ISngineers'  Club  of  Memphis.  The  other 
officers  are:  K.  H.  Bowser,  timber  expert  of  the  Illinois  Central 
Kiillroad.  vice  president;  D.  C.  Miller,  chief  clerk  in  the  city 
engineer's  oflice,  secretary-treasurer:  D.  M.  Crawford,  A.  H. 
I.anham,  and  .\.  D.  I\Ic^^'horter,  directors. 

L.  H.  Hawblithe,  Toledo.  O.,  has  been  elected  president  of 
the  Ohio  Macadam  As.sociation,  and  A.  B.  Sandles,  Colunnbus.  O., 
has  been  elected  secretary.'  The  new  trustees  are;  Allen  Pat- 
terson, Lima:  W.  H.  Hoagland.  Columbus;  Mr.  Hawblithe.  L.  A. 
I'eeghley.  Youngstown;  E.  K.  Evans,  Toledo;  A.  A.  Hall.  Piqua; 
.r  .-v.  Moore.  Bellevue;  E.  T.  Paul,  L.  Lewisbrunist.  V.  Pogue, 
Findl.ay;  J.  J.  Nichal,  Toledo:  W.  D.  Robinson,  Toledo;  J.  A. 
.McCall,  Findlay. 

Harvey  S.  Ov/en,  fonnerly  engineer  of  construction  and  prln- 
cii>al  assistant  engineer  to  the  chief  engineer  of  construction,  de- 
partment of  the  president,  St.  Louis  Board  of  Public  Service,  has 
lieen  added  to  the  staff  of  the  Lime  .\ssoclation.  Washington,  D. 
>'..  as  western  district  engineer  of  the  Construction  Bureau,  with 
headquarters  at  i'JtlK  Forest  Park  Blvd.,  St.  Louis,  Mo.  Mr.  Owen 
has  had  considerable  experience  in  heavy  construction  and  has 
spent  the  last  several  years  in  a  study  and  promotion  of  di- 
versified concrete  usage,  as  well  as  expert  inspection  service  on 
<:oncrete  highway  construction  in  the  middle  west. 


Obituaries 

C'larlcs  A.  Medicus.  a  contractor  of  Youngstown,  C,  died  Jan. 
i:i.  ageii  3s. 

How/ard  C.  Whitman,  engineer  and  contractor,  Sacramento, 
(/al.,   died  .Tan.   IS.   ared   3S. 

Burt  Ramsey,  an  engineer  connected  with  the  .State  Highway 
Depaitimnt,   died  at  his  home   in   Midland.   Tex..   Jan.   14. 

Cyrus  T.  Rayner,  Jr.,  chief  engineer  of  the  Orleans  Parish 
Tievee  Board,  of  N'ew  Orleans.   La.,  died  Jan.   19,  aged  39. 

F.  M.  Stanton,  district  plant  engineer,  in  charge  of  plant  con- 
struction in  tlie  .Southern  District,  United  States  Shipping  Board, 
with  headquarters  in  Jacksonville,  Fla.,  died  Jan.  24,  aged  40. 

Rollac  Carpenter,  protes.sor  of  the  experimental  engineer  at 
Correll  University  since  189,=;.  died  Jan.  19.  Prof.  Carpenter,  who 
was  born  in  Orion,  Mich.,  in  1852,  had  active  charge  of  many  large 
engineering  construction  projects  and  w'as  the  author  of  several 
works  on  engineering.  He  directed  the  installation  of  the  high 
pressure  fire  system  of  Baltimore  in  1911  and  installed  a  high 
presure  pumping  system  in  New  York  in  1912.  He  was  judge  of 
machinery  and  transportation  at  the  Chicago  exposition  in  1893, 
the  Buffalo  exposition  in  1901  and  the  Jamestown  exposition  in 
1907. 


Industrial  Notes 

The  Kentucky  Wagon  Manufacturing  Co.,  LouLsville,  Ky.,  has 
punl-ascd  The  Dixie  IMotor  Car  Co.  This  purchase  gives  the  Ken- 
tucky \\:igon  Manufacturing  Co.  a  complete  line  of  passenger  and 
comn.ercial  vehicles,  as  for  a  number  of  years  it  has  been  manu- 
facturing   Old    Hickory    motor    trucks. 

The  Holt  Manufacturing  Co..  Peoria,  111.,  announces  the  ap- 
pointment of  Sutherland  G.  Taylor,  Jr.,  as  export  Manager.  Mr. 
Taylor  .assumed  his  duties  at  the  Peoria  plant  on  .Ian.  1.  For 
..;everal  years  Mr.  'Taylor  was  vice  i>resident  and  New  York  man- 
ager of  Cyrus  Robinson  &  Co..  engineers  and  exporters  of  New 
Y'ork  and  London.  Mr.  Taylor  has  within  a  month  received  hia 
discharge  from  the  I'nlted  States  Army,  where  as  a  lieutenant 
'-f  ordnance  he  served  as  assistant  to  Ma.''or  Carlisle,  chief  of  the 
Motor  Equipment  Section.   Procurement  Division. 


Trade  Publications 


The  A.  S.  Aloe  Co.  of  St.  Louis.  .Mo.,  has  issued  recently  a 
new  suijplcnu.nt  catalog  which  is  of  considerable  interest.  It 
describes  and  illustrates  engineering,  drawing  and  drafting  sup- 
j>Ues — all  items  listed  in  tlie  booklet  being  articles  which  the 
.Vloe  Co  carry  in  stock.  The  logical  arrangement  and  handy  ref- 
erence form  in  which  the  catalog  is  compiled  makes  it  a  refer- 
ence  book   of   value   to    the    busy   engineer  and   draftsman. 
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Roads  and   Streets — 1st  Wednesday 

lai    Hoad0  <ct    i^'rt^^-l    ("(.-aninB 

(b)    Streets  '<!)    Municipal     MlMCellanlea 

Waterworks   and   Hydraulics — 2nd   Wednesday 

la)    Waterworks  <o)    Irrigation     ftnfl     drainage 

(b>   Sewers  and  Saol-  (d)    Power 
tattoo 


Railways  and  Govt.  Works — 3rd  Wednesday 

<a)    Excavation      and  (c)    Harbors    and    Docks 

Dredging 
(b)    Klvers  and  Canals       (d)   Hallway    Construction 

Buildings  and  Structures — 4th  Wednesday 

(a)  Buildings  <c)    Ship    ConHtructlon 

(b)  Bridges  (d)     Miscellaneous    Structures 
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What  Limit  Should  Be  Put  Upon 
Municipal  Bond  Issues? 

MiinicipaliliPs  are  iisuully  prohibited  by  law  from  issuing 
bonds  in  excess  of  2  per  cent  of  the  actual  value  of  the  tax- 
able property.  If  railway  companies  had  been  thus  limited 
I  here  would  have  been  no  such  development  of  railway  sys- 
tems as  America  now  enjoys.  More  than  half  the  money 
invested  in  railways  has  been  raised  through  the  sale  of 
bonds. 

In  the  case  of  a  revenue-earning  plant.  like  a  railway  or 
a  waterworks,  there  Is  an  easily  applied  check  upon  ex- 
travagance in  construction ;  tor  it  can  be  stipulated  that  the 
total  interest  on  the  bonds  shall  not  exceed,  say,  half  the 
I'ormal  net  earnings.  In  the  case  of  a  non-revenue  plant 
like  a  sewer  or  a  pavement,  it  becomes  necessary  to  adopt 
some  other  method  of  preventing  excessive  expenditure  for 
construction  through  issuing  bonds.  Perhaps  it  will  con- 
tinue to  lie  desirable  to  limit  the  bonded  indebtedness  to  a 
certain  percentage  of  the  value  of  the  taxable  property,  but 
certainly  the  time  has  come  to  make  a  thorough.going  re- 
vision of  the  antique  laws  that  are  now  preventing  the  exe- 
cution of  adequate  firograms  of  city  improvement. 

Revenue-earning  plants,  like  waterworks,  should  lie  bond- 
able  up  to  an  amount  such  that  (he  net  earnings  lafter  de- 
ducting a  liberal  depreciation  annuity)  will  cover  the  in- 
terest on  the  bonds  and  a  sinking  fund  annuity. 

School  buildings  should  be  lioudable  up  to  specified  num- 
ber of  dollars  iier  pupil:  for  surely  no  other  limit  sliould  be 
placed  upon  the  construction  of  an  educational  plant. 

The  investment  in  sewers  bears  a  fairly  constant  ratio  to 
Ihe  investment  ;n  the  waterworks  plant.     If.  therefore,  the 
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b(uulini;  of  waterworks  plants  were  limited  by  their  net 
earnings,  it  would  seem  reasonable  to  limit  the  bonds  on 
sewers  to  a  specified  percentage  of  the  investment  in  the 
waterworks  plants. 

Street  improvements,  like  sewers,  are  ordinarily  paid  for 
by  direct  assessments  on  the  "property  benefited";  but  it 
is  jiroliable  that  the  city  at  large  will  eventually  pay  for 
most  of  the  improvement  of  its  highways.  In  that  event  it 
would  seem  wise  to  limit  the  issue  of  street  bonds  by  some 
specified  ratio  to  the  investment  in  the  vehicles  (other  than 
street  cars)  that  use  the  streets.  This  would  insure 
against  extravagant  investment  in  city  pavements  for  the 
private  owners  of  vehicles  invest  in  them  only  such  sums  as 
these  moans  of  conveyance  are  worth  to  them. 

By  establishing  limits  on  bonded  indebtedness  along  the 
lines  .iust  suggested,  a  city  would  escape  the  present  throt- 
tling limitation,  yet  at  the  same  time  it  would  be  prevented 
from  n-aking  excessive  investments  in  public  works.  Pub- 
lic works,  if  judiciously  planned,  are  plants  that  yield  a 
measurable  profit  to  society.  So  long  as  the  annual  profit 
exceeds  the  interest  on  the  investment,  additions  and  im- 
provements should  be  made.  This  economic  law  is  com- 
pletely ignored  under  the  present  system  of  limitin,g  bond 
issues  lo  a  small  percentage  of  the  total  value  of  taxable 
properly. 

Kstim,ating  the  real  profit,  direct  and  indirect,  from  public 
V  orks  is  an  engineering  problem.  It  should  also  devolve 
upon  engineers  to  indicate  how  existing  laws  should  be 
changed  so  that  ni'miciiial  investments  in  public  works  will 
bear  a  reasonable  ratio  to  the  esiiinated  profit  secured  from 
ihem.  Hitherto  engineers  have  rarely  regarded  it  as 
their  function  to  guide  the  public  both  as  to  the  enactment 
of  ralioual  economic  laws  and  as  to  construction  programs. 

5) 
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The  ■reton.itrui-tlon  iH-rlod"  llml  we  have  now  tMiteroil  Is 
hiRhly  favorable  lo  uiiy  nlleiu|H  tliiit  enslneerliig  soilelles 
may  make  to  secure  :i  riilloniil  expeiullture  of  public  funds 
for  public  works 

How   Waterworks  Men  Can  Aid 
the  kitchen  Ciarden  Movement 

Kx.r.N  wiil.r  vvurk^  -upi  riii!>inli>iil  shiuiUl  wiilc  lo  llio 
Naiuiniil  War  i;arden  I'oimulsslon,  WasliliiKlon,  1).  l'..  tor 
II  copy  of  Its:  SJ  puKc  booklet  on  Wnr  CiinlenInK  and  for 
any  other  literature  on  the  raisilng.  sloriiic  and  canning  of 
veKetnble*.  HavlnR  studied  this  literature  the  superin- 
tendent can  decide  what  and  how  many  pamphlets  he  can 
distribute  to  water  consumers.  The  pamphlets  can  be  se- 
cured free  from  the  War  iJarden  Connnisslon. 

We  make  this  sunKestlon  because  we  are  convinced 
that  "kitchen  sardenlns"  has  come  to  stay,  and  that  It  will 
ovontuully  become  a  substantial  source  of  revenue  to  city 
water   works   departments. 

Judicious  Irrlaatlon  greatly  increases  vegetable  crops 
even  in  the  humid  state  of  America.  In  IStlS  the  value  of 
the  war  garden  croi>s  cultivated  in  back  yards  and  vacant 
lots  totaled  more  than  half  a  billion  dollars.  This  vast 
value  would  have  been  much  less  had  it  not  been  for  ir- 
rigation with  city  water;  and  It  would  have  been  much 
more  had  more  water  been  used. 

It  Is  the  duty  of  every  water  works  superintendent  and 
engineer  to  encourage  the  \ise  of  city  water  for  irrigation. 
This  duty  exists  even  in  cities  where  there  is  now  a  scarcity 
of  wafer,  for  the  public  can  be  persuaded,  in  such  cases. 
to  Increase  the  water  supply  and  to  decrease  the  water 
waste.  If  the  manager  of  an  electric  plant  finds  a  way  to 
Increase  the  market  for  his  electric  juice,  he  takes  steps  to 
do  so.  even  though  his  plant  is  already  overloaded.  lie 
wisely  reasons  that  the  greater  the  demand  for  current,  the 
sooner  will  he  be  able  to  persuade  the  directors  of  the 
company  to  enlarge  the  plant.  Is  there  any  reason  why  a 
city  water  superintendent  should  follow  a  different  policy? 
None  whatever.  His  duty  to  the  public  is  to  persuade  the 
public  to  permit  him  to  decrease  the  waste  and  to  increase 
the  profitable  use  of  water.  That  kitchen  gardening  is 
tremendously  profitable  to  the  residents  of  cities  is  now 
an  established  fact.  Study  the  pamphlets  of  the  War  Gar- 
den Commission  and  be  convinced.  Being  convinced,  act 
upon  your  conviction.  Act  this  spring.  Assist  in  spread- 
ins  knowledge  about  backyard  gardening 


Water  Consumption  in  Army 
Cantonments 

How  much  water  is  required  per  capita  for  domestic 
uses,  exclusive  of  lawn  and  garden  irrigation?  Perhaps 
the  best  answer  to  this  query  is  found  in  the  water  actually 
used  in  the  army  cantonments.  In  designing  the  canton- 
ment water  works  systems,  it  was  estimated  that  .5ii  gal. 
per  man  and  l.i  gal.  per  mule  or  horse  per  diem  would 
suffice.  As  there  were  three  men  to  each  animal.  55  gal. 
per  capita  per  day  were  estimated.  This  was  found  to  be 
more  than  adequate,  and  in  3  cantonments  the  average 
daily  consumption  was  30  gal.  per  capita  per  day,  which 
corresponds  very  closely  with  the  amount  usually  supplied 
in  British.  French  and  German  cantonments.  The  .30  gil. 
is  apparently  ample  for  all  domestic  needs  inclusive  of 
sewer  flushing,  but  exclusive  of  lawn  sprinkling  and  water 
allowed  to  run  to  prevent  pipe  freezing. 

There  are  many  American  cities  of  a  residential  nature 
where  less  than  50  gal.  per  capita  per  day  suffices  for  all 
purposes  inclusive  of  wastes,  but  in  sucli  cases  all,  or  al- 
most all,  the  consumers  are  metered. 

Each  of  the  16  army  cantonments  was  really  a  compact 
city  of  about  40.000  population.  It  is  interesting  to  note 
that  the  cost  of  the  water  works  for  these  temporary  cities 
was  only  $11  per  capita,  or  about  one-fifth  the  per  capita 
cost  (at  war-time  prices)  for  a  permanent  city.  This  rela- 
tively low  cost  is  a~scribable  to  many  factors,  such  as  the 
extensive  use  of  wood-stave  pipes,  the  absence  of  pave- 
ments, the  compactness  of  the  "city."  etc. 


Civil  Engineers  Should  Study  the 

Different  Forms  of  City 

Government 

.Xbout  4(10  .American  cities  have  the  commission  form  of 
government  and  100  cities  have  the  city  nuijiuger  (or  "com- 
mission manager")  form.  In  ISUO  there  were  1,245  cities 
of  .'i.OOO  or  more  population.  Hence  40  per  cent  of  the  cities 
have  n))andoned  the  old  mayor-council  form  of  government. 
There  are  21'.l  cities  of  more  than  iiO.iMid  population.  Jnd  44 
per  cent  liave  commission  government. 

Within  the  next  5  or  U  years  we  may  have  75  per  cent  of 
all  cities  over  .">,0U0  poiuilation  under  commission  or  com- 
mission manager  government.  Kngine(uing  societies  should 
as.sist  other  organizations  in  bringing  this  about.  The  com- 
mission manager  form  is  preferable  to  the  commission  form 
of  city  government.  Kngineers  should  study  the  general 
features  of  each  plan.  Accordingly  we  print  in  this  issue  a 
splendid  article  by  R.  K.  Kosshard.  City  Clerk  and  Assistant 
City  Maiuiger  of  .Mameda.  Cal.,  giving  an  outline  of  the  re- 
spective merils  of  both  plans. 


Will  Water  Departments  Go  Into 
the  Ice-Making  Business? 

Up  to  the  i)resent  ice  companies  have  not  been  classed 
as  public  utilities  subject  to  regulation  as  to  prices  charged 
for  their  product.  Yet  ice  has  become  almost  as  much 
of  a  necessity  as  water,  and  in  many  places  its  manufac- 
ture has  become  a  monopoly. 

Many  electric  light  companies  manufacture  ice.  but  only 
one  city  w-ater  works  has  gone  into  the  ice  business, 
namely,  the  Omaha,  Neb.,  water  works.  George  T.  Prince, 
engineer  of  the  Omaha  Water  Department,  has  been  pro- 
ducing ice  at  a  total  cost  of  $1.50  a  ton  at  the  plant.  Ice 
stores  are  located  at  various  points  in  the  city,  and  small 
cons\iiners  can  secure  ice  at  those  stores  at  half  the  price 
cliarged  by  private  companies.  The  companies  deliver 
I  he  ice  to  the  customers,  whereas  the  city  merely  delivers 
lo  the  ice  stores.  This  novel  plan  is  meeting  with  suc- 
cess, and  it  merits  the  serious  consideration  of  w-ater  works 
departments. 

In  Omaha  the  ice  plant  has  a  capacity  of  only  100  tons 
daily,  but  since  the  ice  is  stored  in  a  9.000-ton  ice  house, 
it  is  possible  to  provide  200  tons  of  ice  daily  during  the 
hot  months. 

The  power  plant  needed  to  operate  an  ice  plant  can 
usually  be  run  by  the  same  men  who  operate  the  water 
works  pumping  plant.  The  same  superintendent  and  office 
force  can  be  used  for  both  the  water  and  the  ice  making 
departments.  Hence  so  far  as  wholesale  production  cost 
is  concerned,  it  is  feasible  for  a  city  water  department  to 
compete  successfully  with  an  ice  company.  But  in  the 
matter  of  delivery  of  ice  a  city  probably  could  not  ordi- 
narily compete  with  a  company. 


A  New  Form  Suggested  for  Cer- 
tain State  Commissions 

There  are  many  state  commissions  having  3  to  5  mem- 
bers, all  of  whom  draw  salaries  for  work  that  could  be 
equally  well  performed  by  one  salaried  man.  We  do  not 
refer  to  commissions  of  a  judicial  character,  such  as  public 
service  or  railway  commissions,  but  to  commissions  whose, 
work  is  mainly  executive. 

There  is  strong  agitation  in  California  to  do  away  with 
many  state  commissions  entirely  and  to  combine  others. 
But  it  would  be  very  expensive  economy  to  abolish  many  of 
these  commissions.  A  better  plan  is  that  suggested  by  the 
California  State  Water  Commission.  The  commission  rec- 
ommends a  reorganization  so  that  there  will  be  "one  execu- 
tive member"  on  a  stated  salary  and  two  "associate  mem- 
bers" on  a  per  diem  basis.  At  present  each  of  the  three 
members  receives  $5,000  a  year. 

Why  not  go  a  step  farther  and  adopt  the  city  commission- 
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manager  plan?  l.ft  tlu'  three  coiiuuissioners  serve  either 
ou  a  per  diem  basis  or  at  nominal  salaries,  and  let  them 
select  a  trained  executive.  In  this  way  the  "executiva  would 
frequently  be  a  technical  man.  Thus  the  positions  of  chief 
engineer  and  executive  could  often  be  combined,  not  only 
effecting  a  reduction  of  expense  but  an  increase  o£  effi- 
'  ciency. 


The  Income  and  Expenses 
of  Cities 

About  30  per  cent  of  our  entire  population  live  in  219 
cities,  that  is  in  the  cities  of  .30.0iio  and  up.  For  the  fiscal 
year  of  1917  the  total  revenues  of  these  219  cities  were  $1,- 
065.500.000.  or  $32  per  capita.  The  expenses  of  operating 
these  cities,  including  interest  payments,  were  ?24.70  per 
capita,  and  the  balance  of  the  revenue,  or  less  than  .$300.- 
000,000,  was  .-pent  for  improvements. 

About  70  per  cent  of  the  revenue  came  from  taxes,  of 
which  the  liquor  tax  totaled  only  $37,000,000.  The  water 
supply  systems  yielded  a  gross  revenue  of  about  $84,000,000. 

For  1917  the  per  capita  outlay  for  permanent  improve- 
ments was  only  $8.08,  as  compared  with  $8.91  in  1916,  $10. «0 
in  1915.  and  $8.23  in  1903.  This  does  not  include  the  cost 
of  permanent  improvements  paid  for  by  direct  assessments: 
and  since  nearly  all  street  and  sewer  improvement  is  paid 
for  by  direct  assessment,  the  figures  just  given  are  not  very 
significant,  except  in  so  far  as  they  show  what  a  small 
amount  the  average  citizen  invests  annually  in  city  im.- 
provements. 

The  net  indebtedness  of  the  219  cities  averages  only  $78 
per  capita.  This  seems  large  until  it  is  remembered  that 
it  amounts  to  only  3  per  cent  of  the  wealth  of  the  average 
American  citizen.  Were  it  not  for  obsolete  laws  limiting 
municipal  indebtedness,  a  very  much  greater  per  capita 
expenditure  for  public  works  would  be  made. 


Construction  Work  Held   Up  by 
Slow^  Courts 

Taxpayers  frequently  appeal  to  the  courts  when  special 
assessments  are  levied  for  public  improvements.  The 
■courts  are  often  slow  in  deciding  such  cases,  resulting  in 
tielay  in  beginning  construction.  In  normal  times  these  de- 
lays have  been  taken  as  a  matter  of  course,  but  the  pres- 
ent necessity  of  providing  work  for  returning  soldiers  is 
spurring  many  individuals  and  organizations  to  seek  relief. 

In  Chicago,  for  example,  the  county  courts  are  so  crowd- 
ed with  litigation  that  it  has  even  been  proposed  to  hire 
additional  .judges  and  pay  them  with  money  raised  by 
popular   subscription. 

Engineering  societies  should  interest  themselves  in  mat- 
ters of  this  kind,  and  work  with  other  organizations  to  se- 
cure  prompt   trials  of  all  special  assessment  cases. 


Laws  80  Years  Old  Are  Now  Hold- 
ing Back  Public  Works 

Farmers,  as  a  class,  have  long  been  opposed  lo  bond 
issues  for  public  works.  This  is  partly  due  to  the  mis- 
taken idea  that  a  public  bond  is  as  objectionable  as  a  pri- 
vate mortgage,  and  partly  to  the  fear  of  extravagance  on 
the  part  of  public  officials.  Prof.  Harold  C.  Moulton  of  the 
University  of  Chicago  recently  said: 

"Many  states  have  reached  the  limit  of  their  bond  issuing 
capacity  and  that  some  are  not  permitted  to  borrow  at  all. 
This  is  a  result  of  the  experiejice  through  which  we  passed 
in  the  decade  of  the  fhirtie*  With  high  hopes  of  great 
financial  returns,  the  young  m.iddle  western  and  southern 
,  states  of  those  days  engaged  extensively  in  the  construc- 
tion of  public  highways,  railroads,  and  waterways.  They 
built  beyond  the  needs  of  the  time,  however,  and  the  dis- 
astrous years  following  the  panic  of  1837  carried  the 
sparsely  settled  commonwealths  of  that  day  into  bank- 
ruptcy. The  reaction  proved  so  strong  that  the  amend- 
ments of  the  state  constitutions  that  resulted  in  the  forties 
in    many    cases    imposed    limitations    upon    the    borrowing 


powers  of  the  state  so  serious  that  now.  although  the  con- 
ditions which  existed  in  earlier  days  have  passed  forever, 
many  states  are  still  debarred  from  engaging  in  public 
enterprises.  True,  the  constitutions  may  be  amended.  But 
the  time  required  for  such  drastic  procedure  is  so  great 
that  it  could  often  not  be  accomplished  until  years  after 
I  he  transitional  crisis  had  come  upon  us.  There  is  one 
state,  at  least,  where  it  takes  six  years  to  amend  the  con- 
si  itution.  But  whether  or  no  such  states  can  accomplish 
anything  in  the  present  crisis,  it  is  high  time  that  steps 
he  taken  to  remove  the  financial  restrictions  which  now 
prevent  constructive  internal  development." 

In  anoth(>r  editorial  we  suggest  certain  changes  in  exist- 
ing laws,  city  charters  and  state  constitutions  relative  to 
the  limitation  of  bond   issues. 


Checks  on  Garbage  Collection  in 
Philadelphia 

To  the  Editor:  From  your  issue  of  Dec.  11,  1918,  page 
^>i&,  relative  to  garbage  collection  in  this  city,  I  quote  the 
following: 

"No  check  is  kept  on  the  amount  of  garbage  collected, 
except  that  the  total  amount  during  some  months  is  weighed 
and  thus  used  as  the  average." 

Allow  me  to  correct  this  statement. 

The  Specifications  for  the  Collection  and  Disposal  of  Gar- 
bage for  year  1918,  Paragraph  16,  provides  in  part: 

"The  contractor  shall  facilitate  the  chief  in  securing  a 
true  and  accurate  count  of  the  number  and  character  of 
vehicles  and  weight  of  the  garbage  delivered  at  the  plant, 
collection  stations  and  other  points  of  disposal  authorized 
by  the  director  for  a  period  of  six  consecutive  working  days 
in  each  calendar  month.  On  one  day  in  each  of  these  six 
days,  all  vehicles  delivering  garbage  at  any  of  the  above 
mentioned  places,  shall  be  weighed  both  loaded  and  un- 
loaded. When  garbage  is  delivered  at  points  of  authorized 
disposal,  not  equipped  with  standard  wagon  scales,  the 
weight  of  the  garbage  so  delivered  shall  be  approximated 
from  the  weights  of  similar  vehicles  previously  determined 
by  actual  weighing  at  points  of  authorized  disposal.  This 
shall  not  relieve  the  contractor  from  providing  standard 
wagon  scales,  so  that  not  less  than  77,  per  cent  of  the  ve- 
hicles delivering  garbage  on  the  day  of  weighing  shall  be 
weighed." 

The  garbage  collected  under  this  contract  is  either  de- 
li^-ered  to  the  reduction  plant  or  is  hauled  outside  the  cor- 
porate limits  of  the  city  to  farms  for  hog  feeding.  The 
part  delivered  to  the  plant  at  49th  St.  and  the  Schuylkill,  is 
either  hauled  directly  the^f  or  to  the  dumping  wharf  at 
26th  St.  and  the  Schuylkill  and  barged  from  there  to  the 
plant.  By  far  the  major  portion  is  hauled  to  the  wharf  at 
26th  St.  and  the  Schuylkill,  where  there  are  facilities  for 
weighing. 

Eleven  bureau  inspectors  are  engaged  in  supervising  gar- 
bage collections,  investigating  irregular  collections  and  re- 
porting 0!i  the  same.  They  submit  daily  reports  of  the 
number  of  single  and  double  wagons  and  trucks  engaged 
in  collecting  and  the  total  number  of  loads  delivered  by 
i-arh  kind  of  vehicle.  All  vehicles  are  numbered  sequen- 
tially. 

In  accordance  with  the  above  quoted  paragraph  from  the 
specifications,  one  week  in  each  calendar  month,  generally 
the  third,  a  garbage  count  is  made  at  the  plant  and  at  the 
«harf.  This  consists  in  estimating  to  the  nearest  quarter 
each  vehicle  load  delivered  and  recording  the  same,  to- 
,,sether  with  the  vehicle's  number.  This  is  summarized  into 
loads  and  parts  of  loads  for  single  wagons,  double  wagons 
and  trucks.  The  vehicles  of  each  class  are  of  standard  di- 
mensions. 

In  addition,  on  Monday  of  that  week,  each  vehicle  de- 
liverin.a  at  the  wharf  is  weighed,  loaded  and  empty:  the 
net  weights  are  summarized  and  the  average  weight  per 
load  for  the  day  for  each  kind  of  vehicle  is  determined. 
Thore  vary  little  from  month  to  month.  From  the  total 
raimber  of  loads  delivered  at  the  v\harf^ during  the  v\eek 
l"or  each  class  of  vehicle  and  the  weighl  ])er  full  load  for 
each    class   delivered    on    Monday,    the    total    weight    of   the 
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RiirbaR<>  dellvi>r«>d  ut  Ihv  whim  tor  the  week  Is  determlneil. 
Kroin  (hi*  n-coril  of  tho  grtrbuKi-  oouiit  at  the  plant,  niul  the 
xMiKlit  per  Until  11!  th«  wharf,  the  amount  of  Barhnne  de- 
livered ut  the  plant  diirliiK  the  week  Is  IlKured  and  from 
the  dally  reports  of  the  bureau  Inspectors  the  numher  of 
loads  delivered  to  the  farms  Is  obtalmul  and  In  turn  the 
««innai;»  The  summation  of  these  amoiinia  furnishes  the 
f  the  week  (7  days).  This  Is  proportioned  over 
uir  month  to  determine  the  monthly  lonnaue  eol- 
;.  I  iL-a  and  dWposed  of  under  contract. 

iMis_r..vi:i;  \i'.t-:  i'isii>si:i'  '<\'  nv  imnthact. 

.Monti.  Tons 

Jnnunr.*  |.gSX 

Kobrunix  5-J0» 

,\t»V    .  ...      S..10II 

Jul".  11.30" 

,..■,.:,  12.200 

..    ll.SOO 

, .     n.inn 

, .,  7.1011 

l><-.'<<inb<<r  ■■     7.300 

Totnl 1U.I..-.00 

In  addition  to  this  tonnage  there  Is  a  considerable  aiiiount 
collected  hv  •■privates."     Tills  also  Is  used  tor  hog  feeding. 

ROBERT  C.  HICKS. 
I'hief  Bureau  of  Street  Cleaninpr. 
rhiladelphla.  Pa. 


Definition  of  Engineer 

To  the  Kditor:  Relative  to  the  detinition  of  "engineer." 
allow  me  to  suseest.  as  1  have  i.n  many  other  occasions,  that 
■  engineer"  Indicates  "one  engaged  in  engineering." 

I  do  not  claim  any  credit  for  this  most  simple  and  concise 
detinition  because  1  copied  it  from  the  dictionary;  in  fact,  it 
is  given  In  substance  if  not  in  the  identical  words  in  at  least 
four  standard  dictionaries.  Every  other  detinition  of  this 
word  is  open  to  criticism  and  there  will  never  be  unity  of 
thought  and  purpose  in  the  profession  until  it  is  understood 
to  be  the  only  correct  one. 

"Engineer"  denoted  an  occupation,  not  a  title.  There  is 
no  degree  of  quality  or  ability  expressed,  merely  the  business 
engaged  in.  The  words,  carpenter,  plumber,  doctor,  lawyer, 
etc..  denoted  other  occupations  and  it  is  understood  that 
there  are  good  carpenters,  doctors,  etc..  as  well  as  poor  ones. 
So  it  is  with  engineers  but  we  have  become  so  narrow  and 
selfish  that  we  do  not  admit  it. 

"Engineer"  also  means  "one  who  runs  an  engine,"  because 
usage  has  established  it.  but  it  is  not  hard  for  us  to  distin- 
guish between  an  operating  and  a  technical  engineer.  It  is 
hard  for  the  public  because  no  Uko  engineers  will  agree  on  a 
definition  so  they  only  confuse  the  public  the  more. 

Will  not  some  of  your  readers  admit  that  the  dictionaries 
had  the  right  "hunch"  when'  they  decided  on  the  above  defi- 
nition ? 

ROBT.  W.  SHEI.MIRR. 

Chicago,  ni. 


City  Water  and  Victory  Gardens 

Tfi  the  Editor:  We  have  just  read  in  the  Baltimore  Sun 
of  Sunday.  .Tan.  2G.  an  article  from  your  magazine  in  regard 
to  the  value  of  water  supply  in  connection  with  Victory 
Gardens  and  we  would  appreciate  it  very  much  if  you 
would  send  us  a  copy  of  the  magazine  in  which  it  originally 
appeared  so  that  we  may  have  it  for  our  files.  The  Balti 
more  Sun  has  quoted  this  article  fully  and  we  should  like 
to  see  the  original. 

We  pre  sending  you  some  of  our  data  under  separate 
cover  which  we  hope  will  be  of  interest  to  you  and  that  yon 
can  have  more  about  the  importance  of  Victory  Gardens 
this  year.  Too  much  cannot  be  said  about  the  importance 
of  them  because  of  the  new  millions  to  be  fed  in  Europe 
;'nd  because  the  markets  of  the  world  have  suddenly  been 
thrown  open. 

P.   S.   RIDSDALE. 
Secretary.    .Vational    War   Garden    Commission. 

W.-ishington.   D.   C. 


iiie    Waterworks  and    Sewerage 
of  Buenos  Aires,  Argentina 

By  .M. L.V.N  B.  LK.\. 
The  city  of  Buenos  Aires  is  liuill  on  a  plain  wliioli  on  the 
western  boundary  of  the  city  rises  to  n  height  of  84  ft. 
above  ordinary  low  water  in  the  River  Plate,  which  is  the 
city  bounilary  on  the  east.  On  the  south  and  iiart  of  the 
north  side  the  land  Is  lower,  and  in  places  will  require  to 
be  raised  to  prevent  Hooding.  The  soil  of  the  higher  part 
is  a  stllT  reddish  iday  that  will  stand  in  trenches  without 
timbering  lor  a  long  time.  1  may  mention  here  a  tunnel 
in  which  a  cast  Iron  pumping  main  was  laid  in  this  soil 
for  a  length  of  2,1(10  ft.  and  at  a  depth  of  from  10  to  39  ft.. 
The  tunnel  was  excavated  to  a  width  of  2  ft.  7  in.  and 
a  height  of  .">  ft. 2  in.,  without  lining  or  timbering,  the  top 
being  arched,  and  after  the  iiipe  was  laid  no  backfilling 
was  used.  This  was  inspected  7  years  atlarwards  and  it 
was  found  to  be  in  the  same  state  as  when  it  was  first  ex- 
cavated; not  a  sinfile  lump  of  earth  had  fallen  and  the 
marks   of   the   tools   could    be   clearly   seen.     In    the   lower 


Coflerdam    in    River.      At    Right   Sewer   Sections   and    l-Hopper   End 
Section    on    Slipway. 

;<round  on  the  south  side  of  the  city  the  soil  is  a  fine  sand 
and  reiiuires  ~lieei   jiilins  in  the  trenches. 

The  First  Water  Works. — Water  carts  formerly  jiupplied 
the  houses  from  the  river,  although  some  residents  had  cis- 
terns underground  to  collect  the  rainwater  from  the  roofs, 
and  others  had  wells,  but  as  the  cesspools  were  dug  down 
to  the  water  level  the  water  from  these  wells  was  danger- 
ous to  health. 

In  186S  the  first  works  were  built  to  supjily  part  of  the 
city  with  water  from  the  River  Plate.  The  late  Mr.  John 
M.  Coghlan.  M.  I.  C.  E  .  was  the  engineer  for  the  Govern- 
meiit  of  the  Province  of  Buenos  Aires,  who  planned  this 
nork.  He  proposed  to  supply  144.000  gal.  of  water  per  day 
at  a  cost  of  $2:;g.000  tor  construction  of  works.  These  in- 
cluded an  intake  pipe  in  river,  settling  pools  to  clarify  sedi- 
uient  from  water,  slow  sand  filters,  pumping  station  and 
pumps,  elevated  tank  to  hold  72,000  gal.  cast  iron  piping 
<ind  standpipes.  By  the  end  of  1873  $.">90.000  had  l)een  spent 
on  this   work  and  some  additions. 

The  Bateman  Plans  for  Sewage  and  Water  Works  for  En- 
tire City. — After  an  epidemic  of  yellow  fever  in  1S71  the 
Provincial  Government  of  Buenos  Aires  commissioned  the 
iate  Mr.  .John  F.  Latrobe  Bateman.  past  president  of  the 
Institution  of  Civil  Engineers,  to  prepare  plans  for  sewer- 
age and  water  works  tor  the  whole  of  the  city,  on  the  basis  ' 
that  in  40  years'  time  the  population  would  be  400,000  on 
the  G.400  acres  included  in  this  scheme.  By  190S.  however, 
the  population  was  722.000  on  this  area  and  there  were 
425.000  more  inhabitants  spread  out  on  40.900  acres  that 
were  added  to  the  city  in  18S7.  Water  was  to  be  supplied 
from  the  River  Plate  at  the  rate  of  48  gal.  per  day  per  in- 
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liabitant.  of  which  36  gal.  were  to  be  furnished  in  12  hours. 
The  works  to  be  built  immediately  were  estimated  to  cost 
$7,800,000  and  included  an  inlet  tower  and  tunnel  for  water 
supply,  conduit  to  pumping  station,  pumping  station  and 
pumps,  coagulation  basins,  lilters.  cast  iron  piping,  elevated 
tank  to  hold  16,000.000  gal.  (Imp.),  collecting  sewers,  inter- 
cepting and  outfall  sewers,  pumping  station  for  sewage, 
storm  water  gullies  and  conduits.  This  work  was  started 
in  1873,  but  was  stopped  by  a  financial  crisis  in  1S76.  In 
ISSO  the  National  Government  took  over  the  work  from 
the  Provincial  Government  and  a  fresh  start  was  made  in 
1SS3.      In    1S88    an    English    company    was    formed    to    corn- 


progress    has    been    made    in   spi'e   of   delays    and    financial 
difficulties  caused  by  (he  war. 

Present  Water  Supply  and  Distribution  System. — The 
work  completed  during  this  time  includes  a  new  inlet  tower 
in  the  river  for  the  water  supply,  an  inlet  tunnel  from  the 
tower  to  the  pump-well  4.080  ft.  long.  9.85  ft.  diameter,  lined 
with  cast  iron  segments  and  built  with  the  aid  of  com- 
pressed air.  pumping  station  with  centrifugal  pumps  to 
raise  water  to  coagulating  basins,  from  which  it  passes  to 
settling  pools  and  from  these  to  slow  sand  filters,  divided 
into  21  sections,  each  with  24,500  sq.  ft.  of  filtering  sur- 
lace.  and  which  are  grouped  into  seven  filters,  each  divided 


Fig.    1. — Curve   on    Cast    Iron    Section    of   Outfall    Sewer.      Fig.   2 —  Placing    a    Ring    of    Cast    Iron    Conduit.       Fig.    3. — Reinforced 
Concrete   Sewer   Near   River   End   Showing    Reinforcement.     Fig.   A —  River    End    Section    With    Hopper. 


plete  this  work  and  to  buy  out  the  National  Government 
property,  but  in  ISHl  the  Government  had  to  buy  it  back 
again. 

A  paper  by  Mr.  Richard  Clere  Parsons,  contributed  in 
.lanuary,  1896,  to  the  Institution  of  Civil  Engineers,  gives 
a  fairly  complete  description  of  the  work  done  up  to  that 
date. 

From  1891  to  date  the  Government  carried  on  all  new 
works  under  its  own  engineers,  who  are  mostly  .Argentines. 

By  190,s  it  was  decided  to  prepare  plans  for  extending 
the  water  supply  and  sewerage  to  the  area  outside  of  the  dis- 
tricts incliuied  in  Bateman's  scheme,  and  in  August  of  that 
year  the  plans  and  estimates  were  presented  to  Govern- 
ment. The  work  in  the  new  districts  was  to  cost  $67,500.- 
OOO  and  $4,600,060  additional  was  to  be  spent  on  the  old  dis- 
tricts to  bring  the  service  up  to  date.  It  was  estimated 
that  the  population  of  the  city  would  reach  6.000.000  by 
19.'>2.  and  the  water  supply  was  taken  at  the  rate  of  79  gal. 
per  day  per  inhabitant,  the  highest  rate  during  the  day 
to  be  6%  gal.  per  hour  per  inhabitant.  By  a  law  passed 
Sept.  22.  1909.  the  construction  of  these  works  was  sanc- 
tioned, and  a  start  was  made  in  Ifilo,  and  since  then  great 


into  three  .-^^'.'tions.  Each  lilter  is  344  ft.  by  230  ft.,  is  13.2 
ft.  deep  and  is  to  be  roofed  over. 

The  filtered  water  is  pumped  by  triple  expansion  Simp- 
son Worthington  engines  to  two  elevated  reservoirs,  each 
of  which  holds  19.200.000  gal.  of  water. 

From  the  tanks  the  water  is  distributed  all  over  the  city 
liy  cast  iron  piping  of  which  there  are  in  the  old  districts 
13.1  miles  of  pumping  mains,  63  miles  water  mains,  563 
miles  distributing  pipes,  and  in  the  new  districts  .73  miles 
pumping  mains.  223  miles  water  mains.  870  miles  distribut- 
ing pipes  and  1.65  miles  hydraulic  pressure  pipes,  or  a  total 
of  1.589.75  miles  of  piping,  ranging  in  size  from  3  in.  to  59 
in.  diameter. 

The  Sewer  System.— For  the  sewerage  the  old  part  of 
the  city  had  been  divided  into  31  districts,  of  an  average 
area  of  240  acres  each;  in  24  of  these  districts  the  sewage 
falls  by  gravitation  to  the  pumping  station  at  Wilde,  but 
in  the  other  7  it  has  to  be  raised  by  pumping  before  it  is 
discharged  into  the  outfall  sewer.  The  new  part  of  the 
city  has  been  divided  into  24  districts  of  an  average  area 
of  1.650  acres  each.  In  13  of  these  the  sewage  has  to  be 
raised  by  a  pumii  worked  by  an  electric  motor  so  as  to  dis- 
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ehai-KK  li  III  thf  noHrost  sewer  In  one  of  the  other  11  higher  ihroiiRh  ihe  vuhe  iiiul  the  sedloii  smiU;  ils  movements 
(llslrlits.  tiiul  (rum  these  bv  srtivilutlon  It  reaches  the  |iiimp-  helnn  conlrolled  by  a  uantry  tlint  ran  on  a  slaKins  each  side 
Inp  station  ul  Wilde.  In  the  new  works  the  sewage  Is  kept  ol  ihe  condiill.  nnder  the  direction  ol'  divers  who  sav;  that 
v,-imriite  from  the  rainwater,  and  Ihe  drains  lo  carry  ofl  ilie  sections  were  set  to  line  and  level  and  properly  joined 
the  ruin  will  be  built  eventually.  The  collecllnB  sewen,  together,  all  these  operalloiis  belns  checked  from  above 
ure  of  stoneware  piping  and  range  in  sl/.e  from  0.  In.  to  S6  water.  The  spaces  between  the  double  ribs  were  lilled  with 
In.  diunieier.  and  are  of  a  total  length  of  iUiO  miles  In  the  concrete  by  means  of  a  treinle.  and  under  each  section  con- 
new  purl  111  the  old  part  Ihe  stoneware  piping  was  lli-in.,  cr'Me  was  forced  In  so  as  lo  1111  Ihe  dredged  bed,  and  the 
I'.ln.  and  IS  In  dlameiei-.  and  (here  were  e^gshaped  sewers  whole  work  was  covered  In  again  to  the  level  of  Ihe  bed  of 
ot  »lx  different  sUes.  built  of  concrete  wllb  stoneware  in-  ibe  river.  This  was  Mulshed  in  July,  l!)l.v. 
\ert»-    lhen>   were  also   some   special   shaped    models   built 

•u  brick  Cost'of  Catch  Basin  CleaningiWith 

In  the  new  pari  the  collecting  sewers  discharge  into  the  /^  "  ^  11  1  13  l  ^  ]  'l''^..  ,K 
outfall  .sewer,  which  starts  with  a  diameter  of  If.  In.  and  Urailge  rCel  liUCKCt  ailU  1  FUCK 
Increases  up  lo  ;>.1S  ft.  diameter  before  crossing  the  Itiachu-  \  special  catch  basin  cleaning  outlit.  consisting  of  a 
elo  on  the  south  boundary  of  the  city.  Up  to  ;!(Mn.  diameter  small  orange  peel  bucket  and  a  ifi^ton  truck,  with  steel 
the  outfnll  sewer  Is  of  stoneware,  and  beyond  that  size  It  i,(>,iy  n,„]  power  dump  hoist,  has  been  in  service  at  Cam- 
Is  bulll  of  brick  In  cement  mortar,  or  of  plain  or  reinforced  bridge.  Mass.,  for  the  past  (1  months.  The  excavating  and 
«-«»ncr»-te.  varying  according  to  the  nature  of  the  soil,  and  loading  ot  the  material  from  Ihe  basins  Is  done  with  the 
the  depth  at  which  It  Is  built.  The  length  ot  the  outfall  orange  peel,  the  bucket  being  opened  and  shut  by  a  piston 
sewer  with  Its  branches  Is  61  miles  within  the  city.  and   cylinder   attached   to   ils   head,   which    is   operated   by[ 

New    Outfnll    Sewer    Outside    City.— The     outfall      sewer  compressed   air  at   a  pressure  of  about    100  lb.   per  square 

crosses  the  Kiachuelo.  a  stream  thai  is  the  south  boundary  inch.    The  outfit  was  described  by  Mr.  I...  M.  Hastings,  City 

of  the  city,  by  means  of  au  inverted  siphon,  which  was  built  Kngineer   ot    Cambridge,    in   our   Aug.    14,    1918,   issue.     In 

in  tunnel  with  the  aid  of  a  shield  and  under  compressed  air.  the   .January  .lournal   of  the   Boston   Society   of  Civil   Engi-i 

Two  shafts.  H.7.1  ft.  by  14.75  ft.,  lined  with  cement  concrete  neers.  Mr.  Hastings  gives  the  following  costs  on  catch  ba- 

Inside  a  steel  caisson,  were  sunk  each  side  of  this  stream  sin  cleaning  in  lillS  with  the  new^  outlit  and  with  teams: 
.•=0  that  ihev  left  44:i  ft.  clear  distance  bd'tween  tliem.    The  By   oR.\NGE   PEEL  AND  AUTO  TRUCK. 

tunnel   was"  lined   with   cast   iron   segments,   breaking  joint  t'^i'U'ay^  2  x'3  x"l  ^'" "  ° ''e  ou'  yd  i 

longitudinallv.  and   bolted  together  through   flanges  on  .the        '  * '; _  ; 

outside:    the    internal   diameter  of   this   conduit   is   9.(i5    ft.,  orU  cu  ^yd'^daayaveraBe'! 

and   it   will   discharge  SU  cu.  ft.   per  second.     The  weight  chauffeur,  at  $l   $       4.00  ' 

of  the  cast  Iron  in  this  conduit  is  o.'i"  short  tons,  and  the  i'  laborers,  at  $3.23^.... 6. .50 

estimated  c6st   of  tlie  whole  siphon   was   $S41.000.     It  was  oi^!'!':.:.^_\^!^ ."^ ^  y//////^\y.y/:.::\  .20 

tini.shed  in  August.  1917.  Grease    ^  ^^  ^j^^. 

The  banks  of  the  Riachuelo  have  been  raised   by   lilling  .pi^^.    ^    250.00 

to  a  level  of  14.75  ft.  above  low  water.     The  bottom  of  the  Repair.*    .....' S"?-"? 

invert  of  the  tunnel  was  fixed  at  5o.l.^  ft.  below  low  water  on  [;r,';-/i=^J,l,°'j„*J^,en^fK^OoV'a^     p4r-ceni  HTol 

the  north  side  and  59.43  ft.  on  the  south  side.     The  soil  was  

mud  to  50.87  ft.  below  water:  below  this  was  a  bed  of  stiff  rJ^y^'J^e^l'lTcZr'^. ::::::::::::::::: :li:99o;oo 

clav  9.84  ft.  thick,  overlving  beds  of  water  bearing  sands.  =     7.96 

.\fter  leaving  this  siphon  the  outfall   sewer  was   built  in  Assuming  250  working:  days 250         

open  cut  and  lined  with  cast  iron  segments  forming  a  circle  cost  per  day  ^. $20.56  - 

9.65  ft.  diameter  till  it   reached  the  pump  well  at  pumping  ^"'^^BT^HORSe'carts'.'  ^'^'  ' 

station  at  Wilde.     This  section  of  conduit  is  G.6  miles  long.  r,  tn  fi  loads  dailv.  average  5%  loads,  li/5  eu.  yd.  per  toad. 

After  the  sewage  is  raised  by  the  pumps  at  Wilde,  it  is  ].i|!x5..5  joads  x  .5^  days  5^^-'^- •;:•::;;;;:;;  i^s^"  ^^J;  ^t 

carried  by  six  lines  of  cast  iron  piping  .lO-in.  diameter  and  "  

2.620  ft.  long  to  a  valve  chamber,  from  which  starts  a  con-  or 5.86  cu^yd*? daily  avlraee. 

duit  9.84  ft.  diameter  and   S.55  miles   long  lined  with  cast  i.abor,  -1  men.  at  $3.25   $     l.ioo  ' 

iron   segments,   that   ends  at  another  valve   chamber  1,312  2  horses,  at  $1.50  ^■"°   $i6  oo  per  day 

ft.  distant  from  the  shore  of  the  River  Plate  at  Berazategui.  i„ip,e.st.  $575x2.  at  4  per  ceot  $     46.00 

At  this  valve  chamber  a  junction  is  made  between  the  old  Pipreciation.  $575  x  2.  at  15  percent 172.50 

and  the  new-  outfall  sewers.  Yearly  overhead   $    218.50 

Reinforced      Concrete     Sewer     Built     on      Slipway     and  — —r — =       •^" 

Launched.- From  this  valve  chamber  a  reinforced  concrete  ^^  "rkinp:  da:.s    a  

conduit  was  built  14.75  ft.  wide  and  8.1  ft.  high,  with  a  semi-  Cost  per  day  ^ ■■  •      $16.87 

circular  arch  and   was  continued  in  the  river  inside  a   cof-  ^"'^''  "  S5.SG  — $2.88  per  cu.  yd. 

Beyond  this  point  the  conduit  was  continued  by  sinking     Iiisect    Development  in  Swimming   Pools 

in  a  dredged  channel  reinforced  concrete  sections  of  the  Swimming  pool  studies  by  the  Bureau  ot  Sanitary  En- 
same  dimensions  internally  as  the  work  on  shore.  These  '  gineering  of  the  California  State  Bureau  of  Health  indi- 
sections  were  built  on  a  slipway,  weighed  each  126  tons.  cate  that  outdoor  pools  are  subject  to  algffi  and  insect  de- 
and  were  49.2  ft.  long.  One  end  of  each  section  was  shaped  velopment.  The  former  has  been  recognized  for  a  long  time, 
as  a  spiggot  and  the  other  as  a  bell,  and  10  ribs  were  formed  but  little  attention  seems  to  have  been  given  to  the  impor- 
on  the  outside  of  each,  one  at  each  end  and  the  other  8  in  tanee  of  insect  development.  In  one  pool  inspected  water 
pairs,  leaving  about  a  foot  space  between,  those  at  the  ends  insects  of  two  varieties  known  as  "water-boatman"  and 
leaving  the  same  distance  clear  when  the  sections  were  "bacli  swimmers"  were  found  in  abundance.  Both  varieties 
joined  together.  are  small  black,  hard-shelled  free-swimming  insects.  When 
The  slipway  could  hold  Ifi  of  these  sections  at  a  time,  at  rest  they  are  found  on  vei^;ical  walls,  ropes  and  otlier 
The  sections  were  launched  sideways  into  the  river,  the  surface?  under  the  water  for  a  depth  of  2  to  3  ft.  Chem- 
two  ends  having  been  closed  by  wood  planking  and  a  valve  ical  treatment  to  kill  the  insects  was  tried  on  a  laboratory 
fixed  in  one  end.  Sixty-one  of  these  sections  were  built  scale.  Chlorine  gas  as  high  as  5  p.p  m.  and  copper  sulphate 
with  a  total  length  of  3.001.2  ft.  The  end  section  in  the  as  high  as  50  p. p.m.  were  used  without  success.  These 
river  w-as  provided  with  a  hopper  on  top.  so  as  to  discharge  amounts  of  chemical  are  so  high  as  to  impair  the  water 
the  sewage  into  the  river,  and  the  outer  end  was  left  so  that  for  bathing  purposes.  It  is  believed  that  the  only  effective 
the  conduit  can  be  extended  later  if  it  is  so  decided.  method  of  removing  the  insects  from  the  pool  is  by  catch- 
After  launching,  the  sections  were  towed  out  to  their  final  ing  them  with  a  net  passed  along  the  surfaces  to  which 
position,  where  the  bed  of  the  river  liad  been  dredged  on  the  they  cling.  So  far  as  known  the  insects  are  harmless  but 
line  of  the  conduit  to  the  proper  depth.     Water  was  admitted  their  presence  does  not  add  to  the  pleasure  of  bathing. 
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Financial  Benefits  of  Metering 

Interesting  information  on  tlie  financial  benefits  of  meter- 
ing botli  to  the  consumer  and  the  city  is  given  in  the  last 
annnal  report  of  Mr.  Geo.  H.  Fenkell,  general  manager  of 
the  Board  of  Water  Commissioners  of  Detroit,  Mich.  The 
matter  following  is  abstracted  from  Mr.  Fenl\eirs  report. 

The  con.=  umption  in  dwelling  houses  in  Detroit,  examined 
b.v  selecting  a  number  from  all  jiarfs  of  the  city  at  random, 
was  as  follows: 

No.  of  .Size  of         .VveraKe 

houses  in-      meter,  cost  per 

vestigated.         in.  tjiiarter.  Remarks, 

Dwelling  house.. ..400  ?s  $1.70  one  famil.v 

I>weIIing  house....   89  %  2.20  one  famil.v 

Dwelling  house....   11  1  ;J.40  one  famil.v 

Dwelling  house. ..  .142  %  2.49.  two  familie.s 

Dwelling  house....   54  ^^         ■  ;{.10  two  families 

Dwelling  house....     4  1  5.8S  two  familie.x 

Dwelling  house. .. .   10  %  4.24  four  families 

Dwelling  house....   72  ?i  4.54  four  families 

Dwelling  house....  IS  1  5.45  four  families 

Dwelling  house....   17  %  5.31  .six  families-- 

Dwelling  house. .. .   11  ^4  4.09  six  families 

Dwelling  house 63  1  6.70  .six  families 

Dwelling  house....     9  l'/2  7.42  six  families 

These  figures  are  based  on  the  following  meter  rates: 
First,  1,000  cu.  ft,  per  quarter,  $1  minimum  charge:  next, 
3,000  cu.  ft.  per  quarter,  50c  per  1,000  cu.  ft.;  all  additional 
35c  per  1.000  cu.  ft.: 

While  it  is  not  possible  to  determine  with  great  accuracy 
what  the  flat  rate  would  have  been  on  the  property  listed 
above,  a  comparison  of  these  payments  with  the  flat  rate 
charges  for  similar  property  will  show  a  saving  in  favor  of 
the  meter  charges  of  approximately  $1  per  year  per  family. 

It  is  also  possible  to  show  a  great  saving  to  the  city  at 
large  due  to  the  use  of  meters.  The  following  table  shows 
the  decrease  in  consumption  with  the  increase  in  ni;mber 
of  meters: 


Year. 
1910.. 
1911.. 
1912.. 
191.S.  . 
1914.. 
1915.. 
1916.. 
1917. . 
1918.. 


Average 

daily  per 

capita 

Per  cent 

Per  cent 

consumption 

of   taps 

of 

water 

gallons. 

metered. 

nn 

r'tered. 

]S3 

10.1 

33 

177 

10.3 

35 

1X7 

10.7 

36 

175 

12.1 

37 

171 

14.4 

40 

162 

13.3 

41 

163 

35.0 

52 

165 

44.9 

59 

152 

62.5 

.■.-> 

From  1896  to  1912  the  taps  metered  remained  nearly  con- 
stant at  10  per  cent:  that  is.  during  this  period  of  IG  years 
only  enough  meters  were  set  to  cover  one-tenth  of  the  taps 
inserted.  During  this  time  the  pumpage  increased  at  such 
a  rate  that  if  allowed  to  continue  it  would  have  reached  in 
1918,  195  gal.  per  capita  per  day.  By  increasing  the  num- 
ber of  taps  metered  to  59  per  cent,  the  consumption  has 
been  reduced  to  152  gal. 

The  expense  of  setting  meters  and  the  saving  effected  by 
their  use  can  be  arrived  at  reasonably  close,  although  the 
t;.'5.542  in  use  at  the  beginning  of  the  year  had  been  in- 
creased to  94,630  at  the  end  of  the  year,  June  SO,  191S,  and 
part  of  these  new  accounts  were  turned  over  from  the  flat 
rate  ledgers  during  each  quarter  of  the  year. 

The  size  of  pipes  12  in.  and  smaller  in  diameter  is  deter- 
mined by  (he  needs  of  the  neighborhood  for  fire  protection, 
and  the  cost  of  that  portion  of  the  distribution  system 
would  not  usually  be  affected  by  the  use  of  meters. 

The  average  daily  consumption  during  the  year  ending 
.Tune  30  last  has  been  144,704.009  gal.,  or  say  145  million 
gal.,  of  which  in  even  figures.  :!9  million  gallons  were  used 
in  the  high  service  and  lOfi  million  gallons  in  the  low  serv- 
ice. Had  there  been  no  increase  in  the  percentage  of 
meters  in  use  since  1912  the  pumpage  would  now  be  at  the 
rate  of  195  gal.  per  capita  instead  of  152,  and  the  average 
pumpage  per  day  would  now  be  ISfi  million  gallons,  of  which 
50  million  gallons  would  be  for  the  high  service  and  136 
million  gallons  for  the  low. 

At  the  beginning  of  the  year  there  were  65,542  meters  in 
service,  and  94.630  at  the  end  of  the  year.  As  a  meter  set 
late  in  the  year  had  less  effect  on  consumption  than  one  set 
earlier,  it  is  assumed  that  the  number  in  service  at  the  end 
of  the  first  half  of  the  year,  about  SO.OOO,  is  the  average 
number  to  use  in  computin.?  costs  and  effects. 

The  installHtion  of  sn.DOfl  mrters.  less  10  per  cent  of  the 


number  of  taps,  or  65.00(i  meters,  has  reduced  the  pumping 
station  pressures.  11  per  cent  for  the  high  service  and  4 
percent  for  the  low  service.  As  the  pumping  expense  has 
been  reduced  approximately  in  lilie  proportion,  and  as  the 
pumping  station  exjicnse  during  the  past  year  was  $208,- 
51.S,  there  has  been  a  credit  during  the  year  because  of 
reduced  pumpage  and  pressures  of  $69.5ii(;  determined  as 
follows:  (50x72.7  plus  136x45.7)  divided  by  (39x65.56  plus 
106x45.57)  =133.39;.     $208,518x33.3';;  =$69,506. 

The  further  credit  due  to  construction  work  made  un- 
necessary because  of  reduced  consumption  due  to  meters 
set  since  191J  will  now  be  determined: 


Item. 

Inlal<,_    

I'umps.    present 
l'iim])s    under 
Tumi  s.    boost* 


const  rvict  ion . 


.■-JtMticii.  old  .. 
Si H lion,  new  . 
Slaiioji.  hocjsti 
Hoiler.s.  <>tc.  . 
.Miscellaneous 


hjrul  and   imjirovements 

I'    .-^.  for<-e  nnins  

Conduits . 

Canals,  etc. — 

I  'anal     

R:isiii     

Dock    


I''. 


lit'-  mains.   16  in.   to  4R  in.   in 
flianietel'     


Total 

Co.st 

per 

cost. 

million 

gallons 

201.000 

$    785 

.0S7.I16 

$1.1  SI 

627.375 

2.413 

53.000 

201 

6.79S 

25.>i.(l6.'; 

991 

617.375 

2.490 

307,1100 

1.180 

294. SS7 

1.136 

32,1131 

123 

5.920 

^60.225 

3.309 

375.300 

1.440 

31!I.6I4 

1.230 

35.295 

1 35 

36.9Sn 

143 

13.575 

52 

330 

-::--' 

o« 

c^  ^ 

c  * 

S~ 

:«,33 

1V4 

$  11.78 

S      47.11 

305.91 

2 

135.96 

441.87 

266.40 

I'.i 

88.80 

355.20 

148.91 

148.91 

64.80 

IV2 

21.60 

86.40 

55.35 

1 

12.30 

67.65 

14.85 

*> 

6.60 

21.45 

1.378.71 

1^4 

4.59.57 

1.838.2S 

,965.S5S  30.638    850.450 

The  interest  charge  and  depreciation  charge  per  million 
gallon  capacity  is  coinp\ited  and  shown  in  the  following 
tabic: 


Ttein.  ^  ri. 

Intake     $  "7.?.-, 

Pumps,  etc 6.798 

Stations     5.920 

Land  and  improve- 
ments       3,309 

P.  S.  force  mains..  1.440 

Conduits     1.230 

Canal,  etc 330 

Force  mains    30.638 

.$2,270.26  .?736.61  83.006. ><: 

The  .saving  of  41  million  gallons  per  day  in  pumpage  dur- 
ing the  past  fiscal  year  because  of  meters  set  since  1912 
represents  a  credit  in  interest  and  depreciation  of  41  mil- 
lion gallons  X  $3,006.87,  or  $123,282.  This,  added  to  the 
credit  in  ;)uraping  station  expense..  $69,506,  gives  the  total 
yearly  credit  due  to  meters  of  $192,388. 

The  average  cost  to  the  Board  of  meters  in  place  has 
been  $6.78.  divided  as  follows: 

Cost    of   meter    $6.4? 

S.tiiiif,    meter    30 

$6.78 
Thus   the   installation   of  65,000  meters  represents  an  in- 
vestment of  $454,700,  and  the  interest  and  depreciation  at  7 
per  cent  amount  lo  $31,829. 
The  yearly  cost  per  meter  follows: 

Repairs    $0.22 

Reading     0.30 

Overhead     0.065 


Total      $0,585 

65.000  meters  at  $0,585  equals  $3S.025  and  the  total  yearly 
expense  amounts  to  $69,854.  This  expense  subtracted  from 
the  cretiit  of  $192,788  shows  the  saving  to  the  city  during 
ihe  past  year  due  to  meters  set  since  1912  in  excess  of  10 
per  cent  of  the  taps  in  service  of  approximately  $122,934. 

In  computing  the  saving  due  to  meters,  it  should  be  borne 
iii  mind  llial  no  charge  has  been  made  because  of  cost  to 
file  consumer  in  preparing  the  plumbing  for  meter.  While 
this  cost  is  comparatively  slight  for  new  houses,  it  is  esti- 
mated that  for  both  old  and  new  the  average  cost  is  $10 
each,  or  $650,000  for  65.000  meters.  Seven  per  cent  of  (his 
amount  is  $45,500.  so  that  if  this  is  deducted  from  the  sav- 
ing due  to  meters  previously  stated,  $122,934,  and  it  is  not 
at  all  certain  that  such  a  deduction  should  be  made,  there 
still  remains  a  balance  in  favor  of  meters  of  $77,434, 
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A  Critical  Study   oi  the  Bacterial 
Ci)unt  in  W  ater  and  Sewage* 

Uy    MILTON    K.    STKIN, 

Itoaisnlns  KnBin»<T.  Dlvlnlou  of  Suiiltiu-y  KiiKliioorlnic.  Clcv.liiml. 

Ohio. 

Tho  biict.Tlnl  count  l»  one  of  the  most  senorally  used 
measures  lor  ihe  sanitary  phiise.i  of  water  supply  nnd  sew 
ase  disiwsul  queBllons  All  llie  details  of  the  baeterlul 
i-ount  have  been  subjected  to  considerable  study  nnd  the 
who!.-  procedure  has  been  standardized,  wherefore  It  rightly 
enjov.s  n  Kreut  degreo  of  conlldence.  but  because  of  this 
contldenco  Its  use  Is  often  extended  far  beyond  Us  scope 
umiuestlonlngly.  nnd  the  nsults  obtained  are  taken  at  face 
vahie   by   nuiny  competent    sanitary   engineers. 

If  we  Inquire  Into  the  Interpretation  which  we  ordinarily 
almost  subconsciously  place  upon  this  test,  we  «nd  this  to 
be  that  It  represents  all  the  individual  bacteria  In  a  cubic 
centimeter  of  the  liquor  e\amined.  The  fact  that  this  is 
not  true,  when  known,  is  generally  reconciled  by  the  vague 
conception  that  the  number  Indicated  Is  directly  propor- 
tional to  the  total  numbei"  present. 

The  causes  which  oi)er.\te  to  make  the  observed  results 
differ  from  the  true  or  desired  results  may  be  grouped  as 
follows: 

1.  Those  arising  from  mathematical  considerations  based 
on  the  laws  of  chance. 

2.  Those  due  to  errors  or  imperfections  in  the  niaiiipu 
latlon  and  technique  of  the  test. 

;t.  Those  due  to  clotting  of  bacteria,  or  their  adhesion  to 
or  occlusion  In  solid  particles,  causing  a  number  of  bac- 
teria to  produce  but  one  colony. 

4.  Those  due  to  failure  of  bacteria  to  grow  because  of  un- 
suitable  conditions. 

5.  Those  due  to  accidents,  such  as  death  of  bacteria,  jux- 
taposition causing  several  to  appear  as  one  colony,  etc. 

It  will  be  noted  that  causes  3.  4  and  5  all  tend  to  reduce 
the  bacterial  count.  Cause  2.  while  present  with  the  best 
technique,  may  assume  very  large  proportions  in  incom- 
petent hands,  and  unfortunately  it  is  usually  impossible 
to  verify  the  details  of  testing  a  posteriori  so  that  results 
must  be  taken  at  their  face  value. 

IVIathematics  of  the  Bacterial  Count.— In  considering  the 
mathematical  aspects  of  the  bacterial  count,  it  is  well  to 
impose  certain   restricting  conditions: 

1.  It  will  be  assumed  that  we  are  dealing  with  a  single 
fair  sample,  eliminating  all  considerations  of  periodical  and 
secular  variations. 

2.  It  will  be  assumed  that  the  sample  is  well  mixed  and 
that  all  bacteria  are  tree  to  move  about  so  that  a  reason- 
ably uniform  distribution  of  the  bacteria  throughout  the 
sample  is  obtained. 

3.  That  the  plate  count  shows  all  the  bacteria  plated  and 
intermediate  errors  are  eliminated. 

We  may  consider  the  sample  to  be  composed  of  a  large 
number  of  minute  droplets,  each  the  size  of  a  bacterium, 
and  interspersed  with  these  the  bacteria  themselves. 

If  we  consider  that  a  one  cubic  centimeter  sample  pipet- 
ted off  for  plating  contains  s  such  particles,  of  which  a  are 
bacteria  and  0  are  droplets  of  water,  then: 

The  probability  that  any  such  particle  is  a  bacterium 


:p  =  - 


I 


the   probability   that   any   such   particle  is   a   water  droplet 


:q  =  - 


:1  — p 


II 


Now.  it  can  be  shown  that  the  most  probable  or  expected 
number  of  bacteria  in  a  sample  of  n  cc.'s  or  ns  particles  is: 
c(na)  =nsp.  or  €(a)  =sp  III 

and  further,  that  the  mean  error  of  this  expected  value 

i  5pq 

e(na)  =  \  nspq.    Or    cfat  =«     IV 

^     n 


•From  a  paper  read  before  the  Laboratory  Section.   .Vmeric.Tn 
riiblio  Heallh  Association.  Dec.  9-12.  191S. 


The  proof  for  these  formulae  can  be  found  in  the  more 
recent    text-books    on    probabilities. 

So  far  we  have  been  thoorelically  correct  in  that  we 
divided  our  sample  into  particles  of  the  same  size  as  bac- 
teria. We  might  have  used  much  larger  droplets,  distin- 
guishing between  those  containing  a  bacterium  and  those 
not  conlaining  one.     For  Ihe  expression  f(o)  may  be  written 


c(a) 


=i 


t  — q 

ns 

whiTcin  the  s's  eaneel  and  q  approaches  unity  as  the  size 
of  particles  (iecreases.  tor  all  reasonable  number  of  bac- 
teria (up  to  many  million  per  c\ibie  centimeter).  So  we 
may   say.   wilbonl    appn-eiable  error,  that 


e(o)" 


This  holds  practically  even  when  several  dilutions  are 
made  For  sui)posing  a  platins;  after  double  dilution  to 
.0001  yields  100  colonies.     This  means  an  error  of 

V  100  or  10  per  cent. 
The   error  of  sampling  the  first   dilution   would    be 

V 100  X  100  or  100, 
equivalent  to  1  per  cent  and  of  sampling  the  original. 

v  ioo  X  100  X  100  =  1,000 

or  0.1  per  cent.    This  would  give  a  total  mean  error  of  sam- 
pling,  including  that  due  to  dilutions  of 

:tV  101  =  ±  10.05    or    ±  V  99  =  ±  9.9.'>. 

In  considering  a  series  of  determinations,  the  same  rea- 
soning applies.  If  N  samples  of  n  cubic  centimeters  each 
are  taken,  the  most  probable  or  expected  number  of  bac- 
teria per  cubic  centimeter  is 

e(Nna)  =  Nnsp.  or  f(a)=sp  as  before. 

Similarly  the  expected  error  in  the  average  of  N  deter- 
minations is 


eto::,): 


N^^ 


VI 


From  these  fornuilae  the  following  rules  may  be  formu- 
lated: 

The  expected  error  in  bacteria  per  cubic  centimeter  based 
on  a  single  sample  is  equal  to  the  square  root  of  the  quo- 
tient obtained  in  dividing  the  number  of  bacteria  per  cubic 
centimeter  by  the  size  of  the  sample  taken  in  cubic  cen- 
timeters. 

The  expected  error  of  the  mean  of  N  samples  is  ob- 
tained by  dividing  the  expected  error  for  a  single  sample 
by  the  square  root  of  N. 

The  mean  value  of  N  determinations  is  equal  to  the 
expected  value  for  a  single  sample. 

We  are  interested  in  knowing  the  probability  that  the 
bacterial  count  on  any  plate  will  not  deviate  from  the  trne 
value  by  more  than  a  certain  number  of  times  the  mean 
error.  The  criterion  of  Tchebycheff  tells  us  that  the  prob- 
ability P,  of  a  deviation  of  a  variable  from  its  expected 
value,  not   larger  than   X   times   its   mean   error,   is  greater 


tha 


"K)- 


X  =  3,  P,>  1  —  1  9  =  0.888. 

\  =  4,F,>  1  —  1  16  =  0.937. 

X  =  .5.  P,  >  1  —  1  2.5  =  0.960. 
We  are  now  in  a  position  to  plot  the  mathematical  error 
of  plating  a  sample  of  water  or  sewage,  as  well  as  the 
errors  which  may  be  expected  once  in  five,  ten  times,  etc. 
This  has  been  done  in  Fig.  1.  These  values  are  subject  to 
the  restrictions  enumerated  at  the  beginning  of  this  sec- 
tion. 

Two  conclusions  can  be  drawn  from  this  mathematical 
study   and   by   inspection   of   Fig.    1: 

1.  The  size  of  sample  or  the  dilution  should  be  such  as 
to  give  from  200  to  400  colonies  on  the  plate.  With  larger 
numbers  the  error  decreases  but  slowly  (and  the  greater 
accuracy  is  more  than  offset  by  interferences,  etc.);  while 
with   smalier  numbers  the  error  increases  rapidly. 

2.  There  is  considerable  probability  that,  if  only  one  plate 
is  used,  the  count   will  depart  largely  from  the  true  value. 
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Ilenc•e  tlip  inuiortaiico  of  making  several  plates  i:;  to  10) 
from  the  same  sample,  iiartictiilarly  in  the  case  of  disin- 
f'ction    and    similar    studies. 

Mathematical  Interpretation  of  Results. —  In  actual  work 
we  do  not  know  a  priori  the  numher  of  bacteria  in  the 
liquor  under  investigation,  hut  attempt  to  deduce  this  from 
the  tests.  The  vagaries  of  a  single  test  have  been  shown 
in  'he  preceding  section.  In  laborator.v  tests,  where  we 
are  following  the  same  sample  of  sewage  through  various 
processes,  a  series  of  platings  should  be  made  at  each 
desired  step  in  the  process.     In  iilant  control  or  large  scale 


Shotfirg  ffe/afion  of  Expected  Ore- 
to 
Numtur  of  Colonies  on  P/afv 
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Fig.    1  —  Relation    of    Expected    Error    to    Number    of    Colonies    on 

Plate. 

studies,  it  is  obvious  that  the  average  of  say  thirty  daily 
tests  would  depart  much  more  from  the  true  mean  that 
would  the  average  of  thirty  tes*s  on  the  same  sample.  Let 
us  restrict  ourselves  for  the  present  to  the  laboratory  con- 
dition. 

Suppose  we  have  made  N  platings  of  a  samide.  It  can 
l)e  proven  that  the  arithmetic  mean  is  equal  (theoretically) 
to  the  expected  number  of  bacteria,  efai  =  sp  (Equation  Illl, 

.\nother  important  function  is  the  dispersion.  This  may 
be  indicated  by  5  and  defined  by  the  e(|uation 

(a,— M)-+(a,— M)^+    .    .    .    (a„— Ml-' 

5-= VII 

N 
where  a,,  a...  a,  .  .  .  a,,  are  the  number  of  bacteria  obtained 
on  the  various  plates,  and  M  is  the  mean  value.  Now.  it 
can  be  shown  that  S  is  equal  to  i  or  the  mean  error  in  a 
single  trial.  Thus  we  ar;--  able  to  approximate  the  number 
of  bacteria  in  a  sample  from  the  average  of  a  number  of 
platings  and   the   deviation   of  same. 

From  a  considerable  number  of  such  series  of  tests  we 
may  roughly  formulate  the  following  as  the  variations  to 
be  expected,  not   regardin;;  occasional  'flukes." 

1.  For  careful  and  accurate  work  (200  colonies  per  iilate): 

:i.     Standarvl  1  >Hvi_itif»n    x  12^'; 

b.      I  )e\'iation   ( 1  in  In  time.- ) +  25' . 

2.  For  ordinary  routine  work    (200  colonies  per  plate): 

:i.     Stanrtai-d  De^■iatinn    ±  2.5''.^ 

1).      Deviation   (I  in  10  tinipsi    +:  SO'v 

Tests  Made  in  the  Routine  of  Plant  Operation  and  Con. 
trol. — Obviously,  in  addition  to  ihe  errors  due  to  sam]iling 
and  plating,  as  in  a  single  sample,  we  here  have  variations 
in  the  samples  themselves,  which  make  it  much  more  difh- 
cult   to   interpret   results   rationally. 

In  water  supplies  the  variation  may  be  periodic  from 
season  to  season,  as  in  lakes  and  large  reservoirs,  or  this 
periodic  fluctuation  may  have  superimposed  upon  it  very 
erratic  changes,  as  those  due  to  floods,  etc.,  in  river  supplies. 

In  the  case  of  sewage  there  are  several  superim])osed 
periodic  variations:  a  daily,  a  weekly  and  a  seasonal  period. 
and  in  addition  a  secular  fluctuation  due  to  gradually  chang- 
ing conditions. 

The  condition  in  which  the  proportion  of  positive  to  total 
results  (that  is.  the  probability)  varies  from  test  to  test  has 
been  studied  mathematically,  and  the  series  of  errors  thus 
derived  is  known  as  the  Lexian  or  hypernormal  series.  It 
can  be  shown  that  the  mean  in  such  a  series  is  the  same. 


as  in  tlie  usual  ( Hernoullian )  series  already  discussed,  but 
the  dispersion  is  greater.  There  can  be  many  such  series, 
depending  upon  how  the  jjrobability  varies  from  test  to 
tost.  .\n  extreme  and  \ery  interesting  case  is  that  in 
which  the  probability  varies  from  zero  to  one  (i.  e.,  cer- 
tainly) during  the  series  of  tests.  Such  a  series  can  be 
leadily  studied  both  mathematically  and  experimentally  by 
the  black  and  white  ball  scheme,  and  may  be  regarded  as 
a  sort  of  standard  for  inconsistent  results.  (See  No.  13, 
Hypernormal  Mathematical  Series   (Lexis)   in  Table  VI.) 

Most  statistical  series  are  in  the  Lexian  group  so  that 
the  dispersion  obtained  is  that  of  a  Lexian  series  rather 
llian  of  a  normal  of  Berno*illian  series.  We  have  two 
criteria  by  which  to  .judge  the  departure  of  the  series  from 
normal   conditions: 

a.  The  Lexian  Ratio:  which  is  the  ratio  of  the  dispersion 
computed  from  the  actual  tests  to  the  theoretical  mean 
error  «  or  Si,  (for  a  series  of  tests): 


L  = 


VIII 


b.  The  Charlier  Coetlicienl  01  Dislurbancv:  which  has 
Illl'  advantage  of  climinaiing  the  effect  of  the  number  and 
tizc  of  samples: 
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In  Table  I  the  Lexian  Ratio  and  Coefficient  of  Disturb- 
aiuy  are  given  for  a  number  of  statistical  series  and  error 
SI  ries  for  bacterial  tests.  Values  for  a  subnormal,  normal 
and  hypernormal  mathematical  series  are  inserted  to  act 
as  guide  costs.  It  will  be  noted  that  the  monthly  data, 
based  on  one  test  a  day.  group  around  the  Hypernormal 
Series,  which  we  have  characterized  as  a  standard  of  in- 
i-iinsistency. 

This  state  of  affairs  imposes  upon  the  sanitary  engineer, 
in  addition  to  the  precautions  for  the  single  test,  tlie  neces- 
sity of  studying  these  various  fluctuations,  before  any  re- 
liable .iudgment  can  be  passed  upon  the  bacterial  content 
of  the   water  or  sewage  in  question. 

In   addition,  it   must   he  remembered   that   even   when   the 
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Fig.   2 — Increase    in    Bacterial    Count    Due   to   Shaking    Sample. 

sampling  schedule  covers  the  full  scope  of  these  variations. 
the  deviations  will  be  many  times  greater  than  in  the  same 
number  of  tests  made  on  the  liqiu)r  of  constant  composition. 
It  is  not  intended  to  create  the  impression  that  an  ex- 
tremely elaborate  series  of  tests  should  usually  1>(^  made, 
but  rather  that  the  usual  tests  should  be  supplemented 
sufficiently  by  careful  study  of  conditions  to  enable  a  fair 
.iudgment   of  their  true   significance  to  be  rendered,  and  it 


(33) 


WkS 


i:.\Hii\i:i:ui.\ii  and  idx  iRAt.  rixii 


Vol.  51'  Xo.  /". 


.should  be  reali/i-d  tliiit   iiiuntlilv  uvorimps  ns  imuiilly   made 
are  very  far  from  beluR  ropr«-st>iitallve. 

Relation  of  Usual  Count  to  Total  Bacteria.  The  Imo- 
(erliil  lount  duos  not  represiMil  lh>'  loliil  niiniher  of  bacterlii 
prcscni.  even  if  all  orrorB  of  sampling  and  manipulalion  are 
I'llnilnuted. 

Kxuiiilnatlon  of  samples  of  sewaKe  under  llie  IiIkIi  power 
niierui'iope  will  reveal  many  parlleles  to  which  numerous 
Imclerlit  are  olinislnK.  and  there  Is  Rood  evldenee  that  many 
more  are  oeduded  wllhin  the  particles.  The  writer  has 
attempted  to  separate  or  release  such  hacteria  previous 
(o  plallnK  by  vigorously  shaking  the  sample  for  ten  minutes 
In  n  sterile  bottle  rontalning  coarse  sterilized  sand,  A 
record  of  a  number  of  such  tests  shows  an  increase  of  6" 
por  cent  over  the  usual  method.  In  Kig.  2  are  .civen  the 
restills  of  an  experiment  on  the  effect  of  various  periods 
of   shaking. 

Bui.  even  so,  there  Is  no  record  of  the  types  which  do 
not  tlnd  the  media  and  conditions  favorable  to  develop- 
ment-such ns  anaerobes.  In  investigatinj:  this  iiuestion 
the  writer  made  use  of  a  method,  the  application  of  which 
to  sewage  work  he  believes  to  be  novel,  1.  e..  the  direct 
count.  The  sample,  after  vigorous  shaking  with  sand  as 
above  outlined,  is  staiued  with  methylene  blue.  A  drop 
is  then  placed  on  a  blood-counting  cell  and  counted  under 
the  high  power  microscope.  (This  method  shows  some 
liromise  as  a  means  for  rapidly  deleriiiiiiing  the  bacteria 
in  sewage,  aside  from  Its  usefulness  in  this  case.)  In  one 
Instance,  where  the  average  of  ten  tests  by  the  usual  method 
gave  :!.i<.'i0.000  per  cc.  the  direct  count  gave  70,720,000  as 
the  average  of  ten  counts  made  by  two  observers.  This 
latter  figure  included  dead  cells  and  probably  some  minute 
organic  particles  which  might  have  been  mistaken  for  bac- 
teria, but  the  difference  seems  too  great  to  explain  away  on 
any  such  grounds.  Since  making  the  above  tests  the 
writer's  attention  has  been  called  to  the  fact  that  recently 
work  along  similar  lines  has  been  done  on  soil  analysis, 
giving  about  twenty  times  as  many  bacteria  by  direct 
count  as  by  the  platini:  niethoil 

Applying  the  Standard  Method  to  Special  Conditions.- — 
In  applying  the  standard  count  to  unusual  conditions  con- 
siderable caution  should  be  used  it  it  is  desired  to  avoid 
erroneous  interpretation  of  results.  As  an  example,  the 
usual  method  of  interpreting  disinfection  tests  suggests 
itself.  A  raw  sample  and  a  disinfected  sample  are  plated 
and  incubated  at  37"  C.  for  24  hours.  The  raw  count  is 
2.000,000.  the  disinfected  count,  20,000.  The  plates  are  re- 
turned to  the  incubator  and  counted  again  at  the  end  of 
4$  and  72  hours.  The  raw  will  remain  approximately  con- 
stant, but  the  disinfected  sample  may  give  counts  of  60,000 
and  100,000  respectively.  Apparently  some  of  the  bacteria 
were  merely  stunned  or  weakened  by  the  disinfectant  and 
only  recovered  sufficiently  to  develop  as  visible  colonies 
one  or  two  days  later.  This  is  quite  apart  from  the  question 
of  "after-growths"  which  are  due  to  multiplication  of  the 
bacteria,  which  have  not  been  destroyed,  in  the  water  itself. 
Other  cases  where  the  literal  use  of  standard  methods  will 
not  yield  the  desired  results  will  suggest  themselves  to 
the  reader. 

Conclusions, — It   has   been  shown,   that  for   platings   of  a 
uniform   sample: 

a.  The  expected  error  in   a  series  of  bacterial   counts   is 
given  by  the  formula : 


4 


«'a„,): 

Xn 

b.  That  consistent  with  convenience,  from  200  to  400 
colonies   per  plate  give   the   greatest   accuracy. 

c.  That  for  ordinary  work  three,  and  for  accurate  work, 
five  or  ten  platings  should  be  made  of  each  sample,  a  single 
plating  being  unreliable. 

d.  A  study  of  Table  I  shows  that  with  sufficient  care  the 
error  in  determining  the  bacteria  in  a  single  sample  can 
be  made  to  approach  the  normal  error  of  sampling,  putting 
such  determinations  in  a  class  with  other  reliable  statis- 
tical  data. 

Further  study  of  Table  I  shows  that  the  results  of  a 
series  of  bacterial  samples  taken  from  day  to  day  are  ex- 
'remely  inconsistent.     The  criteria  show  this  inconsistency 


to  be  due  both  to  errors  in  the  single  sample,  which  can 
be  eliminated  to  a  large  extent,  and  to  the  fact  that  the 
samples  were  not  iiroperly  apportioned  to  the  variations 
in  the  water  or  sewage,  which  sourc<>  of  error  can  be  reduced 
by  study  of  these  variations.  In  these  days  of  standards 
for  filterable  water,  drinking  water,  etc.,  would  it  not  be 
well  to  imiuire  into  the  nature  of  the  rule  which  we  are 
using  for  our  measurenuMits.  both  to  dclormlne  its  actual 
length  ami   establish   lis  accuracy? 

It  has  further  been  shown  that  usual  methods  do  not  .nive 
the  total  number  of  bacteria  present,  due  to  clotting  and 
unsuitable  conditions  for  their  growth.  Rather  perfunc- 
tory tests  indicate  that  the  number  developed  by  plating 
is  not  over  10  per  cent  of  those  present,  but  a  review  of 
governing  conditions  will  convince  that  no  constant  pro- 
liorlion    can    exist. 

It  has  also  been  shown  that  under  unusual  condilioiis 
the  standard  method  gives  distorted  results,  and  that  for 
special  work  modifications  to  reduce  these  distortions  seem 
advisable. 

T.VBLK    I— CO.MrAKISON     OF    THE    CHARACTEKl.^TIC.^     ■  .F 

ICIilJOR  SEllIICS  IN  B.\CTERIOLOGIC,\.L.  TESTS  WITH 

THOSE  OP  COM.MON  STATISTICS  AND 

M.'VTHEMATIC.VL.  SERIES. 

I^xian  Disturbancy 
Itescription.  ratio.       coefflciPiit. 

1.  Subnormal  mathematical  series   (Poisson)..     .98  \' — 1 

2.  Selected  mortality  series  (life  insurance)...  1,00  O.n 
:'..  Xonnal  mathematical  series  (Bernoulli) ....   1.00  0  0 

4,  Birth  series   (a) 15,50  4.07 

■>.  Birth  series   (b) 12.50  4.50 

<;.  Fortunate    series    of    ten    plates    on    crude 

sewape     ].45  4.fin 

7.  Marriage  series    4.40  5.70 

5.  Careful  series  of  fourteen  plates  on   crude 

sew^a.?e 2.22  10.00 

9.  Ordinarj-    series    of    ten    plates    on    crude 

sowape     3.26  13.50 

10.  Ordinary    series    of    ten    plates    on    crude 

sewage    3.53  25.00 

11.  Ordinary  series  of  ten  plates  on  disinfected 

sewape    6,15  29,00 

12.  Daily  tests  for  one  month  on  crude  sewage  5.30  41.00 

13.  Daily  tests  for  one  montli  on  crude  sewage  8,27  47,60 

14.  Daily  tests  for  one  month  on  t-rude  sewage  9.00  49.00 

15.  Hypernormal  mathematical  series  (Lexis)'..  7.10  50.80 

16.  Daily    tc-Jts    for    one    month    on    Lake    Erie 

water    29. On  124. On 

17.  Daily  tests  for  one  month  on  filtered  waterlO.S")  178,00 

NOMENCLATURE  AND  FORMULAE, 

.1  =  Number  of  bacteria  per  cubic  centimeter. 

B  =  Number    of    arbitrarily    small    particles    of    water    per    culric 

centimeter. 
,s  =  Total  number  of  particles  per  cubic  centimeter,  s  =  a  -f  6, 

a 
p  =  Probal>iIity  of  drawing  one  bacterium.  p  =  — , 

s 
'1  =  Probability  of  not  drawing  one  bacterium,  q  =  1  —  p, 
n  =  Number  of  cubic  centimeters  in  each  sample  tested, 
e  =  Expected  Value — eCa)  =  expected  value   of  a,   etc, 
f  —  Expected   Error — t (a)  =  expected   error  of  a.    etc, 
X  t=  Xuni))cr  of  determinations. 
X  =  ,Size  of  error  in  terms  of  e. 
M  —  Jlean   value 
a,   a^.   a-   etc.  =  Number  of   bacteria  per   cubic   centimeter    in    the 

individual  samples  of  a»series. 
i"  =  Standard  deviation 
r.,  =  T^exion  ratio. 

p    ~  CHiariier  coefficient   of  disturliancy. 
e(iiy)  =■  sp  =  a 

£(«)=-*/—  for  a  single  test. 

=,%/r;—  for  .V  tests, 
\iVtl 

flt  -fflo-ffls  ,  ,  .  .  a« 

M(a) j= -- 

N 

(a,-M)2-l-(a.--M)'4-  ....  (a\r-Mr- 

,53=  l! 

N 

inoo  =  J°-^~  ■■-  100. 


Centralized  Drainage  Autliority  for  IVIinnesota. — Cen- 
tralized authority  for  drainage  matters  in  IMinnesota  was 
recommended  by  Governor  J.  A.  Burnquist  in  a  message 
to  the  State  Legislature.  He  suggested  that  the  present 
drainage  commission  be  abolished  and  its  power  vested  in 
a  state  drainage  engineer,  who  should  be  authorized  to  ex- 
pend large  suras  for  topographical  and  hydrographical  sur- 
veys. He  also  suggested  that  this  official  might  be  aided 
by  an  advisory  board  consisting  of  engineers  familiar  with 
drainage   matters   and    serving   without   compensation. 
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Measuring  and  Recording  Deliv- 
eries of  Irrigation  Water 
to   Farms 

In  our  issue  of  Nov.  i:i  we  described  the  various  metliods 
of  measuring  irrigation  water  deliveries  to  farms,  tlie 
matter  being  tal<en  from  an  article  by  Mr.  J.  S.  Longwell, 
assistant  engineer.  U.  S.  Reclamation  Service,  in  the 
Reclamation  Record.  In  the  same  article  Mr.  Longwell 
pointed  out  the  importance  of  these  measurements  to  the 
water  users  and  to  the  pro.iect  interests.  An  abstract  of 
this  portion  of  the  article,  together  with  a  discussion  by  Mr. 
D.  C.  Henny,  consulting  engineer.  U.  S.  Reclamation  Serv- 
ice, follows: 

Together  with  a  well  installed  system  of  measuring  de- 
vices, it  is  essential  for  good  results  that  a  good  system  of 
records  be  kept.  To  do  this  it  is  necessary  that  accurate 
g.'iuges.  reading  to  hundredths  of  feet,  be  installed  on  all 
measuring  devices,  that  daily  readings  be  taken  by  the 
ditch  riders  on  all  deliveries,  and  that  the  ditch  riders' 
daily  records  be  promptly  worked  up  in  the  ofBee  to  obtain 
the  total  water  used  by  each  man  as  the  season  progresses. 
These  records  should  be  up  to  date  at  all  time  to  be  avail- 
able in  case  of  inquiry.  Monthly  statements  should  be 
sent  each  water  user  informing  him  of  the  total  water  used 
to  date  and  the  charge  for  the  same. 

Limitations  of  Accuracy. — The  measurement  of  water  to 
the  farm  can  not  be  made  under  ordinary  conditions  with  a 
hi.ah  degree  of  accuracy.  It  is  impossible  from  an  economic 
standpoint  to  install  expensive  recording  meters  and  con- 
sequently it  is  iisually  found  necessary  to  rely  on  a  daily 
reading  by  the  ditch  rider  on  a  weir,  orifice,  or  other  de- 
vice. 

The  average  project  has  tliousands  of  farm  deliveries  to 
handle  and  it  is  to  be  expected  that  stilling  pools  will  be- 
come fouled,  gages  will  be  destroyed  or  be  moved,  weirs  will 
submerge,  and  numerous  other  troubles  will  develop  which 
tend  to  cut  down  accuracy. 

Discrepancies  may  occur  due  to  the  gates  being  jammed 
with  weeds  for  a  part  of  the  time.  The  flow  of  water  may 
increase  or  decrease  between  the  ditch  rider's  daily  read- 
ings and  no  record  is  had  of  the  change. 

Any  of  the  above  conditions  have  a  tendency  to  reduce 
the  accuracy  of  the  measurement  and  if  they  were  all  such 
that  the  error  v.as  in  the  same  direction  in  all  cases,  the 
discrepancies  would  be  serious,  but  it  is  found  that  the 
errors  tend  to  balance  each  other:  that  is.  the  errors  tend 
ing  to  decrease  the  discharge  are  balanced  by  those  tending 
to  increase  the  discharge. 

If  proper  care  is  taken  in  selecting  types  of  measuring 
devices  to  be  used  for  the  farm  deliveries  operating  under 
the  various  flow  conditions  and  the  structures  are  located 
and  installed  properly,  there  is  every  reason  to  believe  that 
good  results  can  be  obtained.  The  results,  of  course,  will 
not  be  as  accurate  as  if  they  had  been  made  under  labora- 
tory conditions  but  will  be  within  the  necessary  limits  of 
accuracy  for  irrigation  work. 

In  distributing  and  measuring  water,  it  is  not  so  essential 
that  highly  precise  results  be  obtained  as  it  is  that  the 
same  degree  of  accuracy  exist  for  all  deliveries,  thus  result- 
ing in  an  equitable  distribution.  It  is  essential,  however, 
that  these  results  be  within  reasonable  limits  of  accuracy 
in  order  to  be  of  any  benefit. 

To  obtain  good  results  it  is  very  essential  that  the  meas- 
uring devices  be  kept  in  good  operating  condition  from  year 
to  year  and  that  the  gages  be  kept  accurately  set.  It  is  a 
very  easy  matter  to  allow  these  devices  to  deteriorate  if 
they  are  not  frequently  examined  and  if  the  devices  are  con- 
sidered necessary  in  the  first  place  it  is  equally  essential 
that  they  be  kept  in  repair. 

Importance  to  the  Water  User, — .\s  a  result  of  the  in- 
stallation of  a  well-designed  and  constructed  system  of 
measuring  devices,  the  farmer,  after  a  short  time,  is  able  to 
tell  exactly  how  much  water  he  is  getting  from  day  to  day 
and  to  know  whether  or  not  he  is  getting  his  proper  irrigat- 
ing stream. 


\t  the  end  of  each  month  the  farmer  should  get  a  state- 
ment of  the  quantity  of  water  used  during  the  month  and 
his  charge  for  water  to  date.  These  items  have  a  tendency 
to  encourage  the  farmer  to  a  more  economic  use  of  water 
and  to  prove  to  him  the  benefits  and  advantages  of  using  as 
large  irrigating  streams  as  his  land  will  permit. 

The  man  who  economizes  and  does  not  waste  water  ob- 
tains the  advantage  over  his  neighbor  who  wastes  water  in 
that  his  water  bill  is  much  less  than  his  neighbor's.  They 
eacTi  pay  for  exactly  what  they  receive  and  the  man  who 
can  handle  the  water  best  gets  the  benefit.  As  a  result 
it  puts  a  premium  on  the  economic  use  of  water. 

Importance  to  the  Project  Interests. — Perhaps  the  great- 
est benefit  derived  from  measurement  of  water  to  the  farm- 
ers is  the  assistance  to  the  operating  men  in  intelligent  dis- 
tribution of  water.  Under  the  old  system  of  delivering 
water  by  guess  there  was  always  more  or  less  trouble  be- 
cause one  man  thought  another  was  getting  more  water 
than  he  was.  Although  it  is  not  possible  to  eliminate  this 
trouble  altogether,  the  assistance  of  good  measurements 
goes  a  long  ways  toward  it  and  gives  the  operating  man 
something  reliable  to  work  with  and  does  away  with  the 
hit  and  miss  of  the  former  system.  The  operating  man  can 
lind  from  the  records  exactly  what  water  each  man  on  the 
project  received  and  when  he  received  it.  This  information 
is  invaluable  in  settling  questions  of  water  delivery  which 
arise  throughout  the  irrigation  season. 

By  measuring  all  water  delivered  to  farmers  and  basing 
the  operation  and  maintenance  charges  on  one  quantity  of 
water  used,  the  entire  project  is  placed  on  a  business  basis, 
each  farmer  paying  for  exactly  what  he  gets  in  the  same 
manner  as  he  buys  any  commodity  from  any  business  house. 
h'rom  the  (piantity  of  water  sold  to  each  farmer,  the  men 
who  handle  the  water  economically  are  known  and  those 
who  waste  water  are  also  located,  and  a  material  increase 
in  the  duty  of  water  will  result. 

Prom  the  records  of  the  amount  of  water  delivered  to  the 
farms  together  with  other  hydrometric  data,  the  losses  in 
various  parts  of  the  system  are  known.  This  information 
frequently  proves  valuable  in  eliminating  seepage  losses. 
This  information  is  also  valuable  in  distributing  the  water 
through  the  various  canals  and  laterals  as  losses  must  al- 
ways  be  considered  in  proper  handling  of  the  water. 

It  frequently  happens  that  enlargements  or  extensions 
of  present  projects  are  proposed.  The  first  question  that 
arises  is  the  water  supply.  On  most  projects  there  is  a 
considerable  portion  of  the  project  not  yet  under  cultivation 
and  the  first  question  to  be  decided  is  the  ultimate  project 
requirements  in  the  light  of  the  requirements  of  the  land 
now  under  cultivation. 

If  a  thorough  system  of  measurements  to  the  farms  has 
been  established  on  the  project  and  records  are  available 
for  the  past  few  years,  it  is  a  simple  matter  to  consider 
any  proposed  extension  or  enlargement.  The  canal  losses 
are  known  and  the  duty  of  water  for  various  types  of  soils. 
This  information  may  be  applied  together  with  hydrometric 
data  on  canal  capacities  and  a  complete  solution  made  with 
little  trouble. 

In  case  no  such  data  are  available,  it  is  then  necessary 
usually  to  make  special  investigations,  install  a  system  of 
measuring  devices,  and  it  is  usually  necessary  to  base  the 
question  of  an  enlargement  or  extension  on  one  season's 
results.  II  is  always  difficult  to  install  such  a  system  and 
to  get  the  very  best  results  in  one  season  and  there  is  no 
question  but  »hat  the  best  interests  of  the  project  in  every 
v.ay  could  have  been  served  by  having  had  in  operation  a 
system  of  measurement  to  the  farms  together  with  a  gen- 
eral hydrometric  plan. 

In  connection  with  drainage  problems  which  are  con- 
stantly coming  up  on  the  various  irrigation  projects,  it  is 
essential  for  a  thorough  study  of  ground-w^er  conditions  to 
know  the  amounts  of  water  used  in  various  localities. 
Where  such  data  are  available  a  large  amount  of  guess- 
v.ork  as  to  the  amount  of  water  to  be  handled  is  avoided 
and  a  much  more  rational  solution  of  the  drainage  prob- 
lems  will   result. 

In   the  operation   of  a  project  numerous   instances   occur 
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iiln'oxt  duilv  iirovlng  th<'  lulvimtaKos  <'f  "  Kood  system  of 
iuen»iiniiu-iits  lo  tho  fiirnm.  iind  lis  moro  liuui  Is  put  under 
i'ultiMtiluM  and  It  l)i<ooiiit>s  iioi-t'ssiiry  to  obtuln  n  grentcr 
«>mclt'iicy  out  ot  tlK«  Wiit.T  supply  iivniluble  these  points 
will  uniloubtedly  he  linxiRlit  out  even  more  forcibly  than 
ihey  are  at  pri'senl 
Oiicusalon  by  O.  C.  Henny.  Consulting  Engineer,  U.  S.  R.  S. 

The  paper  of  Mr,  KonRwell  Is  espoelally  valuable  because 
of  the  Iniportame  whieh  luusi  attach  lo  obtaining  a  fair 
degrt'e   of   aeeunu-y  In  the  measurenu>nt  of  farm  deliveries. 

The  primary  object  of  such  nieasurement  Is  to  deterniine 
the  charKes  to  be  made  lo  each  farmer  for  operation  anil 
maintenance,  as  reipilred  by  law, 

.Mlhoiigh  this  primary  purpose  renders  accurate  measure- 
ment Important,  attention  Is  called  to  other  and  equally 
lin|>ortant  us<'S.  which  can  be  made  of  the  results,  provided 
error*  can  be  kept  within  a  narrow  range. 

Tho  method  of  charglnn  for  operation  and  maintenance 
exp«'nse  usuany  recognizes  a  minimum  amount  required 
under  skillful  Irrigation.  It  is  becomin.i;  customary  to  as- 
certain this  amount  for  various  classes  of  soil,  and  to  re- 
quire payment  for  such  amount  on  a  tiat  basis  and  payment 
for  excess  on  an  acre-foot  basis.  The  best  basis  for  ascer- 
lainini;  this  minimutn  for  various  classes  of  soil  is  the 
record  of  farm  deliveries.  i)rovided  they  have  been  ac- 
curately ascertained. 

Such  measurements  also  form  the  basis  for  designing  the 
required  capacity  of  laterals  and  canals  in  connection  with 
further  project  development. 

In  the  somewhat  common  case  of  insufficiency  of  canal 
capacities,  and  in  considering  means  of  improvement,  it 
becomes  necessary  to  study  seepage  losses.  Such  losses  in 
the  main  canals  may  be  determined  by  direct  canal-water 
measurement,  but  the  losses  in  the  lateral  system  rnvst  be 
obtained  by  deducting  from  the  water  turned  in  at  the  head 
the  amount  delivered  to  the  farms. 

The  nnnual  operation  and  maintenance  reports  state  both 
farm  deliveries  and  seepage  losses,  but  the  lack  of  accuracy 
of  the  reports  is  in  many  case.^  admitted,  owing  to  unfavor- 
able conditiors  such  as  silt  in  water  and  lack  of  available 
fall  under  which  present  devices  operate. 

So  far  as  charging  the  farmer  for  water  delivered  to  him 
is  concerned,  it  is  but  natural  that  under  such  conditions 
the  fanner  be  given  the  benetit  of  the  doubt,  in  other  words, 
that  he  be  charged  with  less  water  than  he  probably  re- 
reived.  Thus  the  aggregate  of  all  farm  deliveries  as  re- 
ported is  likely  to  he  too  low  and  the  estimate  of  seepage 
losses  is  consequently  apt  to  be  too  high,  which  mav  lead 
10  entirely  erroneous  conclusions. 

Drainage  is  becoming  an  important  aiui  expensive  re- 
quirement on  most  irrigation  projects.  The  study  of  drain- 
age requirements  is  very  complex.  The  important  element 
underlying  it  is  the  water  lost  by  seepage.  This  must  be 
anproximated  partly  from  the  record  of  canal  losses,  the  de- 
termination of  which  largely  depends  upon  the  accurate 
measurement  of  farm  deliveries  as  stated  above.  It  is  in 
addition  dependent  upon  the  amount  of  losses  directly  due 
to  irrigation. 

Irrigation  losses  can.  with  our  present  state  of  knowledge. 
he  hut  imperfectly  known.  Some  losses  occur  even  where 
irrigation  is  most  efficient.  The  hulk  of  the  losses  results 
from  inefficient  irrigation  and  the  writer  knows  of  no  better 
way  to  study  irrigation  losses  than  by  a  comparison  of 
amounts  used  on  the  farms.  Excesses  over  a  minimum. 
such  as  efficient  irrigators  deem  sufficient,  may  generally 
he  regarded  as  entering  thp  'iubsoil  and  joining  the  water 
plane  and  for  their  proper  estimate  accuracy  of  farm  deliv- 
ery measurement  is  essential. 

There  is  yet  one  more  important  use  to  which  such  meas- 
urements may  be  put.  Information  as  to  net  duty  ac- 
cumulated on  various  projects  constitutes  the  most  valuable 
knowledge  now  available  to  the  engineer  for  estimating  the 
requirements  of  future  projects.  Although  this  may  not  be 
of  direct  benefit  to  projects  already  completed,  it  is  ot  im 
portance  to  the  Reclamation  Service  as  a  whole  and  to  irri- 
gation engineers  generally,  who  begin  more  and  more  to 
look  for  nec'.'Ssary  information  to  the  records  prepared  by 
the  Service. 


Electrically  Driven  Pumps  in 
Small  Waterworks* 

By  V.  1).  EWING, 

I'liiftssor  of   ICloctrlcal    liallwuv     IIimliii'iTliiK.    I'lmUii'    I'liivi  rslly. 

Advantages  of  Electric  Motive  Power  for  Driving  Pumps. 
-  .Vs  practically  all  forms  of  so-called  "power"  pumps — 
centrifugal,  rotary  and  displncement  can  be  adapted  to 
electric  drive,  the  questions  arising  relative  to  the  appli- 
cation of  electric  motors  to  municipal  pumi)ing  are  those 
piM-tainlng  to  (irst  cost  and  operation  rather  than  mechan- 
ical design.  In  brief,  the  tidvantages  comuumly  claimed 
lor  electrically  driven  pumps  are:  Lower  tlrst  cost,  lower 
(iperating  expense,  greater  compactness  and  simi)licity.  re- 
(piire  less  attendance  and  are  more  convenient  than  oilier 
forms  of  drive. 

Where  water  is  pumped  from  widely  separated  wells 
electric  drive  is  particularly  advantageous.  Pumps  so 
driven  may  readily  be  arranged  for  automatic  operation, 
starting  and  stopping  automatically  at  pre-determineil  i)res- 
sures  on   the  discharge   mains. 

Energy  Required  by  Electrically  Driven  Pumps. — This  is 
usually  expressed  in  kilowatt-hours  per  l.OUO  gal.  of  water 
pumped.  This  is  not  a  very  satisfactory  duty  unit  as 
pumps  work  between  wide  ranges  of  suction  lift  and  dis- 
charge head  and  their  energy  requirements,  therefore,  differ 
greatly.  For  large  low  head  imiiips  the  energy  require- 
ment may  be  as  low  as  0.4  kilowatt-hour  per  l.fiOl)  gal.  and 
for  small  high  head  pumps  as  high  as  10  kilowatt-hour.  For 
average  conditions  1.2.")  kilowatt-hours  per  1.000  gal.  seems 
a  fair  figure.  The  energy  cost,  of  course,  depends  on  the 
electric  rates  and  they,  too,  vary  through  a  wide  range,  lie- 
ing  dependent  on  size,  kind  and  location  of  the  control 
power  station.  These  rates  usually  contain  a  demand 
charge  and  an  energy  charge  both  graded  as  to  magnitude 
of  the  customer's  requirements.  A  rough  average  Hat  figure 
for  small  stations  is  .5  ct.  per  kilowatt-hour.  For  larger 
stations  2  ct.  per  kilowatt-hour  is  probably  nearer  the  cor- 
rect  average. 

Power  Requirements.-  The  engineer  who  applies  an  elec- 
tric motor  to  a  given  drive  must  have  a  very  accurate 
knowledge  both  of  the  characteristics  ot  the  motor  and 
pumps  and  the  requirements  of  the  drive  if  the  installation 
is  to  be  successful. 

Several  types  of  pumps  are  available  and  in  genera! 
pumping  can  be  classifie'l  into  deep  well  and  surface  pump- 
ing. The  latter  class  includes  all  of  the  suction  lifts  low 
enou.gh  to  permit  the  pump  being  placed  at  the  ground 
surface. 

For  deep  well  i)unipiM^.  displacement,  centrifugal,  pro- 
peller and  air-lift  pumps  are  in  common  use.  For  the  dis- 
placement pumps;  that  is.  those  using  a  plunger  or  a  pis- 
ton, a  pumping  head  to  change  the  rotary  motion  of  the 
motor  to  the  reciprocating  motion  of  the  pump  is  neces- 
sary. This  head  must  be  geared  to  the  motor  because  the 
lowest  economical  motor  speed  would  still  be  far  too  high 
:or  the  pump.  Centrifugal  and  propeller  pumps  for  deep 
well  pumping  are  driven  by  direct-connected  vertical  shaft 
motors.  Obviously  the  motor  and  pump  speeds  must  be 
mutually  adapted  and  this  requires  care  on  the  part  of  the 
pump  manufacturers.  Alternating  current  motors  are  most 
commonly  used  in  small  municipal  plants  and  their  speeds 
are  fixed  depending  on  the  number  of  poles  of  the  motor 
and  the  frequency  of  the  alternating  current.  For  the  com- 
mon frequency  of  tiO  cycles  the  standard  small  motor  speeds 
are  1,800.  1,200,  900,  000  and  4.')0  revolutions  per  minute. 
In  connection  with  air-lift  pumps  motors  may  be  used  to 
operate   the  air  compressors. 

For  surface  pumping,  disiilacement.  centrifugal  and  ro- 
tary pumps  are  used. 

The  output  rating  of  an  electric  motor  is  limited  by  the 
heating  of  the  motor  windings.  The  rating  assigned  by 
ihe  manufacturer  is  that  output  which  the  motor  can  carry 
continuously  without  overheating  the  windings.  Because 
of  this  heating  limitation,  some  care  must  be  taken  in  se- 
lecting a  centrifugal  pump  which  is  to  be  mated  to  a  motor. 


•From  a  paper  presented  Jan     2t   at    the  annual   convention   of 
the  Indiana  Engineering  Society. 
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For  a  pump  of  suitable  design  for  operation  with  an  elec- 
tric motor  the  curve  sliowing  the  relation  between  head 
and  rate  of  discharge  fhould  be  comparatively  flat  until 
rated  discharge  is  reached.  Thereafter  the  head  should 
decrease  rapidly.  Such  a  pump  is  said  to  have  a  droop- 
ing characteristic.  As  the  power  required  to  operate  the 
pump  decreases  as  the  head  decreases  the  possibility  of  se- 
riously overloading  the  motor,  in  case  of  a  break  in  the 
watermain,  is  avoided. 

As  protection  to  the  motor  where  displacement  pumps 
are  used,  suitable  safety  valves  must  be  provided  in  the 
discharge  line  to  prevent  the  pressure  from  being  built  up 
to  a  dangerous  value  when  the  demand  in  the  pump  is  low. 
The  motors  best  suited  for  pumping  service  are  the  three- 
phase,  squirrel  cage  induction  motors  for  alternating  cur- 
rent and  the  shunt  motor  for  direct  current.  The  alter- 
nating current  motor  is  extremely  rugged,  simple  and  re- 
liable, has  no  moving  electrical  contacts  and  may  be  se- 
cured with  moisture-proof  windings.  Both  types  of  motors 
and  all  well  designed  high  speed  centrifugal  pumps  are 
equipped  w^ith  ring  oilers  and  will  run  continuously  for  long 
periods  with  only  occasional  inspections. 

In  addition  to  type  of  pump  the  application  engineer  must 
Vsnow  the  required  discharge,  the  total  pumping  head,  the 
kind  of  electrical  energy  available,  whether  direct  or  al- 
ternating, and  if  the  latter,  the  frequency.  The  total  head 
is  fixed  by  the  suction  lift,  the  pipe  friction,  and  the  dis- 
charge head.  Working  pressures  vary  widely  in  different 
towns.  For  ordinary  service  the  common  range  is  from 
:iC  to  50  lb.  per  square  inch,  while  for  fire  service,  pres- 
sures ranging  from  50  to  100  lb.  per  square  inch,  are  in 
common  use. 

The  following  actual  examples  illustrate  in  a  general 
way  the  motor  application  problem.  The  figures  are  of  the 
pre-war  period,  the  example  chosen  being  considered  rather 
more  typical  than  one  in  which  the  present  fluent  cost  and 
labor  conditions  would  be  involved 

Concrete  Illustration  of  Motor  Application  Principle.— A 
town  of  2,500  population  has  a  steam  pumping  plant  which 
has  been  in  service  for  20  years  and  is  now  about  ready 
for  the  scrap  pile.  The  direct  pumping  system  is  em- 
ployed and  funds  are  not  available  for  the  erection  of  a 
standpipe  or  tank.  Three-phase  220-volt  60-cycle  power 
of  high  reliability  is  available.  The  ordinary  working  press- 
ure is  40  lb.  per  square  inch,  but  for  fire  protection  pur- 
poses fiS  lb.  per  square  inch,  with  enough  capacity  behind 
It  to  supply  two  li's-in.  nozzles  is  desired.  At  this  pressure 
two  such  nozzles  will  discharge  about  400  gal.  per  minute. 

:\Ieter  readings  of  the  domestic  requirements  were  taken 
during  two  summer  periods,  one  of  6  days  in  August,  the 
other  of  15  days  in  September.  For  the  first  period  the 
average  discharge  was  170  gal.  per  minute.  The  average 
number  of  gallons  per  minute  for  day  service  (6  a.  m.  to 
7  p.  m.)  was  190:  for  night  the  average  was  144  gal.  The 
average  for  the  second  period  was  16S  gal.  per  minute.  The 
maximum  discharge  noted  was  240  gal.  per  minute.  It  was 
only  of  short  duration.  The  suction  lift  and  pipe  friction 
were  such  that  for  ordinary  pressure  the  total  head  was 
approximately  110  ft.,  and  for  the  flre  pressure  165  ft. 

For  ordinary  service  the  data  indicate  that  a  200-gal.  per 
tnimite  pump  is  large  enough  and  for  fire  service  a  500-gal. 
per  minute  pump.  In  case  of  fire  the  larger  pump  would 
he  started  and  the  smaller  one  shut  down.  Had  it  been  a 
standpipe  installation,  a  larger  low  head  pump  would  have 
been  advisable  as  it  would  have  to  run  fewer  hours  per 
day  to  maintain  the  water  level.  Also,  automatic  starting 
and  stopping  would  have  been  desirable.  For  the  condi- 
tions in  hand  centrifugal  pumps  best  fit  the  requirements 
and  they  were  selected. 

The  sizes  of  motors  necessary  to  drive  these  pumps  may 
be  calculated — 

HP.  =:  Gallons  per  minute  X  total  head 


Cost  of  Changing  to  Electrically  Driven  Pumps. — The  es- 
timate<l  cost  of  changing  to  electrically  driven  pumps,  In- 
cluding changes  to  the  pumphouse  and  some  suction  line 
alterations  was  $,'5,000.  the  pumping  units  themselves  cost- 
ing $475  and  $S50,  respectively.  The  cost  of  similar  units 
today  would  be  about  twice  that,  the  costs  of  a  line  of  well 
designed  modern  centrifugal  pumping  units,  capacities  up 
to  2,000  gal.  per  minute,  for  100-ft.  head,  being  given  by- 
Cost  =  $S50  +  $:!4  n  where  n  =  number  of  hundreds  of  gal- 
lons per  minute  rating. 
For  200-tt.  heads  the 

Cost=:$l-,000  +  $107  n. 

The  pump  costs  alone  can  be  figured  from 

Cost  =  $540 -f  $7  n  on  100-ft.  heads  and 

Cost  =  $1,200  +  $53  n  for  200-ft.  heads. 

The  fixed  charges  on  the  new  installation  at  15  per  cent 
a  year  amount  to  $450  per  annum.  The  salvage  of  the  old 
steam  plant  actually  decreased  the  investment  a  small 
amount,  but  this  was  not  considered  in  the  above  estimate. 

The  estimated  operating  expenses  of  the  new  plant  were 
$1,500  per  year.  This  included  one-sixth  of  the  time  of  a 
water  works  employe  who  spent  the  rest  of  his  time  on 
other  work.  Energy  for  the  operation  of  the  pumps  was 
obtained  at  an  average  figure  of  1.85  ct.  per  kilowatt-hour, 
the  actual  rate  being  of  the  familiar  sliding  scale  type.  The 
estimated  energy  consumption  per  1,000  gal.  was  0.8  Kw. 
hours,  and  the  energy  cost  1.48  ct. 

The  average  operating  cost  of  the  old  steam  plant  for  3 
years  preceding  the  time  in  question  was  in  round  figures 
$2,900  per  year.  Of  this  amount  nearly  50  per  cent  was 
fuel  cost.  The  entire  time  of  two  men  was  necessary  for 
the  operation  of  the  plant. 

For  the  last  year  of  steam  operation  the  average  fuel 
consumption  was  14.7  lb.  of  coal  per  1.000  gal.  The  average 
tuel  cost  was  1.8  ct.  and  the  average  cost  of  attendance 
1.27  ct.  per  1,000  gal.  With  the  present  prices  of  fuel  and 
labor  the  saving  in  operating  expenses  would  be  nearly 
double  the  $1,400  per  year  indicated  by  the  above  figures. 


4,000  ~''  pump  efficiency. 
For  the  case  in  hand  the  figures  are  914   and  31  HP.,  re- 
-spectively.     The  nearest  commercial  motor  sizes  are  10  and 
35  HP.  and  these  were  selected. 


American  Society  of  Civil  Engineers  Adopts 

Resolutions  for  Vigorous  Prosecution 

of  Public  Works  Construction 

The  following  resolutons  were  adopted  unanimously  at 
the  annual  meeting  of  the  American  Society  of  Civil  Engi- 
neers, New  York  City.  Jan.  15,  1919,  at  which  650  members 
were   present: 

"Whereas,  It  is  vital  to  the  peace  and  welfare  of  our 
country  that,  during  the  necessary  reconstruction  period 
following  I  ho  war,  the  number  of  unemployed  be  reduced 
as  much  as  possible:   and 

"Whereas,  The  development  of  transportation,  sanitation, 
power,  and  public  utilities  generally  is  necessary  to  the 
development  and  prosperity  of  the  country:   and 

"Whereas,  The  curtailment  of  needed  public  works  dur- 
ing the  period  of  the  war  has  retarded  the  development  of 
the  country:  and 

"Whereas.  The  speediest  and  most  effective  means  to 
prevent  the  suffering,  distress,  and  demoralization  result 
ing  from  unemployment  is  afforded  by  public  works:  and 

"Whereas,  The  public  welfare  and  confidence,  upon  which 
industry  generally  depends,  require  that  the  construction  of 
public   works   he   vigorously   prosecuted:    therefore,   be   it 

"Resolved,  That  the  American  Society  of  Civil  Engi jeers, 
assembled  in  their  sixty-sixth  annual  meeting,  this  15th  day 
of  January,  1919,  desires  to  record  its  pnifound  con^'iction 
that  public  works  should  be  carried  forward  to  the  fullest 
extent  consistent  with  sound  judgment,  not  only  for  funda- 
mental economic  reasons,  but  for  humanitarian  reasons,  to 
furnish  employment  for  all  who  can  properly  claim  employ- 
ment, especially  returning  soldiers;  and  be  it  further 

"Resolved.  That  copies  of  this  resolution  be  forwarded  to 
such  Federal,  state  and  municipal  authorities  as  may  be 
able,  in  the  opinion  of  the  Executive  Ccmimittee  of  the 
Board  of  Oirection  of  the  Society  to  promote  the  purposes 
of  these  resolutions." 
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Shooting  Water  \\  ells  with  Nitro- 
Glycerin 

I!}    TllU.M.VS   .M.   K.NlCillT. 

NUro-Rl.veerln  was  put  to  u  novol  yof  prHctlciil  use  on  the 
e»taio  of  .Mr.  Chn».  11  Holltdii.v  ut  Twin  HriiiRos.  Pel.,  on 
l)«<f.  IS,  when  I'lO  cjt.  wero  exploded  In  ;i  drilled  water  well. 
The  i«hoolinK  of  oil  and  Ka.K  wells  with  nliro  Kl.vierlti  to  en- 
l«rK<-  III*'  !<eoiliinal  area  of  llie  hole  Is  a  eoninion  praetlce. 
bill  the  shoolliiK  of  water  well.s  Is  a  bit  out  of  Iho  ordinary. 

The  lountry  In  this  section  of  Pelaware  Is  rolling  and 
the  siKil  heleeled  for  the  well  was  in  a  nilher  deep  valley 
not  far  distant  fn>m  the  buildings  whieli  were  lo  be  siip- 
pll«^  with  water  from  the  well. 

The  drilling  was  done  with  a  reRulation  well  drilling 
oultit,  the  bore  hole  being  IS  In.    The  formation  for  the  lirst 
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bnecs   ot    Nttro.Giycerine    Ready   for    Lowering.     The    Man    in    the 
Center   Is   Holding   Hook   Used   for   Lowering   the   Tubes. 

r>6  ft.  was  rather  .=:oft  and  an  .Sin.  iron  pipe  was  driven  in 
for  this  distance.  After  that  rock  was  struck,  and  no  pip- 
ins;  was  necessary. 

Water  was  encountered  at  a  depth  of  270  ft.  DriUins 
continued  to  a  depth  of  3.")0  ft.,  but  as  no  more  water  was 
found  work  was  stopped  and  it  was  decided  to  finish  the 
operation    with   nitro-glycerin. 

The  nitro-glycerin  used  was  in  the  solidified  form  as  it  is 
more  convenient  to  handle  this  way  than  in  the  liquid  state. 
As  the  handling  and  firing  of  nitro-glycerin  requires  ex- 
pert knowledge  and  a  great  amount  of  skill  the  American 
Glycerin  Co.  was  called  in  to  perform  this  end  of  the  work. 

The  nitro-glycerin  was  loaded  into  six  shells,  each  shell 
containing  25  qt.  These  shells  were  5  ft.  long  and  6  in.  In 
diameter.  The  closed  end  of  each  shell  was  pointed,  thus 
allowing  it  to  fit  tightly  into  the  top  of  the  next  shell  below. 

It  will  be  remembered  that  water  was  struck  SO  ft.  from 
the  bottom  of  the  hole.  To  secure  the  desired  results  from 
the  shot  it  was  necessary  to  place  the  nitroglycerin  oppo- 
site the  water-bearing  stratum.  To  accomplish  this  an 
anchor  made  in  sections  totaling  65  ft.  out  of  1%  in.  gal- 
vanized iron  pipe  was  attached  to  the  bottom  of  the  first 
shell  that  was  lowered  into  the  well.  The  other  shells  in 
turn  were  then  lowered  into  position.  By  this  arrang- 
ment.  it  will  be  seen  that  a  cartridge  or  shell  of  nitro- 
glycerin. 30  ft.  long,  the  center  of  which  was  SO  ft.  from 
the  bottom  of  the  hole — where  water  w'as  first  struck — was 
in  position  to  fire. 

To  detonate  this  nitroglycerin  a  ".Jack  Squib"  was  used. 
This  squib  was  made  from  galvanized  iron  and  was  36  in. 
long  and  2  in.  in  diameter.  The  pointed  end  was  closed 
and  in  this  a  few  inches  of  sand  were  poured.  On  top  of 
this  sand  1  pt.  of  nitro-glycerin  was  placed  and  in  the  nitro- 
glycerin was  inserted  two  No.  8  blasting  caps  to  which 
had  been  previouslv  attached  about  36  in.  of  a  slow-burning 
waterproof  fuse.  The  remaining  space  in  the  Jack  Squib 
was  filled  with  a  waterproofing  substance.  The  two  pieces 
of  fuse  i)rotruded  a  few  inches  above  the  top  of  the  jack 
squib.     Two   fuses   were   used   so   in  the   event  of  one   fuse 


misfiring  the  other  would  fire  the  cap  and  detonate  the 
ihiirge.  The  end  of  the  fuses  were  split,  then  lighted.  The 
jack  s(|uib  was  then  dropped  into  the  hole. 

The  squib  weighed  7  lb.,  so  it  sank  lo  position,  easily 
uverconiing   any    water   resistance. 

At  the  beginning  of  the  operation  the  water  in  the  pipe 
was  about  Mush  with  the  top  of  the  ground.  The  force  of 
the  explosion  threw  this  column  of  water  into  the  air  sev- 
eral hundred  feet. 


Cost   of  Tile   and    Concrete    Sections  of 

Rideau  River  Intercepting  Sewer, 

Ottawa,  Out. 

Work  was  started  in  December,  lOlli,  on  the  construction 
of  the  Rideau  River  interceptor,  a  17,l)00-ft.  sewer  that  will 
drain  a  portion  of  south  and  east  Ottawa.  The  first 
section  was  constructed  of  segment  tile,  60  in.  in  diameter; 
the  next  section  is  of  54-in.  pipe,  part  segment  and  part 
concrete.  A  third  section  was  built  of  -18-in.  concrete  pipe. 
The  following  cost  data  on  the  work  are  abstracted  from 
an  article  by  L.  McLaren  Hunter,  City  Engineer's  Ueiiart- 
nient,  Ottawa,  in  The  Canadian  Engineer. 

The  larger  equipment  used  during  construction  included 
one  i.-j-HP.  boiler,  one  40-HP.  boiler,  one  derrick  and  trav- 
eler, three  syphons,  one  4-in.  submerged  pump  (electric) 
and  one  4-in.  suction  pump   (electric). 

The  costs  of  various  materials  used  were  as  follows: 

1917 — .^4-in.  concrete  pipe,  per  ft $4.34 

4S-in.  concrete  pipe,   per  ft 3.44 

1918 — 48-in.  roncreto  pipe,   per  ft 4.30 

30-in.  concrete  pipe,   per  ft 2.35 

1917— 60-in.   N.atco  tile,  per  ft 5.65 

1916— Cement,    per    bag^ 43 

1917 — Cement,    per   bag 52 

191S — Cement,    per   bag V3 

On  the  60-in.  Natco  tile  section,  in  IS  ft.  of  excavation, 
the  costs  were  as  follows: 

Per  lin.  ft. 

Excavation   and  Isackfilling $S.240 

Pipe   laying   376 

Xateo  tile,   including  underdrain 7.427 

Pumping   76fi 

.Shoring    652 

Grading,  plant,  sundries 1.744 

Total  cost  per  lin.   ft $19,204 

Tunnel  section   (excavation),   per  ft 19.37 

^lanholes   ('concrete'),  each 61.46 

The  cost  of  4S-in.  concrete  pipe  section,  in  4  ft.  6  in.  of 

excavation,  in  1918  was  as  follows: 

Jjabor:  Per  lin.  ft. 

Excavation $1.37 

Shoring    68 

Pumping  .20 

Backfill    60 

Culvert  drains    .16 

Rolling  pipe 29 

Running   hoist    33 

Derrick   and  track .44 

Orouting    12 

Pipe  laying   34 

Sundries   (including  S.iturday  afternoon  holiday.^) 58 

Total     $5.11 

Material: 

Pipe    (including  hauling)    $3.60 

Coal   24 

Cement     H 

Sundries    -11 

Total $4.06 

The  above  costs  on  the  48-in.  section  were  taken  on  400 
lin.  ft.  of  work  which  was  done  in  August.  191S.  Laborers 
'ttere  paid  3.5  ct.  per  hour.  On  the  Natco  tile  section,  labor- 
ers were  paid  27%  ct.  per  hour.  The  work  was  done  by  day 
labor. 


Metering  Reduces  Per  Capita  Water  Consumption  from 
140  Gal.  to  52  Gal. — In  a  discussion  at  the  November  meet- 
ing of  the  New  England  Water  Works  Association.  Mr. 
Lewis  R.  Dunn  stated  that  when  he  took  charge  of  the 
water  works  at  'Winthrop.  Mass.,  the  population  'was  8.000 
or  9.000  and  the  water  consumption  about  140  gal.  per 
capita.  The  present  population  is  between  15,000  and  16,- 
000  and  the  per  capita  consumption  in  October  was  52  gal. 
This  reduction,  Mr.  Dunn,  stated  'was  brought  about  by 
the  installation  of  meters.  He  added  that  for  3  years  run-. 
ning  the  town  had  been  able  to  account  for  all  but  3  per 
cent  of  its  water. 
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Why    the    Commission -Manager 
Form  Is  Preferable  to  the  Com- 
mission Form  of  Government* 

By  R.  E.  BOSSHARD. 
City  Clerk  and  Assistant  City  Manager,  Alameda.  Cal 
"With  one  hundred  years  of  experimentation  in  cliarter 
making  one  marvels  that  somewhere  in  the  cities  o£  the 
United  States  there  has  not  been  produced  a  charter  which 
adequately  provides  for  the  government  of  a  city.  The 
quest  for  a  model  charter  has  been  persistent,  indefatigable, 
but  as  yet  it  appears  to  have  been  unrewarded.  Since  the 
time  that  city  government  began  to  develop  into  the  propor- 
tions of  a  problem,  reformers  have  divided  their  efforts  be- 
tween attempts  to  drive  rascals  out  and  attempts  to  frame 
a  charter  that  would  bring  about  good  government.  By 
nothing  more  than  their  charters  do  American  cities  reveal 
the  unscientific  manner  of  their  government,  and  this  is  true 
of  the  new  plan  as  of  the  old." 

Thus  wrote  Henry  Bruere,  former  Chamberlain  of  the  City 
of  New  York,  in  one  of  the  closing  chapters  of  his  book, 
"The  New  City  Government,"  published  in  1912.  after  hav- 
ing discussed  in  thorough  detail  the  workings  of  ten  cities 
under  the  commission  form  of  government. 

In  a  word,  the  commission  form  of  municipal  government 
has  by  no  means  solved  the  perplexing  problem  of  city  gov- 
ernment. Its  advent  in  the  United  States  was  some  twelve 
years  prior  to  the  date  above  mentioned  and  was  nailed  as 
the  final  word  in  charter  making.  That  it  showed  improve- 
ment over  the  older  form— that  of  the  Mayor-Council  plan, 
also  known  as  the  federal  plan,  since  it  was  modeled  after 
cur  federal   government — experience  has  demonstrated. 

Under  the  commission  plan  each  commissioner  was 
clothed  with  responsibility  of  the  charge  of  a  department. 
Since  he  was  elected  at  large,  the  welfare  of  the  entire  com- 
munity came  within  his  official  sphere.  No  single  section 
was  favored  to  the  detriment  of  the  others  and  the  public 
felt  that  a  greater  measure  of  responsibility  to  it  had  come 
to  pass. 

As  the  commissioners  are  well  paii:  for  their  services, 
they  give  more  attention  to  their  duties.  What  was  once 
everybody's  business  has  at  least  become  somebody's  busi- 
ness and  closer  attention  to  details  has  caused  the  elimina- 
tion of  much  red  tape,  the  fixing  of  standards  of  efficiency, 
reduction  in  rates  in  some  instances  of  public  owned  util- 
ities and  in  general,  better  results  from  the  various  depart- 
ments with  corresponding  general  improvement  in  the  city's 
appearance. 

In  the  light  of  these  facts  there  is  no  gainsaying  that  this 
new  type  of  municipal  law  has  produced  benefits.  Its  com- 
ing and  life  thus  far  have  created  a  new  civic  consciousness 
rarely  before  experienced.  While  there  have  been  a  few 
instances  of  seeming  failure  and  this  is  within  the  law  of 
average,  for  in  all  efforts  there  are  a  few  failures,  yet  there 
is  no  record  of  such  corruption  and  waste  as  have  character- 
ized the  cities  governed  under  the  old  type.  Nevertheless, 
there  are  some  serious  drawbacks  to  this  form.  The  last 
word  in  municipal  management  had  not  as  yet  been  written. 
Its  success  primarily  is  due  to  the  fact  that  "new  brooms 
sweep  clean."  The  novelty  of  it  has  brought  closer  atten- 
tion just  as  a  new  toy  replaces  the  older  playthings.  Of 
itself  this  new  form  has  produced  some  incentive  for  offi- 
cials to  succeed.  But  inherently  it  does  not  offer  something 
definite  and  final.     What,  then,  are  its  defects? 

One  is  the  election  of  men  to  positions  requiring  adminis- 
trative and  executive  ability.  Any  man,  no  matter  what  his 
previous  situation  in  life  may  be.  is  eligible  to  seek  the  of- 
fice. His  qualifications  are  scarcely  sought.  If  he  can  in- 
terest the  public  sufficiently  in  his  cause,  whether  through 
treating,  cajoling,  or  honest  effort,  he  stands  a  good  chance 
of  election.  In  no  sphere  of  human  activity  but  in  this 
could  a  barber  become  a  commissioner  of  water,  a  house- 
mover  a  commissioner  of  public  buildings,  a  carpet  dealer  a 
commissioner  of  public  works,  a  dentist  a  commissioner  of 
health  and  safety  or  an  architect  a  commissioner  of  streets. 


*From  a  paper  prepared   for  the  la.-t   annual  eonvention  of  itie 
League  cf   Paeifie  Municipalities. 


Would  any  one  ol  those  business  men  in  his  civilian  office 
have  taken  a  man  who  had  trained  himself  for  a  commis- 
sioner as  u  barber,  a  house-mover,  a  carpet  salesman,  a  den- 
tist or  as  an  architect?  "Ridiculous!"  he  would  say,  "I  want 
a  man  who  has  had  experience  if  he  is  to  be  paid."  By  the 
same  token  cities  should  not  receive  men  who  have  had  no 
traiuini;  tor  their  work  and  pay  them  handsome  salaries. 

Tboiigh  the  vast  majority  of  commissioners  have  had  no 
training    in    private    life   to    fill    their    respective    positions, 
many  ol  them  have  latent  potentialities,  which  in  their  new 
I)osition  offer  opi)ortunity  for  development  and  fruition.    But 
uulortunately,   in   many   instances   where   a   man  has   been 
elected  and  held  the  office  for  a  iieriod  of  four  years  and  has 
served  his  "apprenticeship,"  election  time  comes  along  and 
lie  loses.     Then  a  new  one  comes  in.     He  makes  as  many 
ch.inges  in  the  personnel  of  his  department  as  he  can.     The 
public  l)usiness  suffers  again — in  fact,  receives  a  set-back — 
while    another    commissioner    serves    his    "apprenticeship,'" 
and  so  on,  ad  finitum.     The  first  holder  of  the  office  perhaps- 
lost  it  iiecause  of  some  action  taken  by  him  in  his  capacity 
as  a  member  of  the  legislative  body,  and  herein  is  a  serious- 
defect  in  this  form  of  organic  law.     The  commissioners  are- 
at  one  and  the  same  time  a  law  and  policy  making  body  and^ 
heads  of  departments.     These  two  functions  of  government, 
sliould   be  kept  entirely   separate.     Greater  permanency  to 
the    department    executive    with    corresponding    proficiency 
can  thereby  be   gained.     It   gives   the   individual   a  greater 
sense  of  security  in  his  position  and  does  not  require  his 
"playing  to   galleries"   to   retain   it.     That   is,   i^rovided,   of 
course,  he  be  appointed  and  not  elected.     Let  the  policy  de- 
termining body  come  from  the  people  direct  through  elec- 
tion,  for  they   must   reflect   the   will   of  their  constituents. 
Let  them  determine  what  is  needed,  what  is  best,  and  then 
turn  to  the  departments  to  carry  their  affairs,  by  a  board  of 
directors,  who  appoint  at  a  commensurate  salary,  a  general 
manager  who  understands   the  business.     No  board   would 
for   a    moment   trust   the   responsibility   of   its    corporation 
into  the  hands  of  some  stockholder  who  is  looked  upon  as 
a  "hale  fellow  well  met,"  and  whose  chief  ability  is  to  draw 
votes.     Instead,    a    competent    man    is    selected    and    if   he 
gives  adequate  service  he  remains.     If  he  does  not,  some- 
one who  can  is  then  selected. 

This  is  the  principle  of  the  city  manager  form  of  govern- 
ment as  now  adopted  by  some  hundred  cities  in  the  United 
States.  The  "principle"  of  it  is  absolutely  sound.  It  is  in- 
deed an  instrument  of  efficiency  which  gives  public  officials 
a  chance  to  produce  the  mo^t  far-reaching  achievements. 
Where  the  commission  form  fails  in  constituting  a  method, 
this  type  fulfulls  practically  every  condition  required  to  be 
a  method.  A  charter  of  this  kind  properly  drawn  combines 
all  the  safeguards  that  a  democracy  demands  and  gives 
ample  leeway  to  the  official  to  produce  the  best  possible 
results.  The  "principle"  of  it,  let  it  be  repeated,  is  sound- 
Obviously  for  the  best  possible  achievement  in  any  en- 
deavor as  well  as  municipal  government  there  must  be  com- 
plete synchronizing  of  authority  and  responsibility.  In  this 
particular  and  important  feature  the  commission  form 
breaks  down.  Each  commissioner  has  full  responsibility, 
but  unfortunately  insufficient  authority.  The  commissioner 
of  streets,  for  example,  is  charged  with  the  proper  construc- 
tion of  sidewalks.  The  commissioners  antagonistic  to  him, 
ill  a  desire  to  reduce  expenses,  vote  to  eliminate  the  office 
of  inspector.  The  commissioner  of  streets  realizes  that  an 
inspector  is  necessary  to  watch  the  contractor,  but  he  can- 
not employ  a  man  because  no  i>ower  to  do  so  is  vested  in 
him,  for  no  provision  is  made  in  the  civil  service  rule.  The 
result  is  obvious. 

Major  Georg;e  L.  Dillman,  in  an  address  before  the  San 
Francisco  .Association  of  American  Society  of  Civil  Engi- 
ni-ers.  said: 

"We  have  a  wonderful  example  <<f  vi(jlatiou.  partial  accord 
and  full  accord  with  "The  Principle."  in  the  Panama  Canal. 
First.  Wallace  tried  to  shoulder  the  responsibility  under  a 
commission  whose  headquarters  were  in  Washington.  Ho 
was  not  even  a  member  of  the  commission  to  start  with. 
Complele  separation  of  authority  and  repsonsibility  re- 
sulted.    Wallace  started,  but  he  didn't  get  very  far. 

•Theu  Stevens  took  up  the  same  load  of  responsibility, 
lie   vv:is  a  member  of  the  commission:   had  much  more  an- 
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iliorltj   than  \Vnllii('<>.  but  the  new  coinniixsion  hiul  (Is  IkmuI  luouiisf   of   polltli-iil   reasons,   but  because   of   his   inherent 

iliiarteis  and  i>rfsl<tt>nt  in  the  I'nlted  Stntos.     The  same  ro-  :ibillty  to  do  the  work.     He  has  no  axes  to  Kiind  nor  enemies 

8pon:iiblllly  that  Wallai-e  liad.  but  more  authority,     Stevens  to  luinlsh.     Ho  Is  seeking  omciency,  and  those  in  the  city's 

made  nonio  advance.     Then  came  a  set  of  conditions  under  cinphiy  who  have  given  efliciency  are  just  as  likely  to  liold 

which  Stevens  fe^t  that  his  authority  was  not  couiinensurate  ilieir  ptisltions  as  are  employes  In  any  private  corporation. 
with   his   resiHinsllillltv.   so  he  severed  his   connection    with  It  is  a  well  known  fact  that  a  man  iiuiy  pass  an  exaniina- 

the  work,  but  not  t-efore  be  had  nearly  everytblnR  In  work-  li'ii    successfully   and    yet    be   an    unsatisfactory    individual 

InK  .•'hnpe     So  much  wa,<  this  the  case  that  t'olonel  C.oethals  in   applyin.K:  In  a   practical  way   what  he  can   put  on   paper. 
said  once,  when  i>alted  on  the  back:     '1  was  preceded  by  a       I'udrr  the  civil  service  such  n  man  can   be  appointed  and 

nmn  who  understood  ininsportatlon.     My  i)roKress  is  some-  one  in  it  Is  very  dittlcult  to  remove  him.     A  City  Manager 

whilt  due  to  Stevens'  plan  lor  the  removal  aiul  disposal  of  sli(Uil<i   have  a   free  baud   both   in   the  employment  and   the 

■lie  material  of  the  I'ulebra  cut.'  discharge  of  employes.     He  should   be  able  when  necessity 

Then  the  respoiislldllty  was  taken  up  by  f.oetbals.  with  demands  to  remove  them  from  one  deparliueni   to  another, 

full   authority.     He   was  not  only   president   of  the  commls-  without   belnn  bedKcd  by  fixed  rules.     I'roliation  periods  do 

slon.  but   the  rest   of  the  commission   wert>  larRcly   his  sub-  not  disclose  all  the  defects  of  an  individual  and  hence  any 

ordinate*.     The  result  was  the  Rreatest  and  most  successful  limitation    which    will    tie   a    City    Manager's    hands   simply 

i-on»tructlon  orBani/iation  In  the  history  of  the  human  race.  makes  his  work   more  difficult. 

•Wnllnce  and  Stevens  were  sacrlticed  to  the  education  of  Th-re  has  been  a  tendency  to  create  boards  to  carry  on 
the  otill'orltles  at  Wasbhmton.  They  failed  not  because  of  municipal  work.  We  have  had  I3oards  of  Health.  Charities 
lack  of  ability,  but  because  of  lack  of  authority,  doethals  and  Correction,  Li'iuidafion  and  Library  Trustees.  Theat- 
er nny  one  else  would  have  failed  from  the  same  cause.  rical  Censors  and  tlie  like.  Save  for  possibly  the  Hoard  of 
The  sreatness  of  tloethals  over  that  of  his  predecessors  was  Kducation.  which  has  lieen  recognized  by  state  law  in  some 
his  application  of  the  Principle.  He  Insisted  on  ha>ing  the  states  as  an  entirely  separate  unit,  no  positive  need  for 
anthorlty  before  he  attempted  to  shoulder  the  responslbil-  these  bodies  exists  under  a  city  manager  form  of  govern- 
Ity  ■■  iiient.     .-Vt  best   they   too  often  prove  sources  of  dissension 

The  legislative  body  of  a  city  should  be  composed  of  not  and  (luarrel  and  help  to  pile  up  the  red  taiu>  and  irresponsi- 

lc»»   than   live  members  and   rarely,   except   for   very   large  bility    that    exist    in    municipal    administrations.     The    city 

oltle».  of  seven.     This  makes   for  the  short    ballot,  lessens  manager  charters  permit  the  Manager  to  apppoint  advisory 

the  likelihood  of  bitter  factional  (juarrels  and   renders  less  groups  to  assist" him  in  any  problem  that  he  may  deem  nec- 

cumbersouie    the    procedure    of    business.     The    functioit    of  cssary.    They  work  with  liim  and  not  against  him.    His  re- 

ihls  body   should   be  purely   legislative  and   policy  making.  sponsibility  is  not  shifted,  since  they  are  but  advisory  and 

Kuch  member  of  It   should   represent  the  entire  city:    this  have  no  authority  whatever  dele.gated  to  them.     Thus  elim- 

fnct  requiring  the  elimination  of  ward  lines.     Features  tend-  ination  of  these  boards  gives  greater  centralization  and   a 

Ing  to  sectlonalize  the  city  should  be  avoided.  better  opportunity  for  the  despatch  of  business. 

The  Council  should  appoint  the  City  Manager  for  an  in-  This  new  form  of  government  is  by  no  means  a  panacea 
definite  term  of  office.  Nor  should  there  be  any  limitation  of  all  inunicij)al  ills.  It  is  fouiufed  ujion  the  structure  of 
as  to  prior  residence.  He  should  be  safeguarded  in  his  human  participation  and  interjiretation.  and  we  know  that 
position  so  that  at  least  a  four-fifths'  or  five-sevenths'  vote  mortals  are  not  endowed  with  infallibility,  it  has  been  at- 
would  be  required  to  remove  him.  Cnder  him  all  depart-  tacked  in  the  courts  and  there  have  been  managers  who 
nients  should  be  placed.  These  to  include  the  assessor.  failed.  The  lact  that  its  bitterest  opponents  are  principally 
treasurer,  health,  tire,  police,  park,  recreation,  street,  city  the  old  line  politicians  is  ample  justification  for  its  exist- 
englneer.  purchasing  agent,  charities,  municipally  owned  t^nce.  and  finally,  -is  the  progress  made  through  the  coni- 
publlc  utilities  and  such  other  administrative  deiiartments  mission  form  of  government  renders  null  and  void  the 
a.i  are  locally  peculiar.  Consolidation  of  departments  in  the  stigma  of  James  Bryce's  comment,  so  this  new  type,  be- 
dlscreflon  of  the  Manager  should  be  permissible.  The  City  cause  of  its  fundamental  principles  and  the  application 
JIanager  should  recommend  to  the  Council  the  salaries  to  thereof,  renders  Heiiry  Bruere's  statement  no  longer  force- 
be  paid,  but  that  body  should  have  the  final  word  in  deter-  ful. 

mining   both   the   amount   of   and    the   actual    fixing   of   the  

same.     To  leave  the  matter  entirelv  in  the  hands  of  the  Citv  M« <-:„-,„ i  i?»^^»-«„„„„  t>.,ui:„    \it    _i        t>  j 

Manager  is  repugnant  to  the  principle  established  by  our  National  Emergency  Public  Works  Board 

forefathers.     The  spending  power  of  a   municipality  should  PrODOSed 

lie  in  the  hands  of  the  Council,  because   that   body  is   dl-  .^  ,,ii,  ^,^^  ^^^j,  introduced  in  the  Senate  bv  Senator  W. 

rectly  representative  of  the  people  and  of  those  who  sup-  s.   Kenyon   of   Iowa   to   create  a  United   States   Emergency 

port  the  government.  Public  Works   Board,   consisting   of  the   chief  of   engineers 

m  municipal  charters  there  should  be  a  provision  requir-  „;   ,he  u.  S.  .\rmy,  an  officer  of  the  Department  of  the  In- 

ing  candidates  to  give  to  the  people  a   statement  of  their  i.^ri,,,-,   an   officer   of  the   Treasurv   and   two   citizens      The 

qualifications  for  the  office  which  they  are  seeking.  last  mentioned  would  be  appointed  by  the  President.    The 

1  et    there    be    no    civil    Service    restrictions    whatsoever,  bill  provides  that  each  member  shall  devote  his  entire  time 

This  may  seem  somewhat  unusual,  for  so  it  is  indeed.     The  to  the  work  of  the  board,  for  which  he  will  receive  an  an- 

civil  service  features  that  we  have  today  in  municipal  char-  nual  salary  of  $.5.onn  per  year.     The  board  would  cooperate 

ters  have  their  outcome  as  result  of  the  adoption   by  our  with    all    federal,    state    and    municipal    agencies    entrusted 

federal  government.     In  times  past  we  have  copied  the  fed-  with  the  execution  of  any  public  work  and  would  endeavor 

eral    law    extensively.     There    is    an    historical    reason    for  to    stabilize   industrial    and    employment    conditions    during 

this.     We  have  looked  upon  the  city  as  a  small  republic  or  (he   present   period   of   demobilization   and   industrial   read- 

a  small  state  and  have  viewed  it  in  the  same  light  as  did  justment  by   providing  or  stimulating  increased   opportuni- 

educators  of  two  and  three  centruies  ago.  who  considered  a  ties  for  employment  on  useful  public  works  during  periods 

child  but  a  small  being  endowed  with  the  same  mind  of  an  of  extraordinary  unemployment.     The  bill   provides  an  ap- 

adult.     We  have  learned,  however,  that  there  is  a  vast  dif-  propriation  of  $100,000,000  to  be  used  by  the  board  as  an 

ference  between  the  mind   of  a  child  and  the   mind  of  an  emergency   public  work  fund. 

adult:    that   there  is  a  difference   in  quality  as  well   as   in  . 

quantity,  so  that  education  of  today  is  based  upon  entirely  Overhead  Charges  Between  City  Departments  for  Con- 
different  methods  to  those  employed  in  dealing  with  the  struction. — Work  done  by  one  department  of  the  city  of 
adult  mind.  Similarly  conditions  in  a  municipality  diiter  in  Detroit,  Mich.,  for  another  department  is  paid  for  at  cost 
quality  with  those  of  the  national  government,  and  we  must  plus  a  percentage  for  superintendence  and  overhead  expense 
view  them  from  a  different  standpoint  altogether.  Because  This  charge  for  four  principal  departments  of  the  city  is 
the  national   government   found   it   necessary  to   adopt   the  as  follows: 

civil  service  to  protect  its  employes,  does  not  follow  that  a  Denartment  of  Public  Works Cost  plus  15  per  cent 

citv    government    under   a    Citv    Manager   should    need    the  Public  Lighting  Commissioii     Cost  plus  10  per  cent 

■  .      ..  ,     „.^       ,,     ■  ,  ',,      ..  .^.  '  Department  of  Parks  anrl  Boulevards Cost  plus  15  percent 

same   protection.     A   City    Manager   holds   his    position   not  Board  of  Water  Commissioners Cost  plus  20  per  cent 

(40) 
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^t'lp^rtion    of   <SArvir-f»   MAtfr**  t'-emauds  with  a  i)o.,..i,c  mtasuremeut  meter  for  the  smaller, 

OClC*-lnJll  yJl  W3C1  V  H„C  iTXClCia  is  the  most    suitabU'   type.     This   condition   is   also  met  in 

By   \V.  K.   KDWARDS.  many   public   buildings   where   "flushometers"  are  installed; 

.v.s.Kisuint  SnijerinteiKlent,  Passaic.  X.  .1,.  Wai.T  iv,  .lUhoii.i^h   for  apartment  houses  and   the  smaller  tenements 

The  controlling  principles  involved  in  determining  the  where  the  installation  of  compound  meters  of  comparatively 
.'iize  and  make  of  meter  should  be  economy  and  efficiency.  largo  size  would  be  necessary  to  provide  for  the  large  flow 
I'sually  the  water  department  furnishes  the  meter,  and  liemanded  by  llusbometers.  the  use  of  flushometers  is  dis- 
til ust    keep   the   capital   expense   as   low   as   possible,   conse-  couraged. 

ii'iently  the  smallest  meter  that  will  do  the  work  in  any  par-  It    is    more    eftcctive   and    economical   to   install    a   larger 

ticular   case   is   desirable.     Fortunately  the   second   require-  service  than  has  heretofore  been  the  custom  than  to  use  a 

nient   of  efliciency   is   usually   obtained   by   the   same   selec-  larger  meter.     Loss  of  head  can  be  overcome  more  readily, 

tion.  more  economically,  and  more  effectively  by  using  a  larger 

Oversizina  is.  in  my  opinion,  a  common  fault,  and  it  is  service  than  by  the  size  and  type  of  meter. 
l)etter  to  err  in  the  opposite  direction,  as  in  that  case  your  Where  a  larger  flow  for  short  intervals  is  desired  than 
attention  will  be  directed  to  the  error  by  the  consumer  fan  iiroperly  he  provided  for  by  the  department  and  still 
complaining  of  poor  service,  while  on  the  contrary,  if  the  give  consideration  to  accurate  registration  and  first  cost 
service  is  oversized  in  the  meter  used,  a  substantial  loss  I'f  installation,  such  as  filling  tubs  in  a  dyehouse  or  pro- 
may  be  sustained  by  the  department  in  under-registration.  viding  for  the  demands  of  flushometers,  the  service  may  be 
The  oversize  meter  will  not  register  all  the  water  passing  secured  by  the  use  of  tanks.  This  shifts  the  burden  of  the 
through  it  and  costs  more.  wctra  expense  of  installation  from  the  water  department  to 

Our  experience,  covering  20  years  in  time  and  the  setting,  the  customer,  but  this  is  justifiable,  in  our  opinion, 

care  and  handling  of  some  22,000  meters,  is  that  no  matter  Our  invariable  rule  is  to  use  a  meter  of  smaller  size  than 

how  careful  we  may  have  been,  we  have  in  the  past  allowed  the   service   to   which   it    is   attached.     Installations   are   all 

otirselves  to  be  influenced  by  the  opinion  of  property  own-  made  >--o  that  a  meter  can  be  changed  to  a  different  size  or 

ers.    mill    engineers,   architects,    etc.,   with    the    result    that  type  readily  and  with  little  expense,  in  order  that  changes 

much   larger   meters    were   installed    than    were   necessary.  in  use  or  unforeseen  conditions  may  be  taken  care  of  easily 

That  our  judgment  has  been  swayed  is  clear  by  our  experi-  and  readily. 

ence  following  the  installations  of  the  first  5  or  10  years.    A  The  determination  of  the  size  of  the  service  and  the  size 

careful   watching  of  the   performance  of  individual  meters  and  type  of  the  meter  to  be  used  for  any  consumer  should 

by  following  their  registration,  semi-annual  tests  as  to  sensi-  be    with    the   water   department.     The   operator   of   the    de- 

tiveness  and  accuracy,  watching  the  difference  in   amount  partment  does   or  should   know   what  is   required  both   for 

of  water  recorded  following  reduction  in  sizes  or  change  in  iiroper  service  to  the  customer  and  for  economical  and  ef- 

tvpe  of  meter  on  a   particular  service,  soon  made  the  fact  licient  service  for  the  department. 

clear  that  in  many  cases  we  had  been  using  meters  of  too  -^H  meters  larger  than  2-in.  in  size  are  installed  so  that 

large   capacity.     This   range   covered   the   use   of   %-in.   and  they  can  be  tested  in  service  without  the  interruption  of  the 

1-in.   meters   for   residential   service   where    %-in.    was   suf-  service,  and  such  tests  are  made  twice  yearly.     All  smaller 

licient,   to    factorv    or    commercial    use    where    from    IVa-in.  meters  are  removed   for  periodical   tests,  the  period  being 

10  G-in.  meters  were  being  used  in  situations  that  could  bet-  determined  by  the  service  which  the  meter  is  rendering,  or 

ter  be  served  by  -%-in.  to  2-in.  meters.  ^7  tl'C  requirements  of  the  State  Utility  Commission,  which 

For  .the  last  in  vears.  during  which  our  business  has  de-  requires  that  all  meters  must  be  tested  after  a  fixed  num- 
veloped  at  least  t;2.8  per  cent  and  the  ni.mber  of  meters  in  her  of  years  of  service,  or  after  having  passed  a  certain 
use  has  increased  by  99.9  per  cent,  we  have  not  found  it  quantity  of  water,  depending  on  the  size, 
necessarv  to  buv  manv  meters  above  %-in.  in  size.  The  de-  More  care  is  ne.^ded  in  the  selection  of  meters  for  par- 
mands  of  a  growing  industrial  section  for  meters  of  a  size  licular  service.  The  selection  should  be  made  by  a  man 
larger  than  this  has  been  met  bv  the  withdrawal  from  serv-  experienced  in  the  supplying  of  water  and  with  an  accurate 
ice  of  meters  which  had  previously  been  set  larger  than  knowledge  of  the  mechanical  qualities  of  meters,  their  limi- 
necessary  these  being  replaced  bv  smaller  meters  or  tations  and  possibilities.  Much  money  can  be  saved  a  de- 
meters  of  a  different  tvpe  more  suitable  for  the  particular  partment  both  in  installation  and  operating  cost,  and  in 
service  securing  a  full  registration  of  all  water  delivered,  by  proper 

Our    experience    has    led    us    to    estalilisb    a    genera!    nde  attention  to  details. 

I  overine    residential    installation,    and    this    rule    is    as    fol- 

l^j^^.^.  Cost  of  Meter  Testing. — The  average  cost  of  water  meter 

I'p  to  i;  families    a  "'4-in    meter  testing  at   Detroit.  Mich.,  for  the  year  ending  .June  30, 1918. 

From  g'  to  12  families,  a  %-in.  meter.  ranged   from   7  <t.  each  for  %-in.   meters  to  .$3.S4  each  for 

From  12  to  18  families,  a  1-in.  meter.  "^-in.   meters.     According   to   the   last   annual   report   of  the 

From  18  to  25  or  30  families,  a  IV-in.  meter.  Board   of  Water  Commissioners  34.294   meters  were  tested. 

For  commercial  or   industrial   service,   the   size   and   type  H'p  total  cost   being  $3,444.     The  average  costs  for  the  dif- 

of  meter  to  be  used  are  determined  after  having  considered  ffrent  sizes,   the  tests  being   for  flows   full  to   Vk   in.,   were 

all    the   information    available    as    to    probable    quantity   of  as  follows: 

water  to  be  used  and  rate  at  which  it  will  be  drawn.     Bear-  •''j'^^*'                                                                 XiuhImt.       Pe^nu^ci-. 

ing  in  mind   also,  in   determining  the   size,  the   psychology        •;:,'. -"•*;',^  ^'' "' 

of  the  water  user  and  knowing  that  it  is  easier  to  increase  i'"* ;;:;;;;;;;;;. ■;;;;;;;.'■.;;■.;;;■.;;;:;■.;;;; ;      ^',^>r,'l            .u 

than   to   decrease  the   size,   and  that   such  a  change   would      y,i.'. l':j2  .,<i5 

leave  a  pleased  customer,  we  are  careful  not  to  get  an  over-      !;     ['.'.'.'.'.'.'.'.'.'.'.'.'.'.'..'.[['.'.'..  'liii  .-iM* 

size  original  installation.     The  objection  of  the  ctistomer  to      i     '.'.['.'.'.'.'.'.'.'.'.'.'..'. l'T  3.8 i 

the  placing  of  a  meter  of  smaller  capacity  than  his  judg-      '^     .'.".'..'.'..'.'.'.'.'.'.'.'.'.'.'.'.'  "i  .r\( 

ment   indicates  necessary,  is   usually   satisfactorily   met   by  

the  assurance  that  if  found   necessary  after  trial,  a  larger  cost   of    Installing    Meters   at    Detroit.— Puring     the     year 
size  will  be  installed  without  expense  to  him.  ending  .lune  30,  1918.  the  city  of  Detroit  set  water  meters  at 
Where  the  service  demands  a  large  volume  at  times,  with  ;,n  average  rate  of  97  per  day  for  300  days.     The  cost  of 
the  necessity  of  taking  care  of  small  flows  either  of  use  or  installing  these  meters  is  given  as  follows  in  the  report  of 
leakage,  the  compound  type  of  meter  has  been  found  suit-  ,fif.  Board  of  Water  Commissioners: 
able      This   condition   frequently   arises.     For   example,   for  .\vorage          Average:- 
a    small   town   service,   where   fire   protection   is  of  primary  ^.^^                      ^.,„^„^,.            ''^^or           -^^^^        ^^^^ 
importance  but  where  the  ordinary  range  of  draft  is  greater  jj,.                                                oartag:e.           meter.         Tvr  meter, 
than  that   provided   tor  in  a  Venturi  meter  of  proper  size.  .^                          ,,  .^^i          '^'$" 'Mo'^'''     ^""j  "Vn "'         $7io 
a   compound   meter,  which   has  a   current  meter  for  larger  ■■^ .".'.'.'.'.'. '.'..'/.'.  ^i'.'n's                  '.id                 !ijn                fl!so 
1     631                   in               i:t.r.n               i3.no 

•From   a   paper  nre.«eiited    hefoTe   the    Xew   York   .Section   of   iIh-        I'l lOfi  l.fli}  2n.4n  2S.nB 

Aniericau    Water  Works  Association,  -      ''•■  * '■''  ••''•^"  •"•'•-■ 
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Saving  Kffccted  by  Detroit  Water 

Board    by    Isiiiji    Kxcavatin^ 

and  INpe  Laying  Machinery 

IVsiilto  llio  almoiiiuil  liil'm  iiiul  iiiiiit'iliil  ooiulitioiis  of 
«hf  past  two  vi'ar.H  the  lloanl  o(  WaltT  romiiiissionors  of 
Di'tnilt.  Mich.,  colli liiiifd  cMiMulliiK  llic  illstrlliutiim  sys- 
(pm  aiut  in  the  .voar  ending  June  :!0  hisl  laid  lUVj  inlles 
of  tMii.  to  4SUI  «ntiT  nialHs,  In  ciirr.vinK  out  this  worK 
liilior  snvlne  niachtnor.v  was  used  to  a  laiKc  oxiciit.  In  tact 
it  was  only  hy  lakhiic  advuntace  of  the  saving  olTeied  by 
the  »i»o  of  machinery  to  replace  hand  labor,  thai  ihr  board 
was  able  to  make  any  consideralile  proRress. 

Trenching  and  backnillng  machines  were  first  employed 


In  hU  report  tor  the  year  ending  .liine  30,  1918,  Mr.  Geo. 
il.  FenUell,  (!eiienil  .Miinaser  of  llie  Water  Department, 
Kives  the  lollowini;  table  showing  the  saving  expected  by 
ilie  use  of  machines: 

All  hand  liiliin' ^  I^UR  ami  liiiL'klilKcl  li.v  niacliiiio 


i,.  C3  U 

$0.21 
.IS 
.02 

«:! 

On  the   I2ln.  and  4S-ln.  pipe  lines  a  material  saving  was 
elTected    by    the    use   of   mechanical    appliances    to    replace 
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Trenching  Machine  Olaglng  Ditch  72  In.  Wide,  for  42  In.  and 
48  In.  Pipe. 
Tl»*  average  cost  of  layinc  42  in.  and  -tS  in.  pipe  by  hand  at 
present  day  wa«es  was  $S.70  per  foot.  Machinery  did  the  work  at 
an  averajre  cost  of  $3.S0  per  foot.  As  32.057  ft.  of  42  in.  and 
IS  In.  pipe  wero  laid  in  the  last  fiscal  year,  a  saving  of  over 
$173,000  \\-ns  ^'ffeoted   by  this  method. 

by  the  Detroit  Water  Department  in  1911).  and  in  1917,  and 
their  value  was  so  fully  demonstrated  that  more  equip- 
ment was  purcliased.  The  machines  now  in  use  by  the 
construction  department   include: 

1  Trench  digger,  capacity  21   in.   wide  !>>'     8  ft.  deep, 

1  Trench  digser.  capariiv  2S  in.   wide  by     S  ft.  deep. 

1  Trench  disger.  capaiit.v  33  in.  wide  l>.v  10  ft.  deep. 

1  Trench  digger,  lapaiity  41   in.   wide  by   10  ft.  dee]). 

2  Trench  digger.^,  rapacit.v  72  in.  wide  by  10  fl.  deep. 
:t  Self-propelling  backrillor'^  without   boonis. 

4  Seif-propeiling  backlillers  with   hooins. 

2  Steam   cranes,   caterpillar  traction,   capacity   i!    tons. 

1  Air  Compressor. 

1  Tamping  .Machine,  hammer  9  in.  x  0  in. 

1  Concrete  Creaki  r.  hammer  700  lb. 

1  Pul.'=ometer  with    boiler. 

2  High  pressure  power  driven  test  pumps. 
12  Power  driven  diaphragm"  pumps. 

1   Centrifugal  pump. 


Backfilling  on  Ditch  30  in.  Wide,  for  6  In.  and  8  In.  Pipe. 

Hand  backlilliiig  cost  9  ct.  per  foot  foi-  a  30  in.  ditch  for  6  in. 
and  S  in.  pipe;  while  the  machine  backfilling  cost  SVa  ct.  per  foot. 
These  machines  hackfllled  about  fiOO.OOO  Hn.  ft.  of  30  in.  to  72  in. 
flitch  during  the  year. 

hand  labor.  The  following  are  some  of  the  most  striking 
instances,  the  figures  being  based  upon  the  prevailing  scale 
of  wages : 

T>ahor  per  foot  in  laying  42-in.  and  4S-in.  iiipe  will  aver- 
a,2;e  $8.70  by  hand,  and  $3.50  by  machinery;  caulking  aver- 
ages $1.32  per  .ioint  by  hand  and  $0.19  using  pneumatic 
hammers:  handling  and  lowering  each  pipe  by  hand  labor 
averages  $6.70  and  $1.SS  using  the  steam  crane.  Back- 
filling ditches  on  sinall  lines  costs  about  9  ct.  per  lineal 
loot  by  hand  and  3iA  ct.  per  foot  by  machine. 


Employment  for  Civil  Engineers 

state  and  municipal  authorities,  corporations  and  indi- 
viduals who  now  have,  or  expect  in  the  near  future  to  have, 
need  for  the  services  of  professional  engineers  are  requested 
to  immediately  communicate  their  wants  to  the  Engineering 
s?ociefies  Employment  Bureau,  33  W.  39th  St.,  New  York 
City.  This  bureau  is  maintained  by  the  four  national  so- 
cieties of  civil,  mining,  mechanical  and  electrical  engineers. 
A  number  of  engineers  who  have  been  serving  in  the  army 
or  in  Government  capacities  during  the  war  are  about  to 
be  released  from  their  present  duties.  It  is  the  desire  of 
the  engineering  societies  to  place  these  engineers  in  touch 
■with  contemplated  projects  as  early  as  practicable.  In  the 
present  emergency  the  lack  of  openings  tor  civil  engineers 
has  been  observed  and  it  is  to  provide,  if  possible,  for  these 
men  that  this  notice  is  issued  by  the  Bureau. 


'^0ie-f' 


l-owering  48  in.  Pipe.  Weighing  10,900  lbs.,  with  Steam  Crane. 
Employing  hand  labor.  14  men  were  required  to  lower  pipe  and 
tiandle  the  derrick  at  a  cost  of  $6.70  per  pipe.  The  steam  crane 
•>mploynig  4  men.  did  the  same  work  at  a  cost  of  $1.8S.  About 
2.700  pieces  of  pipe  were  handled  during  the  year. 


Hydro-Electric  Development  in  Canada  Produces  2,300,000 
H  P. — According  to  a  recently  completed  report  of  the  Do- 
minion Census  Bureau  the  developed  water  power  in  Can- 
ada amounts  to  2.305,000  HP.  Of  this  total  1,727,000  HP. 
is  from  central  electric  stations  producing  electricity  tor 
distribution  and  sale,  352.000  HP.  is  from  plants  owned 
and  operated  by  pulp  and  paper  companies  and  225,600 
HP.  is  from  plants  of  other  manufacturing  and  industrial 
establishments.  The  average  horsepower  tor  the  entire 
dominion   per  l.ono   population   is   27fi. 
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Removal  of  Iron  and  Manganese 

From  Water  Supply  of 

Wausau,  Wis. 

Removal  ot  ii-uii  and  manganese  I'rom  the  water  supply 
of  Wausau.  Wis.,  by  aeration  and  filtration  is  recommended 
by  Mr.  W.  G.  Kirchofter,  Consulting  Engineer,  Madison, 
Wis.,  in  a  report  submitted  last  December.  Experiments 
on  five  wells  led  to  the  conclusion  that  for  these  wells  the 
water  could  be  greatly  improved  by  reducing  the  iron  to 
an  average  of  0.12  parts  per  million  and  the  manganese 
to  an  average  of  O.iiO  parts  per  million  by  the  use  of  air- 
lift pumps.  The  report  states  that  there  are  11  more  wella 
which  according  to  the  preliminary  tests  should  give  as 
good  results  as  these  five  did.  so  that  an  average  of  2,832,- 
iiOO  gal.  per  day  could  be  obtained  by  the  use  of  air  lift 
pumps.  This  water  if  sufficient  in  ciuaiitity  would  be  satis- 
tactory  without  treatment,  but  a  filter  plant  will  have  to 
be  constructed  to  be  operated  in  conjunction  with  this  un- 
treated water. 

The  test  of  the  wells  for  iron  manganese  shows  that 
the  remaining  19  wells  contain  from  l.T,  to  15  parts  per 
million  of  iron  and  from  1  to  3  parts  per  million  of  man- 
ganese. While  it  is  quite  possible'that  the  continuous  op- 
eration of  all  of  these  wells  by  air  lift  might  reduce  the 
iron  and  manganese  to  a  small  extent,  yet  it  could  not  be 
e.xpected  to  reduce  them  to  such  an  extent  as  to  make  a 
water   entirely   satisfactory   for   domestic    use. 

Wells  yielding  a  water  liigh  in  iron  and  manganese 
should  be  separated  from  the  other  wells  and  the  water 
filtered  even  though  the  water  from  the  best  wells  is  used 
without  filtering.  The  two  mixed  together  would  give  a 
water  of  such  low  content  ot  iron  and  manganese  that  it 
would  scarcely  be  noticed.  .A.t  some  future  date  if  thought 
advisable,  the  filtration  system  could  be  extended  to  treat 
all  of  the  water.  If  reservoirs  and  filters  are  constructed 
in  accordance  with  well  accepted  designs  it  will  be  com- 
paratively easy  to  vary  the  treatment  in  the  future  if  occa- 
sion should  demand  it.  or  better  processes  be  discovered. 
Kind  of  Filters  to  Be  Used.— A  wate'-  which  will  most  of 
tlie  lime  oe  entirely  free  from  iron  and  manganese  can  be 
obtained  by  passing  the  water  through  sand  filters,  treated 
with  manganese  sulphat  and  sodium  hydroxide  properly 
oxidized.  At  times  there  are  likely  to  be  some  ot  these 
substances  present  which  may  be  due  to  fluctuations  in 
the  level  of  the  river,  rainfall,  variations  in  punipage  or  to 
other  unknown  causes.  It  cannot  be  expected,  however, 
that  any  form  of  treatment  will  remove  all  of  these  ele- 
ments completely  all  of  the  time.  This  conclusion  is  based 
upon  the  tests  made  both  at  Wausau  and  in  the  Hygienic 
Laboratory  at  Madison  on  the  filtration  of  this  and  similar 
wafers  through  plain  and  manganese  treated  filter.-,.  As 
the  result  of  a  large  number  of  experiments  it  was  found 
that  simple  aeration  of  a  water  low  in  iron  and  man- 
ganese even  when  settled  removed  little  or  no  iron;  sedi- 
mentation alone  aijparently  does  not  effect  the  presence 
of  iron  appreciably. 

Aeriation.  sedimentation  and  filtration  through  a  plain 
sand  filter  when  new  removes  but  a  small  percentage  of 
these  substances.  Experiments  with  the  use  of  chemicals 
such  as  lime,  soda  ash  and  alum  were  not  entirely  satis- 
factory as  none  of  them  showed  a  complete  removal  of 
either  iron  or  manganese.  Such  treatment,  even  if  satis- 
factory,  would    be   extremely   expensive. 

Coke  contact  filters  appear  to  reduce  the  amount  of  iron, 
but  slightly,  and  manganese,  not  at  all,  although  they  may 
effect  a  change  in  the  oxide  of  iron  and  manganese  so  as 
to  make  these  more  readily  removable  by  the  filter.  The 
use  of  the  aeration  nozzle  appears  to  coat  the  coke  with 
a  deposit  of  iron  and  manganese  oxides  much  more  read- 
ily than  when  using  a  submerged  outlet.  The  untreated 
filter  removed  23  per  cent  of  the  iron  and  12.3  per  cent  of 
the  manganese.  The  treated  filter  removed  on  the  average 
40  per  cent  of  the  iron  and  -52.7  per  cent  of  the  manganese. 
The  last  two  tests  made  after  the  nozzle  was  added 
showed  a  removal  of  TiTj  per  cent  of  the  iron  and  9.":.4(i  per 
cent  of  manganese. 

The  only  process  that  has  promise  of  success  and  seems 


to  improve  the  longer  it  is  worked,  was  the  one  in  which 
the  oxides  of  iron  and  manganese  played  a  part  in  their 
own  removal.  This  statement  is  in  accord  with  the  experi- 
ments of  water  plants  in  Illinois  and  exiieriments  in  the 
laboratory  of  the  State  Water  Survey  of  Illinois. 

Iron  and  manganese  no  doubt  occur  in  the  water  as  an 
oxid(>  and  sulphate.  The  presence  of  a  large  amount  of 
I  arbonic  acid  in  the  raw  water  and  its  liberation  by  aera- 
tion through  the  nozzle  or  contact  with  other  substances 
would    indicate    the    truth   of   this    theory. 

.\  small  filter  was  set  up  in  the  laboratory  and  treated 
with  manganese  sulphate,  sodium  hydroxide  and  an  oxidiz- 
ing agent  such  as  potassium  permanganate,  or  sodium  hy- 
i'ochlorate  after  which  city  water  was  passed  through  it 
vith  the  result  that  a  material  reduction  in  the  manganese 
was  made.  The  same  results,  though  not  in  as  marked  a 
degree  was  obtained  on  the  experimental  iilant  at  Wausau 
and  later  at   Wausau  on  the  laboratory  filter. 

By  operating  the  exjierimental  i)lant  at  Wausau  con- 
tinuously for  two  months  at  a  rate  of  about  1  gal.  per  min- 
ute, the  filter  became  automatically  coated  with  the  oxides 
of  iron  and  manganese  and  effected  a  practically  complete 
removal  of  the  manganese.  Full  sized  filters  would  give 
more  uniform  results  and  no  doubt  be  more  efficient. 

.Vnolher  vei-y  interesting  exjjerimont  was  performed  at 
Wausau  to  show  that  the  restoring  of  the  higher  oxides 
<:f  iron  :in(l  manganese  is  responsible  tor  their  removal.. 
The  lahoialory  filler  [ireviously  treated  with  mananese,. 
was  drained  out.  then  filled  with  a  2  per  cent  salt  solu- 
liou.  An  eli'cirif  current  from  four  dry  cells  was  thea 
run  through  (he  filter  for  14  hours  after  which  the  salt 
solution  (now  a  sodium  hypochlorite  i  was  drained  out  and 
city  water  applied  with  the  result  that  i>2V2  per  cent  ot 
!he  iron  and  S3'/2  per  cent  of  the  manganese  was  removed. 
A  test  previous  to  the  salt  solution  treatment,  removed' 
.'>."i'A  per  cent  of  the  iron  and  none  of  the  manganese.  The- 
plain  sand  filter  was  treated  with  the  solution  drawn  from 
the  manganese  filter  with  the  result  that  91  per  cent  of 
the  inui  and  -f.i.S  per  cent  of  the  manganese  were  removed,, 
so  that  it  was  very  apparent  that  the  electro-chemical 
treatment   was  responsible  for  the  greater  removal. 

These  results  are  in  accord  with  those  obtained,  at  Mt. 
Vernon.  111.  (See  University  of  Illinois  Bulletin,  M'ater 
Survey  Series  No.  13;  also  experiments  of  Dr.  H.  Luhrig 
of  Breslau.  Germany.  See  water  luirification  by  Elms.  p. 
449).  At  Mt.  Vernon  and  the  Anna  State  Hospital,  calcium 
hypochlorite  were  used  at  the  rate  of  .2  to  .3  parts  per 
million  of  available  chlorine.  The  experiments  of  Dr. 
Ltihrig  were  along  similar  lines  in  which  a  sodium  per- 
manganate was  used  to  coat  the  grains  of  the  filter. 

Continued  application  of  the  hypochlorite  of  sodium  per- 
manganate would  not  appear  to  be  necessary  after  t^ie  fil- 
ters had  once  got  into  good  working  condition.  At  least 
this  was  tried  at  one  of  the  plants  above  mentioned  and 
the   removal    continued    .iust    the   same. 

Mr.  Kirchoffer  is  of  the  opinion  that  the  use  of  sodium 
hyijoclilorite  would  be  preferable  to  calcium  hypochlorite 
(bleaching  powder)  for  (he  reason  that  it  will  not  pro- 
duce a  sludge   which  tends  to  clog  the  filters. 

He  recommends  the  filtration  plant  be  provided  with  the 
necessary  apparatus  to  pro<luce  sodium  hypochlorite  by' 
the  use  of  common  salt  and  an  electric  current.  The  place 
and  rate  of  application  and  the  interval  between  applica- 
tions are  matters  which  will  yet  have  to  be  worked  out. 
These  are  details  of  operation  that  have  to  be  worked  out 
in  any  plant.  The  rate  of  filtration  will  depend  upon  the 
amount  of  iron  and  manganese  in  the  water  to  be  treated 
and  the  de.gree  of  oxidation  (hat  is  obtained  when  restor- 
ing the  manganese  oxides,  .\ccording  to  present"  informa- 
tion a  rate  of  about  l.OOO  gal.  per  day  per  sciuare  foot  of 
the   filter  appears  to  be   about    correc(. 

Type  of  Filter  to  Be  Used. — The  filter  idant  can  be  con- 
structed either  of  the  gravity  or  the  pressure  type,  but  ac- 
cording to  present  observations,  preferalily  tlic  gravity 
type.  This  point  can  best  be  settled  after  it  is  decided 
whether  or  not  the  air  lift  pumps  are  to  be  used  and  tak- 
ing into  consideration  relative  cosls.  The  filter  should  be 
constructed  in  accordance  with  standard  methods  and  de- 
signs, but  with  a  filter  medium  chemically  treated  so  as  to 
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coat   the  suiul   Kralns   will)   oxiilos  or   iminsimese   m»ti    pro  p,..  vt-->.,i-i  t-.«1    litri^    VA  \rtir.ttttu     Arf.iit-ic*- 

visions  for  r.-storioR  th.s..  oxi.ios  rrotecting  Mfe  Hyurants  Against 

From  tlir  .•\|Mriiii,.nts   mini)'  both  In  the  Uiboratory  and  FrCGZill^     111     WilllliDG^ 

at    Waiisiiu.    It    «as    iloinonstralod    thai    both    gravity    and  "                                   F     ft 

Iiressun-  tllt.'rs  whca  propt-rly  trcalod  will  retnove  a  large  Dosplte  tho   sovito  {limaiii'   loiulillons  ;i(    Winnipcfi,  the 

per   cent   of   both   Iron  and   nianBanose.  fold  In  wiiitor  soniellnies  dropplnK  lo   lo  or  45'  below  zero, 

The   prt'ssuro    tlllor   has   Ihi'   advanlaRf   that    It    Is   some-  the   lirenicn   of   llils   city   have  never   loinui    a   hydnint    out 

what   simpler  and   possibly  cheaper,  that   II   ean   be  put  on  of  eotnnilsslon  when  recmlred.  Ihroiish  IioIhk  frozen  or  from 

the   dlsebari;!'    main    from    the    piii\ips    lo    the   city    and,   so  olher  eunses.     This  desirable  eondltlon,  stales  Mr.  Thomas 

far  as   It   alone   «as   concerned,   would   need   no   secondary  II    Harpei,  operalinK  superintendent  of  waterworks,  in  the 

pumplnK.  ijuarterly   of  the   National    Fire  Protective  Association,  has 

However,   the   ijravlty   lUier   has   tin-   advantages    Ibal    It  been  brou^lu  aboul  primarily  by  a  system  of  daily  inspec- 

cnn    be   handled    much    more    successfully    in    that    the    op-  Hon    In    the    downtown    |)orlions    and    congested    areas,    tri- 

eraior  can  see  nuire  closely  Just  what  Is  ^olnK  on  and  thus  weekly   inspections   in   the  adjoining  dislricts,   biweekly   in 

inor«>  uniform   results  are  possible.     If  the  material  of  the  the  outer  portions  of  the  city. 

tutor  needs  reoxldljiins.  II  can  be  done  much  more  readily  All  hydrants  immediately  after  use  in  winter  season  are 

ihnn  In  n  pressure  lUter.     The  Information  at   hand  would  repacked   with  a   composition  of  tallow  and  hemp   i)ackinn 

Indicate   thai    the   sravllx    lype  of   lllter   would   be   the   best  i)lacert  in  the  stumnpr  box  in   hydrant    head:    otherwise  (he 

lo  adopt.  operating  nut  would  be  frozen  solid  and  (he  hydrant   i)laced 

It    Is   very   e\  Ideal    that    the   process   of   removal  of  these  out  of  commission.    Occasionally,  through  a  faulty  drip,  the 

substances  Is  extremely  sensitive  to  any  slight   change  In  water  will  rise  in  the  post,  when  a  steam  boiler  is  used  for 

the  operallon  of  a  lilter.    That  Is,  if  the  surface  of  the  sand  ;he  purpose  of  forcing  steam  into  the  post  lo  thaw  it  out. 

Is    disturbed    In    the    slightest  degree,  an    increase   In   the  When  a  hydrant  is  found  out  of  repair,  the  first  brigade  Is 

amount  of  Iron  and  inanganese  will  be  found  in  the  effluent,  notified  at  once,  and  when  placed  in  commission  the  brigade 

is  informed.     All  repairs  to  hydrants  are  treated  as  emer- 

Cost  of  Installing    Service    Pipes    at    Port-  ^ency  Job-  and  workmeti  s^^ay  until  repairs  are  completed 

"                               '^  Hydrant   repairs  are  divided  into  two  classes,  light  and 

land,    Ore.  heavy.     LLaht  repairs  consist  of  repacking,  renewing  bolts 

All  service  pipe  Installations  at  Portland.  Ore  .  are  made  or  nuts,  and  renewal  of  parts  which  can  be  made  without 

by  the  forces  of  the  Bureau  of  Water  Works  of  the  Depart-  digging    out    the    hydrant.     Heavy    repairs    are    occasioned 

nient  of  Public  rillltles.  This  policy,  states  the  last  annual  through    foreign  matter  being  drawn  into  the  hydrant,  such 

Te|H>rtof  the  Department,  has  been  a  great  improvement  over  as  sticks  or  stones  which  have  been  left  in  mains  at  time 

the  old  system  of  allowing  services  to  be  installed  by  pri-  "f  construction  or  the  breaking  of  post  or  valve.     It  is  most 

>ate  parties.     A  more  uniform  location  of  the  services  and  essential  that  in  laying  water  mains  it  should  be  the  duty 

»  standard  class  cf  material  has  been  obtained  and  in  many  of  some  man  to  inspect  each  pipe  as  it  is  laid,  and  at  night 

instances  a  better  class  of  workmanship  has  prevailed.   The  when  men  lay  off  work  to  block  the  end  securely  to  prevent 

cost   has  been   standardized,   and   while   in  eome   instances  children  from  throwing  stones  in  the  pipes. 

the  cost  to  the  property  owner  may  have  been  a  little  higher  Hydrants  are  placed  at  appro.ximately  SOO-tt.  intervals  on 

the  average  has  been  lower  and  the  general  conditions  bet-  ^'H   nt^^^    mains   laid,   the   waterworks   receiving   an    income 

ter.  as  mentioned  above.     Furthermore,  the  property  owner  from  the  city  at  large  of  $30  per  hydrant  per  annum  to  off- 

has  the  Bureau's  guarantee   to  keep   the  service   in   repair  set    the    water    consumed    and    the    niaintenanice    of    the 

ff.r  10  years  hydrants. 

The  following  table  shows  the  rates  charged   for  laying  Considerable  trouble  was  experienced  in  past  years,  owing 

and  constructing  such  service  pipes  by  the  Bureau  of  Water  to  unauthorized  persons  operating  hydrants,  using  at  times 

Works:  alligator  wrenches  or  large  monkey  wrenches,  and  in  doing 

Cost  ofeach  additional  SO  Stripping  the  edge  off  the  operating  nut,  which  is  pentago- 

Sl^of                i-np.-,ved           Paved           rnpived"'"'  Pavld'-  "^'   '°    ^''^P''-     *   by-law, was    passed,   making   it    a    misde- 

pipe.                     street.             street.             street.            street.  meaner    for    any    one   (except    the    fire  brigade)   to    use    a 

»i-ln;  '.'.".'.'.'.'.'       "son             '?s'50              *"'2n               '"'70  hydrant   without   first   securing   the   permission   of   the    de- 

I'-in!  '.'.'.'.'.'.'.'.'.        2o!on               32.50                 '.h                  .75  partment. 

In  case  it  becomes  necessary  to  cut  concrete  sidewalks  There  are  in  use  in  this  city  at  this  time  2,360  hydrants 

and  repair  same  for  the  purpose  of  installing  curb  cock,  an  and  4,005  valves  on  domestic  service.     Valves  are  inspected 

additional  payment  of  $.5  is  required.  the  same  as  hydrants,  as  it  is  necessary  in  case  of  a  break 

; during  a  fire  to  localize  the  break  by  shutting  off  the  least 

Cost  of   Repairing   Meters  at   Detroit,   Mich.—During     the  Possible  length  of  main. 

year  ending  .lune  30.  191.S.  the  Water  Works  Department  of  Valve  repairs  are  far  more  frequent  than  hydrants,  caused 

Detroit.   Mich.,  repaired   9..i2S   water  meters.     Of  the   total  generally  from  broken  bolts,  broken  spindles  or  foreign  mat- 

1.723  had   been  damaged   by  hot  water  and  -f.OSS  by  frost.  *®''  ^""^^  ^^  ®^"'^-  stones  or  sticks  blocking  valve  so  as  to 

The  unit  cost  of  the  meter  repairs,  according  to  the  report  prevent  it  being  properly  closed  when  required, 

of  the  Board  of  Water  Commissioners,  was  as  follows:  '^^^    ^'^^    service    waterworks    system    or   high    pressure 

D.WIAGED  BY  HOT  W\TER  which  is  supplied  with  water  from  the  Red  River  receives 

Average         Average         Average  *^'^    ^^™^    ^^°^^    attention    as    the   domestic    system,    there 

^^'■<--                                               labor.           material.            cost.  being  158  hydrants  and  298  valves. 

'=S: ^'""i2-t'''      ^"s  iTs '''"•     ^^^"',^"''-     P'^^^l^'-''-  Water  mains  in  this  city  are  laid  at  an  average  depth  of 

■■^- «7S                 1.4S              ■*     '.2^                 i.-2  7  ft.  6  in.,  and  in  spite  of  the  intense  cold,  frozen  mains  are 

\%'.'.'.'.'.'.'.'.'..'.'.'.'.'.      'is                 sis                 14?;                 5'3g  almost  unknown.     Last  year  a  main  in  an  outlying  district 

2  " !>                 ASi                 i.i'6                 sibl  was  found  to  be  so  nearly  frozen  that  only  a  small  stream 

^    : mvxn^n  Rv  PRn«;T  '^'^"               ^^■'"'  ^°^^^   ^^   secured  "at   the   hydrant.     The   hydrant   was   left 

Si .-i.oss'  ■  ■    '      133  ^''^"^'^     S5                 16S  °P^'^-  "^'^^^  t^®  water  gradually  cut  the  ice   away  and  in 

^i nni                1.44                  !3i                i;75  time  freed  itself. 

1      so  1.8S  1.10  2.9S  

I'i 14  4.6S  2.27  6.95  

2     5                  5.67                  7.67                13.34  Asks  Joint  Control  of  Rails  and  Water  Ways  by   U.  S. — 

BKC^VSK  or  WE  In  \ST>  tkIh              ^^'^^  '^''"   "declaration   of   principles   adopted   Feb.   7   at   the   14th 

5s '2.5i;>"  "            1.42     '"          '.27  '              1.69  annual   meeting  .of  the   National   Rivers  and   Harbors   Con- 

^** l^^                 I'll                   -34            •      1.88  gress   recommends  Federal   supervision   of  water  transpor- 

I'i!!!!!.!!...'.'..'.'      ~:a                 s.s-                 i.'is                 sJo  tation.    enlarged    jurisdiction    of    the    interstate    commerce 

J    8J                 4.35                 2.07                 6.42  commission    over    water    and    rail  rates,  and  the  improve- 

4    '.'.'.'.'.'.'.'.'.■'.'.'■.        26                 l'.o'5                 2.25                 630  ment    of    all    navigable    streams     upon     which     commerce 

6    ■ 11                 3.16               11. ^5               15.01  could  be  established. 
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Needed   Revision  of    PubMc   Im- 
provement Bond  Laws* 

By  I.  E.  DIERDORFF. 

Davenport,  Iowa. 
The  matter  of  good  bond  laws  has  been  and  is  a  sub- 
ject almost  wholly  neglected  by  municipal  officers  and 
legislators.  With  the  dawn  of  peace  it  has  become  neces- 
sary for  the  officials  of  our  municipal ities  to  turn  their  at- 
tention to  improvements,  the  construction  and  installation 
of  which  has  been  postponed — and  properly  so — until  the 
close  of  the  war.  Simple,  desirable  and  workable  laws 
under  which  municipal  improvements  may  be  financed  is 
a  most  important  subject  and  one  which  deserves  the  in- 
telligent and  serious  attention  of  every  municipal  officer 
and  student  of  municipal  affairs. 

There  is  now  a  widespread  movement  which  contem- 
plates the  enactment  in  each  state  of  a  single,  uniform  and 
general  bond  law.  The  plan  should  immediately  commend 
itself  to  every  one  interested  in  correct  municipal  financing. 
In  Iowa  we  have  a  multiplicity  of  laws  which  is  both  be- 
wildering and  useless.  In  making  loans  the  governing 
bodies  of  our  cities  and  towns  sliould  not  be  obliged  to  pro 
ceed  in  various  ways.  There  can  be  no  good  reason  why  a 
city  council  must  operate  in  one  'way  to  secure  funds  to 
extend  the  water  works  system  and  be  compelled  to  pro- 
ceed in  an  entirely  different  way  under  a  different  law 
in  order  to  secure  funds  with  whicli  to  erect  a  city  hall. 
Whenever  bonds  are  issued,  money  is  borrowed  and  money 
is  repaid.  Multiplicity  of  laws  which  cover  the  same  sub- 
ject  Is   needless,    confusing    and    cumbersome. 

Most  legislation  is  obtained  because  some  one  prepares 
the  proposed  law  in  advance  and  then  applies  sufficient 
force  to  drive  it  on  the  statute  books.  This  is  not  said  in 
criticism  of  the  legislature  or  any  member  thereof,  but  it 
should  be  appreciated  that  if  corrective  legislation  is  to  he 
adopted,  if  the  municipalities  of  Iowa  are  to  have  modern 
bond  laws,  suited  to  their  needs,  some  one  must  initiate 
and  urge  their  adoption. 

In  this  respect  the  Iowa  League  o.'  Municipalities  occu- 
pies an  admirable  position.  Its  only  interest  is  the  wel- 
fare of  the  cities  and  towns  of  Iowa  and  its  members 
should  hold  as  an  ideal  the  complete  revision  of  our  bond 
laws  into  a   simple,   single  and   uniform   act. 

ft  has  long  been  the  practice  in  Iowa  to  hastily  enact 
a  new  law,  without  regard  to  its  bearing  on  existing  statutes, 
whenever  a  new  situation  arose  or  an  existing  law  was 
found  inadequate.  Perhaps,  a  particular  statute  or  an 
amendment  to  an  existing  statute  was  hastily  enacted  to 
meet  a  new  situation  or  a  new  need  in  one,  or  at  the  best, 
a  few  towns  or  cities  in  the  state.  No  thought  or  study 
has  been  given  to  the  matter  of  securing  a  single,  uniform 
method  of  procedure  in  authorizing  bonds  of  all  kinds.  As 
a  result  we  have  in  our  state  four  bond  laws  for  water 
works,  two  for  gas  works,  two  for  electric  lighting  plants, 
three  for  city  halls,  three  for  bridges,  two  for  sewer  out- 
let and  purifying  plants,  etc.  Each  law  has  but  one  pur- 
pose—a method  by  which  a  municipality  may  secure  needed 
funds — yet  each  law  has  different  requirements  with  which 
the  municipality   must   comply. 

The  principle  of  limited  tax  rate  bonds  should  be  dis- 
carded. Each  municipality  should  be  given  i)ower  to  levy 
a  tax  sufficient  to  pay  its  bonds,  both  principal  and  interest, 
as  they  mature.  Every  good  citizen  of  Iowa  and  surely 
every  municipal  official  is  intensely  interested  in  placing 
the  investment  value  of  Iowa  municipal  bonds  on  the 
highest  possible  plane  so  that  our  bonds  may  enjoy  a  high 
reputation  among  investors  and  in  this  way  enable  the 
municipalities  to  borrow  money  on  the  most  advantageous 
terms.  A  limited  tax  rate  is  not  an  advantage,  but  a  loss 
to  the  municipality.  In  issuing  bonds  supported  by  taxes 
levied  at  a  limited  rate,  the  city  council  only  obligates  it- 
self and  its  successors  in  office  to  levy  the  tax  for  a  stated 
period  and  apply  the  proceeds  in  payment  of  the  bond  issue. 
The  owner  of  the  bonds  can  look  only  to  the  integrity  of 
the   council   in   properly   levying   the   tax   and   properly   ap- 


plying the  iiroceeds.  A  decrease  in  the  valuation  of  the 
laxable  property  will  also  decrease  the  city's  means  of  re- 
tiring its  lionds.  It  has  been  the  popular  idea  that  limited 
tax  bonds  curb  the  power  to  incur  debt  and  act  as  a  safety 
valve  on  councils  in  levying  taxes  in  payment.  In  practice 
such  laws  |)romote  extravagance  and  assist  materially  in 
liiling  ni)  debts  for  future  generations  to  pay.  In  a  recent 
instance  one  of  our  principal  cities  needed  $10,000  for  a 
certain  improvement.  The  law  gave  the  city  ample  au- 
thority to  incur  the  debt,  but  only  the  right  to  levy  a  lim- 
ited tax  to  pay  it.  As  a  result  this  city  is  obliged  to  pay 
a  high  rate  of  interest  for  the  money  for  an  average  period 
of  six  years.  If  the  city  had  authority  under  o\ir  laws  to 
levy  taxes  sufficient  to  pay  the  bonds,  the  entire  issue 
could  easily  have  been  paid  in  two  or  three  years  at  great 
saving  to  the  taxpayer  in  interest.  Assuredly  it  cannot  be 
correct  financing  to  conijiel  a  city  or  town  to  spend  2o  years 
in  repaying  money  borrowed  to  install  a  sewer  outlet  and 
disposal  plant;  yet  that  is  precisely  the  situation  in  a  very 
large  majority  of  cases  in  Iowa  because  not  more  than 
"  mills  may  be  levied  in  payment  of  bonds  issued  for  this 
purpose. 

In  issuing  limited  tax  bonds  the  municipalities  of  Iowa 
are  paying  for  possible  contingencies  because  limited  tax 
lionds  always  bear  a  higher  rate  of  interest  than  general 
obligations.  While  bonds  which  are  a  direct  obligation 
onjoy  a  wide  market,  the  buyers  of  limited  tax  bonds  are 
lew  and  practically  able  to  dictate  their  own  terms  The 
limited  tax  is  by  no  means  a  benefit  to  any  municipality. 
Our  cities  and  towns  should  have  full  power  to  levy  suffi- 
cient taxes  to  repay  money  which  they  borrow.  Let  there 
be  limitations  on  the  incurring  of  debt,  but  none  on  pay- 
ment. 

Nearly  all  municipal  industry  bonds  in  Iowa  are  issued 
under  the  provisions  of  sections  130ob  et.  seq.  of  the  191" 
Supplement  to  the  Code  of  Iowa.  Section  1.306e  provides 
that  a  majority  vote  is  sufficient  to  authorize  the  issuance 
of  water  works,  gas  works,  electric  light  and  power  plant, 
heating  plant  or  sewer  bonds  "provided  said  affirmative 
vote  be  as  large  as  a  majority  of  the  votes  cast  at  the  last 
preceding  municipal  election."  This  unusual  provision  has 
made  it  almost  impossible  to  authorize  bonds  for  water 
works,  electric  lighting  plants,  etc.  Under  this  statute  it 
is  not  a  question  of  the  majority  of  the  voters  favor- 
ing the  issuance  of  bonds,  but  rather  a  question  as  to 
whether  the  last  preceding  regular  municipal  election  pro- 
vided a  contest  which  produced  a  very  heavy  vote.  This 
law  has  worked  an  injury  in  a  large  number  of  cases  where 
the  vote  clearly  indicated  that  the  citizens  favored  the 
improvement,  but  the  proposition  failed  because  the  affirm- 
ative vote  was  not  equal  to  a  majority  of  the  votes  cast 
at  the  last  preceding  municipal  election.  As  a  matter  ot 
fact  in  two  recent  cases  in  this  state  the  election  unani- 
mously favored  the  proposition,  yet  it  failed.  This  law  is 
unfair  to  the  municipalities.  The  result  of  the  election 
should  not  depend  upon  the  number  of  votes  cast  at  a  pre- 
vious election.  The  majority  necessity  should  be  clearly 
stated,  either  a  simple  majority  as  required  in  most  of 
our  sister  states  or  a  three-fifths  majority.  A  recent  de- 
cision of  our  Supreme  Court  involving  tliis  statute  makes 
i(  practically  \inworkable. 

Corrective  legislation  is  urgent.  Proper  revision  of  the 
statutes  will  greatly  benefit  our  cities  and  towns  But 
even  the  revision  of  these  statutes  would  be  but  a  contin- 
uation of  the  piece  work  and  patchwork  method  of  legisla- 
tion which  has  been  the  custom  altogether  too  long  in  our 
state.  The  cities  and  towns  of  Iowa  should  look  to  the 
future  and  provide  now  a  firm  foundation  for  all  municipal 
bond  issues  which  can  only  be  had  by  the  enactment  of 
proper  laws  which  provide  the  necessary  elements  of  a 
s.ife  and   certain   ijivestment. 


•From  .\merican  JIunitMpalitie.x. 


Folding  Sectional  Maps  of  Water  Distribution  System. 
--District  foremen  of  the  Water  Department  of  Portland. 
Ore.,  are  furnished  with  a  folding  sectional  map  of  the  dis- 
tribution system,  on  a  scale  of  200  ft.  to  the  inch.  Prints 
are  made  from  the  tracings  as  needed  and  are  folded  Into 
such  shape  that  they  can  be  slipped  in  and  out  of  a  cOTer 
designed   to  hold   them. 


(45) 


ISl) 


I-XCIXKI-.UINC    AND    CONTRACTIXC 


\ol.  51.  Xo. 


Methods  iiiui   (A)st  of  Riprappiiii^ 

Kiiibankinont  by  \\  ire  Ba^ 

Method 

Oiirlng  tho  uiiKer  and  siirini:  iif  li'liMT  two  spillways 
wi're  i-onstrucU'll  al  l.ako  McMlllitn.  tlif  slorapo  rcsorvolr 
for  the  Carlsbnd  rroji'ii  of  tho  l'.  S.  Reclamnllnii  Sorvli'tv 
One  of  tho  (oaturos  of  Siilllway  No.  1  Is  an  onilianUnipnl 
bulll  to  prolpct  (he  track  of  llio  Atchison,  Topoka  &  Santa 
K«<  Uy.  The  toe  of  this  Embankment  had  to  be  pi-otccted 
aKHln«l  velocities  of  from  5  to  about  1(>  second  feet.  In  the 
absence  of  sultnble  foundation  for  concrete  It  was  decided 
10  protect  the  embunknicnt  when  velocities  were  .'i  second 
feet  and  htiiher  with  wire  bajis  lllled  with  rock.  The 
method  of  doinft  this  is  described  by  .Mr.  U  K.  Foster.  Proj- 
ect Manager,  in  the  January  Keclainution  Record.  The  ac- 
rompanyiuK  sketches  show  the  method  of  placiuK  the  wire 
bnits.  Pelnlls  of  the  Indiv  ld\ial  baK.-^  :>nd  the  special  tools 
used  III  their  nianiifucture  also  are  shown. 

The  wire  bags  were  composed  of  two  IS-tt.  sections,  .'i 
ft.  wide  and  two  S-ft.  sections  2Vs  ft.  wide,  sewed  together 
tvlth  No.  12  wire.     Ties  were  at  tMn.  intervals.     Galvanized 
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Sections  of  Dike  Showing   Method  of   Placing  Wire   Bags, 
details  of   Wire   Bag   and   Special   Tools  for   Its   Manufacture. 

wire  was  used.  The  weight  of  wire  per  bag  was  70  lb.  The 
capacity  of  bag  was  4.C3  cu.  yd 

The  ba?  material  was  cut  and  sewed  in  the  shop  into  the 
developed  form  shown  in  the  right-hand  corner  ot  the  draw- 
ing, then  folded  together  flat,  and  hauled  to  the  work.  The 
bags  were  then  sewed  into  rectaiiguar  form  with  the  lid 
loq^e.  The  bags  were  set  in  a  horizontal  row  in  place  and 
filled  directly  from  the  rock  wagons.  The  labor  of  filling 
the  bags  proved  to  be  less  than  to  lay  riprap  ot  the  same 
thickness. 

Care  was  taken  to  have  all  rock  next  to  the  wire  mesh 
of  greater  dimensions  than  fi  by  6  in.  Since  this  is  a  rela- 
tively small  sized  rock,  much  rock  is  available  for  bag 
work  and  would  be  too  small  for  riprap. 

After  the  bags  were  level  full  the  top  was  closed  down 
and  sewed  securely  on  the  front  and  two  sides.  The  bags 
were  also  tied  to  each  other  along  these  edges,  thus  form- 
ing a  continuous  mat.  Quarrying  and  loading  on  this  job 
was  charged  to  another  feature  as  excavation. 

Besides  the  ISl  bags  placed  on  spillway  Xo.  1.  7S  bags 
were  placed  as  protection  at  the  toe  of  spillway  No.  2.  The 
costs  given  below  are  based  on  a  total  of  2-59  bags. 

Material  required  per  li.ig: 

7,\    lin.   ft.   of  60-in.    wire   mesh. 
11  lin.   It.  of  30-in.   wire  rresh. 
5  pounds  No.  12  tie  wire. 

Cost: 

Coi-t  per  sq.  ft.,  including  tie  wire $0.0229 

Wcisilu  per  S(|.   ft..   inrludliiK   tie  wire,    lb 0  :!S 

■^eigln    per   l)afr    (1S2.5    sq.    ft.),    inoludin-r    tie    wire.    lb..       75.4 
Co.-t  per  bag  (material  only  I $t.20 

Detail  cn.<ts: 

MaTerial    for    bags $4.20 

Manufacture  of    bags   read.v    for   placing iiO.T 

Placins  and  filling  bags 1.12."i 

Closing  bags  and  sewing 44(; 


Total  unit  cost  per  bag $6,676 

Cost  of  rock  hauling  for  Ijag  work,  per  <u.   .vd $0.17 

Cost  of  wire  bag  work,  per  cu.   yd $1.6S1 


Federal  Projects  for  Furnishinji  Work  for 
Soldiers 

In  his  paniiihiel.  "Public  Works  or  I'ulilic  Charity,"  is- 
sued recently  by  the  War  Committee  of  the  Union  League 
Club,  of  Chicago.  Prof.  H.  Ci.  Moulton,  has  the  following 
lo  say  regarding  Government  work  as  a  means  for  furnish- 
ing buffer  employment   to  soldiers  and   war  workers: 

.\mong  the  Federal  projects,  reclamation  in  its  various 
forms  is  of  llrst  Importance.  It  is  easy  lo  assume  that  great 
numbers  of  laborers  can  easily  be  employed  in  roclaniation 
work:  and  large  numbers  could  indeed  be  employed  if 
i'nornu)iis  appropriation  were  made  for  the  purpose.  It  is 
iiuiiorlaitt  to  point  out.  however,  that  an  appropriation  of 
$500,000,000  for  Federal  reclamation  work  would  give  em- 
ployment at  living  wages  to  about  166,000  men  for  a  year. 
(This  ligure  is  based  on  the  cost  records  of  the  United 
States  Reclamation  Service.)  It  may  be  of  interest  to  note 
that  10,000  men  is  the  highest  that  has  ei'er  been  em- 
ployed in  Federal  reclamation  projects  in  any  one  year. 
Now  it  is  not  inconceivable  that  an  appropriation  of  $500,- 
iiOO.OOO  for  reclamation  projects  might  be  made.  It  is  ut- 
terly inconceivable,  however,  that  the  entire  exiienditure 
lould  be  made  intelligently  in  a  single  year.  The  reclama- 
tion of  swamps  and  cut-over  lands,  for  instance,  requires 
the  most  careful  engineering  and  agricultural  surveys,  if 
we  are  to  make  sure  that  the  areas  reclaimed  will  be  those 
which  yi'eld  the  largest  return  for  the  smallest  outlay.  The 
same  holds  true  for  flood  control,  irrigation,  what  not.  It 
would  be  nothing  short  ot  a  national  calamity  if,  in  an  ex- 
cess of  zeal,  public  employment  should  degenerate  into  a 
"make-work"  program  regardless  of  the  social  value  of  the 
work    performed. 

It  would  be  particularly  unfortunate,  for  in.stance,  if  we 
should  engage  upon  an  extensive  program  ot  river  and 
canal  development  without  the  most  careful  preliminary 
study  of  the  creative  advantages  to  be  derived  from  an 
expenditure  upon  waterways.  This  is  true,  whether  river 
and  harbor  and  canal  appropriations  be  made  on  the  old 
"pork  barrel"  basis  or  in  accordance  with  the  most  ap- 
proved principles.  When  such  a  man  as  M.  Colson.  emi- 
nent French  authority  on  transportation — Counselor  of 
State  and  Director  ot  Roads  and  Bridges  of  France — has 
demonstrated  that  the  canal  systems  of  France  and  Ger- 
many annually  result  in  a  heavy  economic  loss  to  those 
countries,  it  is  highly  important  that  we  make  a  thorough- 
going analysis  ot  the  entire  transportation  problem  before 
we  proceed  to  make  enormous  expenditures  on  waterway 
development. 


Photographic  Reproductions  of  Records  of  Water  Dis- 
tribution System. — Rectigraph  atlases  are  employed  by 
the  Bureau  of  Water  Works  of  Portland.  Ore.,  to  s^ve 
wear  and  tear  on  the  main  atlas  record  ot  the  distribution 
system.  The  main  atlas  consists  ot  a  series  ot  blue  print 
•white  cloth  sheets,  each  covering  one-quarter  section  on 
a  scale  ot  100  ft.  to  the  inch.  The  rectigraph  atlases  are 
made  ot  14-in.  x  IS-in.  photographic  reproductions  of  the 
original  atlas  sheets.  Copies  ot  the  smaller  atlas  are  fur- 
nished to  the  commissioner's  office,  the  engineer's  office, 
the  general  foreman  and  the  permit  clerk.  Corrections  and 
additions  are  made  tree  hand  on  th^  rectigraph  atlases, 
and  as  soon  as  one  slieet  becomes  unsightly  it  is  replaced 
by  an  up-to-date  rectigraph  print. 


Cost  of  Water  M 
ing  table  from  the 
sioners  of  Detroit, 
material  for  constr 
ing  June  30,  I91.S 


Size. 
In. 

6. .. 

s. .. 

in... 

12... 
16... 
24... 
.•56 . . . 
42... 
4S... 


sin  Construction  at  Detroit. — The  follow- 

report   of  the  Board  of  Water  Commis- 

ilich..  shows  the  unit  cost  of  labor  and 

ucting  water  mains  during  the  year  end- 


Material. 

Overhead 

Xo.  of 

etc. 

Labor. 

expense. 

Total. 

feet. 

Per 

Per 

Per 

Per 

lin,    ft. 

lin.   ft. 

lin.    ft. 

lin.  ft 

310.864 

$    O.S.T 

$0.46 

$0.19 

$  1.50 

173.641 

l.Os 

..i2 

.20 

1.7:-. 

1.318 

1.22 

.72 

.28 

2.22 

37.116 

1.83 

.  (ii 

.28 

2.86 

10.023 

2.8:, 

.99 

..37 

4.21 

23.41S 

5.3.' 

3.15 

1.19 

9.69 

15.1SS 

9  77 

3.86 

1.46 

15.09 

lf>,670 

13. 4S 

3.62 

1..39 

1S.49 

12,378 

17. IS 

3.50 

1.33 

22.01 
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Gross   Bonded   Indebtedness   and    Public 

Improvement  Expenditures  of 

American  Cities 


U.   S.   census 

of  30  largest 

o£  population 

improvements 


The   accompanying   tabulation,   taken   from 
figures,  shows  the  gross  bonded  indebtedness 
cities  of  the  United  States,  arranged  in  order 
and   the   per  capita   expenditures   for   public 
during  1917: 


N'ew  York   .... 

Chicago   

Philadelphia   . . 

St.  Louis   

Boston     

Cleveland   

Baltimore  . . . . 
Pittsburgh  . . . . 

Detroit    

Lk3s  Angeles  . . 

Buffalo    

San  Francisco 
Milwaukee  . . . 
Cincinnati    . . .  . 

Newark    

New  Orleans  . 
Washington  . . 
Minneapolis    . . 

Seattle    

Jersey  City  . . . 
Kansas    City    . 

Portland     

Indianapolis    . . 

Denver     

Rochester  . . .  . 
Providence    .  . . 

St.  Paul   

Louisville 

Columbus  . . . . 
Oakland    


South  Dakota  Supreme  Court  Reaches  Important  Bond 
Decision. — Credits  of  cities  and  counties  in  South  Dakota 
will  be  immensely  improved  under  the  decision  of  the 
South  Dakota  Supreme  Court  in  the  case  of  the  National 
Surety  Co.  versus  Starkey  as  treasurer  of  Hughes  County 
in  which  the  court  held  that  county,  city,  state  and  school 
securities  were  not  taxable  and  that  the  legislature  had 
no  power  to  make  laws  for  this  purpose.  Bonds  issued  by 
the  state  or  owned  within  the  state  are  held  not 
taxable  under  state  laws.  The  suit  involved  $25,000  worth 
of  bonds  of  the  Sioux  Falls  water  works.  $1.5.00u  worth  of 
Aberdeen  sewer  bonds  and  $10,000  worth  of  Webster  City 
school  bonds.  The  results  of  the  decision  will  permit  the 
readier  sale  of  all  such  securities  on  the  outside  markets. 


,     ■    ■  1 

Cross 

tx)nded 

indebtedness. 

J262.02 

47.55 

89.31 

33.50 

170.28 

119.01 

159.86 

113.67 

.55.14 

110.67 

93.14 

101.81 

45.46 

201.99 

148..';l 

131.28 

17.01 

84.90 

135.40 

117.14 

56.01 

111.28 

28  22 

; .          30!2i 

91.80 

97.09 

79.15 

61.39 

112.38 

48.18 

Per  capita 
expenditures 

for  public 

improvements 

in    1917. 

$  6.42 

12.63 

10.5.'. 

8.90 

4.55 

12.15 

5.39 

9.51 

21. UK 

19.40 

15.13 

11.42 

8.89 

9.66 

7.86 

8.54 

11.41 

16.24 

2.28 

14.47 

6.75 

10.77 

2.17 
10.04 

7.02 

8.96 
6.29 

7.48 

6.16 

Watering  Back- Yard  Gardens 

The  following  useful  suggestions  on  the  application  of 
v.ater  to  .gardens  are  taken  from  a  pamphlet,  "War  Garden- 
ing and  Home  Storage  of  Vegetables,"  issued  recently  by 
the  National   War  Czarden  (Commission. 

.\  iilentil'ul  supply  of  moisture  is  essential.  If  there  is  not 
sutlicient  i-ainfall  the  moisture  should  be  provided  by  water- 
ing the  garden.  In  doing  this  it  is  better  to  soak  the 
ground  once  a  week  than  to  sprinkle  every  day.  Late  after- 
noon is  the  best  time  to  sprinkle.  To  moisten  the  sur- 
face is  not  enough.  There  must  be  a  thorough  wetting.  If 
pipe  connections  are  available  a  garden  hose  is  the  best 
means  of  watering.  One  of  the  most  satisfactory  methods 
is  to  open  small  furrows  between  rows  and  allow  water 
to  run  into  these  trenches,  raking  the  earth  back  into 
place  several  hours  later  and  making  a  mulch,  after  the 
water  has  thoroughly  soaked  in.  The  sprinkling  pot  will 
serve  if  hose  is  not  available,  but  it  more  laborious.  Over- 
head sprinklers  are  very  satisfactory.  They  consist  of 
pipes  mounted  on  supports  extending  the  length  of  the  area 
to  be  watered.  Holes  are  drilled  at  intervals  of  3  to  4 
ft.  and  small  nozzles  are  inserted  which  yield  a  spray-like 
misty  rain  when  the  water  is  turned  on.  By  turning  the 
pipes  and  also  changing  the  position  of  them  it  is  possible 
to  water  an  area  of  any  size.  In  home  gardens  proper 
drainage  is  often  disregarded.  Drainage  improves  the  soil 
by  allowing  air  to  enter;  by  raising  the  temperature  of 
the  soil:  by  rendering  the  soil  more  porous  and  granular; 
by  enabling  the  roots  of  plants  to  grow  deeply  into  the 
soil  and  by  allowing  earlier  cultivation  in  the  spring. 
Blind  ditches,  partly  filled  with  stones  or  other  material 
covered  with  soil,  or  open  ditches,  will  be  found  satisfac- 
tory for  the  home  garden.  They  should  be  along  the  lowest 
level  of  the  garden,  and  have  suitable  outlet.  Lacking  an 
outlet,  lay  tile  12  in.  below  surface  of  garden,  slanting  to- 
ward a  hole  10  ft.  deep  and  5  ft.  across,  in  center  of  gar- 
den. Fill  this,  two-thirds  to  top,  with  stones,  covering 
stones  with  clay  and  covering  the  clay  with  loam. 


New  York  City  Subway  Engineers  Reinstated. — The  339 
engineers  of  the  Public  Service  Commission  of  New  York 
City  who  were  summarily  discharged  on  Dec.  30  because  the 
Board  of  Estimate  in  its  budget  had  made  no  provision  for 
their  future  salaries,  have  been  reinstated.  On  Jan.  31  the 
Board  of  Estimate  reversed  its  action  and  allowed  an  ap- 
propriation sufficient  to  maintain  these  engineers  for  Febru- 
ary and  March,  the  remaining  two  months  of  the  current 
quarter. 


Mexico  Proposes  Construction  of  3  Irrigation  Projects.— 
In  connection  with  other  reconstruction  measures  proposed 
for  the  Republic  of  Mexico.  Pastor  Ronaix,  Secretary  of  In- 
terior Development,  City  of  Mexico,  has  asked  for  the  aji- 
propriation  of  the  sums  necessary  to  establish  irrigation 
systems  in  three  of  the  most  fertile  valleys  of  Mexico.  For 
one  project  in  Chihuahua  it  is  proposed  to  u^e- water  from 
the  Elephant  Butte  dam.  on  the  American  side  of  the  border 


State  Legislature  Promises  Legislation  for  Public  Work. 
— A  resolution  was  introduced  in  the  Illinois  Senate  on 
Feb.  7.  urging  every  municipality  in  the  state  "to  take  im- 
mediate steps  to  start  work  at  once  on  public  improve- 
ments cominsr  properly  within  their  sphere."  The  resolu- 
tion further  states  that  the  legislature  will  pass  whatever 
legislation  necessary  to  assist  in  making  such  improve- 
ments. 


Convention  of  the  Indiana  Sanitary  and  Water  Supply  As- 
sociation.—The  11th  annual  convention  of  the  Indiana  San- 
itary and  Water  Supply  Association  will  be  held  at  Indian- 
apolis April  9  and  10.  Approximately  250  city  officials,  health 
commissioners  and  water  works  representatives  constitute 
the  organization.  Dr.  W.  F.  King,  assistant  secretary  of  the 
State  Board  of  Health,  is  president  of  the  association. 

Five  Ohio  Cities  Will  Start  Work  at  Once  on  $20,000,000 
Worth  of  Public  Improvements.— Reports  made  public  on 
Feb.  2  show  that  five  of  the  largest  cities  of  Ohio  will  start 
construction  shortly  on  $20,000,000  worth  of  public  work 
as  a  part  of  the  "do  it  now"  state  wide  program  to  provide 
work  for  the  unemployed.  These  figures  came  from  Cleve- 
land   Cincinnati,  Toledo.  Akron  and  Columbus. 


One  City  Manager  for  3  Cities.— A  bill  may  lie  introduced 
in  the  Illinois  State  Legislature  to  allow  contiguous  cities 
to  unite  under  the  borough  plan  of  government.  Such  a 
law  would  permit  Moline,  East  Moline  and  Rock  Island  to 
have  one  city  manager,  a  plan  which  is  now  being  discussed 
in  those  municipalities. 

Ohio  Engineering  Society  and  Licensing  Engineers. — \i  its 

recent  annual  convention  the  Ohio  Engineering  Society 
voted  unanimously  in  favor  of  licensing  engineers.  It  is  ex- 
pected that  a  bill  for  this  purpose  will  be  presented  at  the 
liresent   session  of  the  Ohio  Legislature. 


Commission  Government  for  Maryville,  Mo.— By  a  vote 
of  451  to  151  the  citizens  of  Maryville.  Mo.,  have  adopted 
the  commission  form  of  city  government. 


Convention  of  Illinois  Section  Am.  W.  W.  Assoc— The 
nth  annual  meeting  of  the  Illinois  Section  of  the  Ameri- 
can Water  Works  Association  will  be  held  at  Trbana.  111. 
Alarcli  25  and  20.  G.  C.  Habermeyer.  acting  chief.  State 
\\':iitr   Survey.    Urbana.   is   Secretary. 
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Cost  of  Pump«ae  at  Detroit.  Mich.— The  cost  of  pumping 
wntor  at  the  water  works  of  Detroit  diirlnR  the  year  ond- 
liiK  Juiif  :{«.  191S.  wuii  11.1  follows: 


t^ilHir     .    .... 

FMpI    

>  II  nnd  aupplli- 
MlaocllaniHtUK 


1  'of*i  por 

'.■'o.-*l    iHT 

l.lWO.OOll 

i.noo.uu  Kill. 
rulHod  loft  fi. 

Tolnl  com. 

isnl. 

S  ViM3 

tl..s2 

Ki.r>5 

ir.T.ft.n 

2.9S 

a.RS 

4.IU1 

.08 

.07 

IS.74S 

.24 

.20 

IB.  12 


M.aK 


Total    Jl'SO.BlS 

The  aho\«'  tlfturi'S  do  not  liirltult-  Interest  and  doiirecta- 
tlon.  The  puniping  stnlioii  records  show  a  station  duty 
o(  sy.SOT.noo  ft  ll>.  per  10(1  lb.  of  coal  conauined;  a  do- 
crease  of  li>  per  cent  from  the  precedlns  years.  This  de- 
ereiise  Is  arcounted  for  by  the  Interior  iiiiallly  of  coal  re- 
ceived. An  nverase  of  012  Kal.  of  water  was  pumped  per 
pound  of  ctml. 


Personals 

H.  O,  Malg*  tiii.i  Ih-pii  uppointpd  district  innnnKor  of  the  .Mll- 
WKukiH*.   WliL,  ottK't*  of  the  rortluntl  Conioiit   AssocUitton. 

A.  C.  Cason  has  rvslifncd  us  water  conimisslonor  of  Dallas, 
Tex.,  to  accopt  u  petition  as  purebitKlng  agent  of  the  State  Peni- 
tentiary system. 

Walter  Lander  has  rc.xlKiieil  as  city  manager  of  Yoakum,  Tex.. 
to  acct'pt  a  sIntJIar  position  at  Eastland,  Fla.,  at  a  salary  of 
tS.OOO  per  year. 

Thomat  J.  Lynch  of  Bethlehem.  Pa.,  has  been  renominated 
by  Gov.  Sprvml  as  a  member  of  the  Pennsylvania  State  Water 
Suppl.v  Commission. 

A.  Takayama.  president  of  a  large  liydnuilic  engineering  com- 
pany I'f  ToKlo.  Japjin.  is  In  rajifornia  studying  the  development 
of  water  .-^uppl.v  from  underground  sources. 

William  Lawton,  Jr.,  for  the  |>ast  eight  years  assistant  su- 
perintendent of  water  works  of  Richmond.  Va..  has  been  ap- 
polntetl  engineer  In  charge  of  all  gas  and  water  mains  and 
sewers. 

Albert  Krell,  Cincinnati.  O..  has  been  elected  president  of 
the  Lake  Erie-Lake  Michigan-Miami  Deeper  Waterways  Asso- 
ciation and  Avery  M.  Groves,  Fort  Wayne,  Ind.,  has  been  elected 
secretary. 

E.  Earl  Glaaa  has  resigned  his  position  with  the  County  Road 
Pepiirtment  of  Ixis  Angeles  County.  Califurnia.  to  take  the  sales 
management  of  the  Ueliance  Irrigation  Meters  for  the  Hydro- 
metric  Co.  of  Los  Angeles.  Cal. 

Lester  E.  Armstrong  has  accepted  a  position  as  advi.sory  engi- 
neer with  the  Powilered  Coal  Engineering  &  Eciuipment  Co.  of 
Chicago.  I>ior  to  his  service  in  the  air  branch  of  the  army 
Mr.   Armstrong  was  associated   with   Babcock  .t   Wilcox. 

T.  A.  Noble  has  been  re-elected  president  of  the  Engineers' 
Club  of  Yakima.  Wash.  The  other  officers  are:  J.  O.  Greenway. 
vice-president:  A.  L.  Strong,  secretary-treasurer,  and  B.  M. 
Chandler,  J.   E.   Foniian  and   C.    K.   Hewett.  board   of  directors. 

Harry  T.  Watts,  formerly  city  civil  engineer  at  Vinccnnes. 
Ind..  has  been  appointed  superintendent  of  the  Vincennes  Water 
Supply  Co.  to  succeed  I-awrence  J.  Weisenbergcr.  Mr.  Watts 
has  been  employed  by  the  government  engineering  department  at 
Camp  Knox. 

Col.  William  B.  Ladue  of  the  207th  Corps.  U.  S.  Engineers,  has 
l)een  appointed  I'nited  States  district  engineer  for  the  Delaware 
River  and  Bay.  with  headimarters  in  the  Witherspoon  l)uilding 
at  Philadel))hia.  He  will  succeed  L.  O.  Shuman,  who  has  been 
temporarily  in  charge  of  the  office. 

Carl  E.  Anderson  h.is  been  elected  president  of  the  Engineer- 
ing Society  of  Birmingham,  .^la.  The  other  officers  are:  Chas. 
Van  Amburgh.  tirst  vice-president:  Bert  F;.  Nelson,  second  vice- 
president:  Daniel  M.  E  liierton.  secretary:  Frank  J.  Tillman. 
treasurer:    Clarence   E.    Beach,    librarian. 

John  F.  Nealis,  who  recently  received  his  discharge  from 
the  Aero  Obser\ers'  branch  of  the  service,  is  now  associated 
with  the  Powdered  Coal  Engineering  &  Equipment  Co.  of  Chi- 
cago as  advisor>-  engineer.  Mr.  Xealis  formerlv  had  charge  of 
research  work  for  the  V.  S.  Steel  Corporation. 

F.  C.  Bamman,  formerly  chief  of  the  Garbage  Utilization  Di- 
vision of  the  United  States  Food  Administration,  has  established 
offices  in  the  Woodward  building.  Washington.  D.  C.  as  a  con- 
.sulting  engineer,  specializing  in  the  collection  and  disposal  of 
garbage  and  other  city  waste  and  in  the  recovery  of  by-products 
from  industri.al  wastes. 

W.  A.  Leiand  has  become  associated  with  the  Charleston 
Engineering  &  Contracting  Co..  Charleston,  S.  C.  as  chief  engi- 
neer and  general  manager.  The  company  specializes  in  reports. 
designs  and  estimates  and  supervision  of  erection  or  construc- 
tion of  hydro-electric  plants,  industrial  plants,  tenninals.  water 
works  and   general   construction. 

D.  A.  Burkhalter,  Mayor  of  McKenzie.  Tenn.,  has  been  elected 
president  of  the  Tennessee  Municipal  Improvement  League.  The 
other  officers  are:  Vice-presidents.  William  Gupton.  Nashville: 
Clem  J.  Jones,  .Vthens;  Lawrence  Tavlor.  Jackson,  and  W.  E. 
Beach.  Clarksville:  secretary.  Charles  C.  Gilbert.  Nashville: 
treasurer,  John  W.   Harton.   Tullahoma. 

L.  M.  Winsor,  irrigation  engineer  for  the  U.  S.  Department 
of  .-Xgriculture.  who  has  been  co-operating  with  the  Utah  Agri- 
cultural College  and  Experiment  Station,  has  left  on  a  three 
months'  leave  of  absence  for  Chile,  where  he  will  be  chief 
engineer  nn  an  extensive  irrigation  project  of  the  Guggenheims, 
mining  en=:ineers  and  promoters  of  New  York  City. 


John  H.  Greoory,  consulting  engineer,  New  York  City,  has 
lieen  elected  to  the  faculty  of  the  Civil  Engineering  Department 
of  Johns  Hopkins  rnlverslly,  He  will  take  the  chnir  in  .sanitary 
.iiglneerlng  which  was  left  vacant  by  the  ileatli  In  war  service 
of  Capt.  (IniMdvllle  K.  Jones  of  the  Sanitary  Corps,  I'nited  Slates 
Army,  who  was  on  leave  of  absence  from  Johns  Hopkins  Unl- 
veisity   whIU'   In   tlie  army. 

Prof.  A.  A.  Wood  of  the  University  of  Texas  has  been  ap- 
pointed secretary  of  the  Bunau  of  .Municipal  Reference  and 
Uesenrch  at  the  University  of  Kansiis.  to  1111  the  vacaiuy  left 
by  the  resignation  of  Prol'.  Hunur  Talbot,  who  has  accepted  the 
position  of  secretary  of  the  .New  Jersey  Stale  League  of  Mu- 
nicipalities. I*i-of.  Wood  held  a  like  position  In  the  University  of 
TcNas,  He  will  also  hr  sr.i..|in\  of  the  League  of  Kansas  Mu- 
nicipalities. 

Obituaries 

Walter  Mass,  a  lonlracmr  of  1  >iiveiiiioi  I,  la.,  died  Jan.  20, 
aged    10. 

George  B.  Bushton,  a  contractor  of  Wheeling.  W.  Va.,  died 
Jan.  28,  aged  B7. 

F.  D.  Norton,  a  contractor,  formerly  of  Houston,  Tex.,  died 
JaTi.   26  at   his  home  in  St.   I.«uis,  Mo.,  aged  62. 

William  H.  Ellis,  president  of  the  William  H.  Ellis  &  Sons' 
Wharf  .<•  Bridge  Building  Co..  Boston,  Mass.,  died  Feb.  3,  aged 
110. 

Michael  O'Brien,  a  pioneer  railroad  contractor  of  the  iniddle 
we.st,  died  Jan.  27  at  St.  Louis.  Mo.,  aged  99.  During  the  con- 
struction of  the  .Missouri  Pacific  R.  R.  Mr.  O'Brien  was  one  of 
the  leading  sub-contractors  In  charge  of  the  work. 

William  Benthall,  for  more  than  forty  years  connected  with 
the  water  department  of  Halllmore.  Md..  died  .Ian.  27.  He  was 
superintendent  of  the  county  division  until  about  two  years  ago. 
when  he  became  resident  engineer  at  \^ke  ('.uih'ord.  which  posi- 
tion he  held  at  the  time  of  his  death,  .\mong  the  improvements 
which  Mr.  Benthall  sujierintended  were  the  comijletion  of  the 
work  on  the  Clifton  reservoir  and  the  entire  construction  of  the 
Guilford  lake.  During  the  war  he  was  junior  engineer  at  the 
.Aberdeen  Proving  Clrounds. 


Industrial  Notes 

Beckwith  Machinery  Co..  I'iilsl>ui>;li,  Pa.,  has  opened  an 
office  and  warehouse  at  IL'::,  W.  Ninth  street.  Cleveland.  O.. 
where  it  will  handle  the  same  lines  of  equipment  as  in  Pitts- 
burgh, such  as  Mead-Morrison  hoisting  engines.  T.  I/.  Smith 
mixers.  Nagle  engines  and  boilers.  McKiernan-Tcrry  pile  ham- 
mers. Dobbie  derricks,  etc.  The  Cleveland  branch  will  be  in 
charge  of  !•;.  (!.   .Stoner.  assisted   by  C.   '/..   Dally. 

Veteran  Firm  Adopts  New  Name:  Flower-Stephens  Mfg.  Co. 
Now  Flower  Valve  Mfg.  Co. 
The  ^'oiporatc  name  of  the  KInwer-Stephciis  Manufac- 
turing C'o.,  of  Detroit,  has  been  changed  to  the  Flower 
Valve  Manufacturing  Co.  The  goods  manufactured  b.v  this 
lirm  under  the  trade  name  "Michigan"  have  been  well  and 
favorably  known  for  nearly  70  years.  The  original  firm  of  James 
Flower   ^    Bros,    was   formed    in    lS.'t2    to    manvifacture   \alves   and 


John    W.    Flower.    President    Flower   Valve    Manufacturing    Co. 

hydrant.^,  as  well  as  a  Imc  oi  ship  equipment.  The  latter  line 
was  eventually  dropped  and  all  their  energies  devoted  to  making 
hydraulic  supplies.  Under  the  leadership  of  John  ^V.  Flower, 
president  of  the  compan.v  and  a  son  of  the  founder,  the  business 
has  grown  rapirJI\-.  When  this  country  entered  the  war  the  plant 
was  placed  at  the  disjiosal  of  the  government,  and  because  of 
their  long  experience  in  ship  fitting  they  were  asked  to  build 
materials  for  the  ships  built  under  the  direction  of  the  Shipping 
Board,  as  well  as  to  supply  their  regular  product  for  camps 
and  cantonments  here  and  abroad.  I*ropellers.  throttle  valves, 
bilge  piping,  ballast  pii)ing  and  valves,  strut  bearings  and  stem 
bearings  were  turned  out,  sufficient  to  equip  25  ships  per  month. 
This  work  was  so  well  done  that  official  recognition  came  to  them 
in  the  form  of  special  commendation  for  both  the  high  standard 
maintained  and   the  quantity  produced. 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roads  'Ci    .Slrt.'C-t    '"haning 

(b)  Streets  Idf    .Municipal    Mi?c*iI.'Uii>  s 

Waterworks   and   Hydraulics — 2nd  Wednesday 

(a)  Waterworks  'c)    Irrigation     and     I>rainaj; 

(b)  Sewers   and    Sani-         (d)    Power 

tation 


Railways  and   Excavation — 3rd  Wednesday 

(a)    Excavation  and  (c)    Quarries    and    Pits 

Dredging  td)    Railway       Constructi»^'n — 

ilo   Rivers  and  Canals  Steam    and    Electric 

Buildings  and  Structures — 4th  Wednesday 

(a)  Buildings  (c)   Harbors  Structures 

(b)  Bridges  td)    Miscellaneous   Structures 
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The  Daily  Press  Must  Support  the 

PubUc  Service  Commissions 

Or  Municipal  Ownership 

Will  Soon  Come 

■\Ve  have  noted  during  the  past  few  months,  many  edi- 
torial criticisms  of  state  public  service  commissious.  These 
criticisms  have  come  mainly  from  the  daily  papers  in  states 
where  the  commissions  have  raised  the  rates  charged  by 
certain  public  utilities.  The  papers  of  California  are  nota- 
ble offenders  in  this  matter.  We  call  them  "offenders,"  for 
they  assuredly  know  that  the  California  commission  is 
above  reproach  as  to  its  integrity. 

A  public  service  commission  never  takes  any  pleasure 
in  raising  rates,  for  it  knows  very  well  that  it  will  not 
please  the  public  by  so  doing.  Yet  the  commissioners  must 
rely  upon  public  approval  it  they  are  to  continue  long  in 
office.  Hence  the  evidence  that  convinces  a  commission 
that  rates  should  be  raised  must  be  very  conclusive  evi- 
dence, yes,  overwhelming  evidence.  In  many  states  public 
service  commissions  are  so  timid  for  fear  of  displeasing 
the  public  that  they  rarely  raise  any  rates.  When  a  com 
mission  is  courageous  enough  to  do  its  duty,  must  it  im- 
mediately become  the  target  of  editorial  criticism?  Shame 
upon  the  editors  who  thus  curry  popular  favor! 

In  Chicago  at  this  time  there  is  a  good  deal  of  talk  of 
either  abolishing  the  state  public  service  commission  en- 
tirely or  of  depriving  it  of  the  power  to  regulate  utility 
rates  in  Chicago.  And  why?  Simply  because  it  is  believed 
that  no  local  commission  or  city  council  would  ever  dare 
raise  the  rates.  Isn't  this  a  fine  display  of  honor!  If  a 
defendant  in  a  civil  ease  were  to  refuse  to  be  tried  unless 
it    were   before   a   jury   composed   of   members   of   his   own 


family,  we  should  have  the  exact  counterpart  to  a  body  of 
street  car  riders  insisting  that  a  few  of  their  number  should 
determine  whether  or  not  the  niekle  fare  should  be  raised. 

As  a  matter  of  fact,  it  would  be  well  were  state  public 
service  commissioners  appointed  for  life.  Like  Federal 
judges  they  should  be  entirely  free  from  local  prejudice  or 
partisanship,  and  free  from  all  fear  of  public  revenge  when 
their  decisions  are  counter  to  popular  wish.  One  of  the 
weaknesses  of  a  democratic  Government  springs  from  the 
belief  that  the  majority  should  always  control.  The  mi- 
nority has  certain  rights  that  the  majority  should  respect. 
The  courts  constitute  an  instrument  for  securing  protec- 
tion of  those  rights.  A  public  service  commission  is  es- 
sentially a  court,  and  one  of  its  functions  is  the  protec- 
tion of  the  property  rights  of  owners  of  public  utilities.  At 
least  that  is  the  theory,  and  it  is  a  sound  theory.  But  in 
jiractice  our  state  public  service  commissioners  are  fre- 
quently intimidated  by  the  public.  So  fretiuently  has  this 
teen  the  case  that  many  street  railway  companies  are  now 
at  the  very  doors  of  the  bankruptcy  courts.  Wages  and 
prices  have  risen  fully  50  per  cent,  but  the  same  old  niekle 
fare  is  all  that  most  street  car  companies  are  permitted  to 
collect. 

It  is  true  that  in  some  350  American  cities  fares  on  street 
railways  have  been  raised.  It  is  true  that  more  than  half 
the  urban  population  of  the  United  States  is  paying  in- 
creased fares.'  But  there  are  still  hundreds  of  street  rail- 
way companies  that  have  had  no  aid,  and  are  financially 
starving  to  death.  Why?  Mainly  because  local  politicians 
and  state  public  utility  commissions  have  not  yet  dared 
lo  grant  them  higher  rates.  And  this  in  justice  loving 
.\merica! 

Isn't  it  time  for  the  public  press  of  this  country  not 
merely  to  cease  its  criticism  of  rate-making  commissions, 
but  support  them   when  they   do  their  duty?     If  not.  then 
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il  will  be  only  a  '«"«'  years  bulore  lu-iirly  all  street  ruihviiys 
und  other  public-  iitiltties  will  be  iiiunlciinilly  owiuhI.  The 
press  must  ch»»osi>.  ami  i-hoose  now.  as  bolwi-iMi  support  of 
the  public  rate-inakln):  bodies  or  of  luiinic-ipal  ownership. 
There  cun  be  no  successful  straddling  of  this  Issue. 

San    Francisco's    Municipal    Rail- 
way Is  No  Gold  Mine 

San  Kranoisco  Is  the  only  .VintTiian  city  that  owns  and 
operates  any  considerable  niileaRe  of  street  railways.  It 
has  been  claimed  that  this  experiment  was  ilemonslralinK 
the  economy  of  municipal  ownership,  but  the  latest  com- 
plete statistical  report  will  prove  a  sad  disappointment 
to  those  who  have  been  uri:inf;  that  San  Francisco  should 
buy  out   the  privately  owned  street   car  lines. 

Kor  the  year  ending  June  Sn.  1917.  after  deducting  bond 
Interest,  depreciation  and  "lost  taxes,"  this  nninicipal 
milway  of  41  miles  of  track  shows  a  deficit  of  nearly  $10l,- 
(WO.    The  following  are  the  detailed  flsures: 

(■^..^  I  ,»i in.;  l\xp<»nsos: 

-tructurrs $  50.!177 

(ill, 703 

211, 50<; 

..iiivc  tmns|K>rtaiion    596. 44C 

: 293 

il    and    mlst-ellarn'ous 37.213 

.il  and  miscellaneous— comparison   charges ii.llfi 

.'Inllon.  Injurlc.i  and  acddvnts 26 1.727 

Total    oiwrntlnir    e.xpensos $1,240,281 

Texa.s   (i-oiiiparison  ohnrsc?  roiiulrffd  by  charter): 

State  frar.ohise.  .t>..   per  cent  on  gross  revenue %  7S.50n 

Mualcliuil  frnnchlse.   .1  per  cent  on  pn.-iencer  revenue..  14.121 

Municipal  ear   luense    2.9.'>."> 

Federal  Inco^iie   tax.    1    per  cent  on  net   income 

Interest  on  funded  debt 238,06'.i 

Total  operating  ex|>enses.  taxes  and  interest $l,603..i26 

Tota;  operating  revenue  1,477,910 

Deficit  »    ^?6,01G 

Income  from  tionds  owned 22.108 

Net  deficit    i    103,90s 

The  annunity  for  depreciation  is  14  per  cent  of  the  total 
operating  revenue,  and  the  annuity  for  injuries  and  acci- 
dents is  4  per  cent  of  the  same  total.  The  railway  pays 
no  taxes,  but  its  charter  requires  an  estimate  of  what 
would  be  paid  were  it  privately  operated. 

The  interest  on  the  bonds  (?238,069)  indicates  that  the 
system  must  have  cost  more  than  $100,000  per  mile  of 
track.  The  electric  power  is  purchased.  There  are  198 
cars  owned,  and  there  were  5,317,269  car  miles  for  1917, 
the  operating  expense  of  which  was  18.17  ct.  per  car  mile. 
The  conductors  and  motormen  received  37.5  ct.  per  hour 
for   an    8-hour   day.     Passenger-car   hours    totaled    580,716. 

For  the  year  1916  there  was  a  profit  of  $74,768  instead 
of  the  deficit  of  1103,908.  The  total  passengers  carried  in 
1916  were  47,886,764,  as  compared  with  36,234,723  in  1917. 
The  fare   is   5   ct. 

These  data  serve  to  indicate  that  a  street  railway  sys- 
tem is  no  such  "gold  mine"  as  the  proponents  of  mimicipal 
ownership   would   have   the  public  believe. 


A  Three-Year  Old    Definition   of 
Engineering 

For  more  than  a  dozen  years  a  few  engineers  have  been 
preaching  the  doctrine  that  engineering  is  the  systematic 
application  of  science — any  science.  Now  that  the  major- 
ity of  engineers  have  been  won  over  to  this  broad  concep- 
tion of  en,gineering.  it  will  not  be  long  before  it  will  be  said 
that  this  has  always  been  the  implied,  if  not  the  avow'ed, 
conception.  Therefore  it  is  interesting  to  quote  definitions 
of  en.sineering  that  indicate  the  narrow  conception  that 
was  prevalent  a  few  years  ago.  In  a  recent  issue  we 
quoted  some  definitions  from  dictionaries  and  encyclopedias. 
In  a  book  published  in  1916,  entitled.  "Engineering  As  a  Ca- 
reer." the  first  chapter  is  by  Albert  J.  Himes,  M.  Am.  Soc. 
C.  E..  past  president  of  the  Cleveland  Engineering  Society. 
Mr.  Himes  says  (page  2) : 

"An  engineer  is  a  man  who,  having  a  liberal  knowledge  of 
scientific  truth  and  due  respect  for  Nature's  laws,  can  both 
1  ian  and  carry  out  with  safety  and  success  the  great  works 


which  are  necessary  for  the  convenience  and  welfare  of 
mankind.  EngincerinK  is  the  iiraclical  application  of 
mathematical  and  physical  science  lo  the  needs  of  man." 

It  is  lo  this  last  sentence  that  we  wish  particuarly  to  call 
attention.  Note  the  specific  limitation  put  upon  engineer- 
ing. If  the  word  "physical"  is  given  even  its  broadest 
meaning,  several  sciences  fall  outside  its  limits.  The 
science  of  psychology,  for  example,  is  excluded.  Yet  the 
science  of  management,  which  most  of  us  now  regard  as  a 
branch  of  engineering,  rests  largely  upon  the  practical  ap- 
plication of  certain  principles  of  psychology. 

Going  on.  Mi'.  Himes  says: 

"The  engineer  makes  the  plan,  determines  the  size  and 
dimensions  of  the  structure,  i)rovides  for  its  safe  and  suc- 
cessful operation  and  estimates  its  cost  and  earning  ca- 
pacity. Before  the  first  move  to  create  the  structure,  it 
has  been  completely  formed  in  the  brain  of  the  engineer. 
His  language  is  one  of  blue  prints.  He  does  not  talk  in 
words." 

It  is  difficult  to  reconcile  the  last  (wo  sentences  with  a 
later  statement  by  Mr.  Himes  (page  8):  "An  engineer 
should  be  a  leader  of  men."  True,  but  to  be  a  successful 
leader  an  engineer  must  "talk  in  words,"  and  he  should  be- 
a    student  of   the   science   of   mental    kinetics,   psychology. 

Doubtless  Mr.  Himes  would  disclaim  any  intention  to  ex- 
clude any  science  from  the  i)rovince  of  engineering,  pro- 
vided it  could  receive  economic  application.  What  we  wish 
to  indicate  is  that  the  old  tradition  that  engineering  is 
purely  mathematical  and  physical  in  its  cope,  still  prevents 
many  a  good  engineer  and  many  a  teacher  of  engineering 
from  .giving  voice  to  the  idea  that  "economics"  and  "scien- 
tific management"  should  be  studied  continuously  by  all 
engineers. 


Will  Motor  Trucks  Stop  the  Build- 
ing of  Short  Branch  Line 
Railways? 

There  is  a  growing  belief  that,  with  the  building  of  good 
roads,  fewer  branch  line  railways  will  be  needed.  The 
argument  is  that  motor  trucks  can  economically  carry 
produce  long  distances  over  hard  roads,  and  that  they  cag 
go  direct  to  the  door  of  the  producer. 

Recently  the  editors  of  electric  railway  magazines  have 
been  combatting  the  theory  that  motor  trucks  will  event- 
ually secure  nearly  all  the  short-haul  freight  and  express. 
They  point  out.  for  example,  that  a  two-car  electric  train, 
manned  by  three  men,  can  haul  60  tons  of  freight  100  miles 
in  a  working  day.  The  editor  of  the  Electric  Railway  Jour- 
nal says: 

"Electric  cars  will  require  only  one-tenth  the  labor  and 
one-third  of  the  equivalent  fuel,  and  besides  there  are  other 
little  matters  such  as  life  of  equipment  and  general  main- 
tenance very  much  in  our  favor.  The  ability  of  the  truck 
freighter  to  collect  his  load  at  the  shipper's  door  and  de- 
liver it  direct  to  the  consignee  is  offset  by  the  greater  mile- 
age w-hich  electric  cars  can  make  when  handling  local 
freight  and  the  greater  security  offered  the  owner  of  the 
freight,  not  to  count  such  other  things  as  highway  wear 
and  tear  which  the  trucker  leaves  to  the  public  purse 
through  taxes  of  which  he  ordinarily  pays  a  minimum," 

There  is  no  doubt  that  the  present  tendency,  even  among 
civil  engineers,  is  to  overlook  the  great  economic  possibili- 
ties of  freight  haulage  over  electric  railways.  There  is 
also  too  little  thought  given  to  the  possible  uses  of  gasoline 
motor  locomotives  on  branch  line  railways.  The  tendency 
is  to  regard  all  railw^ays  as  necessarily  very  costly  to  build 
and  to  operate.  But,  as  a  matter  of  fact,  a  single  track  rail- 
way paralleling  a  country  road  can  be  built  as  cheaply  as 
a  road  pavement  16  ft,  wide.  This  question  therefore 
arises:  Will  not  all  main  highways  eventually  be  paralleled 
by  a  gasoline  railway  track  laid  within  the  same  right  of 
way? 

It  seems  to  us  that  this  is  probable.  It  also  seems  likely 
that  motor  trucks  capable  of  running  on  rails  as  well  as  on 
pavements  will  be  used  very  extensively.  This  is  already 
being  done  in  California,  and  we  see  no  reason  why  this 
plan  should  not  become  universal.     The  wear  and  tear  of 
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rubber  tires  is  a  very  large  item  of  Iviu-k  expense,  wliic-li 
can  thus  be  largely  eliminated.  The  tractive  resistance  on 
rails  is  about  one-third  the  tractive  resistance  on  the  best 
ot  pavements.  Hence  higher  speeds  can  be  secured  by 
motor  trucks  running  on  rails,  and  with  less  gasoline  con- 
sumption. But  even  more  important  is  the  ability  to  pull 
several   trailers   heavily   loaded. 

No,  the  day  of  the  short  branch  line  railway  is  not  com- 
ing to  an  end  because  o£  motor  trucks.  Rather  is  the  com- 
ing of  the  motor  truck  likely  to  give  great  impetus  to  the 
building   of  railway  lines   to  be   used   by  motor  trucks. 


It  is  just  lliis  sort  of  apathy  about  economic  affairs  of 
l)ublic  concei-n  that  is  retarding  the  progress  of  engineers 
in  public  life,  and  restricting  their  chances  to  apply  their 
really  broad  kn.nvledge  of  economics. 


The  Paramount  Duty  of  Engineer- 
ing Societies  in  the  Present 
Emergency 

strange  a-  it  may  seem,  a  policy  that  is  economic  from 
an  individual  point  of  view  may  not  be  economic  from  a 
public  or  social  point  of  view.  Thus  it  may  be  economic 
for  an  individual  to  defer  building  a  house  until  prices  fall, 
whereas  it  would  be  economically  disastrous  were  public 
works  held  up  generally  in  order  to  secure  lower  construc- 
tion prices. 

It  is  beginning  to  be  realized  by  business  men  and  iiublic 
officials  that  this  country  faces  a  condition  of  serious  un- 
employment unless  federal  and  local  governments  speedily 
provide  for  extensive  public  works.  Individuals  and  com- 
panies are  waiting  for  prices  and  wages  to  recede  before 
launching  construction  programs.  If  public  officials  also 
wait,  the  effect  will  be  disastrous. 

Prof.  Harold  G.  Moulton.  poliiical  economist  of  Ihe  Uni- 
versity of  Chicago,  says: 

"War  contracts  amounting  to  many  billions  of  dollars  an- 
nually must  shortly  be  replaced  by  iieace  contracts  for 
more  than  a  like  amount.  The  situation  with  which  we  are 
confronted  is  without  parallel  in  our  industrial  experience. 
.  .  .  If  industry  is  to  go  ahead,  the  business  man 
must  have  assurance  that  there  is  at  least  a  reasonable 
probability  of  profits.  Al  the  present  time  there  is,  how- 
ever, much  uncertainty  as  to  the  stren.gth  of  the  demand 
for  many  lines  of  peace-time  production,  and  like  uncer- 
tainty as  to  the  costs  of  production.     As  a  result  business  is 

nearly  everywhere  hesitant 

In  view  of  the  established  facts  of  our  industrial  experi- 
ence and  in  view  of  the  grave  possibility  of  depression  dur- 
ing the  transitional  era — indeed,  I  think  one  may  say  in 
view  ot  the  facts  of  the  immediate  situation — with  industry 
everywhere  hesitant,  and  unemployment  already  rapidly  in- 
creasing, is  it  not  perfectly  plain  that  a  comprehensive  pro- 
gram of  public  works  should  be  instituted  just  as  soon  as 
possible?  If  this  nation  is  not  willing  to  heed  the  simple 
lessons  of  experience,  and  if  we  are  not  disposed  to  seize 
at  once  the  opportunity  to  insure  ourselves  against  the  dan- 
gers of  the  transition  periods  by  establishing  a  perfectly 
feasible  pi-ogram  of  buffer  employment  on  |)ublic  works,  we 
deserve  to  reap  the  whirlwind  that  will  lie  before  us.  In 
view  of  the  present  social  temper  of  the  world  we  cannot 
afford  to  sit  with  folded  hands  and  await  the  return  of  the 
troops  w-ith  nothing  but  fine  resolutions  and  ,good  wishes  to 
extend  them.  If.  in  our  easy-going  optimistic  American 
way,  we  neglect  to  provide  for  those  who  have  so  unre- 
servedly offered  themselves  in  the  nation's  service  the  op- 
portunity upon  their  return  to  earn  the  means  of  a  self- 
reliant  existence,  we  will  have  sown  the  seeds  of  a  social 
revolution  in  this  country  that  will  rock  our  democratic  in- 
stitutions to  their  foundations." 

It  is  the  clear  duty  of  every  engineering  society  in  Amer- 
ica to  take  an  active  part  in  solving  the  tremendous  eco- 
nomic problem  of  "readjustment."  Yet  very  few  engineer- 
ing societies  are  doing  more  than  discuss  the  matter. 

A  few  weeks  ago  some  400  public  officials  and  business 
men  met  in  Chicago  to  fight  the  Railroad  Administration's 
proposal  to  increase  freight  rates  on  sand,  gravel,  slag  and 
stone.  Every  dollar  spent  for  freight  means  a  dollar  less 
available  for  labor  on  roads,  streets,  etc.,  at  a  time  when 
there  is  crying  need  of  money  with  which  to  employ  con- 
struction labor.  Not  a  single  engineering  society  was  rep- 
resented at  that  important  conference! 


Seventeen  Per  Cent  of  the  Civil 
Engineers  in  the  Army 

and  Navy 

The  American  Society  ol!  Civil  Engineers  has  almost  9,000 
members.  On  .lanuary  <S,  l,5,'i7  of  those  men,  or  17  per  cent 
ol  the  total  membership,  were  serving  in  the  allied  armies 
and  navies.  .Ninety-three  per  cent  hold  officers'  commis- 
sions. 

Before  summer  nearly  all  these  engineers  will  be  dis- 
charged from  the  army,  but  if  every  engineering  society  will 
exert  itself,  to  secure  appropriations  for  public  works,  there 
will  be  i)ositions  availal)le  for  every  civil  engineer  in  Amer- 
ica. 


What   Can  Engineers  Do  to  Pro- 
mote Railway  Construction? 

Although  the  Division  of  Capital  Expenditures  authorized 
the  railways  to  expend  a  billion  and  a  quarter  of  dollars 
for  new  equipment,  additions  and  improvements  during 
191S,  less  than  half  that  sum  was  actually  expended. 
Doubtless  railway  oftlcials  felt  that  the  war  necessitated 
every  possible  economy.  Now  that  the  war  is  over,  how- 
ever, there  appears  to  be  no  pronounced  activity  on  the 
part  ot  the  railways,  in  preparing  for  future  business 
growth. 

Manufacturers  of  railway  supplies  are  complaining  bit- 
terly over  the  failure  to  receive  orders.  Scarcely  any  new 
construction  work  worthy  of  mention  has  been  announced. 
The  railways  are  waiting  for  Congress  to  decide  whether 
the  CJovernment  is  to  continue  its  present  management  or 
whether  the  railways  are  to  be  turned  back  to  their  owners. 

The  railways  can  not  be  blamed  for  refusing  to  go  ahead 
until  their  future  status  is  decided.  There  is  much  talk 
about  the  necessity  of  large  public  works  appropriations, 
and  this  agitation  is  beginning  to  bring  results.  There  is 
just  is  gi-eat  need  of  large  appropriations  for  new  rail- 
way construction,  but  no  organized  effort  is  being  made 
to  persuade  Congress  to  fake  action.  So  spring  is  fast 
approaching  and  no  preparations  are  being  made  to  begin 
railway  work  on  a  scale  commensurate  with  the  economic 
needs. 

The  civil  en.t;ii\eers  of  America  could  perform  no  greater 
public  service  at  this  moment  than  by  bringing  organ- 
ized effort  to  bear  upon  Congress.  Civil  engineers  con- 
stitute the  class  of  men  that  are  best  able  to  advise  Con- 
gress as  to  what  should  be  done  in  railway  construction. 
Engineers  came  to  the  rescue  of  the  Government  when 
the  war  began,  and  8.000  engineers  became  officers  in  en- 
gineer regiments.  These  same  men  are  available,  or  soon 
will  be,  for  public  service.  They  and  their  fellow  engi- 
neers should  lose  no  time  in  taking  steps  to  persuade  Con- 
gress to  decide  upon  a  railway  policy. 


Restriction    of    Title    "Engineer" 

To  lilt'  Kditor:  1  note  the  cominunicHtion  in  your  last 
issue  from  Robert  \V.  Shelmire,  upon  the  definition  of  en- 
gineer. Did  I  not  know  Mr.  Shelmire  personally  this  com- 
munication would  convey  the  impression  that  he  belonged 
to  the  class  who  would  lose  some  of  their  pretension  in  the 
event  that  Ihe  use  of  the  title  "Engineer"  should  be  re- 
stricted to  such  as  are  justly  entitled  to  use  it. 

The  legal  profession  is  hedged  by  precedent  and  uni- 
formly faces  backwards,  seeking  guidance  from  antiquity. 
The  engineering  profession  has  no  excuse  for  existence  un- 
less it  be  constructive.  It  must  face  forward  and  bend  the 
forces  of  Ihe  future  to  the  betterment  of  mankind. 

The  medical  profession  were  faced  by  an  abuse  of  Ihe 
tille  of  "Doctor."  There  were  corn  doctors,  voodoo  doc- 
tors  and   plain   humbugs.     I'luiaunted   by  the  fact   that   the 
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dUtii.iK.iN    .I.llned   iloctor  as     -to   fulsify,"   ihey    sol    Hum  TK.^     p.,  V     of    R'lilwiX'    Tr^'r-hnir'il  1 

seh                   viue  the  profession.     They  workoil  two  wiiys,  1  HL     1  «l  >'     ()T     l\ailWa>       1  tCnillCdl 

Til,                   ihe  roquiremems  for  ilie  decree  uutll  now  il  lill^ineerS 

iim>    he  snid  to  rt»qulre  S  yenvs  of  study  and  |iractii'e  as  a  o 

prere»iuislle  to  prnetli'o  and  the>   secured  laws  preventiiiK  A   preliminary   seheiliih'  ol    monthly   salaries   lor  railway 

the    unqualllled   from    practicins.     And   as   a    corollary    the  lechnlral    engineers,    recomnioiuled    to    (he   U.    S.    Railroad 

•Tom  l>oetor"  has  become  a  ••(."hlropodlsl"  and  the  "Horse  Administration  by  Ihe  American  Association  of  Engineers, 

iHietor"  h«»  become, n  ••\'eierii\arlan."     Kach  of  those  has  is  reprinted  helow.   This  schedule  was  i)repared  by  the  asso- 

Kulned    in    n-spect   and   stnndini!   from   aduptinK   a   title   to  ciation  and  approved  by  its  Itailroad  Committee,  consisting 

which   he    Is   justlfted   and    which   has   a    meaninK   and    no  of  Mr.  W.  II.  Finley,  Mr.  10.  H.  l.ee  and  Mr.  W.  W.  K.  Spar- 

loiiKor  pr<>tends,  vow.    It  is  the  flrst  attempt  by  an  organization  of  Engineers 

Why  should  not  the  onRlneers  face  the  future,  adopt  titles  to  say   what  salaries  should  be   paid.     While   the  schedule 

fev  the   lower  jsnules   which  are   followed   in   becoming  an  does  not  take  up  specialties  in  the  railroad  field,  it  does  lay 

and  prescribe  a  minimum  requirement  for  one  to  the  groundwork  for  uniformity   in   classifying  the   various 

title.     This  should  be  a  requirement  which  will  bar  positions  in  railroad  engineering  departments.     The  sched- 

iio  one  williUK  to  undor.eo  the  deprivations  and  pursue  the  ule  follows: 

study    and    perform    labor   necessary    to   qualify    hiln.     Col-  Railroads 

legei  arc  aiding  by  no  longer  granting  the  title  to  graduates  '                              havi'n^ovcr    than'^'J.omf 

from  study  until  they  have  gained  practical  experience.  5,900  miles       miles  oi 

If  the  engineers  will  make  their  own  dictionary,  serve  the  chief    Engineer.                                             '■'  "^'"^'''           ""' '' 

publlr  bv  protecting  it  against  incompetents  and  raise  their  1"   ohiu-Ko  of  iiuiic   railroad   s.vstem. 

standards  they  may  fairly  ask  the  public  to  support  a  just  lATorianizarionl  'i'nomrttnK'''vaiua- (  .Salaries  commensurate 

compensation.     The  public  justifies  Ihe  medical  profession  tlon (  uithi  duties  performed. 

In  fixing  a  scale.  Assistant    Chief    Engineer. 

And   the  draftsman   who  elects   to   remain   such    will    be  ''\on.uory°',ipm-UnK°to' chief  Kn'si- 

niorc  respected  as  a  good  draftsman  than  as  doubtful  engi-  neer:   responsible  for  such  work  "as 

neer.     The   man   should    be   elevated   to   the   profession    in-  ma.y  be  assigned  to  him  by  the  Chief  (  Salaries  commensurate 

,     ..  ,           ,         ,             ,../...,  Knsineer   (   with  duties  performed. 

stead  of  lowering  the  profession  to  fit  the  man.  „,.,»,-. 

..,..,,.    .T.r-^v  District  Engineer. 

.'\.   .>!.    \  j\i\   .-VL  i\.L.i\.  ,11    rhai'-ie    of    two    or    more    divisions: 

Chicago.   III.  leporliny    to    .\ssislant    Chief    Engi- 

neer    in    eiiar^c    of    tliat    territory; 

re.sponsible    for    all    maintenance    of 

C  •.•■»->,•                        Ik                  '.lJO  ^' ■'>■  and   minor  construction $125                   $375 

IVll     Enj^ineer    Appointed      SeCre-  Assistant   Oistnct   engineer. 

,                        r     /^-  .           ¥-»               J           f  Same  territory  a.-;   lii.'itrict   Engineer — 

tarV     Ol     LiltV     DOarCl     Ot  ''l<e    re.sponsiliilities.       Reporting-    to 

District    Engineer    350  300 

Commerce  Division    Engineer. 

Ill  ch.ar.i^e  ol   one  daisioii;   responsible 

To  the  Kditor:      Due   lo   the  fact   that   K.   &    C.   frequently  for  .tII  mainteiwince  of  way  and  per- 

carries   splendid   editorials   regarding  the   engineering  pro-  manint  way  work 3,,i                 350 

fession  and  whv  it  should  seek  public  oflices,  managerships.  Resident  Engineer. 

,      .,                .'.            -              *i      I  •               ,.       ■         *i     »               1  lo   charpo  of  one   residency:   reporting 

and  other  positions,  I  am  attaching  a  clipping  that  may  be  ,o  nivision  Engineer,    in  charge  of 

of  interest  to  you.     After  reading  it  you  will  note  that  uii-  construction   woiU  only.    This  posi- 

.i«-.  At-    Tf»;i •  ^..^MR .1 t-v.^  « -t-t.^^  ^o  *u«  -n        1      c  tion    not    required    for    maintenance 

der  Mr.  W  lies    qualmcations  the  committee  ot  the  Board  of  of  .^i^^y  or  permanent  ivay  work                275                 ''75 

Commerce  state:                 ,  Assistant  Engineer. 

"First.     He  is  a  practical,  experienced  civil  engineer."  Acts  as  a!.siKtant  to  Division  Engineer. 

This  occurs  to  me  as  noteworthy  as  it  indicates  that  tlie  As.-sistant     district     Engineer,     and 

,    ,          .           .       .         ...         ....          .  Assistant    Chiel    Engineer.     Respon- 

pendulum  is  swinging  in  the  right  direction.  sible  for  such  duties  as  may  be  as- 

THEO.   A.   POLANSKY.  signed   him    275                   275 

Parkersburg,  W.  Va.  Chief  Draftsman. 

^^__^^  Reports   to   Chief  Engineer  or  .-Vs.'^ist- 

ant    Chief    Engineer:    in    charge    of 

The  clipping  mentioned  by  Mr.  Polanskv  refers  to  the  ap-  general   drafting   room   at   principal  (  Salaries  commensurate 

pointment   of   Mr.    J.   B.   Wiles,   formerly   secretary   of  the  ^  Jineeror^Bridoes ^  with  duties  performed. 

Chamber  of  Commerce  of  Phillipsbur.g,  Pa.,  and  Business  'i?,.'"ort's   to    Assistant   Chief  Engineer 

Manager  of  that  citv,  as   secretary  of  the  Board  of  Com-  or  Chief  Engineer.    Responsible  for 

„,  ^^ ^e  ■r»„«i u      _      rr.1.           *.ii.                     il.      ^  1,       .  maintenance  and  construction  of  .ill 

merce  of  Parkersburg.     The  committee  gave  the  following  bridge.^— wooden,  steel,  and  concrete          400                 3.iO 

reasons  for  the  selection:  valuation  Engineer. 

First-He  is  a  practical,  e.xperienced  Civil  Engineer.  ''';^f,°i^"sv^,e°';.  ''l:i^^^ J^Si^ 

Second— He   has   had    15   ye.-irs   of  training  with    the   Pennsyl-  Chief   EnRineer  or   Chief  Engineer..             400                    350 

vania  R.  R.  in  the  mechanical  and  industrial  departments.  Assistant  Valuation    Engineer. 

Third — In  the  past  5  years  he  has   devoted   his  efforts  almost  Reports    to    Valuation     Engineer:     has 

e.tclusively  to  the  study  of  civics  and  industrial  operations.  '"^*'  responsibilities    350                     2..-) 

Fourth-He   is   perfectly  familiar  with   and   h.as   had   practical  ^"^t:l",%tW\or     nraimen?n"l''-of     all  (    Salaries  commensurate 

experience  in  the  Bureau  system  of  commercial  organiz.ation  work.  mechanical  e.|iiipment   )   with  duties  performed. 

He  Is  now  working   under   the   Bureau   pl.an   at   Phillipsburg.   and  Assistant      General      Superintendent      of 

has  a  well  organized  Credit  Rating  Department  as  a  part  of  the  Motive  Power. 

Chamber   of  Commerce  equipment.      He   is   Business   Manager   of  Responsible    for    maintenance    of    all 

...     -rrr       r>                         .   ,-.              ■        ^           ■                           >»-iasci    oi  meclianical      equipment      on      entire                        _- 

the  -War  Resources  and  Conversion   Committee,   Section   No.    5.   of  system  or  portion  of  system,  as  may 

the  Pittsburgh  Zone  of  the  War  industries  Board,  and  is  local  Fuel  be  assigned  by  General  Superintend-  (   .Salaries  commensur.ate 

Administrator.     He  is  eminently  qualified  to  take  up  the  work   in  f "t '    with  duties  performed. 

Parkersburg  with  a  thorough  practical  knowledge  of  every  detail  '^"'iponsiwf  "for"such  work  as   may  he 
of  the  Board's  activities.  assigned   to  him   by    General   Super- 
Fifth — As    Business   Manager    of    the    Citv    of    Phillipsburg    he  intendent   or   .Assistant   General    Su- 
would  come  to  us  with  a  thorough,  practical  knowledge  ot  those  ?/ener*a^'s^%erintenTent*''or^Gener"aI 

tilings  that  are  necessary  for  the  practical  advancement  of  civic  Superintendent    400                     325 

building   and   community    development,    and    his    experience    in    an  Electrical    Engineer. 

industrial  center  would  be  most  valuable  in   drawing  to  Parkers-  In    charge    of    all    electrical    construc- 

burg  new  enterprises.— Editor.                                                                     '  tion  and   rep.air  work  of  mechanical 

equipment.       Reports     to      .\ssistant  ,  .  . 

■  General    Superintendent    or    General 

^.           ,-               n             n   X          11    ■            T-.  Siinerintendent    of   Motive   Power...            325                    275 

Thaw  Frozen   Ropes  Before   Using.- Frozen  ropes  should  ;-.upt.ime,,             _„„.   ^^^ 

■.it           1V.I-          \,    ■            1         J.                             „            t>">'uni  Assistant   Electrical    Engineer, 

be  thawed   before  being  placed  m   service.     When  frozen  like  responsibilities  to  Electrical  En- 

the  ropes  are  brittle  and  are  likely  to  break  because  some  ^ilr".na"^s"^^^^t  Geo'eraT'supIv': 

ot   the  fibers  gel  more  than  their  share  of  the  load.  intendent  or  General  superintendent           275                   2.^» 
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Signal     Engineer. 

iifsponsililt-  lor  all  sign;il  construc- 
tion aiul  maintenance.  iicporiinK  to 
(.Jenei'al  ^Mana^rer  or  Sniu  rintt-nijcnt 
ot    Telegraph    

Assistant  Signal  Engineer. 
Like  responsibilities  ars  Si:;nai  Kiij^^i- 
neer,  Superintendent  of  Tele,«raph. 
or  General  -Manager.  In  charge  of 
entire  system  or  terriloi'.v  assig-ned 
him    by    Signal    Engineer 


ano 


Permanent 

\\'ork,  oiie 

year  or 

more. 

Instrumentman. 

Itejjorting-  to  Engineer  or  Chief  of  his 

assigned   department    2i'0 

Rodman. 

Reiiorting:  as  assigned 12.5 

Tapeman. 

I\e|:orting  as  assigned 100 

Designer. 

Reporting  to  Chief  Draftsman  or  a-^ 
assigned,  and  iiualified  to  pi-e]>ar(» 
original    design     on    engineering    or 

architectural   work    2">0 

Draftsman. 
Reporting    to    Chief   Draftsman    or    as 
assigned,    or    general    drafting    woj-k 

inyolying    general    detailing li'.O 

Junior    Draftsman. 

Iiei>orting    as    as^iuned    and    fiualified 

for  general  drafting  room   worlv Hr> 

Tracer. 

Kei-orting  as  assigned,  and  qualified 
to  prepare  neat  tracings  on  special 
designs    110 

In  this  connection  it  i.s  interestin 


Salaries 


Temporary 

work,  less 

than  one 

year. 


ir.n 

120 


l:-0 


to  note  Ihal  tlie  c-ltief 
engineers  of  several  large  railways  having  tlieir  main  offices 
in  Chica.eo,  have  recommended  new  schedules  for  their  en- 


.gineers.      These 
as  follows: 


schedules,    according   to   The    Monad,    are 


Road  A. 


Per 

month. 

.  $S3.=i.no 

2X:^  00 

175.00 


Minimum. 
Per 
month. 

SSOO.dO 
250.00 
175.00 
75.00 
150.00 
130.00 
200.00 


Maximum. 
Per 
month. 
.$400.00 
300.00 
200.00 
90.00 
75.00 
175.00 
250.00 


Road  C. 


Per 
month. 
$320.00 
225.00 
190.00 
125.00 
90.00 
t200.00 
250.00 


Division  engineer.  . 
Assistant  engineer. 
Instrumentman    . . . 

Rodman    145. Oo 

Tapeman    120.00 

Dratsman     *'200.00 

Chief    draftsman 250.O0 

'■$150  to.     t$130.00  to. 

The  Monad  also  states  that  one  railroad  pnt  inio  effect, 
Dec.  1,  the  following  rates  of  pay: 

Draftsman    $125.00-175.00 

Chief  draftsman    225.00 

Division  engineer   200.00 

-Assistant   engineer    150.00  up 

Instrumentman    145.00 

Rodman    90.00 

Inspectors,  junior   ISO. 00 

Inspectors,    senior    200.00 

These  men  are  all  on  the  staff.  The  division  en,gineer 
does  not  have  maintenance  in  charge,  but  the  roadmaster 
takes  this  function.  Roadmasters  are  paid  $200  a  month 
and  some  are  engineers.  All  positions  carry  expenses  away 
from  headquarters. 

The  district  en.gineer  is  a  staff  officer  and  has  1,.'JOO  or 
more  miles  of  track  to  look  after,  comprising  generally  four 
divisions.  He  receives  at  the  present  time  $300  a  month. 
Recommendations  of  new  schedule  have  been  made  but 
not  yet  approved. 

There  is  no  overtime  paid  except  in  unusual  cases,  such 
as  several  nights'  work  or  Sundays.  The  arrangement  to 
care  for  overtime  is  reciprocal.  A  men  who  works  over- 
lime  is  allowed  at  least  the  same  amount  of  time  away 
from  the  work  during  regular  working  hours. 


World's  Champion  Single  Jack  Driller. — The  recent 
death  of  Fred  F.  Yockey  at  Camp  Seco,  Cal..  brings  to  mind 
the  old-time  hand  drilling  matches  that  were  always  fea- 
tures of  the  Fourth  of  July  and  Labor  Day  celebrations  in 
mining  camps  of  the  West.  Yockey  was  the  champion  sin- 
gle jack  driller,  winning  the  title  in  1904  in  a  match  at  El 
Paso,  Tex.  In  this  contest  he  made  a  record  of  over  24 
In.  in  Gunnison  granite  in  15  minutes'  drilling.  This  record 
has  never  been  surpassed.  With  the  passing  of  interest  in 
drilling  matches  Yockey  dropped  from  public  sight,  but 
old-time  mining  men  from  Colorado.  Arizona,  Mexico.  Mon- 
tana. Nevada  and  other  Western  states  still  talk  about 
his  great  prowess  with  the  drill  and  hammer.  He  was  a 
small  man,  weighing  about  IhO  lb.,  but  his  ability  to  drive 
a  drill  into  the  hard  rock  was  astonishing. 


Time   Studies  in  Hand   Shoveling 
Bring  Increased  Output 

Time  studies  of  hand  slioveling  ore  by  .Mexican  laborers 
at  the  mines  at  Tyrone,  .N.  Mex.,  extending  over  a  period 
of  nearly  a  year  were  conducted  in  I'.tlS.  The  results  of 
these  studies  are  given  by  Mr.  O.  Townsend  Harley,  Effi- 
ciency Engineer,  Phelps-Dodge  Corp.,  in  a  paper  presented 
at  the  February  meeting  of  the  .American  Institute  of  Min- 
ing Engineers. 

The  tests  showed  tliat  the  desi.gn  of  the  shovel  has  a 
very  marked  effect  on  the  shoveling  efficiency  and  that 
with  the  proper  weight  and  size  of  tool  the  man's  efficiency 
will  be  increased  in  spite  of  himself.  It  was  demonstrated 
that  a  man  handling  a  total  load  of  26  lb.  8  oz.  did  the 
greatest  day's  work,  other  things  being  equal,  and  that 
this  load  is  divided  into  a  live  load  of  21  lb.  and  a  shovel 
weight  of  5  lb.  8  oz.  A  shovel  weighing  .5  lb.  8  oz.  made 
out  of  the  best  composition  steel  gives  a  very  excellent 
service,  and  a  lower  cost  per  ton  than  a  shovel  having  a 
lovvor  first  cost. 

Further  marked  increases  in  shoveling  efficiency  are  to 
be  gained  by  instructing  the  shovelers  in  the  proper  meth- 
ods of  using  a  shovel,  a  thing  that  vei^'  few  laborers  know 
in  spite  of  the  fact  that  they  may  have  been  shoveling  for 
a  living  for  years. 

Probably  the  most  important  jjart  of  all  efficiency  work 
lies  in  the  wage  that  is  paid  to  the  men.  the  manner  of 
paying  the  wage,  and  the  feeling  of  confidence  and  good 
will  that  exist  between  the  men  and  the  company.  The 
conclusion  is  reached  that  the  bonus  system  in  some  form, 
if  properly  handled  and  carefully  watched  with  a  sufficient 
number  of  specially  trained  men  to  instruct  the  laborers 
and  keep  them  working  to  the  best  advantage,  is  the  prefer- 
able system  of  payment.  A  bonus  schedule  is  proposed  as 
;t  starting  point  for  the  work  and  the  benefits  that  will 
probably  be  derived  from  it  are  outlined,  using  some  actual 
stoping  experience  as  an  example. 

Scientific  management  systems  applied  to  certain  eastern 
factories  have  demonstrated  conclusively  that  the  efficiency 
of  the  average  workman  can  be  increased  by  from  50  to 
250  per  cent  and  that  at  the  same  time  the  men  will  re- 
ceive better  w-ages.  will  remain  in  better  health,  and  will 
be  happy  and  contented,  while  the  company  will  actually 
produce  its  products  at  a  lower  cost. 

F.  W.  Taylor,  working  at  the  Bethlehem  Steel  Co.  plant 
several  years  ago.  increased  the  capacity  of  the  iron-ore 
shovelers  from  16  ton  to  59  ton  per  day  per  man.  raised 
the  men's  wages  from  $1.15  to  $1.88  a  day,  and  at  the  same 
time  decreased  the  operating  cost  from  $0,072  to  $0,033 
per  ton  shoveled.  The  increase  in  shoveling  capacity 
amounted  to  269  per  cent.  Figures  obtained  at  Tyrone  in- 
dicate that  the  tonnage  in  at  least  one  of  the  large  stopes 
can  be  raised  from  8.5  ton  per  man  to  22.9  ton  per  man,  an 
increase  of  169  per  cent,  the  wages  can  be  raised  from  $3.40 
a  day  to  $4  a  day,  and  the  cost  to  the  company  reduced 
from  $0,33  a  ton  to  $0.24  a  ton.  after  taking  care  of  all 
extra  supervision  needed.  In  addition  to  this  actual  sav- 
ing in  shoveling  costs,  the  overhead  and  general  mining 
costs  will  be  reduced  per  ton  by  mining  a  greater  tonnage 
per  man;  and  the  other  classes  of  labor  such  as  machine 
miners  and  timber  men  will  be  able  to  do  more  work,  as 
they  will  not  be  hampered  and  delayed  by  the  shovelers  to 
such  an  extent  as  at  present. 

Labor  should  not  be  given  too  much  of  an  increase  in 
wages  over  what  is  recognied  as  a  fair  living  wage,  as  the 
men  will  at  once  tend  to  become  shiftless  and  prosperity 
does  them  more  harm  than  good. 

The  modern  manager  Is  beginning  to  see  that  the  rela- 
tion of  standard  times  to  the  other  features  of  organization 
is  very  close  and  vital.  The  determination  of  the  stand- 
ard, or  the  shortest  time,  in  which  a  job  can  be  done,  is 
the  starting  point  for  all  work  that  has  as  its  aim  the  es- 
tablishment of  an  equitable  wage  system. 
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What  Shall    the   Government  Do 
With  the  Railroads?* 

Tilt'  r.illroail  inn'.-<lioii  of  Imliiv  i.-  «l\;il  sli:ill  llu>  tiovt'in- 
„„  .  uiih  tin-  liitlroinr.'     Ccivoninu'iit  nwiuMshlp  or 

(^,,, ,  conirol   for  '<  ypiirs.  or  a   ri>Iuri>   of   llio   rail- 

romts  to  piuati-  ow  iu'r:<lii|i  iis  soon  as  possible? 

Government  Ownerthip.  I'ollllis  luivf  no  consciem  <■. 
»>usliu'.'*>  morals,  or  responsibility,  and  the  danKer  to  our 
methods  of  iIovernmiMit  from  the  political  control  of  the 
railroad  einploves,  possible  and  probable,  from  I'.oveiii 
mont   ownership   prohlbll    its   serious   conslileralion. 

From  an  ensineer's  standpoint,  this  connlry  Is  younn. 
and  its  natural  resources  have  hardly  been  scratched,  and 
nn  experiment  in  I'loverninent  ownership  would  be  exlrava- 
Knnl.  unlortunate,  and  undesirable  on  any  basis,  but  pri- 
nmrily  because  It  destroys  the  reward  for  initiative  and 
»iOund  Judinnent  in  the  jtreatesl  Held  necessary  for  the 
proper  development  of  our  country  and  our  national  pros- 
perity. 

Kroni  the  public's  point  of  view.  Government  ownersliip 
throttles  competition,  which  Is  a  necessary  Incentive  for 
proper  .service  to  the  people  in  every  part  of  the  country 
and  every  city  In  the  land. 

Control  for  Five  Years.-  Some  of  the  Ihinss  which  were 
ordered  with  propriety  durins  (he  war,  which  sliould  he  un- 
done at  once  and  not   '>  years  hence,  are: 

The  tratlic  department  of  the  various  railroads,  wliich 
were  dispersed,  should  in  sreat  part  be  re-assembled  and 
re-habilitated  at  once.  Such  departments  are  as  neces- 
.snry  In  dealin::  with  the  public  for  the  sale  of  transporta- 
tion as  the  advertisin.s  and  selling  departments  of  any  other 
business,  and  can  be  of  great  service  to  the  public  in  many 
capacities. 

An  immediate  abandonment  as  a  national  effort  of  an 
attempt  at  standardization  of  all  manner  of  railroad  necessi- 
ties and  methods.  Such  standardization,  while  il  has  a  cer- 
tain apparent  first-cost  economy  wlien  applied  to  quantity 
productions  in  the  scheme  of  things  in  this  country,  tends 
to  inefficiency,  and  should  be  a  local  question  only  in  a 
limited  locality.  Our  tools  and  methods  are  so  crude  tliat 
the  national  efforts  should  be  to  improve,  not  to  standardize. 
The  horizontal  raise  in  railroad  wages  of  the  entire  coun- 
try in  one  order  which  was  necessary  during  the  war  is  a 
pernicious  destroyer  of  individual  discipline,  and  debauches 
and  atrophies  the  ambition  of  the  men  receiving  such  in- 
crease and  should  be  abolished  in  lime  of  peace  for  re- 
sponsible bargaining  between  employers  and  their  own  em- 
ployes as  soon  as  possible. 

The  discomfort  of  the  public,  some  of  whicli  was  neces- 
sary during  the  war,  should  give  way  to  even  better  facili- 
ties than  offered  before  the  war,  the  direct  tax  of  an  in- 
crease of  passenger  rates  should  be  reduced  to  a  minimum, 
even  if  an  indirect  tax  of  increased  freight  rates  is  nece.s- 
sary  to  pay  the  bills.  The  movement  of  the  people  freely 
around  and  about  our  country  should  be  encouraged  as  in- 
creasing happiness  and  social  well  being,  and  lending  to  a 
unity  of  spirit  which  is  good  for  the  body  politic. 

The  discontinuance  of  regional  consolidation,  which  was 
necessary  for  operation  during  the  war,  and  an  immediate 
return  to  a  competitive  basis  in  all  matters  pertaining  to 
senice  to  the  public. 

The  terminal  problem,  which  was  made  so  acute  by  laclv 
of  ships  and  storage  facilities,  is  largely  one  of  changing 
our  commercial  methods,  pooling  facilities,  and  providing 
for  the  prompt  unloading  of  cars.  Belt  railroads  are  needed 
and  should  be  built  in  many  places,  but  the  matter  is  a  local 
one  peculiar  to  each  community,  and  best  handled  as  h 
financial  policy  of  such  community  and  not  by  the  Federal 
Government. 

We  have  great  national  efforts  to  make  in  world  affairs. 
and  the  sooner  we  put  the  vim  of  an  owner's  interest  back 
of  the  largest  business  interest  in  the  country  the  better. 

Return  to  Private  Ownership  as  Soon  as  Enabling  Legis- 
lation Can  Be  Passed. — This  country  is  so  young  and  un- 
developed I  hat  the  railroads  should  exist  and  be  encouraged 


•.abstract  of  an  address  by  Francis  Lee  Stuart,  formerlv  Cliief 
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priiuarilj  for  the  devcIi>iiMU'Ul  of  oui'  iiiiilcrial  welfare,  and, 
lor  the  good  of  all,  the  railroads  should  be  returned  to 
their  owners  as  soon  as  possible  so  thai  their  growth  will 
naturally  follow  the  normal  business  needs  of  the  country 
tested  by  business  standards  and  not  directed  into  any  pre- 
determlin'd  course  which  would  be  dilcniiini'd  by  a  cen- 
tralized Governmental  agency. 

Ivelurnin.i;  the  roads  to  their  owners  under  old  conditions 
would  mi'aii  linancial  chaos  in  the  counlry,  and  soiue  legis- 
liition  with  cerlain  Gen cnimcnlal  ciinlrols  is  absolutely 
necessary. 

The  normal  growdi  of  our  counlry  icciuircs  that  the  rail- 
roads spend  in  the  next  h  years  al  least  four  billion  dollars 
lor  improvements,  betlermenis,  and  normal  growth  of  our 
iransporlation  service,  and  a  continuing  and  enlarging 
amount  Ihereafler  lo  meol  our  growing  needs.  While  the 
Governmeni  finds  il  necessary  to  ptil  out  varying  issues  of 
Liberty  Uonds.  il  seems  best  thai  they  buy  the  securities 
of  the  lailroad  as  needed  until  the  public  regains  confidence 
enough  to  lake  the  inveslmeni  out  of  their  hands.  This 
will  lequire  a  possible  advance  of  from  a  billion  and  a  halt 
to  two  and  a  half  billion  dollars,  for  which  the  railroads 
could  be  charged  a  high  enough  annual  interest  charge,  over 
and  above  the  cost  of  the  money  to  the  Governmeni  itself, 
to  pay  off  the  debt  within  20  or  2.5  years. 

It  will  lake  a  stable  continuing  railroad  financial  policy 
lo  renew  the  confidence  of  the  public  in  railroad  securities, 
and  il  seems  to  me  that  the  i-ailroad  interests  of  the  coun- 
lry, which  is  the  largest  single  interest,  should  write  off 
all  extraordinary  war  costs  within  a  short  generation  and 
lesser  business  interests  in  less  time — in  fact,  I  think,  lo 
keep  step  with  the  age,  the  Government  should  find  financial 
measures  lo  write  off  and  obliterate  all  its  national  war 
costs  within  oO  to  40  years  or  less. 

The  principle  of  a  fixed  financial  policy  and  the  control 
by  the  tiovernment  necessary  to  carry  out  such  policy  under 
all  ordinary  business  cycles  should  be  made  a  law  by  Con- 
gress. The  control  should  be  of  an  enabling  nature  and 
not  more  restrictive  than  i.s  necessary,  and  might  at  the 
present  tiine  well  consist  of: 

First. — A  control  of  rates  initiated  by  the  carrier.  The 
rate  question  is  largely  an  artificial  issue  and  little  under- 
stood by  the  public.  The  shippers  of  the  country  are  chiefly 
interested  in  rate  relationships  and  the  ultimate  consumer 
in  the  amount  of  the  rate  as  he  really  pays  the  bill.  We 
hear  of  the  shippers  through  their  lawyers,  but  the  ulti- 
mate consumer  is  rarely  heard,  because  his  indirect  tax  due 
to  the  rate  alone  is  so  very  small.  There  are  posibilities 
in  a  more  logical  rate  structure  for  settlement  of  most  of 
the  misunderstanding  between  the  public  and  the  shipper, 
and  between  the  shippers  themselves,  for  which  the  rail- 
roads usually  hold  the  bag.  In  connection  with  the  con- 
trol of  rates,  the  Government  should  have  an  unbiased  eco- 
nomic study  made  for  a  more  logical  application  of  rates 
than  at  present. 

Second. — The  wage  question  of  the  railroad  employe,  like 
other  inflations  of  the  war,  will  be  settled  sensibly  by  pub- 
lic opinion.  It  does  not  seem  a  proper  Governmental  func- 
tion to  settle  wage  scales,  and  it  is  for  the  best  continuing 
interest  of  labor  itself  that  such  questions  should  be  re- 
turned as  soon  as  practicable  to  be  settled  between  em- 
ployers and  employes.  It  is  necessary,  however,  that  the 
Government  take  cognizance  of  such  matters  in  the  control 
of  rates. 

Third. — A  control  of  unproductive  expenditures  required 
by  the  public,  and  particularly  as  to  the  grade  crossing 
elimination  question  which  threatens  to  be  of  serious  finan- 
cial importance  in  the  near  future  so  that  due  cognizance 
may  be  taken  of  such  expenditures. 

Fourth. — A  control  of  issue  of  securities  for  improvements 
and  consolidations  and  of  the  necessary  railroad  accounts. 
Generally,  the  weak  lines  should  be  consolidated  with  the 
strong,  and  the  large  lines  prevented  from  becoming  so 
large  that  they  eliminate  competition  from  any  section 
of  the  country. 

Fifth. — A  control  in  safety  matters. 

Sixth.*— A  recognition  that  for  the  continuing  solvency  of 
the  properties  the  voice  of  the  general  public,  whose  wel- 
fare is  at  stake,  and  the  voice  of  the  owners  of  the  prop- 
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erties,  should  be  heard  wiili  thai  of  the  shippers  and  repre- 
sentatives of  the  emploxcs. 

In  my  opinion,  the  proiier  principles  for  legislation  for  a 
fixed  financial  policy  should  be  based  on  an  averaf^e  rail- 
road efficiently  operated,  receivins.  as  a  mininuini,  a  fair 
profit  for  the  transportation  it  has  to  sell,  ami  thai  fair 
profit  must  include: 

1. — An  adequate  goins  return  on  the  investment  over  the 
cost  of  proper  service  to  the  public. 

2. — A  return  for  such  money  as  is  borrowed  for  imiirove- 
ments  required  by  the  growth  of  the  country,  which  will 
include  the  cost  of  the  money  plus  an  added  equity  to  the 
corporation  in  compensation  for  extending  their  credit  and 
brains  as  collateral  for  such  money. 

3.— The  further  right  to  build  up  such  surplus  as  this 
class  of  business,  wisely  conduct ed,  should  have  in  reserve 
for  emergency. 

Nothing  short  of  such  a  financial  policy  under  private 
ownership  will  bring  investors  back  to  the  support  of  the 
railroads  and  keep  up  the  healthy  growth  of  our  country. 
Nothing  short  of  such  a  financial  policy,  under  private  own- 
ership, will  give  the  people  of  our  country  a  healthy  sense 
of  freedom  and  the  right  to  demand  competitive  service 
for  their  happiness,  comfort,  and  material  benefit. 

The  matter  of  return  of  the  railroads  to  private  owner- 
ships on  a  basis  of  such  a  financial  policy  can  be  applied 
at  once  without  an  absolute  determination  of  results  before 
the  policy  is  adopted.  For  a  willing  trader,  the  securities 
and  proper  earnings  on  the  investments  of  the  average 
railroad  with  the  many  years  of  a  repressive  public  policy 
putting  increments  of  values  into  the  properties,  should 
not  be  diflacult  to  determine  within  safe  limits.  On  any 
given  rate,  some  roads  will  fall  and  others  will  prosper, 
from  many  different  causes,  but  the  extremes  can  be  reg- 
ulated to  meet  the  political  feeling  of  the  times  by  the 
beneficent  use  of  an  excess  profit  tax. 

With  the  principles  of  a  policy  fixed,  and  controls  where- 
by it  may  be  made  effective,  the  means  for  carrying  out 
the  purpose  could  be  more  flexible  and  could  consist  of  a 
number  of  commissions  with  some  co-ordinating  force,  all 
safeguarded  in  certain  cases  by  right  of  appeal  to  iiroper 
courts. 

The  entire  matter  is  of  such  importance  to  the  whole 
country  that,  if  this  session  of  Congress  cannot  settle  the 
question,  then  an  extra  session  should  at  once  be  called 
for  this  purpose.  It  seems  to  me,  it  is  the  simplest  of  our 
readjustment  problems,  and  the  one  needing  the  most  im- 
mediate attention,  and  the  one  most  important  for  the  im- 
mediate welfare  of  the  countrv. 


Suggested  Wider  Use  of  Zinc  Treated  Ties. — An  appaient 
relation  between  the  amount  of  rainfall  and  the  durability 
of  railway  crossties  treated  with  zinc  chloride  disclosed  by 
a  recent  Forest  Products  Laboratory  investigation  was  dis- 
cussed at  the  January  meeting  of  the  American  Wood  Pre- 
servers' Association  in  St.  Louis.  The  report  of  the  investi- 
gation is  ba.sed  on  an  analysis  of  service  records  and  sug- 
gests that  a  zinc  chloride  treatment  should  give  an  aver- 
age life  of  8  years  or  more  to  ties  made  from  non-durable 
wood  in  that  portion  of  the  country  north  and  west  of  the 
40-in.  rainfall  line.  This  line  extends,  roughly,  from  Gal- 
veston through  St.  Louis  and  Pittsburgh  to  Northeastern 
Maine.  Allowance  would  have  to  be  made  according  to 
the  report  for  that  portion  of  the  Pacific  Coast  where  there 
is  heavy  rainfall.  Creosote  for  treating  crossties  has  been 
hard  to  obtain  for  the  past  two  years  due  to  restricted  im- 
portations and  increasing  use  of  coal  tar  for  fuel  by  the 
steel   industry. 


Regulation  of  Water  and  Rail  Rates.— I  believe  that  the 
Interstate  Commerce  Commission  should  have  the  same  .iur- 
isdiction  over  the  regulation  of  water  rates  as  it  has  in  the 
regulation  of  rail  rates.  Both  water  and  rail  transportation 
must  work  together  in  order  to  bring  about  the  best  results. 
Canals  and  railroads  should  not  be  competitors.  Thev 
should  have  through  rates  on  an  equitable  basis  and  each 
support  the  other.— H.  S.  Noble,  Federal  manager  of  the 
Newark  and  New  Jersey  Canal  Section,  Division  of  Inland 
Waterways,  in  address  before  the  National  Rivers  and  Har- 
bors Congress. 


Safety  Fuse:  Selection,  Storage 
and  Use 

Useful  suggestions  on  the  use  of  safely  fuse  are  given  in 
Bulletin  .No.  !)  of  the  Industrial  Accident  Commission  of  the 
State  of  California.  The  following  notes  are  abstracted 
from   tlic  bulletin  : 

Conditions  Governing  Selection  of  Fuse.— It  is  important 
that  attention  be  directed  to  some  underground  conditions 
that  should  be  taken  into  consideration,  particularly  by  in- 
sijectors  when  making  recommendations  regarding  types 
of  fuse  best  suited  for  the  work.  Where  water  drills  are  in 
use,  the  employment  of  a  tape-covered  fuse  is  recom- 
mended, the  grade  depending  on  the  temperature  and  the 
amount   of  water  and  the  nature  of  the  ground. 

When  acid  is  present  in  sufficient  quantities  to  make  it 
necessary  to  line  the  mine  pumps  with  bronze,  the  use  of  a 
fuse  of  the  triple-tape  type  is  desirable.  It  has  been  clearly 
demonstrated  that  the  lighter  forms  of  jacketing  do  not 
meet    this  severe  condition  satisfactorily. 

In  a  iiooiiy  ventilated  mine,  the  use  of  a  white  cotton- 
countered  fuse  should  be  discouraged,  for  the  reason  that 
this  type  of  fuse  is  more  easily  penetrated  by  the  moisture 
precipitated  by  slow-moving  air  currenis  than  is  the  black- 
linished  type 

Storage  of  Safety  Fuse. — Fuse  in  transit  may  be  easily 
spoiled  by  being  allowed  to  come  in  contact  with  moisture, 
or  with  oily  or  greasy  substances,  or  by  being  exposed  to 
the  direct  rays  of  the  sun  for  any  considerable  time. 

inspectors  should  caution  superintendents  or  foremen 
I  hat  fuse  which  has  had  oil,  gasoline,  or  distillate  spilled 
on  it,  or  that  has  been  carted  to  the  mine  during  wet 
weather  without  being  protected,  is  likely  to  be  the  cause 
of  misfires. 

Proper  storage  of  safety  fuse  is  a  vital  factor.  On  every 
case  is  found  the  caution,  "Keep  contents  cool  and  dry." 
It  is  absolutely  imperative  that  this  be  followed  to  the  let- 
ter. Fuse  which  has  been  stored  tmderground  is  never  in 
prime  condition. 

It  should  not  be  stored  near  a  boiler,  furnace,  hot  steam 
pipe,  or  lighted  stove.  Exposure  to  heat  for  only  short 
periods  may  result  in  misfires,  or  may  retard  the  rate  of 
burning,  and  so  .greatly  increase  the  liability  to  cause  hold- 
hacks.  Fuse  that  becomes  overheated  to  such  a  degree 
that  it  is  absolutely  spoiled  is  harmless,  but  fuse  that  has 
been  overheated  only  to  such  a  point  that  the  powder  train 
has  become  partly  saturated  with  the  materials  that  were 
ori.ginally  put  on  as  a  water-resisting  covering  is  extremely 
likely  to  cause  serious  trouble,  owing  to  irregular  burning. 
Fuse  stored  in  temperatures  ranging  from  4.5'  to  75'  F., 
ill  buildings  that  are  dry.  will  remain  in  good  condition  foi- 
a  considerable  time.  It  is,  however,  always  well  to  restrict 
this  storage  period  to  a  matter  of  months.  Sometimes  lack 
of  surface  buildings  forces  temporary  storage  of  fuse,  in  its 
original  cases,  underground.  The  underground  storage  place 
should  he  well  ventilated  and  cool.  A  drift  or  tunnel  in 
which  conditions  are  such  that  hay  or  grain  will  become 
mouldy  is  absolutely  unfitted  for  storage  of  any  explosive. 
Storage  of  fuse  in  a  damp  place  retards  its  burning  speed. 
Kven  if  precautions  are  taken  to  attempt  to  re-dry  the  fuse 
before  using,  it  will  be  found  that  the  burning  rate  has 
slowed  down  and  is  irregular.  This  irregularity  tends  to 
increase  the  liability  of  misfires. 

It  should  be  remembered  that  fuse  waterproofing  is  quite 
as  effective  in  keeping  dampness  in  as  il  is  in  keeping  ex- 
ternal water  out.  and  for  this  reason  the  thorough  drying 
of  fuse  that  has  once  been  wet  is  indeed  difficult.  Experi- 
ments have  proved  that  the  burning  speed  of  fuse  that  has 
been  stored  in  a  dani))  place  varies  from  17  to  4.5  per  cent 
from  normal.  Exjiosures  to  comparatively  high  or  low  tem- 
peratures for  long  periods  of  time  retard  the  burning  speed. 
Cotton-covered  types  of  fuse  do  not  exhibit  the  marked 
changes  that  the  tape-covered  types  do.  Fuse  warmed  near 
a  stove  showed  variation  in  burning  time  up  to  28  per  cent. 
When  considering  the  matter  of  uneven  burning  time  of 
fuse,  it  should  be  remembered  that  poor  storage  and  the 
placing  of  the  fuse  under  uneven  lamping  and  powder 
loads,  in  the  same  round  of  holes,  are  responsible  for  most 
of  the  complaints. 
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Cnusrs  of  Mlitiret.     Mlstlri's  limy,  fur  tli«>  siiko  of  roffr 

in  ihrfe  subUlvlsiona:     («)  Proventiible,  (b) 

iinil  (lO  iiiistlro-s  duf  lo  nilslutmlliiiK  « lii>  1> 

,1,-  111  mumifiioture  i-uniioi  Buaiil  iiKnlnst. 

,bli«  misnifs  lift'  cmiseU  by  iinproper  cnpp'"!;. 
sli.iip  inmpiiiK  iiiat.Tinl.  wet  fiiso  •■mis,  poor  .storage,  llio 
usf  of  oil.  Ilsbl  Bri'aso.  or  lurponllnovuriiish  a.s  a  walor- 
proollim  iimlerlal.  mm  liclUliiB  of  all  fiis.'  in  a  rouiul,  iisiiiK. 
,^,_  j,riMi.T».  fuse  Unit  lia.H  boj'ii  iruslioil  or  walkoil  on,  iiiul 

.'iT  spai-ini;  of  holos. 

•'iitablf    inlslire.-i   nro    catisoil    by    ilofective    fuse 

action  of  fii.-ii"  by  waler  pr»'n.<ure  caiL-si'il  by  lirlng 

.  nsi-  sroiinil  tllleil  with  water, 
ilue  to  ini.shanillinK  an-  often  the  restili   of  tut 

Alth  u  dull  In.xtriinu'ni,  lUttinR  fuse  at  a  slum, 
ii.-iim  .»  imrnmjawod,  rlnj:  cuttins  crimper,  the  non-seat- 
InK  of  fuse  aKahiint  the  cap  eoinposilion.  usin^;  fuse  for  a 
slinc  or  belt  before  attemplinp  to  use  it  for  its  normal 
fiinoilon.  placing  a  foreign  substance  between  the  ends  of 

ul  the  cap  composition,  and  the  use  of  oil,  grease, 

listillate,  or  a  paint  containing  turpentine  or  lin- 
sucii  oil  in  the  ml.staken  idea  llial  it  will  exclude  water 
from  the  fuse. 

Certain  causes  of  misfires  have  been  overlooked  by  the 
undort-Tound  stuffs  of  properties  registering  complaints. 
Such  causes  include  the  following: 

1.  Fuse  powder  has  been  knocked  from  the  end  of  the 
fuse  by  the  use  of  a  wire  brush,  in  a  misguided  attempt  to 
clean  the  end  of  the  fuse  before  it  was  inserted  in  the  cap. 

2.  Axle  grease  had  been  smeared  on  the  entire  30-ft. 
length  of  the  fuse  before  it  was  cut  into  the  desired  lengths 
for  blasting. 

3.  A  mixture  of  black  powder  and  guncotton  that  had 
been  allowed  to  become  wet  was  placed  in  the  caps  before 
the  fuse  was  inserted. 

4.  Fuse  had  been  placed  in  a  warm  room  for  several  days 
before  it  was  used,  after  being  capped  and  dipped,  in  .some 
cases  in  light  grease  and  in  others  in  cable  dressing. 

5.  Fuse  had  been  capped  and  hung  submersed  in  a  barrel 
of  oil  several  hours  before  using. 

6.  Fuse  had  been  allowed  to  hang  on  nails,  underground, 
for  days  and  even  weeks  before  use. 

7.  Fnse  was  cut,  capped,  and  then  piled  on  the  floor  of  the 
drift  for  weeks  before  an  attempt  was  made  to  use  it. 

S.  Large  quantities  of  fuse  were  hung  on  nails,  for  long 
periods  of  time,  before  use.  This  caused  a  fracture  of  the 
powder  train. 

9.  Primers  were  placed  over  the  crossbar  of  the  cage,  and 
jerked  down  sharply  to  hold  them  on  the  bar  while  being 
lowered  into  the  mine.  The  jerking  was  sufTicient  to  frac- 
ture the  powder  train  of  the  fuse. 

10.  Defective  caps.  These  caps  had  been  spoiled  by  ex- 
posure to  steam  and  moisture. 

Another  cause  of  misfire,  not  so  generally  recognized  as 
it  should  be,  is  the  sweep  of  the  air  returning  to  place  dur- 
ing blasting  operations.  This  feature  is  most  noticeable 
in  development  work,  and  particularly  in  massive  ground. 
The  displaced  air  returning  to  place  causes  several  things 
to  happen.  The  most  common  is  the  throwing  of  powder 
out  of  untamped  holes;  another,  in  wet  holes,  is  the  driving 
of  the  water  with  great  force  into  the  powder  cartridges. 
This  at  times  will  so  completely  surround  the  powder  with 
water  as  to  cause  an  imperfect  shot.  Still  another  is  the 
destruction  of  the  fuse  in  the  hole  that  is  wet  through  satu- 
ration. 

Causes  of  Uneven  Burning. — A  common  cause  of  uneven 
burning  is  that  a  mining  company  often  allows  a  warehouse 
man  to  pile  an  incoming  shipment  of  fuse  in  front  of  the 
shipment  already  in  stock.  Where  this  is  done  trouble  re- 
sults for  the  reason  that  with  age  fuse  slows  down  in  burn- 
ing speed.  An  attempt  to  use  fuse  that  has  been  stored  for 
months  in  a  warehouse  in  combination  with  a  fresh  ship- 
ment has  been  known  to  spoil  many  a  round  of  holes. 

Methods  and  materials  used  in  tamping  cause  variations 
in  burning  time  as  high  as  80  per  cent.  The  normal  speed 
on  the  Pacific  Coast  is  -10  sec.  per  foot,  when  the  fuse  is 
burned  in  the  open  at  sea  level.  Investigation  of  reports 
of  imeven  burning  time  in  development  work  brought  to 
light  a  curious  circumstance:  In  a  majority  of  the  cases 
investigated  it  was  discovered  that  the  holes  that  were  re- 


ported to  liave  gone  out  of  their  turn,  and  thus  spoiled  the 
I'ound,  were  the  lifters. 

Questioning  of  the  miners  who  had  loaded  and  fired  such 
rounds  showed  that  they  all  believed  that  "the  fuses  in  the 
lifters  had  to  stand  the  jar  and  vibration  of  all  the  other 
holes  in  the  same  round,  and  for  that  reason  should  be 
located  as  deeply  and  tamped  as  securely  as  possible." 
Following  that  line  of  argument,  the  miner  loaded  the 
primer  in  the  point  (bottom)  of  the  lifter  and  also  tamped 
it.  The  lifters  were  usually  t-lie  only  holes  in  tlie  round 
that  were  carefully  tamped,  and  the  placing  of  the  primer 
in  any  one  of  the  other  holes  was  largely  problematical, 
usually  at  some  point  in  the  hole  that  suited  the  fancy  of 
the  particular  miner  loading  the  hole.  The  result  of  this 
method  of  loading  was  that  the  lifter  would  flre  out  of  rota- 
tion and  spoil  the  round.  The  speed  of  the  fuse  in  the  lift- 
ers w^us  governed  by  the  pressure  exerted  on  it  for  consider- 
able length  by  the  explosive  load  and  the  stemming.  This 
caused  rapid  burning. 

Although  the  mining  company,  as  a  general  practice, 
should  not  attempt  to  settle  the  much-mooted  question  of 
the  most  desirable  position  of  a  primer  in  a  hole,  it  should 
insist  that,  if  good  results  are  expected  from  safety  fuse  in 
regard  to  even  burning,  the  primers  in  all  the  holes  in  the 
same  round  should  be  subjected  to  about  the  same  pressure 
on  relatively  equal  lengths. 

Another  cause  for  uneven  burning  for  which  the  fuse  is  in 
no  way  to  blame  is  the  improper  spacing  of  holes.  This 
practice  often  causes  holes  to  fire  out  of  rotation,  owing  to 
ground  squeeze  created  by  firing  holes  drilled  too  closely  to- 
gether. If  a  mine  inspector  receives  complaints  that  lifters 
are  missing  in  wet  ground,  he  should  carefully  determine 
whether  too  close  spacing  of  holes,  instead  of  defective  fuse, 
is  not  responsible  for  the  trouble.  Where  the  holes  im- 
mediately above  the  lifters  are  drilled  too  close  to  them, 
their  bursting  causes  the  water  in  the  lifters  to  drive  later- 
ally through  the  fuse,  in  many  cases  destroying  it.  This 
trouble  can  easily  be  remedied  in  wet  and  damp  ground  by 
I)Utting  a  reasonable  burden  on  the  lifters. 

Precautions  for  Eliminating  Misfires. — Having  stated  the 
causes  of  many  misfires,  let  it  be  assumed  that  the  fuse  has 
been  properly  made  and  stored.  What,  then,  may  be  done 
lo  eliminate  much  of  the  trouble?  Consider  first  the  mak- 
ing up  of  the  fuse  into  a  primer. 

The  first  operation  is  cutting  the  fuse  with  a  sharp  in- 
strument, square  across.  Never  fail  to  cut  off  a  fraction  of 
an  inch  from  the  end  of  a  fuse  that  has  been  exposed  to  the 
air  for  any  length  of  time,  and  never  cut  a  fuse  on  a  slant, 
as  this  may  cause  the  sharp  point  formed  by  this  kind  of 
cut  to  double  over  in  the  cap  barrel.  This  would  cause  the 
fire  from  the  fuse  to  hit  the  side  of  the  cap  instead  of 
reaching  the  cap  composition.  Next,  care  must  always  be 
taken  to  press  the  end  of  the  fuse  lightly  against  the  cap 
composition  before  crimping.  This  precaution  must  be 
used  so  that  no  air  space  is  left  between  the  end  of  the 
fuse  and  the  cap  composition.  A  large  percentage  of  mis- 
fires in  mining  is  caused  by  not  following  this  simple  but 
vital  practice. 

For  crimping  a  cap  to  the  fuse,  only  a  broad-jawed 
crimper  should  be  used.  This  type  of  tool  seldom  cuts  a 
cap  shell.  In  cold  weather  fuse  should  be  warmed  slightly 
before  uncoiling  is  attempted.  In  outside  work  fuse  should 
be  protected  from  dampness  and  the  direct  rays  of  the  sun 
when  circumstances  force  its  being  exposed  to  the  weather 
for  any  length  of  time. 

When  fuse  is  to  be  used  in  wet  work,  it  is  well  to  seal 
the  joint  of  cap  and  fuse  with  a  suitable  preparation.  For 
this  purpose  P  &  B  roofing  paint  having  an  asphaltum  base, 
pine  tar,  and  Celakap  are  recommended  as  the  most  suit- 
able. 

Some  beliefs  that  time  and  constant  repetition  hav€ 
caused  to  be  accepted,  but  which  are  erroneous,  are  worth 
repetition. 

The  exterior  appearance  of  a  fuse  is  often  taken  as  a 
reliable  indication  of  its  quality.  Fuse  of  dingy  appearance, 
however,  is  often  excellent  in  quality.  Some  grades  of 
fuse  waterproofing  will  absorb  the  white  material  put  on 
the  outside,  causing  the  fuse  to  become  a  dirty  yellow  color. 
This  in  no  way  affects  the  burning  quality.  A  test  would 
easily    determine    the    quality   of   the    fuse    and    avoid    un- 
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net-essary  complaints.  Conlrary  lo  popular  belief,  the  cen- 
ter thread  is  not  chemically  treated  lo  assLst  in  the  burning 
quality  of  the  fuse.  The  absence  of  the  center  thread  will 
not  alter  the  burning  speed  of  the  fuse;  its  function  is 
merely  to  make  a  more  certain  flow  of  powder  in  the  fuse- 
making  machine. 


Loosening   Dirt   With    Scarifier    in  Ditch 

Construction,  and  a  Land  Leveling 

Tool 

In  developing  the  70.0U0-acre  tract  of  the  Crocker-Huff- 
man Land  &.  Water  Co.  at  Merced,  Cal..  several  interest- 
ing dirt-moving  methods  were  employed  by  Mr.  Henry 
Lage,  manager  of  the  company.  In  building  the  irrigation 
ditches  the  dirt  was  loosened  by  a  scaritier  hauled-  by  a 
caterpillar  tractor.  Scrapers  and  mule  teams  were  em- 
ployed in  scooping  out  the  dirt  loosened  by  the  tractor  and 
scarifier.  Previous  to  the  use  of  the  outfit,  the  dirt  had 
been  loosened  by  means  of  road  plows  pulled  by  mule 
teams.  Five  16-mule  teams  were  used  in  this  w-ork  and 
each  plow  required  three  men  to  hold  it,  in  addition  to  the 


Caterpillar   Land    Leveler   on    Road    Work   in    lUinois. 

driver.  For  the  five  outfits.  20  men  were  required,  which 
at  $2.25  made  the  labor  cost  $45  per  day.  The  total  cost, 
figuring  the  80  mules  at  $1  each  per  day,  amounted  to  $125. 
With  the  tractor  and  scarifier  outfit  the  cost  of  loosening 
the  dirt  was  $18  per  day — the  cost  for  the  tractor  and  the 
operator. 

One  of  the  greatest  problems  in  connection  with  the 
development  was  the  leveling  of  the  land.  Livestock  was 
first  used  for  the  purpose,  400  mules  being  employed  with 
Fresnoes.  Later  caterpillar  tractors  were  substituted  for 
the  mules,  one  tractor  being  used  with  seven  Fresnoes. 
The  difiSculty  with  this  method  was  that  one  man  was  re- 
quired with  each  scraper,  and  with  seven  men  in  each 
battery  of  scrapers,  it  was  difficult  to  get  the  unity  of  ac- 
tion necessary  to  make  the  work  completely  successful.  Mr. 
Lage,  then  proceeded  to  experiment  and  finally  brought  out 
a  land  leveling  machine  which  he  termed  a  ground  plane. 
With  this  plane  it  is  stated  he  was  able  to  do  as  much  work 
as  he  had  heretofore  accomplished  with  24  mule  teams  and 
Fresnoes.  The  plane  has  since  been  developed  and  im- 
proved by  the  Holt  Mfg.  Co.  and  is  now  known  as  the 
Caterpillar  Land  Leveler. 

The  machine  is  designed  and  built  especially  for  use  with 
tractor  power.  In  the  largest  size  (11%  ft.  leveler)  the 
bowl  is  2  ft.  5  in.  high  and  the  w;ings  extend  3%  ft.  for- 
ward. The  capacity  is  4  to  5  yd.  The  smallest  size  (6 
ft.  leveler)  has  a  capacity  of  2  to  2%  yd.  The  bowl  is 
raised  or  lowered  while  the  leveler  is  in  motion  by  a  power 
device,  consisting  of  a  sprocket  keyed  to  the  axle  and 
another  one  running  loose  on  the  upper  shaft  but  attached 
to  a  friction  cone  clutch  by  means  of  which  the  connec- 
tion between  the  drive  and  shaft  is  made.  When  the 
machine  is  standing  still  the  bowl  can  be  raised  by  a  large 
hand  wheel.  The  depths  of  cut  thus  can  be  regulated, 
and  the  load  dumped  in  one  place  or  spread  evenly. 


Simple  Method  of  Staking  Out  a 
Logging  Spur 

The  problem.-;  involved  in  Ihe  location  and  construction 
of  strictly  temporary  logging  spurs  are  very  different  from 
those  relating  to  permanent  railroad  building.  A  logging 
spur  has  just  two  conditions  to  satisfy;  it  must  enable 
enough  logs  to  be  gotten  out  with  the  available  equipment 
to  log  the  mill;  and  it  must  be  so  placed  and  built  that  the 
total  cost  of  building  the  spur,  maintaining  it,  operating 
over  it,  and  getting  the  logs  to  it,  will  be  less  than  that 
of  any  other  possible  combination.  Civil  engineers  have 
worked  out  nearly  all  the  economical  considerations  affect- 
ing the  location  and  construction  of  standard  railroads,  to 
a  point  of  great  refinement.  But  unless  a  civil  engineer 
has  considerable  actual  logging  experience,  he  will  be  at 
a  great  disadvantage  when  attempting  to  build  a  road  for 
logging  purposes.  On  the  other  hand,  a  great  many  first 
class  loggers,  who  know  exactly  where  their  roads  ought 
to  go  from  a  logging  standpoint,  have  great  difiiculty  in 
fitting  to  the  ground  a  line  which  will  best  meet  the  re- 
quirements, owing  to  lack  of  training  in  the  geometrical 
problems  involved,  and  insufl3cient  experience  with  the  in- 
strument of  the  engineer.  In  a  paper  presented  last  fall 
at  the  8th  annual  meeting  of  the  Southern  Logging  Asso- 
ciation, Mr.  B.  G.  Pasco  of  the  A.  J.  Neimeyer  Lumber  Co., 
Little  Rock,  Ark.,  described  simple  methods  of  staking  out 
logging  spurs.     An  abstract  of  the  paper  follows; 

Within  the  limits  of  economical  location  and  construc- 
tion, it  is  proper  to  allow  the  methods  by  which  the  logs 
,ire  to  be  gotten  to  the  track  to  inttuence  very  strongly  its 
location.  Topographical  conditions  may  be  such  that  there 
i.s  not  much  choice  where  the  railroad  shall  go,  but  when 
I  here  is  a  choice,  it  is  generally  best  to  favor  the  skidding. 

After  having  looked  the  ground  over  thoroughly,  and  de- 
termined on  the  general  route  to  be  followed,  the  next 
thing  is  to  definitely  indicate  on  the  ground  the  exact  po- 
sition of  the  center  line  of  the  proposed  road. 

This  staking  out  of  the  road  calls  for  the  use  of  a  very 
different  set  of  brain  convolutions  from  those  used  in  se- 
lecting the  general  route.  The  determination  of  the  loca- 
tion calls  for  all  the  skill  and  experience  of  the  practical 
logger;  upon  the  accuracy  of  his  conclusions  depends  the 
financial  success  of  the  operation.  It  now  remains  to  fit  a 
line  to  the  ground  selected,  which  will  adequate  and  eco- 
nomically take  care  of  the  traffic.  This  part  of  the  work 
is  more  a  mathematical  and  geometrical  proposition  than 
anything  else.  If  it  is  handled  competently  good  results 
are  certain  to  be  secured ;  if  it  is  slighted,  or  done  by  in- 
competent men.  its  shortcomings  may  nullify  all  the  good 
effects  of  the  painstaking  work  of  the  man  who  selected 
the  route. 

The  methods  of  the  civil  engineer  admit  of  the  mechan- 
ical part  of  location  being  done  almost  to  perfection,  but 
not  every  operation  keeps  a  skilled  engineer  on  its  pay- 
roll. In  the  absence  of  such  a  man,  the  logging  superin- 
tendent generally  has  to  stake  out  the  more  diflScult  spurs 
himself. 

Determinirtg  Grades. — A  plan  by  which  the  boss  and  one 
man,  if  no  more  can  be  had,  can  stake  out  a  spur,  and  ap- 
proximate the  results  which  would  be  obtained  by  a  much 
more  pretentious  survey,  is  as  follows:  The  more  exten- 
sive survey  if  properly  done  will  always  pay  for  itself,  if  it 
can  be  had,  but  we  are  considering  now  a  case  in  which 
the  boss  is  short  handed,  and  has  to  do  the  best  he  can. 

We  will  assume  that  there  is  one  man  to  help  to  do  the 
work,  and  that  there  are  available  the  following  tools;  1 
ax,  1  chain  or  tape  of  any  length  not  less  than  r^O  ft.,  and  1 
engineer's  hand-level. 

Suppose  that  it  has  been  decided  to  extend  a  spur  over 
a  certain  ridge,  and  that  the  investigation  has  indicated 
that  a  certain  low  place  or  saddle  is  the  best  place  tq  get 
over.  The  first  thing  one  needs  to  know  is,  what  per  cent 
of  grade  will  be  possible  over  this  hill  without  excessive 
dirt  work. 

Take  the  tools  and  go  to  the  place  where  you  desire  to 
cross.  Next  cut  a  light  stick  either  5  ft.  or  4  ft.  long,  to 
rest  the  level  on.     Only  a  very  short  man  will  need  the  4- 
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fi.  stick.    I(  he  can  seo  ihi-ou);l>  ilie  lovel  when  held  on  tup 
of  the  5-ft.  slick,  ihiit  will  be  the  bo.-st  length  to  use. 

First  invofitlKHto  the  slilo  up  which  the  loads  hiive  to 
come.  If  ihiit  side  can  be  hmidlcd,  the  olher  one  nearly 
ulways  enn,  and  If  the  loads'  side  is  inipraclicable  you 
doD't  care  anything  about  the  other  side  anyhow. 

Let  the  helper  stand  right  at  the  highest  point  in  the 
low  place  on  the  divide.  Now  step  down  the  hill  in  any 
direction  from  which  you  can  see  the  helper's  feel,  and 
when  you  think  you  ha\e  descended  the  length  of  your 
stick,  stand  it  up  and  hold  the  level  on  it,  and  look  bad; 
toward  the  helper.  If  you  fail  lo  see  his  feet  on  a  lovel 
line,  move  the  stick  up  or  down  the  hill  unlil  you  do.  The 
foot  of  the  stick  is  then  Just  5  ft.  lower  than  the  lop  of  the 
hill.  If  you  are  using  a  u-ft.  slick.  Now  let  the  helper  stand 
exactly  where  the  fool  of  the  slick  was,  and  dioj)  down 
the  hill  unlil  a  level  sight  will  hit  his  feet  again;  your 
staff  is  now  on  a  point  10  ft.  below  the  lop  of  the  hill.  Re- 
peal the  process,  keeping  count  of  the  times  you  move 
ahead,  until  you  get  down  to  the  level  ot  the  main  valley 
up  or  down  which  you  are  goini;  lo  build..  Multiply  the 
length  of  your  staff  by  the  number  of  limes  you  have 
moveil  ahead,  and  you  find  the  height  ot  the  pass,  in  the 
ridge.  In  this  case,  for  instance,  suppose  the  top  was  95 
ft    above  the  valley. 

You  are  now  in  position  lo  begin  to  figure  on  the  srade 
of  your  line  over  the  hill.  There  will  nearly  always  be  a 
rather  sharp  and  narrow  comb  right  on  the  ridge  which 
will  need  to  be  cut  through  to  get  any  kind  of  a  railroad 
through  the  pass.  Any  deeper  cut  than  that  necessary,  one 
will  be  justified  only  according  to  how  much  timber  comes 
over  the  hill,  and  how  much  can  economically  be  spent  to 
reduce  the  grade.  In  this  case  let  us  suppose  that  you 
sized  the  situation  up  when  on  top  of  the  hill,  and  decided 
that  a  10-ft.  cut  would  let  your  line  through  in  good  shape. 
That  will  leave  85  ft.  to  be  climbed  on  an  ascending  grade. 
Therefore  it  you  want  a  1  per  cent  grade  over  that  hill  it 
will  have  to  be  8,500  ft.  long.  If  you  want  a  5  per  cent 
grade,  it  will  have  to  be  1,700  ft.  long,  and  so  on.  As  it  will 
not  generally  be  possible  or  desirable  to  drop  down  the 
full  per  cent  on  every  hundred  feet,  actually  the  line  in 
nearly  every  case  will  have  to  be  quite  a  little  longer  than 
a  straight  uniform  grade  would  require.  Nearly  always 
there  will  be  short  stretches  where  one  will  have  to  go 
level,  or  on  a  less  grade  than  the  ma.ximum,  to  fit  the 
ground  so  as  to  avoid  excessive  grading.  Also  it  is  always 
desirable  to  reduce  the  grade  on  all  curves,  to  compensate 
for  the   curve  resistance. 

Let  us  suppose  that  in  the  present  case  it  is  desired  to 
get  a  3  per  cent  line.  You  will  divide  your  85  ft.  of  height 
by  three,  and  find  that  it  takes  a  little  over  2,800  ft.  of 
length  to  get  down  on  a  3  per  cent  grade,  even  if  you  can 
get  your  full  3-ft.  drop  every  100  ft.,  which  is  not  at  all 
probable. 

The  next  step  is  to  investigate  the  supporting  ground  on 
the  hill  side.  The  hill  will  have  to  have  a  length  of  at 
least  2.800  ft.  if  you  are  going  lo  work  down  it  on  a  3  per 
cent  grade,  or  else  you  will  have  lo  have  a  heavy  fill  or 
trestle  to  let  you  down  from  the  point  where  the  3  per  cent 
grade  would  get  off  of  the  hill  to  the  point  where  it  would 
run  into  the  ground  in  the  valley.  Of  course  the  main 
ridge  will  have  a  much  greater  length  than  that,  or  it  would 
except  in  special  cases  be  better  to  go  around  it  than  to 
go  over  it,  but  as  a  rule  the  pass  through  which  it  is  de- 
sired to  run  the  spur  will  be  at  the  head  of  two  ravines, 
each  of  which  will  be  flanked  by  smaller  spurs  of  the  moun- 
tain, and  owing  to  the  shapes  of  these  smaller  hills,  it  is 
very  often  impossible  to  get  around  the  point  of  one  with 
a  railroad  on  any  practical  curve.  It  is  therefore  a  case 
of  either  getting  lo  the  bottom  of  the  valley  on  the  best 
side  of  the  adjoining  hills,  or  if  they  are  too  short,  hold- 
ing the  line  on  the  slope  of  the  main  mountain  at  what- 
ever elevation  is  necessary  to  pass  above  the  subsidiary 
ridge.  Right  where  the  small  spur  hill  joins  the  main  ridge 
is  quite  often  the  best  place  to  get  past. 

Staking  Out  the  Line. — If  investigation  discloses  a  route 
oi  fairly  good  surface,  not  too  badly  cut  up  by  ravines  and 


smaller  hills,  and  of  suUlcient  length,  you  may  proceed  to 
locale   ihe  line   in   detail. 

tio  back  lo  Ihe  i)ass  and  rut  an  iiniitul  of  sapling  poles 
about  4  tl.  long,  point  one  end  and  bhize  two  sides  ot  the 
other  end  of  each.  Set  two  of  these  poles  ."lO  fl.  apart  on 
the  divide,  so  ihai  ihey  will  be  in  line  with  what  in  your 
best  judgment  will  be  the  proper  place  for  the  center  of 
your  road.  Stand  behind  one  and  look  over  the  other  and 
see  if  with  allowable  curves  you  can  make  Ihe  line  hit 
where  you  want  it  to.  Next  stand  beliind  the  other  slake 
and  look  Ihe  other  way,  and  see  if  the  olher  side  will  fit 
the  ground  all  right.  Generally  it  will  he  found  advisable 
to  change  one  or  bolh  the  stakes  a  little,  to  gel  ihe  line 
of  sight  just   where  it  looks  the  best   from  bolh  directions. 

Having  established  your  center  line  at  the  com  rolling 
l>oinl.  you  are  now  ready  to  extend  your  line  on  each  side. 
In  order  lo  guide  the  graders,  etc.,  it  is  best  to  place  a 
stake  every  50  ft.  Cut  a  i)ole  about  6  fl.  long,  and  make  a 
mark  on  it  at  the  exact  height  of  your  eye.  Then  measure 
down  from  the  mark  1%  ft.,  as  1V6  ft.  down  in  50  ft.  dis- 
tance as  a  3  per  cent  grade,  and  make  a  plain  blaze  about 
the  size  of  a  dollar  at  the  place  I'/a  ft.  below  the  height 
of  the  eye.  Now  let  the  helper  hold  the  chain  by  the  50- 
ft.  mark,  at  the  nearest  of  the  two  stakes  you  set  at  the 
top  of  Ihe  divide.  You  take  the  end  of  the  chain  and  range 
yourself  into  line  by  looking  back  at  the  two  stakes,  and 
then  set  a  stake  either  in  line  or  lo  either  side  desired, 
depending  upon  whether  you  want  lo  curve  or  go  straight. 
Then  both  the  helper  and  yourself  move  up  50  ft.  more, 
and  set  up  another  stake.  By  the  time  you  have  staked  a 
short  distance  you  are  sure  to  have  dropped  the  10  ft. 
which  you  expect  to  cut,  so  select  the  nearest  stake  to  the 
point  at  which  the  cut  will  begin,  and  commence  to  work 
for  your  3  per  cent  descending  grade  from  there. 

At  each  stake  beside  which  the  helper  stands,  have  him 
hold  Ihe  pole  on  which  you  made  the  small  blaze  ly,  ft. 
below  the  height  of  your  eye,  with  blaze  facing  you.  Then 
when  you  get  50  ft.  from  him,  and  sight  back  at  his  pole 
with  the  hand-level,  if  your  line  of  sight  hits  the  blaze,  you 
are  on  a  point  l"^  ft.  lower  than  he  is,  and  right  on  a 
point  in  the  3  per  cent  descending  grade.  If  your  line  of 
sight  hits  above  the  mark,  swing  down  the  hill  a  little;  if 
below,  get  a  little  higher.  By  tracing  your  grade  line  this 
way  from  one  stake  to  the  next,  you  will  have  your  3  per 
cent  grade  all  the  way  down  the  hill.  Of  course,  you  can 
not  always  get  just  the  elevation  you  need,  because  it 
would  make  your  line  too  crooked;  where  you  unavoidably 
get  too  high  or  too  low,  you  will  have  to  make  a  cut  or 
fill,  as  the  case  may  be.  You.must  study  the  ground  as  you 
come  to  it,  and  run  your  curves  with  the  proper  offset  to 
get  the  desired  rise  or  fall;  when  the  ground  is  too  badly 
chopped  up  to  get  a  smooth  line,  you  may  run  across  the 
ridges  and  ravines  so  that  when  the  tops  are  cut  off  and 
the  hollows  filled  up,  the  resulting  line  will  conform  closely 
with  the  desired  grade. 

In  fitting  these  curves  to  the  hillside  it  is  not  at  all 
necessary  that  all  offsets  shall  be  the  same  in  any  one 
curve.  It  will  not  hurt  anything  if  they  are  all  different, 
so  long  as  none  of  them  exceed  the  maximum  around 
which  your  engines  can  go.  The  greater  the  offset,  the 
nearer  level  you  should  make  your  grade,  then  when  you 
get  out  of  the  curve  you  can  continue  to  drop  on  your  full 
3  per  cent. 

When  considering  the  amount  of  offset  allowable,  due 
consideration  must  be  given  to  the  type  of  engines  to  be 
used.  There  Is  no  use  to  measure  the  offsets  exactly;  by 
some  strange  fatality  all  logging  superintendents  wear 
shoes  just  12  in.  long,  and  it  has  been  found  to  be  much 
easier  and  quicker,  and  just  as  good,  to  measure  such  off- 
sets with  the  natural  foot.  Each  engine  will  have  its  own 
limitations,  and  the  superintendent  needs  to  be  familiar 
with  them  in  order  to  get  satisfactory  results,  but  speak- 
ing in  a  very  general  way,  one  should  not  exceed  6  ft.  off- 
set in  50  for  rod  engines  and  10  ft.  for  geared  engines. 
Those  offsets  correspond  roughly  to  a  14°  curve  and  a  23° 
curve,  respectively.  In  starting  and  ending  a  curve,  al- 
ways make  the  first  and  last  offsets  just  half  of  what  you 
otheiTvise  would,  to  avoid  having  the  ends  of  the  curve 
twice  as  sharp  as  the  rest  of  it. 
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Machine  for  Removing  Sheet  As- 
phalt Pavement  from  Between 
Street  Car  Tracks 

A  specially  constructed  machine  is  employed  by  the 
United  Railroad  of  San  Francisco  for  removing  asphalt 
pavement  from  between  street  car  tracks.  The  device  is 
described  in  Electric  Traction  to. which  we  are  indebted  for 
the  matter  in  this  article.  The  device  is  essentially  a 
scoop  or  plow  which  is  carried  in  front  of  the  work  car. 
This  machine  tears  up  the  asphalt  paving  from  between  the 
rails  and  loads  it  Into  the  work  car  as  the  car  proceeds. 
the  operation  being  continuous.  The  scoop  or  plate  is  ?A 
in,  wide  and  60  in.  long,  and  is  provided  with  a  sharj)  and 


The  Economic  Duties  of  the 
Engineer* 

Hy  W.  R.  INGALLS, 
Kditor,  '"tOngineering:  and  .MininjLi  Journal."  N'ew  York. 

Sujierior  to  all  industrial  and  political  principles  are 
economic  laws,  for  it  is  those  laws,  which  are  laws  of  na- 
ture, that  create  and  determine  principles  and  practices. 
One  of  the  greatest  of  economic  laws  is  that  of  the  sur- 
vival of  the  fittest,  which  exhibits  itself  in  competition,  and 
from  that  is  derived  the  classic  economic  doctrine  that 
labor  is  the  residual  claimant  upon  the  produce  of  in- 
dustry. After  the  shares  of  the  state,  the  landlord,  the 
ciijiitalist .    :incl    the    entrepreneur    have    been    deducted,    all 


Self-loading    Outfit    for    Tearing     Up    Asphalt    Pavement     Between     Street    Car    Tracks. 


slightl.x-  turnedup  front  edge.  The  scoop  is  supported  at 
the  front  end  of  the  work  car  on  a  75-lb.  T-rail  frame  about 
10  ft.  in  length.  The  upper  end  of  this  is  provided  with  an 
eye  which  fits  into  the  coupler  on  the  car  to  be  loaded.  A 
wooden  runway  or  platform  extends  from  the  scoop  to  the 
loading  car.  This  platform  is  4  ft.  wide  and  15  ft.  long, 
and  is  provicied  with  sides  to  guide  the  sheet  of  asphalt. 
It  is  inclined  at  an  angle  of  about  2.5°. 

When  the  apparatus  is  put  in  service,  the  asphalt  at  the 
starting  point  is  raised  slightly  with  bars,  and  the  point  of 
the  scoop  is  forced  under  the  asphalt  by  moving  the  car 
ahead.  As  the  car  proceeds,  the  strip  of  asphalt  between 
the  rails  is  raised  up  the  incline  and  drops  over  the  end  of 
the  platform  into  the  car  as  shown  in  the  accompanying 
illustration.  It  is  unloaded  at  the  plant  and  is  broken  up  as 
it  falls  to  the  ground. 


Care  of  Pulley  Blocks.— The  National  Safety  Council,  in 
its  practical  hints  for  the  prevention  of  accidents,  has  the 
following  to  say  regarding  pulley  blocks:  Inspect  your 
pulley  blocks  frequently  to  see  that  the  sheaves  and  pins 
are  not  badly  worn  or  the  hooks  straightened.  All  plain- 
bearing  sheave  wheels  should  be  oiled  every  day  when  in 
use  on  heavy  work.  The  roller  bearing  sheaves  should  be 
oiled  occasionally  to  reduce  the  friction  wear  and  the  dan- 
ger of  breaking.  Oiling  always  lightens  the  work  and 
makes  it  easier  to  judge  the  load  and  to  keep  within  the 
capacity  of  the  rope  and  blocks. 


the  lest  go  to  hibor,  and  here  is  what  is  mystifying  to 
many — to  wit,  rent,  interest  and  profits  are  limited  by 
competition,  and  of  them  the  laborer  can  get  neither  the 
share  of  the  landlord  nor  of  the  entrepreneur  by  any  eco- 
nomic means,  while,  as  for  interest,  the  residual  claimant 
is  benefited  by  every  payment  on  account  of  capital  used 
in  the  production  of  wealth,  and  is  better  off  when  a  high 
rate  of  interest  is  being  paid  than  when  a  low  rate  is  paid. 
We  may  apply  the  |u-inciples  to  the  concrete  case  of  the 
United  States. 

The  wealth  of  the  United  States  at  the  end  of  1916  was 
estimated  at  about  .$2.50,0110,0(10,00(1.  The  production  of 
things  was  about  $.50,000,000,00(1.  These  are  very  rough 
figures,  as  they  are  bound  to  be.  Estimates  relating  to  this 
sub.iect  vary  considerably.  I  have  mentioned  the  highest 
that  I  have  seen.  There  is  reason  to  suppose  that  the 
higher  figures  are  more  nearly  correct  than  the  lower. 
Anyhow,  I  am  going  to  use  the  highest  only  to  give  an 
approximate  idea  of  proportions.  This  was  before  the 
United  States  entered  the  war,  and,  according  to  the  United 
States  Bureau  of  Labor,  we  had  40,000,000  workers.  Let 
us  assume  that  rent,  interest  and  profits  averaged  4  per 
cent  of  the  wealth  of  the  nation,  which  would  hardly  be 
extravagant.  That  would  account  for  $10.000,oiio,0(lO  out 
of  the  total  product,  leaving  $40,000,000,000  for  labor,  or 
$1,000  per  worker.     Two  million  railway  workers  and  2.50,- 

"'From  i)residential  jiddress  dflivfrpd  .l;iii.  It  ht-fore  the  .Mining 
anfl  IVrclallurgical  ."Society  of   .\nioiio:i. 
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null   iron    and    -slt'ol    workinon    recolveil     about     Hint    .sum. 

Tlio.so  flsurvM  art-  spocttlc  pxprosslons  of  two  whole  irnlus- 

trU's.    Tht'  workni«'i\  in  .-ionic  other  in()U!«trles  enrnoj  nioro; 

In  Konio  they  enrnoil  less. 

Thiii  labor  «lo«'!<  not  get  incroa.ipil  wnKo.-i  at  the  expense 

1    (unless   ca|iilal   be   ronllscateil.   In   which   event 

,-e»l  wall's  will  not  Ioiik  endure)  Is  Illustrated  by 

'!:.■   i\i)iTlonce   with    the    railwa\s     In     Great    Uritain   and 

Anierkft      Hut.  apart  from  lonllsiatlon.  the  winning  of  In- 

, L.isod  wnijes  by  one  srotip  of  labor  Is  obtained  only  at 

Ml.'  I'xpense  of  other  sroups.     The  intujuallty  in  the  distri- 

t.'ition  of  wealth  Is  not  between  the  rapitalist  and  the  la- 

IxTiT,  but  rather  Is  it  anions  laborers  themselves.     There 

IS   ample   Rround   for   the   surmise   that     the    professional, 

i-lerlcal.  shop-tending,  and  .olmilnr  rlnsses,  and  the  salaried 

■  nerally,  have  suffered  especially  at  the  hands  of 

ly   operators,   mechanics,   artisans,    biiildei-s,    aiul 

iiui\i'r-..  init  the  famieni  and  the  factory  folk  have  not  been 

Immune. 

I  am  not  soinK  to  enter  upon  any  line  analysis  of  the 
very  rouph  statistical  data  that  I  have  piven.  and  shall 
IKJint  out  merely  tlml  after  the  state,  the  landlord,  the  cap- 
italist and  the  entrepreneur  have  ROt  their  taxes,  rent,  in- 
terest and  profits,  of  which  the  last  three  are  severely  lim- 
ited by  competition,  labor  gets  all  the  rest,  and  what  it 
nets  Is  what  It  produces.  The  only  way  it  can  set  more  is 
to  produce  more. 

My  thesis  Is  that  the  only  way  whereby  the  condition  of 
the  mass  of  the  people  can  be  improved  is  for  it  to  pro- 
duce more,  and  the  loss  of  capital  and  life  that  has  been 
suffered  during  the  last  4%  years  makes  it  particularly  es- 
sential now  to  give  attention  to  increased  production,  to 
accomplish  which  we  shall  undoubtedly  need  to  develop 
new  systems  and  new  methods.  This  is  what  I  mean  by 
the  necessity  for  reorganiation,  rather  than  readjustment. 
after  the  war.  And  it  is  in  such  reorganiation  that  the 
engineer  must  play  a  great  part.  England  is  already  mak- 
ing her  plans,  and  unless  we  are  careful  she  will  get  the 
start  of  us.  Thus,  I  recently  noted  the  following  paragraph 
in  a  letter  from  an  observant  American  traveling  abroad: 
•'England  is  knitting  together  for  work.  The  directors 
of  capital  and  the  organizers  of  labor  were  never  more  to- 
gether. There  have  been  no  strikes  in  England  against 
capital,  only  against  Government  wages  or  failure  of  Gov- 
ernment to  equalize  matters  as  between  war  bonuses  and 
high  cost  of  living.  England  is  studying  efficiency  and  is 
preparing  for  the  overseas  competition  of  the  future. 
Forty-six  English  factories,  without  trade  union  or  labor 
opposition,  have  adopted  scientific  management,  but  no  stop- 
watch can  be  used  in  any  factory  controlled  by  the  United 
States  Government,  nor  is  it  allowed  by  the  labor  unions 
to  make  studies  in  time  or  motion,  or  to  compile  records  to 
promote  individual  efficiency." 

Now,  more  than  ever,  should  labor  in  this  country  be 
taught  that  its  real  interest  is  to  produce  more,  which  is 
to  earn  more,  and  emplcyers  should  not  attempt  to  dimin- 
ish labor's  residual  claim  by  abolishing  competition  among 
themselves  or  artificially  enhancing  profits  by  other  means. 
And  just  as  it  is  the  interest  of  labor  to  earn  the  maxi- 
mum, so  it  is  the  duty  of  the  employer,  which  means  that 
he  should  ever  be  alert  to  improve  his  methods  of  produc- 
tion. Wide  differences  of  plant  eflSciency,  administration. 
etc.,  are  really  the  inspiration  of  social  unrest  among  work- 
ers, rather  than  conditions  that  are  intentionally  designed 
to  be  evil.  The  social  reformer,  who  does  not  understand 
production,  is  a  far  less  important  person  in  the  promo- 
tion of  human  welfare  than  the  engineer,  who  does. 

First  of  all.  what  I  see  is  that  the  engineer  should  sat- 
urate himself  with  sound  economic  doctrine.  This  is  just 
as  much  the  basis  of  his  professional  work  as  are  the 
sciences  of  physics  and  chemistry;  and  the  fundamental 
laws  of  economics  are  just  as  immutable  as  are  the  laws 
of  gravitation  and  indestructibility  of  matter.  The  engi- 
neer-economist cannot  possibly  be  a  socialist,  or  a  semi- 
socialist,  nor  even  an  industrial  democrat;  for  it  is  his 
business  to  produce,  and  socialistic  tenets  do  not  tend  to- 
ward production. 

The  engineer  must  be  not  only  a  counteragent  against  the 
destructivenpss  of  the  nroletariat,  but  also  must  he  direct 


himself  against  the  sluggishness  of  tortoise-like  capitalists. 
One  of  the  cardinal  principles  of  American  engineering  (lur- 
ing the  last  20  years  has  been  the  exchange  of  information 
and  the  promotion  of  publicity  about  everything — technical 
processes,  business  relations,  corporate  affairs.  We  have 
seen  America  forgo  ahead  largely  owing  to  the  absorption 
of  this  idea,  while  Great  Uritain  lagged  behind  and  almost 
went  asleep  at  the  switch.  She  Is  wide  awake  now.  Let 
nobody  forget  it.  nut  we  ourselves  have  got  to  go  further 
in  publicity  than  we  have,  gone  heretofore.  Publicity  has 
been  a  favorite  word  among  us,  especially  among  mining 
engineers,  who  have  created  more  openness  in  the  affairs 
of  their  profession  and  their  corporations  than  exists  any- 
where else.  In  reading  one  of  Hobson's  treatises  not  long 
ago  I  found  a  word  that  struck  me  more  emphatically  than 
publicity.  He  spoke  about  transparency,  and  said  that 
"Perfect  transparency  of  industrial  operations,  perfect 
lluidily  of  labor  and  of  wealth,  would  effect  incalculably 
great  economies  in  the  production  of  commercial  wealth." 
And  he  said  further:  "No  fact  bearing  on  prices,  wages, 
profits,  methods  of  production,  etc.,  merely  concerns  a  sin- 
gle firm  or  a  single  body  of  workers."  The  more  you  think 
about  that  the  more  will  you  be  impressed  by  its  truth 
and  its  merit. 

But  while  devising  stimuli  for  the  workmen  let  us  not 
forget  the  need  for  opening  the  eyes  of  the  employer  to 
his  own  defects,  and  I  do  not  mean  defects  in  his  human 
relations,  but  rather  his  economic  defects.  For  an  em- 
ployer may  be  a  generous  and  lovable  captain,  whom  those 
working  for  him  may  affectionately  call  "the  old  man,"  and 
yet  he  may  be  their  worst  enemy,  an  economic  impediment, 
owing  to  his  ignorance  and  backwardness.  Just  as  there 
is  a  class  of  no-rent  lands  which  determine  the  price  of 
agricultural  produce,  so  is  there  a  class  of  no-profit  em- 
ployers who  determine  the  rate  of  wages. 

Sometimes  we  see  the  backward  manufacturer  stirred  to 
new-  and  better  things  by  the  threat  of  imminent  extinction 
through  the  advent  of  a  new  competitive  process.  Thus, 
about  20  years  ago  the  contact  process  of  making  sulphuric 
acid  promised  to  displace  the  classic  chamber  process,  and 
abolish  millions  of  dollars  invested  in  plant,  but  the  cham- 
ber-process men  bestirred  themselves,  improved  their  prac- 
tice, and  held  their  own. 

I  think  it  is  an  indictment  of  the  engineering  societies 
of  this  country  that  they  have  made  no  general  efforts  for 
the  advancement  of  economic  conditions.  Their  meetings 
have  been  pleasant  social  functions,  the  benefit  of  which 
is  not  to  be  decried.  Their  printed  transactions  have  be6n 
the  repositories  of  valuable  technical  papers,  which  are 
useful  for  reference  and  guidance.  But  in  their  practical 
indications,  in  their  practical  push  toward  better  things, 
they  have  been  insignificant  in  comparison  with  the  splen- 
did efforts  of  the  American  engineering  press,  respecting 
which  we  may  proudly  say,  "Ne  plus  ultra."  Pray  forgive 
any  impropriety  in  my  expressing  this,  for  of  course  I  have 
not  in  mind  my  own  trifling  part  in  what  hundreds  of  papers 
have  done  with  the  co-operation  of  the  industries  and  pro- 
fessions that  they  represent. 


American  Railway  Association  Reorganized. — The  Amer- 
ican Railway  Association,  in  order  to  serve  as  a  responsible 
channel  through  which  the  Director  General  of  Railroads 
may  obtain  recommendations  for  the  advancement  of  rail- 
road practice  during  his  period  of  federal  control,  has  re- 
vised its  articles  of  organization  and  by-laws  and  has 
changed  its  name  to  the  American  Railroad  Association. 
The  new  association  will  now  cover  the  activities  of  the 
American  Railway  Association,  American  Railway  Master 
Mechanics'  Association,  Association  of  Railway  Telegraph 
Superintendents,  Association  of  Transportation  &  Car  Ac- 
counting Officers'  Freight  Claim  Association,  Master  Car 
Builders'  Association,  Railway  Signal  Association,  and  Rail- 
way Storekeepers'  Association.  The  new  organization  will 
consist  of  five  sections;  Section  1— Operating;  Section  2— 
Engineering;  Section  3— Mechanical;  Section  4— Trafl3c, 
and  Section  5— Transportation.  Railroads  under  federal 
control  are  members  of  the  association,  and  will  be  repre- 
sented and  participate  in  the  activities  of  each  section- 
through  their  proper  officers. 
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Experience  of  Stone  &  Webster  in 

Operation  of  1-Man  Trolley 

Cars 

The  one-man  light-weight  street  car  is  now  being  used 
extensively  by  Stone  &  Webster  in  cities  ranging  in  size 
from  25.000  to  300,000  population.  This  so-called  safety  car 
seats  35  persons  and  weighs  about  13,000  lb.  The  results 
obtained  from  the  operation  of  these  cars  were  outlined  by 
Jlr.  Henry  G.  Bradlee  of  the  above  firm  at  recent  confer- 
ence of  the  American  Electric  Railway  Association.  Mr. 
Bradlee's  discussion  is  printed  in  full  in  the  Stone  &  Web- 
ster Journal,  from  which  we  quote  as  follows: 

The  matter  of  the  results  obtained  from'  the  operation  of 
these  cars  is  very  difficult  to  put  down  in  black  and  wliite 
or  in  figures,  because,  as  in  all  matters  of  the  kind,  results 
differ  verj'  much  in  different  cities  under  different  condi- 
tions. The  question  of  saving,  the  question  of  how  much 
business  you  may  create  through  more  frequent  service, 
depend  very  largely  not  only  on  the  actual  conditions  as  to 
population,  but  also  on  the  type  of  cars  used  previous  to 
the  adoption  of  the  new  type,  the  weight  of  car  and  the 
frequency  of  service  previous  to  the  change. 

I  think  I  can  perhaps  bring  the  matter  out  most  clearly 
by  taking  the  figures,  which  are  estimates,  that  were  made 
up  in  the  early  days  of  the  operation  of  the  one-man  car. 
and  were  purposely  put  in  very  simple  form.  These  fig- 
ures have  been  confirmed  in  practice  and  the  results  which 
were  estimated  at  that  time  are  substantially  those  which 
we  have  actually  found. 

We  figured  out  schedules  for  a  number  of  lines,  starting 
with  the  assumption  in  the  first  place  that  we  were  operat- 
ing on  those  lines  a  35.000-lb.  car,  seating  40  passengers. 
We  assumed  that  conditions  were  the  average  as  they 
would  be  found  in  a  medium  size  street  railway  company. 
In  other  words,  the  company  did  not  have  water  power  and 
dirt  not  have  the  cheaper  steam  power  which  can  be  pro- 
duced in  the  large  cities  with  large  sizo  turbine  units.  We 
took  the  conditions  as  they  exist  in  the  medium  or  smaller 
size  cities,  operating  a  35,000-lb.  car  seating  40  passengers. 

We  first  assumed  a  line  operating  only  two  of  these  cars 
and  decided  we  would  change  that  to  a  3-car  schedule  using 
the  light-weight  type  of  car.  That  resulted  in  this  state 
of  affairs:  the  schedule,  in  the  first  place,  was  30  minutes 
between  cars.  With  the  additional  car  the  schedule  was 
20  minutes,  which  reduced  the  interval  between  cars  by 
one-third.  The  number  of  seats  with  the  two  40-passenger 
cars  was  80;  with  the  three  small  type  cars  we  had  87 
seats.  With  this  schedule  we  figured  we  were  giving  the 
passengers  an  increase  of  7  seats,  giving  them  a  20-min- 
ute  schedule,  instead  of  a  30  minute,  and  we  saved  per 
year  $3,500  in  operating  expenses,  not  taking  into  account 
fixed  charges. 

Taking  next  a  3-car  line  and  changing  it  to  a  4-car  line, 
three  cars  of  the  heavy  type  and  four  cars  of  the  light,  the 
number  of  seats  was  reduced  a  little.  From  120  the  seats 
were  reduced  to  116,  but  the  headway  was  reduced  from 
30  minutes  to  22'/2  minutes  and  the  saving  per  year  was 
.$6,100. 

Changing  a  4-car  line  to  a  6-car  line  gave  us  174  seats 
on  the  line  as  against  160.  This  resulted  in  an  improved 
headway  from  30  minutes  to  20  minutes  and  a  saving  of 
.$7,000  per  year  in  operating  expenses. 

A  5-car  line  which  was  changed  to  a  7-car  line  gave  us 
203  seats  as  against  200  and  changed  the  headway  from 
20  minutes  to  14  minutes,  and  saved  $9,600. 

A  change  from  a  6-car  line  to  a  9-car  line  increased  the 
number  of  seats  available  from  240  to  261,  changed  the 
schedule  from  15  minutes  to  10  minutes  and  brought  about 
a  saving  of  $10,500  a  year.  These  savings  are  just  on  op- 
erating expenses. 

For  the  first  case  that  1  referred  to,  the  investment  re- 
quired— these  are  pre-war  figures  and  not  present  time  fig- 
ures—was $10,500  and  the  saving  $3,500,  which  show  that 
the  cars  would  pay  tor  themselves  in  about  three  years. 
In  the  second  case  the  cars  would  pay  for  themselves  in  a 
little   over   two    years — 2.2    years.      In    the    third    ca.se    the 


cars  paid  for  themselves  in  3  years;  in  the  fourth  case 
the  cars  paid  for  themselves  in  2.5  years,  and  in  the  fifth 
case  the  cars  paid  for  themselves  in  three  years. 

In  all  those  cases  the  cars  paid  for  the  investment — that 
is,  paid  for  the  full  cost  of  the  cars — in  from  2.5  to  3  years, 
based  on  pre-war  conditions.  Just  what  that  w^ould  mean 
today  it  is  pretty  hard  to  tell.  Of  course,  the  price  of  the 
car  has  doubled.  On  the  other  hand,  wages  are  pretty  nearly 
double  under  present  conditions,  and  when  you  save  a 
man's  time  you  are  saving  more  than  you  did  when  these 
figures  were  made.  The  cost  of  power  has  increased  very 
much.  I  should  say  at  the  present  time  that  where  the 
cars  paid  for  themselves  previously  in  from  2.5  to  3  years, 
it  might  be  from  3  to  4.5  years  now. 

The  saving  comes  from  two  sources:  first,  the  saving 
of  platform  labor,  and  second,  the  saving  in  power  and 
other  operating  costs.  The  saving  in  platform  labor  can 
be  accomplished  equally  well  by  taking  our  present  cars, 
many  of  thein,  and  changing  them  over  for  one-man  opera- 
tion. This  has  been  done  in  a  great  many  cases.  I  think 
we  have  changed  over  nearly  half  as  many  cars  as  we 
bought  of  the  new  one-man  type. 

Of  the  total  saving,  we  estimate  that  the  saving  in  plat- 
form labor  was  about  40  per  cent  and  the  saving  in  power 
and  other  expenses  about  60  per  cent,  so  that  by  merely 
changing  from  the  old  cars  you  can  bring  about  a  saving 
of  40  per  cent  of  that  which  w-ould  be  obtained  by  buy- 
ing light-weight  cars. 

In  the  use  of  the  light-weight  cars  you  have  the  60  per 
cent  saving  in  power  and  other  expenses,  plus  the  in- 
'■reased  earnings  that  you  may  obtain.  There  is  one  other 
feature  which  I  think  is  pretty  generally  overlooked.  I 
do  not  remember  hearing  it  mentioned  by  anyone  in  the 
discussion  of  the  one-man  car  problem.  It  is  the  saving 
in  power  stations  and  the  saving  in  transmission  systems. 
With  these  schedules  as  we  have  them  here,  we  estimate 
a  saving  of  30  per  cent  in  power  station  capacity;  in  other 
words,  we  are  giving  increased  headway  and  we  have,  only 
70  per  cent -of  the  peak  load  we  had  before  with  a  less 
number  of  heavy  cars;  or  if  you  put  it  another  way.  hav- 
ing made  this  change  and  having  increased  the  number 
of  cars  and  the  headway,  it  is  still  possible  to  increase  the 
service  some  40  per  cent  more  before  we  get  back  to  the 
load  on  our  power  station  which  we  had  in  the  first  place. 

So  there  is  quite  a  material  saving  in  power  station  ca- 
pacity and  transmission  system  cost  which  you  can  credit 
against  any  general  change  of  this  sort.  Whether  there  is 
any  saving  in  track  maintenance  or  not,  I  do  not  think 
anyone  can  say.  Of  course,  in  running  the  lighter  cars 
there  is  presumably  less  wear  and  tear  on  the  track,  but 
there  are  no  figures  available,  so  far  as  I  know,  that  wilt 
throw  any  light  on  that  phase  of  the  subject.  So  far  our 
figures  are  based  on  the  matter  of  savings  in  operation', 
which  was  the  thing  we  had  in  mind  when  we  originally 
took  up  this  problem— giving  better  service  at  lower  cost 
if  we  could,  with  the  idea  that  it  might  increase  our  earn- 
ings somewhat,  but  not  with  the  idea  that  there  would  be 
any  material  increase. 

The  result  had  been  quite  surprising.  The  increased 
service  seems  to  result  in  a  very  material  increase  in  riding 
in  a  great  many  instances.  I  could  perhaps  give  a  good 
many  more,  but  the  following  are  fairly  representative  and 
will  do  to  illustrate  the  matter. 

In  our  company  at  Tampa  we  have  the  one-man  Birney 
type  of  car  on  two  lines.  On  one  line  the  car  miles  have 
been  increased  about  29  per  cent.  This  has  resulted  in 
an  increase  in  receipts  of  about  13  per  cent.  On  the  other 
line  the  car  mileage  has  been  increased  about  51  per  cent 
and  has  resulted  in  an  increase  in  receipts  of  an  equal  per- 
centage. I  would  say  as  to  these  increases,  that  they  are 
arrived  at  after  deducting  the  normal  increase,  or  decrease, 
which  might  have  been  expected  without  the  safety  cars, 
and  measure  as  near  as  we  can  the  effect  of  the  car  and 
the  more  frequent  service  on  the  particular  lines. 

In  El  Paso  I  have  data  for  two  of  the  lines  which  are 
operated  entirely  with  this  type  of  car.  On  one  line  the 
car  mileage  has  been  increased  about  48  per  cent  and  the 
receipts  increased  approximately  50  per  cent.  In  the  case 
of  the  other  line   the  increase   in  mileage  has  been  about 
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In  Sealtle  on  one  line  Che  hureaso  in  car  miles  has  been 
l'1.7  per  cent  and  the  Increa.-ie  in  receipts.  29  per  cent. 

In  Tacoinu  we  have  several  lines.  The  increase  in  car 
mlleaKe  on  one  line  has  been  about  i:o  per  cent  and  the  In 
crease  In  receipts.  :»  per  cent:  the  increase  on  another  is 
In  car  intl.-aKe.  75  per  cent,  and  in  re.eipts.  41!  per  cent; 
(he  Increase  in  the  case  of  a  thinl  line  has  been  in  car 
mlleuRe.  3  iwr  cent,  and  In  receipts.  17  per  cent. 

Now  I  will  return  lo  my  orisi""!  simple  case,  applyinf; 
this  increase  or  receipts  as  well  as  the  saving  of  expenses. 
I  will  assume  that  with  a  .SO  per  cent  Increase  in  milea>;e 
vou  will  be  able  to  ROt  25  per  cent  Increase  in  car  receipts. 
That  is  a  smaller  proportion  than  any  of  these  tigures  show. 
You  will  notice  in  many  of  them  that  the  percentage  in 
crease  In  receipts  was  fully  eiiual  to  the  Increase  in  mile 
aite.  I  am  assuming  now  that  the  increase  in  receipts  will 
only  be  e>iual  to  one  half  the  increase  in  mileage. 

On  that  basis  in  the  lirst  case  given,  changing  a  2car 
line  to  a  ;t-car  line,  you  obtain  an  increase  in  gross  earn- 
ings of  $4,000  per  year  and  a  saving  in  expense  of  $3,500  a 
vear.  which  combined  would  result  in  paying  for  the  new 
rolling  stock  In  a  little  less  than  one  and  one-half  year.s.  I 
will  not  bother  to  read  the  figures  in  all  of  these  cases,  but 
they  all  figure  out  substanUally  on  that  basis— the  saving 
In  expense  plus  the  increase  in  earnings  will  pay  for  the 
cars  in  about  a  year  and  a  half.  That,  of  course,  applies 
solely  to  the  conditions  given  in  these  particular  cases.  If 
we  had  been  operating  a  heavier  car  originally  on  the  line. 
we  would  have  been  able  to  make  a  greater  saving,  and 
with  a  lighter  car.  a  less  saving.  It  we  had  taken  the  con- 
ditions we  have  in  Puget  Sound,  where  power  is  produced 
by  water  power  at  low  cost  per  kilowatt  hour,  it  would 
have  reduced  the  savings.  If  the  conditions  had  been  such 
as  they  are  in  one  of  the  large  cities,  like  Boston,  with  large 
turbines  producing  cheaper  power,  it  would  have  reduced 
the  savings,  but  1  think  the  example  I  have  given  you  is 
a  fairly  typical  example  of  what  may  be  expected  in  nio 
dliiin  sized  cities. 


Motor  Truck  Equipped  for  Operation  on 
Railroad  Track 

A  motor  truck  equipped  with  special  flanged  wheels  for 
running  on  railroad  track  is  being  employed  by  Northwest- 
ern   Pacific    R.    R.    in    enlarging   a    1.40n-ft.    tunnel   at   San 


Truck    Owned    by    Northwestern. Pacific    R.    R.    Used    for    Hauling 
Flat  and   Dump  Cars. 

Rafael,  Cal.  The  truck  is  stated  to  have  successfully  lian- 
dled  two  60.000  capacity  flat  cars  and  two  40.000  dump  cars 
un  a  1.2  per  cent  grade.  The  truck^a  Four  Wheel  Drive — 
is  owned  by  the  railway.  To  fit  It  for  this  particular  work 
it  was  fitted  with  an  all-weather  cab.  searchlight,  bumpers, 
couplings  and  railroad  brakes. 


Efficiency  and   Other  Factors  for 
Success* 

By  Hit.  MCllTNKK  WITiMER. 
IKMuirtnU'iit   of  rsyiluiloy.v,    fnlvrrslty  of  I'enn.sylvanlii. 

Psychology  and  Efficiency.  II  would  be  dilllcult  to  state 
just  what  psyclioloKy  is.  alllioug)!  I  <-aii  slate,  in  a  way. 
what  the  psychologist  studios,  lie  studies  just  what  you 
are  compelled  lo  study  every  day  of  your  life,  and  that  is 
liuinan  performance-  the  behavior  of  human  beings  and 
animals-- such  behavior  as  is  accompanied  by  conscious- 
ness, or  for  the  explanation  of  which  we  are  compelled  to 
assume  I  lie  existence  of  consciousness.  Such  is  the  prov- 
ince of  the  modern  science  of  psychology.  We  study  mind, 
therefore,  only  indirectly  through  llie  performance  of  those 
whom  we  observe.  When  I  lest  a  student  in  my  psycho- 
logical laboratory,  or  when  parents  bring  children  to  my 
laboratory  for  the  purpose  of  having  lliem  examined  and 
tested,  all  that  my  tests  do  is  to  provide  a  material  means 
or  agency  by  which  I  cause  the  child  to  perform  in  my 
presence,  so  that  I  can  observe  in  a  number  of  well-regu- 
lated tests  what  kind  of  pcrrormance  he  is  capable  of  ren- 
dering. 

That  is  the  reason  why  psychology  comes  so  closely  in 
touch  with  human  life,  and  tliat  is  the  reason  why  the  word 
"efficiency"  is  one  which  we  have  regularly  used  in  the  field 
of  psychology. 

Efficiency  and  Intelligence. — To  achieve  success  I  think 
that  clear  thinking  is  a  very  essential  consideration  for 
good  work  in  any  department,  whether  it  be  a  pupil  in  the 
school  or  a  man  endeavoring  to  earn  his  living.  1  think 
certain  concepts  in  connection  with  our  study  of  human 
problems  are  coming  out  of  this  war  which  it  is  extremely 
important  for  us  to  try  lo  define  a  little  more  precisely 
than  they  are  defined  at  the  present  time.  One  of  these  is 
the  word  efficiency.  Another  very  much  misused  term  is 
the  word  intelli,gence.  We  hear  of  "intelligence  testing" 
and  we  hear  of  "efficiency  management."  I  believe  that 
there  is  always  one  aspect  of  any  human  performance 
which  requires  us  to  use  the  term  efficiency — that  wherein 
we  look  upon  the  performance  as  an  operation  which  has 
as  its  object  the  production  of  a  desired  result.  Then  we 
examine  the  expenditure  of  time  and  effort  in  securing  that 
result.  Efficiency  exists  only  when  the  result  is  accom- 
plished with  a  minimum  expenditure  of  time  and  effort, 
and  this  relation  is  quantitatively  measured. 

The  attainment  of  efficiency  is  only  one  way  of  achiev- 
ing success.  Another  way  of  achieving  success  is  through 
I  he  exercise  of  intelligence.  I  use  the  word  intelligence 
to  mean  invention — to  employ  the  imagination  to  solve  a 
new-  problem.  In  its  highest  manifestation  it  is  what  we 
call  genius.  In  the  lowest  manifestation  it  is  what  we  call 
cunning.  It  is  possessed  by  the  young  as  well  as  by  the 
old,  and  by  the  lower  animals  as  well  as  by  man — the 
ability  to  solve  some  problem  which  confronts  him  for  the 
first  time. 

We  are  confronted  all  the  time  with  performances  in 
these  days  where  w-e  must  distinguish  the  relative  effi- 
ciency of  individuals  or  institutions  from  their  relative  in- 
I  diligence.  It  has  been,  to  my  mind,  a  conspicuous  result 
"f  the  achievements  of  this  war  that  the  Germans,  despite 
their  greater  efficiency  in  industrial  and  military  organiza- 
1  ion.  have  been  beaten  by  the  superior  intelligence  of  the 
allied  peoples.  To  my  mind  it  does  not  help  us  in  analyzing 
ihe  situation  to  say  that  because  the  Allies  have  won  the 
victory  it  therefore  means  greatpr  efficiency. 

Efficiency,  Intelligence,  Knowledge,  and  Intellect. — Now- 
looking  at  what  is  involved,  not  only  in  the  handling  of 
men  but  in  the  handling  of  students,  in  the  arrangement  of 
the  course,  or  curriculum  of  a  professional  school,  or  In 
any  institution  where  these  different  factors  come  Into 
play:  Efficiency  is  to  be  acquired  only  as  the  result  of  dis- 
•  cipline  through  constant  training  and  practice.  It  comes 
out  of  a  repeated  performance  done  over  and  over  again 
until  the  maximum  amount  of  output  is  obtained  with  a 
minimum     amount     of    effort.     We    do    not    like    efficiency 


♦From  an  addre-ss  presented  Dec.   :',  before   the   Engineers'   Club 
of  Philadelphia. 
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really,  because  it  exists  in  an  atmosphere  of  monotony 
and  requires  us  to  put  forth  strenuous  effort.  We  like  our 
employes  to  be  efficient,  our  students  to  be  ellicient ;  but, 
as  for  ourselves,  we  prefer  to  be  intelligent.  That  is  to  say, 
we  prefer  to  achieve  success  by  some  other  means. 

Success  is  not  achieved  solely  through  effioieruy.  Be- 
cause American  business  men  and  American  professional 
men  achieve  success  and  acquire  wealth  or  obtain  reputa- 
tions is  no  proof  that  they  are  efficient.  Efficiency  is  one 
thing;  the  employment  of  intelligence  in  order  to  accom- 
plish a  result  by  some  other  means  is  a  very  different  mat- 
ter. Those  are  two  distinct  aspects  of  every  performance 
and  they  stand  with  respect  to  each  other  as  though  they 
were  at  quite  opposite  and  contrasting  poles.  There  is 
nothing  so  different  from  efficiency  as  this  mental  quality 
which  I  call  intelligence. 

Knowledge,  we  are  told,  is  power.  Knowledge  is  ac- 
quired by  the  exercise  of  the  memory;  which  means,  again, 
either  the  training  of  the  memory  and  the  acquisition  of 
ideas  at  some  relatively  low  level,  because  lower  types  of 
men  can  achieve  it,  and  the  employment  of  knowledge  is 
therefore  for  the  purpose  of  producing  efficiency;  or  it 
means  the  acquisition  of  knowledge  in  order  to  get  new 
ideas.  For  example,  the  new  discoveries  with  respect  to 
by-products  and  the  introduction  of  by-products  in  the 
manufacturin,g  industries,  it  seems  to  me,  do  not  add  to 
efficiency.  It  is  the  introduction  of  a  new  bit  of  knowledge 
by  virtue  of  which  a  new  line  of  performance  is  carried  on. 
Now,  we  advance  constantly — we  make  our  successes 
through  acquiring  new  knowledge,  and  it  is  therefore  of 
great  importance  that  we  should  consider  what  kind  of 
knowledge  is  to  be  acquired  and  what  its  results  and  con- 
sequences are. 

There  is  a  certain  kind  of  knowledge  whicli  we  call  pro- 
fessional knowledge — professional  skill — which  comes 
fairly  close  to  efficiency,  but  which,  in  its  higher  regions 
of  intellectual  thought,  does  not  involve  efficiency  at  all, 
but  processes  that  had  better  be  called  imagination,  which 
brings  it  a  little  closer  to  this  other  capability  which  I  call 
intelligence.  A  man's  knowledge  may  be  professional 
knowledge  and  lead  him  to  success  in  your  line  or  my  line 
of  work;  or,  on  the  other  hand,  his  knowledge  may  be  of 
human  character.  A  man  may  succeed  as  an  engineer  or 
as  a  doctor — not  because  he  is  a  good  engineer  or  a  good 
doctor  per  se,  but  because  he  understands  human  nature, 
or  can  pass  a  good  bluff,  or  because  he  has  a  lot  of  good 
friends. 

Knowledge  for  Its  Own  Sake. — There  is  one  kind  of 
knowledge  which  I,  as  a  university  man,  feel  is  extremely 
important;  that  is.  knowledge  for  its  own  sake — the  pos- 
session of  a  certain  amount  of  knowledge  for  the  sake  of 
acquiring  new  knowledge — knowledge  which  forms  a  basis 
for  further  investigation.  In  my  opinion  the  great  ad- 
vances of  the  world  have  come,  to  a  certain  extent,  through 
men  of  genius,  men  of  intelligence,  who  have  employed  in 
specific  sciences  such  knowledge  as  they  were  able  to  ac- 
quire in  order  to  gain  new  knowledge.  Other  persons  may 
subsequently  have  carried  their  results  to  a  conclusion. 
For  example,  the  aeroplane  was  invented  by  an  American — 
Professor  Langley,  who  barely  achieved  success;  yet,  nev- 
ertheless, he  did  succeed.  Foreigners  took  the  idea  and 
advanced  it.  It  is  said  that  the  submarine  is  not  a  German 
invention.  It  is  said  also  that  the  Germans  did  not  invent 
mustard  gas,  but  they  took  the  idea  and  developed  it.  That 
is  what  I  mean  by  knowledge  further  developed  in  the  di- 
rection of  efficiency,  and  our  institutions,  whether  they  be 
such  as  yours,  or  schools  like  the  University  of  Pennsyl- 
vania, should  be  ready  to  develop  all  kinds  of  knowledge 
which  may  be  applied,  and  should  apply  that  knowledge. 
In  addition,  some  corner  of  the  institution  should  be  re- 
served for  those  who  are  interested  in  acquiring  new  knowl- 
edge for  its  own  sake;  because,  after  all.  it  is  such  new 
knowledge  which  points  the  way  for  those  who  take  the 
knowledge  and  employ  it  in  other  directions. 

There  is  another  factor  which  comes  into  all  our  work, 
a  factor  of  great  importance,  and  that  is  what  I  can  onlv 
vaguely  call  judgment — the  exercise  of  good  judgment. 
Good  judgment  is  only  to  be  acquired  as  the  result  of  ex- 
perience. I  can  see  it  with  every  individual  that  I  examine. 
It  comes  out   in   the  simplest  test — in  the  judgment  which 


he  exercises  in  solving  the  test.  He  must  choose  certain 
methods  of  operation  if  he  solves  the  test  which  I  put  be- 
fore him,  and  he  will  use  good  judgment  or  bad  judgment 
in  solving  it. 

Principles  Underlying  Good  Judgment. — Then  there  are 
certain  principles  which  underlie  good  judgment  which  are 
mainly  balance  and  common  sense. 

■'Honesty  is  the  best  policy,"  we  say.  and  so  it  is.  That 
is  the  ideal  to  make — to  put  before  a  man  as  his  standard 
of  living.  Yet  anybody  who  lives  in  the  world  knows  that 
success  is  conditioned  not  only  by  following  that  policy — it 
is  conditioned  often  by  making  compromises  with  it.  The 
same  may  be  said  of  lying.  It  is  not  safe  to  say,  as  Beth- 
mann-Holwegg  said,  that  "Necessity  knows  no  law."  As  a 
pi'oposition  it  does  know  no  law  under  certain  circum- 
stances; but  that  is  not  the  proposition  to  put  before  hu- 
manity as  a  rule  of  action.  .Judgment  calls  upon  us  to 
select  the  opposing  principle  of  law  which  yet  permits  of  ex- 
ceptions. We  say  that  we  are  law-abiding  citizens,  but 
each  man  feels  he  has  a  right  within  himself  to  annul  the 
law  when  it  comes  to  certain  critical  situations. 

The  Principle  of  Compromise. — It  seems  to  me  that  in 
the  selection  of  our  rules  of  conduct  and  in  the  way  in 
which  those  rules  of  conduct  are  lived  up  to,  you  will  al- 
ways find  that  the  principle  which  has  brought  success  to 
some  men  or  groups  of  people  has  been  the  principle  of 
compromise.  And  today,  when  we  are  confronted  with  the 
uncompromising  attitude  of  some  of  the  socialistic  minor- 
ities, you  can  understand  exactly  what  I  mean  by  that 
spirit.  Whatever  we  may  think  of  their  doctrines,  whether 
we  think  they  are  good  or  bad.  there  is  the  additional  ques- 
tion of  our  having  to  deal  with  groups  who  will  apparently 
decline  to  enter  into  any  compromise  at  all — who  either 
want  the  whole  loaf  or  none.  A  certain  balance  and  judg- 
ment which  I  think  exists  in  political  life  and  in  ordinary 
affairs  is  to  be  found  in  every  single  performance,  at  least 
as  I  have  observed  it  in  the  laboratory — a  certain  balance 
and  jud.gment  in  deciding  what  the  course  shall  be.  I  sup- 
pose a  certain  amount  of  luck  enters  into  it  in  choosing  the 
one  to  be  followed  and  those  which  will  lead  ultimately  to 
success. 

In  all  this,  as  I  see  the  situation  which  comes  before  us, 
there  are  those  two  main  questions;  an  external  one  of  the 
operation  or  performance — the  man  in  action  and  the  esti- 
mate of  his  action  as  such,  and  efficiency  is  a  term  which 
relates  to  that;  on  the  other  hand,  there  is  the  internal — 
the  man  carries  w-ithin  himself  certain  capacities,  certain 
abilities,  which  we  indicate  when  we  say,  "He  is  an  able 
man;   he  has  intelligence,  intellect,  sound  judgment." 

I  think  it  may  help  everyone,  as  it  certainly  helped  me, 
if  we  distinguish  between  this  external  aspect  of  work 
which  is  efficiency  and  these  internal  attributes  which 
may  result  in  efficiency.  A  competent  man — a  healthy 
man — is  not  necessarily  efficient.  He  has  the  advantage 
over  the  sick  man  in  being  able  to  develop  efficiency  or  to 
be  trained  for  efficiency.  If  we  are  selecting  men  on 
whom  we  are  going  to  spend  time  and  effort  in  training.'  un- 
doubtedly we  want  to  select  the  more  competent  men. 

The  Problem  of  the  Schools. — Whenever  I  am  taken  into 
consultation  regarding  the  question  of  training  young  men 
for  careers  by  any  institution.  I  always  say  to  them,  "If 
you  pre  trying  to  give  these  men  a  certain  amount  of  pro- 
fessional training— efficiency  on  the  one  hand  and  skill  on 
the  other — and  you  wish  to  fill  their  minds  with  a  certain 
amount  of  knowledge  which  you  hope  that  they  will  em- 
ploy, you  ought  to  put  it  before  them  in  such  a  way  that 
they  will  employ  their  intelligence,  so  that  it  will  not  be- 
come deadened  through  the  other  kind  of  training,  because 
efficiency  training  does  deaden   intelligence." 

That  is  the  problem  of  the  school,  but  an  equally  impor- 
tant |u-oblem.  if  we  are  going  to  send  out  into  the  world 
well  trained  professional  men.  is  to  eliminate  the  unfit 
from  the  schools.  To  my  mind  it  is  every  hit  as  important 
a  question  in  college  or  in  professional  schools,  as  the 
actual  curriculum  and  the  methods  of  giving  instruction  in 
the  institution.  We  must  devise  some  method  whereby  we 
can  select  those  men  whom  it  is  worth  while  to  train.  So 
that  competency  comes  up  in  connection  with  our  institu- 
tirns  of  higliest  learning,  just  as  it  conies  up  in  connection 
witli  cmr  lower  grade  work. 
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Track  Arranj^enients  for  Moving 
Steam  Shovels 

liileri'sling  inforniiilimi  on  Hack  arninMenients  for  the 
movement  of  steam  shovels  for  Ihe  enlargement  of  the 
excavated  area,  is  given  by  Capl.  Llewellyn  N.  Edwards, 
.Supervising  lOngineer  of  bridges  of  Toronto,  in  a  recent 
issue  of  The  Canadian  Engineer,  from  which  llie  I'ollowing 
notes  are  taken. 

Whenever  the  shovel  is  to  be  transported  comparatively 
long  distances  under  its  own  power,  the  simplest  form  of 
nack  outfit  consists  of  short  sections  of  rails  spiked  or 
bolted  upon  wooden  sills  or  stringers.  The  rails  are  muin- 
lained  al  proper  gage  by  means  of  eye-bolts  and  cramps. 
Details  of  I  his  form  of  track  section  are  shown  in  Pig. 
1.  Increased  distribution  of  the  wheel  loads  is  generally 
provided,  when  necessary,  by  the  use  of  transverse  "mud 
sills"   placed    at   intervals   under   the   rail   sills.     The   safe 
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Fig.     3 — Built-up     Wooden     Track — AH 
Planks   Bolted   or   Spiked    in    Place. 


Fig.   2 — Track   Section   for   Move-up   in    Pit. 


Fig. 


1  —  Track  Section  for   Long 
Distance   I\^ovements. 


edge  for  its  own  sake.  If  our  college  is  such  an  institution, 
where  intelligence  is  to  be  exercised  rather  than  knowledge 
acquired,  then  it  ought  to  be  the  college.  If  it  is  the  grad- 
uate school,  then  it  means  the  further  development  of 
graduate  schools.  I  believe  that  all  professional  men  can 
be  made  to  understand  an  analysis  of  these  different  fac- 
tors which  make  for  success,  and  that,  after  all,  while  it 
does  not  necessarily  make  for  the  immediate  success  of 
any  one  particular  man.  nevertheless  one  of  the  most  im- 
portant factors  in  the  training  of  the  mind  is  lo  be  inter- 
ested in  and  to  acquire  knowledge  for  its  own  sake  instead 
of  for  the  sake  of  using  that  knowledge  to  secure  wealth  or 
success. 


What  to  Do  When  the  Gas  Engine  Balks. — The  results  ob- 
tained from  a  gas  engine  depends  upon  the  skill  of  the 
operator.  An  unskilled  man  may  spend  more  time  and 
energy  in  trying  to  start  an  engine  to  pump  water  or  do 
some  other  task  than  would  be  required  to  do  the  work 
on  hand.  Such  delays  are  preventable,  for  engine  trouble 
is  usually  due  to  the  operator's  ignorance  of  some  of  the 
details  essential  to  proficient  operation.  Knowledge  of  the 
engine,  then,  is  one  way  to  conserve  farm  labor  and  avoid 
trouble.  To  supply  such  knowledge  the  United  States  De- 
partment of  Agriculture  has  recently  publislied  Farmers' 
Bulletin  101.3.  "Practical  Hints  on  Running  a  Gas  Engine." 
The  aim  of  the  bulletin  is  to  call  attention  to  some  ot  the 
common  causes  of  engine  trouble,  to  suggest  a  method  of 
locating  quickly  the  seat  of  the  trouble  when  an  engine 
fails  to  run  as  it  should,  and  to  offer  a  sort  of  reminder  in 
the  form  of  a  condensed  trouble  chart,  which  may  fre- 
quently be  ot  assistance  even  to  experienced  operators 


movement  of  a  shovel  down  a  grade  requires  that  the  track 
sections  be  secured  against  longitudinal  movement  by 
the  use  of  rail  splice  plates  or  other  appliances. 

Economy  effected  by  the  use  of  track  of  this  type,  as 
compared  with  track  of  ordinary  construction,  is  readily 
apparent. 

To  facilitate  the  "move  up"  of  the  shovel  in  the  operat- 
ing pit,  somewhat  shorter  sections  of  track  than  those 
shown  in  Fig.  1  must  be  used.  The  length  of  rail  is  some- 
what dependent  upon  the  size  of  the  shovel,  but  in  gen- 
eral it  should  be  equal  to  the  length  of  the  average  "move 
up"  distance. 

The  track  section  shown  in  Fig.  2  is  well  adapted  to  a 
wide  range  of  service  conditions.  The  joint  ties  perform 
a  two-fold  function — the  elimination  of  splice  plates  and 
bolts  and  the  distribution  of  the  wheel  loads  over  a  con- 
siderable area.  The  rails  are  held  in  place  by  the  rail 
clips  and  coupling  pins.  The  holes  in  the  rail  clips  should 
be  slightly  slotted  to  facilitate  the  engaging  of  the  holes 
in  the  rails. 

Movement  of  joint  ties  is  facilitated  by  the  use  of  hooks 
or  other  specially  devised  carrying  devices,  for  which 
purpose  eye-bolts  are  provided  in  the  ends  of  ties. 

Movements  of  the  shovel  on  a  wooden  track  are  adapted 
to  the  use  of  shovels  equipped  with  traction  wheels. 
Usually  the  track  consists  of  a  double  course  of  planks 
■  or  lagging,  the  upper  course  of  which  is  laid  longitudinally 
or  workwise  with  the  direction  of  movements  of  the 
shovel.  These  are  commonly  called  "running  planks." 
upper  and  serves  to  distribute  the  wheel  loads  on  soft  or 
uneven    ground. 
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The  upper  and  lower  course  planks  may  be  used  as  de- 
tached pieces  or  they  may  be  assembled  into  built-up  track 
sections,  as  shown  in  Fig.  3,  for  use  in  conjunction  with 
the  shovel  of  the  turntable  class. 

Whenever  built-up  sections  are  used,  they  are  moved  to 
and  from  their  location  in  the  track  by  being  lifted  upon 
the  dipper  arm,  a  sling  chain  being  provided  for  this  pur- 
pose. Doubtless  the  most  important  factor  ui)on  which 
the  successful  lifting,  swinging  and  dropping  of  the  track 
sections  into  correct  position  depends,  is  the  export ness 
of  the  shovel  operator.  However,  this  is  a  detail  in  wliich 
a  careful  operator  should  be  able  to  attain  etliciency  by  a 
comparatively   small   amount   of   practice. 

The  timber  used  must  be  tough  and  comparatively  hard. 
The  former  property  prevents  splitting,  while  the  latter 
facilitates  "skidding"  of  the  wheels  when  turning  the 
shovel  or  changing  the  direction  of  the  cut. 


Status    of    I.    C. 


C.    Railway    Valuation 
Work 

Progress  of  the  valuation  work  of  the  Interstate  Com- 
merce Commission  was  seriously  interfered  with  by  the 
war.  The  majority  of  the  engineers  of  the  Valuation  Divi- 
.sion  were  within  the  draft  age,  and  many  of  them  were  in- 
cluded in  the  draft.  The  active  demand  for  various  kinds 
of  en.gineering  service,  created  by  the  war,  made  it  dithcult 
to  obtain  and  retain  competent  engineers.  It  frequently 
happened  that  25  per  cent  of  the  engineering  force  was 
changed  in  a  single  month.  The  effect  in  the  engineering 
section  has  been  more  serious  in  the  otBce  than  in  the  field 
for  various  reasons  which  need  not  be  referred  to.  It  had 
been  estimated  that  the  office  work  would  be  cleaned  up  in 
from  a  year  to  a  year  and  six  months  after  the  completion 
of  the  field  work.  Owing  to  the  delays  of  the  war  that  esti- 
mate must  be  increased  b.v  about  one  year. 

It  is  now  estimated  that  engineering  reports  will  be  filed 
in  Washington,  upon  all  properties,  in  about  three  years 
from  .Jan.  1  next. 

The  effect  of  the  war  during  its  continuance  was  perhaps 
more  serious  upon  the  accounting  wcrk  than  anywhere  else. 
The  number  of  accountants  actually  taken  into  military 
service  was  not  great,  but  the  activities  of  the  war,  both 
on  the  part  of  the  government  and  in  private  enterprise, 
seemed  to  call  for  a  great  amount  of  accounting  effort 
which  very  much  increased  the  demand  for  accountants  as 
well  as  the  compensation  paid.  It  was  especially  difficult  to 
find  accountants  at  the  salaries  which  the  commission  could 
offer  who  were  competent  to  make  reports.  With  the  close 
of  hostilities  this  difficulty  is  fast  passin.g  away  and  it  is 
apprehended  that  the  A'aluation  Division  will  find  it  easily 
possible  to  conclude  our  accounting  work  within  the  time 
above  indicated  for  the  completion  of  engineering  reports. 

Most  of  the  land  appraisers  were  beyond  the  draft  age 
and  the  war  did  not  materially  interfere  with  the  prosecu- 
tion of  this  branch  of  our  work.  While  only  about  l.SO.OOf 
miles  of  railway  have  actually  been  covered  by  the  land 
appraisers  in  the  field  up  to  the  present  time,  there  will  be 
no  difficulty  in  bringing  the  work  of  that  section  to  a  com- 
pletion along  with  that  of  our  accountants  and  engineers. 

It  is  expected,  states  Mr.  Charles  A.  Prouty,  director  of 
the  Valuation  Division,  in  the  Railway  Age  Gazette,  to 
which  we  are  indebted  for  this  note,  that  the  field  work 
for  the  most  part  will  be  completed  next  year,  and  the  en- 
tire work  finished  within  the  two  following  years.  This 
brings  the  valuation  work  to  the  point  where  reports  of  all 
sections  upon  all  properties  are  filed  with  the  commission 
in  Washington.  No  estimate  has  ever  yet  been  made  as  to 
the  time  which  may  be  required  to  adjust  the  objections 
which  carriers  will  make  to  these  reports,  but  it  is  believed 
that  after  a  little  this  will  go  forward  rapidly. 


Bill   Before   Michigan   Legislature  to   License   Engineers. — 

An  engineers'  license  bill  was  introduced  in  the  Michigan 
Senate  on  Feb.  12.  It  provides  for  a  licensing  board  of  three 
members,  appointed  by  the  Governor.  Each  engineer  pass- 
ing his  examination  would  pay  a  fee  of  $10,  and  .155  per  year 
thereafter  for  renewal  of  license. 


Governors  and  Mayors  Co-operate 
to  Revive  Building  and  Con- 
struction Industries 

In  its  effort  to  stimulate  local  and  private  initiative  in 
the  industrial  i-eadjustnient.  the  V.  S.  Department  of  Labor 
is  supporting  and  cooperating  with  many  governors  and 
njayors.  Recent  corresponrlence  between  state  and  mu- 
nicipal executives  and  the  Information  and  Kducation  .Serv- 
ii'e  of  the  Department  discloses  an  enthusiastic  approval  of 
aims  of  the  recently  created  Division  of  Public  Works  and 
Consl  ruction  Developments,  a  branch  of  the  Information 
and  Kducation  Service,  which  has  been  placed  at  the  dis- 
posal of  state,  municipal  and  private  interests  desiring  in- 
formation on  industrial  conditions. 

Governois  Charles  H,  Brough  of  .Vrkansas,  .Marcus  H.  IIol- 
comb  of  Connecticut,  Sidney  .1.  Catts  of  (•"lorida.  D.  W'. 
Davis  of  Idaho,  Fi-ank  O.  Lowden  of  Illinois,  James  P.  Good- 
rich of  Indiana.  W.  D.  Harding  of  Iowa,  Henry  J.  Allen  of 
Kansas.  Emerson  C.  Harrington  of  Maryland,  Calvin  Cool- 
idge  of  Massachusetts.  Theodore  G.  Bilbo  of  Mississippi, 
Frederick  D.  Gardner  of  Missouri.  S.  R.  McKelvie  of  Ne- 
braska. Alfred  E.  Smith  of  New  York,  O.  A.  Larrazola  of 
New  Mexico,  Lynn  J.  Frazier  of  North  Dakota,  .James  M. 
Cox  of  Ohio  are  among  the  chief  executives  who  are  in 
touch  with  and  interested  in  the  work  of  the  Department 
of  Labor  in  stimulating  public  construction  work. 

Governor  Frazier  of  North  Dakota  advises  the  Division 
of  Public  Works  and  Construction  Developments  his  state 
now  proposes  "a  permanent  industrial  commission  shall 
undertake  a  program  of  public  works  and  of  state  indus- 
tries together  with  a  special  drive  for  home  building  and 
farm  improvement."  Governor  Withycombe  of  Oregon 
wi'ites  that  his  state  has  a  comprehensive  road  building 
program  for  this  season  which  will  employ  3,800  men.  In 
all  stales  where  legislatures  now  are  in  session  the  subject 
of  expeditin.g  public  work  and  encouraging  private  building 
is  being  discussed,  special  attention  bein.g  given  to  the 
possibilities  of  this  public  work  as  a  stimulus  to  industry 
and  its  effect  on  the  labor  situation. 

In  his  message  to  the  California  legislature.  Governor 
Stephens  emphasized  the  importance  of  immediate  work 
on  public  undertakings  in  the  following  language: 

"Immediate  employment  for  our  returning  men  may  be 
l)rovided  by  pushing  forward,  with  utmost  speed,  the  com- 
l)letion  of  the  state  highways,  for  which  the  people  already 
have  voted  bonds.  On  this  necessary  work  employment  can 
be  found  for  every  California  soldier  who  does  not  sec\ire 
work  immediately  upon  his  return." 

With  reports  from  the  industrial  centers  showing  an  in- 
crease in  the  labor  surplus,  the  Department  of  Labor  sub- 
mits it  is  prudent  for  states  and  municipalities  to  be  de- 
vising a  way  to  do,  what  Governor  Stephens  says  road 
building  will  do  in  California — provide  employment  for 
every  returning  soldier  until  industry  gets  back  to  normal. 

Hon.  Ernest  Lister,  Governor  of  Washington,  in  his 
messa.ge  to  the  State  legislature,  made  a  statement  of  the 
industrial  problem  which  is  very  similar  to  the  representa- 
tions now  being  made  by  the  U.  S.  Department  of  Labor. 
He  said: 

"The  problem  of  readjustment  has  been  discussed  by 
many  persons  solely  on  the  basis  of  providing  properly  for 
and  furnishing  employment  to  the  returning  soldier.  That 
portion  of  the  problem  involves  our  sense  of  honor.  It  is 
imperative  and  primary,  and  must  have  first  attention.  But 
the  bringing  about  of  such  a  result  is  only  a  partial  solu- 
tion of  the  whole  problem  of  national  welfare.  In  addition 
to  approximately  4,500,000  men  who  entered  the  military 
and  naval  establishments  proiier,  there  are  many  addi- 
tional millions  who  became  a  part  of  the  great  war-time 
industrial  army  enga.ged  in  the  manufacture  of  arms,  am- 
munition, clothin.g  and  in  countless  other  lines  of  war  ac- 
tivity. Many  of  the  plants  engaged  in  such  production  have 
.■ilready  closed  down;  others  have  materially  reduced  their 
woT'kin.g  forces.  For  the  future  well-being  of  our  state  and 
nation  it  is  absolutely  essential  that  those  who  were  era- 
ployed  In  war  industries  and  are  now  or  will  soon  be  with- 
out nmiiloyment,  be  promptly  lu-ovided  for. 
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••Most   of  the  men  who  put   on  the  uniform  w»>rt>  prom- 
1  of  tliolr  positions,  by  ilirir  omployers,  upon 
..    from  tlio  iirniy,    Tlioso  promises  should  not 
now    U    ior*;otien.   nor  ounhl    we  to  overlook   the   fact,   in 
K„.,,|ne  'hem.  ihnt  many   persons  who  lUleil  Iho   positions 
.    of  the  soliUers  will  presenlly  llml  tliem- 
■  yinent. 
urn  the  slundpoint  of  llio  Stiilo.  I  believe  it 
Is  ,.  n.l  re.sponslbllity  so  to  luljusi  conditions  that 

hv  .•iniiloyinent  avniliible  in  the  State  for  every 
.  il  person  wlllinK  to  aeeept   it. 
Ail    of    the    responsibility     for     furnishing     employment 
should   not   be   shoveil   over  upon   the   Kovernmeutnl   agen- 
cies.    II  Is  true  thill  the  nation,  stale,  counlies.  niunicipali- 
i(,w  nnd  other  polltieal  subdivisions,  ean  assist   Rreally  in 
the  problem.     Hut   it   Is  equally   true  that   the  in- 
lio  had   contemplated    the  erection   of  n    business 
the   Individual    who   has   desired   to   erect   a   new 
the   manufacturer   who    intended    improvements 
lory,  all  of  whose  plans  were  delayed  by  war  con- 
■UKlit  now  quickly  to  so  arranse  llieir  affairs  that 
tli.y    m.iy   proceed  with   these  conleniplaied   improvements 
:ind    thu.^    aid    in    providlns  employment   for  those  who  de- 
-ire  and  need  it.     I  sincerely  hope  our  people  will  not  over- 
look this  Individual  responsitiliiy.    They  should  not  expect 
the  entire   problem   to   be   worked  out   throu,s;h   public  itn- 
provemenls  that  may  be  undertaken,  for  if  this  be  the  case 
the  lime  will   come  when   public  work   will  cease  and   the 
labor  problem  will  remain  unsolved." 

Returning  the  Railroads 

Ninety-nine  per  cent  of  railroad  Iratlic  runs  across  state 
lines,  if  the  roads  return  to  private  management  the  in- 
terstate authority— the  Federal  Government— must  do  the 
regulating,  with  power  to  revise  or  set  aside  any  state  reg- 
ulation that  trenches  on  the  national  interest.  Many  state 
regulations  have  trenched  on  the  national  interest— being 
designed  for  the  benefit  of  shippers  and  travelers  in  a 
given  region  at  the  expense  of  the  railroad  system  as  a 
whole  or  of  all  shippers  and  travelers  taken  together. 

The  roads  should  be  permitted  to  merge  and  consolidate 
indefinitely  under  Federal  permission  and  charter.  The 
Sherman  Act.  as  it  affects  railroads,  and  every  other  stat- 
utory restriction  designed  to  compel  competition  should 
be  repealed.  The  object  of  all  such  restrictions  is  to  pro- 
tect the  public  against  monopoly  prices,  and  Federal  power 
to  regulate  rates  affords  ample  protection. 

Federal  regulation  should  proceed  on  the  principle  of 
guaranteeing  a  certain  minimum  return  on  the  capital  in- 
vested— say.  h  per  cent— and  offering  a  reasonable  margin 
above  that  as  a  reward  for  excellence  and  progress  in 
managerial  efficiency. 

By  such  an  arrangement  every  advantage  of  unified  op- 
eration— such  as  joint  use  of  terminals,  consolidated  train 
service,  and  so  on — could  be  had.  The  public  would  be 
protected  against  extortion,  for  rate  control  would  be  in 
the  hands  of  the  Government.  Capital  would  be  protected 
against  confiscation.  Labor  would  have  an  open,  impartial 
court  for  the  arbitration  of  its  grievances.  There  would  be 
scope  for  private  initiative;  a  reward  for  progress.  We 
should  be  saved  the  plague  of  Government  ownership,  un- 
der which  politics  would  corrupt  the  railroads,  and  the 
railroads — with  two  million  organized  voters  on  the  pay 
roll — would  corrupt  politics.  We  should  escape  the  progres- 
sive hardening  of  the  arteries  which  attends  Government 
operation. 

Plenty  of  people  will  object,  including  state  railroad  com- 
missioners, whose  functions  and  importance  would  be  much 
attenuated.  But  some  such  sweeping  reorganization  of  the 
old  status  is  the  only  thing  worth  considering  as  an  alterna- 
tive to  costly  and  corrupting  Government  ownership  of  the 
roads. — Saturday  Evening  Post. 


English  Syndicate  Proposes  Railroad  in  Mexico. — An  Eng- 
lish syndicate  has  applied  to  the  Mexican  Government  for 
a  concession  to  build  a  railroad  to  connect  Mexico  City 
with  Merida.  Yucatan. 


Cost  of  Constructing  Street  Railway  Track 

The  following  data  on  the  cost  of  track  work  in  liilO  and 
mifi  are  given  by  Mr.  C.  K.  Keen,  Engineer  Way  and  Struc- 
tures. American  Uys.  Co,,  riiiladclphia,  I'a.,  in  \hv  ,lanuary 
.Aera. 

(.'ost  per  foot  for  1,000  track  feet  of  double  track  laid  in 
main  street  of  easlern  city  of  l:iO,000  inhabitants  in  1910—7- 
in.  80-lb.  Tee  rail  GOft.  lengths,  at  $;!8.20  delivered.  Steel  ties 
Tffl.  centers.  Brick  paving  on  coitcrele  base  with  granite 
stretcher  blocks  Inside  of  rail: 

Per  ft. 
KiiKliii-crliiK  and  superintendence tO.Oii 


'riiiili  liilxir 

Track    inaU'iial    . . . . 

Sp«'clal  work    

Hondlii^   

fonoroto  ninterluls 

Urkk    

Stone  ttlock    

-Vsphall  repairs   

I'aving   labor    


.57 
l.iil 
.60 
.04 
,88 
.30 
.18 
.19 
.29 


Total   »4.65 

A  similar  job  in  the  same  city,  for  800  II.  of  single  track 
laid  in  1910,  cost: 


Engineering   and   sii|>enMUMdence. 

Track  labor 

Track  materials 

Bondinir   

Paving  materials   

Paving  labor  


Per  ft. 

$0.2S 

.63 

1.88 

.07 

1.46 

,50 


A.  low  Tee  rail  cost- 


Totnl    ?4.82 

The  cost  of  three  Jobs  in  IGl.")  in  a  middle  west  city  of 
146,000  inhabitants,  using  100-lb.  A.  K. 
ing  $35.46  delivered,  was  as  follows: 

5.800 
track  feet. 
Per  ft. 
Hnsineering  and  superintend- 
ence         $0.0.5 


3.i:i2 

track   feet. 

Per  ft. 


3.232 

track   feet. 

Per  ft. 


(iradlng 

Ballast    

Ties  

Rail    

Special  work  

Track  labor    

l"a\ing   

Overhead  and  bonding. 
Removal  of  old  track.. 


.10 
..■)9 
.26 

^.•^:^ 

.13 
.2(1 
1.S4 
.06 
.0'.) 


Totals 


$0.32 

.16 

.63 

.27 

1.31 

'.32 

1.72 

.16 

new 

$4.SS 


$0.07 
.07 
.80 
.29 
1.17 
.17 
.27 
1.68 
.12 
.15 

$4.79 


$4.56 

Three  jobs  same  as  above  except  wood  block  paving,  in- 
stead of  brick  with  granite  stretcher  block,  cost: 

1,688  1,688  6.387 

track  feet,     track  feet,     track  feet. 
Per  ft.  Per  ft.  Per  ft. 

l-:nnineerine'  and  superintend- 

tnce    ...^ $0.06  $0.08  $0.08 

Kxcavating   included  in   removal  of  old  track 

Ballast    '  ""  "■  "  "  ' 

Ties    

Rail    

Sijecial  .work    


Track  labor 

I'avintr    

Bonding  

Removal  of  old  tracks. 

Totals    


1.14 
.26 

1.04 

2  20 
.40 

2.38 
.04 
.32 

$7.86 


$7.46  $5.10 

The  cost  of  two  jobs  in  a  central  southern  city  of  30,000 
inhabitants,  using  100-lb.  A.  R.  A.  low  Tee  rail,  at  $33.51 
delivered,  and  oak  ties,  2-ft.  centers,  brick  with  granite 
stretcher,  brick   inside  and  ouside  rail,  was  as  follows: 


Knijineerin 

Orading    

Balla.«t    

Ties    

Rail    

Special   work    

Track  labor   

Paving    

Bonding    

Removal  of  old  paving 
Removal  of  old  track.. 


?4,r,20   ft. 
Per  ft. 

and  .superintendence $0.24 

14 


Total.s 


.37 
.30 

1.20 
.25 
.34 

2.16 
.04 
.02 
.21 

$5.27 


13,860  tl. 

Per  ft. 

$0.26 

.13 

.35 

.30 

1.22 

^    .14 

.29 

1.97 

.02 

.03 


$4.98 


Unloading  Bulk  Cement  with  Power  Scoop. — By  means 
of  a  power  scoop  and  bucket  elevator  operated  by  one  man 
a  concrete  products  manufacturer  is  able  to  unload  a  250- 
bbl.  car  of  bulk  cement  in  from  3  to  4  hours.  On  one  oc- 
casion the  operator  unloaded  this  amount  in  2  hours  The 
elevator  raised  and  deposited  the  cement  in  a  rectangular 
bin  from  which  it  was  removed  with  shovels  to  the  con- 
crete mixer  located  at  one  side  of  the  bin  door. 
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Separators  for  Removing  Water  of   Con- 
densation from  Piping  System  of 
Pneumatic  Tools 

The  effectual  separation  and  drainage  of  the  water  of 
condensation  from  the  piping  system  of  pneumatic  tools  is 
a  matter  of  much  importance.  The  slugs  of  water  fre- 
quently coming  through  the  pipes,  in  the  general  run  of 
plants,  not  only  interfere  with  the  momentary  operation  of 
tools,  but  cut  out  the  valves,  cylinders,  and  wash  out  the 
oil,  seriously  interfering  with  lubrication.  The  water  can- 
not be  properly  taken  care  of  merely  by  placing  drain  <i)cks 


Arrangement  of   Separators. 

on  low  points  in  the  ordinary  i)iping  system,  but  should  be 
removed  by  special  separating  tanks  or  chambers  located  at 
these  points  and  near  the  distributing  tiianifolds.  The  sepa- 
rators will  also  serve  as  collectors  of  scale  and  dirt  coming 
through  the  pipes,  and  the  drain  or  plow-out  valves  should 
be  large  enough  to  discharge  these  matters  as  well  as  the 
water.  The  separating  chambers  should  be  large  enough 
to  lower  the  velocity  of  the  air  to  a  point  where  entrained 
water  or  dirt  will  not  be  carried  through  with  the  air  cur- 
rent, and  should  be  fitted  with  bafflers  or  connections  which 
will  change  the  direction  of  flow,  so  as  to  precipitate  the 
entrained  matter.  While  the  arrangement  of  separators 
will  necessarily  be  governed  by  the  piping  layout  in  each 
individual  installation,  the  accompanying  cuts.  Fig.  1  and 
Fig.  2,  from  the  Standard  Practice  Bulletin  of  the  Division 
of  Steel  Ship  Construction  of  the  U.  S.  Shipping  Board, 
illustrate  two  types,  which  in  the  smaller  sizes  can  readily 
be  made  up  of  standard  pipe  fittings.  Fig.  1  shows  a  type 
suitable  for  vertical  risers  at  the  ship  staging,  while  Fig.  2 
indicates  a  type  suitable  for  horizontal  distributing  lines. 
An  air  piping  system  should  be  uniformly  graded  with  the 
direction  of  flow,  so  far  as  the  main  runs  are  concerned, 
and  should  always  have  separators  at  or  near  rising  points. 
Sags  or  pockets  without  separators  for  the  accumulatioji 
of  water  should  never  be  permitted.  Where  it  is  possible 
to  do  so.  separators  on  outdoor  lines  should  be  placed  m 
the  ground  below  the  frost  line,  to  prevent  freezing,  as 
shown  in  Fig.  2.  The  condensation  can  be  blown  out 
through  a  vertical  discharge  pipe  by  the  pressure  of  the  air 
in  the  separator. 


Breaking  Up  Frozexi  Iron  Ore  with 
Dynamite 

Dynamite  was  employed  successfully  last  winter  in  break- 
ing up  a  pile  of  frozen  iron  ore  at  the  plant  of  the  Penn- 
sylvania Salt  Co.  at  Greenwich  Point,  Philadelphia.  The 
ore  was  piled  u|)  inside  of  a  building,  which  is  about  100  ft. 
long  by  '.'■>  ft.  wide.  It  is  piled  in  the  form  of  ;i  crater  of 
a  volcano;  thai  is,  higli  all  around  the  sides  and  low  in  the 
center.  This  gave  opportunity  for  the  frost  to  penetrate 
through  the  entire  mass.  The  frame  in  which  the  ore  was 
piled  had  at  one  end  the  engine  and  boiler  rooms,  at  the 
oilier  end  the  acid  mixing  tanks,  along  one  side  the  long 
rotating  mortars:  overhead  are  automatic  cranes  carrying 
dip  buckets  so  that  they  <'an  move  the  ore  from  place  to 
place.  The  other  side  was  exposed  to  the  open.  In  its  en- 
deavors to  break  the  freeze-up  the  company  had  jioured 
boiling  water  over  the  ore  and  had  done  everything  else 
in  their  powder  to  get  it  so  that  they  could  work  it,  hut  with- 
out avail.  An  expert  blaster  went  there  at  the  solicitation 
of  the  company  to  look  over  the  work  and  see  what  he 
could  do.  He  started  on  the  outside  lip  of  the  crater  plac- 
ing aboiil  ir,  charges,  using  one  stick  of  40  per  cent  am- 
monia to  each  charge,  the  distance  between  charges  being 
about  2  ft.  After  these  charges  were  set,  great  care  was 
exercise<l  in  tami)ing  and  capping,  then  the  men  in  the 
cranes  ran  their  cranes  out  a  distance  of  about  fiO  ft.  The 
other  machinery  kept  in  motion.  The  men  in  the  acid  mix- 
ing tanks  moved  away  just  for  safety  sake.  After  the 
charge  had  gone  off  the  crane  returned  and  removed  the 
shattered  material,  dumping  it  into  the  center  of  the  crater. 
The  blaster  then  moved  on  around  the  lip  until  he  had 
lowered  the  entire  circumference  down  to  the  uniform  level, 
and  kept  on  repeating  the  operation  in  circles  until  the 
entire  10,000  tons  of  ore  were  loosened  and  in  working 
condition.  The  entire  operation  used  up  4.'.i)  lb.  of  dyna- 
mite, 900  caps,  and  consumed  10  days  of  :'.  men.  indudin.g. 
the  blaster.    The  cost  of  operation  was  .^oOO. 


Cost  of  Hydraulic  Dredging  in  Lower  Sacramento  River. 
Cal.— During  the  years  1916-17,  the  two  hydraulic 
dredges,  Sacramento  and  San  ,Toaquin,  operating  on  the 
Lower  Sacramento  River,  California,  removed  14,973.262 
cu.  yd.  of  material  from  the  river  channel.  The  avera.ge 
cost,  according  to  the  last  biennial  report  of  the  California 
State  Department  of  En.gineering,  was  3.1  ct.  per  cubic 
yard.  These  dredges  are  owned  by  the  project.  A  bucket 
dredge,  hired  to  breach  old  levees  and  to  construct  em- 
bankments for  retaining  spoil  deposits,  handled  1,001,782 
cu.  yd.  at  an  avera.ge  cost  of  n.2  ct.  per  cubic  yard. 


Uniform  Crane  Signals 

The  crane  signals  shown  in  the  illustration  were  recom- 
mended as  standard  by  the  Safety  Engineering  Section  of 
the  U.  S.  Shipping  Board  Emergency  Fleet  Corporation  and 
all  shipyards  of  the  corporation  were  urged  to  adopt  this 
standard  system  of  communication      The  signals  are  as  fol- 
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standard   Crane    Signals   of   U.   S.   Shipping    Board    Eme.gency 
Fleet   Corporation. 

lows:  1.  11()1ST— Forearm  vertical.  Make  small  liorizonial 
circles  with  the  hand.  2.  LOWER~Arm  extended,  hand  be- 
low hip,  wave  forearm  downward.  "..  STf)l'— Arm  ex- 
tended, hand  level  with  the  hip.  Hold  position  rigidly.  4. 
RACK— Arm  extended,  hand  just  above  hip.  fingers  closed, 
thumb  extended  horizontalU .  .jerk  hand  in  direcliiui  of  rack- 
ing. -S.  TKAVEr>-— Forearm  vertical,  hand  oi)en.  Wave 
forearm  in  direction  of  travel,  (i.  EMHRCIO.NCY  STOP— 
Arm  extended,  hand  level  with  Ihe  hip.  iMove  hand  quickly 
to  right   and  left. 
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Use  of  Surveyors  (Compass  in  rreliminary 
Railway    Surveying 

The  surveyors'  comiuiss  was  uso.l  to  coiisiilernblo  extoiit 
in  til.'  surveys  for  the  Natloiml  Trniiscoiitlnontal  Ry. 
ilirnish  the  wild  country.  In  tl-e  Canadian  Knginoor.  Mr. 
J,  A.  MnclKinald  descrlbo.s  as  follows  tlip  mothod  omployod 
m  inaklnK  the  prfllniinnry  location  around  IiIkIi  giound  by 
incnn.t  of  this  compass. 

In  oui-  oaso  w«>  bad  about  two  miles  of  very  high  ground 


Prvllmlnary   Location  Around  High  Ground  by  Means  of  Compass. 

to  get  around  (see  Illustration).  We  first  ran  a  couipas.'; 
line  In  a  general  straight  direction  on  one  side  of  the  hill, 
or  plateau,  and  took  cross  section  every  ten  chains,  in  most 
cases  on  both  sides  of  the  compass  line.  Some  of  these 
cross  lines  we  found  necessary  to  run  up  or  down  the  grade 
a  distance  of  a  half-mile.  The  leveler  followed  the  com- 
pass, taking  levels  on  all  cross  sections  also.  After  reach- 
ing the  terminus  of  one  side  of  the  plateau,  we  turned  a 
right  angle  on  the  other  side  and  worked  in  the  same  way. 
The  dotted  lines  every  ten  chains  on  the  compass  line 
show  the  cross-section  lines.  In  camp  we  mapped  and 
profiled  the  compass  line,  including  the  cross  section.  Then 
we  had  a  complete  plan  and  profile  of  the  country  and  it 
was  an  easy  matter  to  pick  out  on  the  plan  a  preliminary 
location.  The  preliminary  Is  shown  on  the  sketch.  This 
Involved  a  good  deal  of  work,  but  it  paid. 


Power-Driven    Portable    Scoop    Conveyor 

The  Portable  Miichinery  Co.,  Inc.,  of  Passaic,  N.  J.,  is 
manufacturing;  a  new  type  of  portable  belt  conveyor.  It 
may  be  driven  by  a  self-contained  electric  motor  or  internal 
combustion  engine  and  is  designed  for  unloading  loose  ma- 
terials   or    boxed    products,  including:     coal,  gravel,  sand, 


Portable    Scoop    Conveyor. 

ashes,  coke,  brick,  and  cement.  When  handling  loose  ma- 
terials the  conveyor  is  supplied  through  a  scroop  at  the 
lower  end  which  can  be  placed  in  or  completely  buried  into 
the  material  to  be  moved.  A  portable  machine  handled  by 
one  man  is  thus  available  for  loading  and  unloading,  storing 
or  reclaiming  all  classes  of  materials.  In  connection  with 
the  handling  of  coal  from  hopper  or  drop  bottom  cars,  the 
lower  end  of  the  conveyor  can  be  run  in  under  the  car  and 


Concretinii   in   Cold  Weather  and   Tem- 
perature Records  of  Concrete 

In  the  construction  of  the  La  Loutte  storage  dam  on  the 
St.  Maurice  Uiver  for  the  Quebec  Streams  Commission  the 
concrete  was  deposited  in  sections  varying  from  40  to  50 
ft.  in  length  for  the  whole  width  of  the  dam.  Each  section 
was  anchored  into  the  ad.ioining  one  so  that  the  parts  con- 
structed separately  are  really  a  unit.  In  the  month  of  Oc- 
tober, it  became  necessary  to  protect  the  concrete  against 
the  weather.  When  Irost  occurred  at  night  only.  It  was 
suUk'ient  to  cover  the  fresh  concrete,  but  later  on  when  the 
low  temperatures  took  place  during  the  day  as  well,  the 
concrete  was  given  the  necessary  temperature  by  heating 
the  water  used  in  the  mixture.  This  precaution  was  suf- 
ficient when  the  temperature  was  8  or  10°  below  the  freez- 
ing point.  For  lower  temperatures,  the  sand  and  the  stone 
has  to  be  heated.  The  above  rules  were  followed  exactly 
for  this  work  and  the  temperature  of  the  concrete  coming 
out  of  the  mixers  averaged  50°.  The  temperature  of  the 
concrete  when  it  was  setting  was  recorded.  This  was  done 
by  leaving  in  the  mass  of  the  masonry  a  small  pipe  well 
closed  at  its  lower  end  and  which  could  be  increased  in 
length  so  that  its  upper  end  was  above  the  concrete.  At 
the  top  of  this  pipe  w^as  screwed  a  cover  inside  of  which 
was  a  small  hook.  A  thermometer  attached  to  this  hook 
could  be  lowered  to  any  elevation  and  the  temperature  of 
the  concrete  at  that  elevation  was  obtained.  It  was  re- 
corded, for  example,  that  concrete  having  a  temperature  of 
50°  when  deposited  into  the  forms,  had  later  on  the  follow- 
ing temperatures:  Degrees. 

First    day    55 

Second  d.^v   "^ 

Thini   (lii.v    66 

I'"oiirth  <\tw   68 

Fifth  day  72 

Sixth    day 7" 

Seventh  day "» 

Eighth  day    76 

Tenth    day    (maximum) »9 

Then,  this  temperature  gradually  decreased  and  the  con- 
crete set  under  normal  conditions. 


Visible  Index  System  for  Record  Keeping 

A  visil)lf  index  system  has  proven  of  great  value 
in  recording  progress  in  various  lines  of  operation 
at  the  Newark  Bay  ship  yard  of  the  Submarine 
Boat  Corporation,  The  system  consists  of  12  boards, 
swinging  from  a  standard  in  such  a  manner  that 
each  board  acts  like  the  leaf  of  a  book.  On  the  boards  are 
hung  small  cards.  There  is  a  card  for  each  piece  in  the 
ship.  The  cards  bear  on  their  faces  a  complete  record  of 
all  shipments  and  receipts  of  fabricated  ship  material.  Be- 
tween 5,000  and  6.000  cards  are  required.  These  cards  are 
kept  constantly  up  to  date,  so  that  at  any  time  it  will  be 
possible,  by  looking  at  the  proper  card,  to  tell  instantly  just 
how  many  of  any  particular  piece  of  the  ship  have  been 
shipped  or  received.  As  a  concrete  example,  let  us  suppose 
that  the  production  chart  shows  that  on  June  15  there 
should  have  been  shipped  by  the  fabricating  shops  twenty- 
four  pieces  of  a  certain  deck  beam,  say  DB-2R.  A  glance 
at  the  card  for  that  piece  shows  that  only  18  have  been 
shipped,  of  which  14  have  arrived  and  4  are  in  transit.  Nat- 
urally this  constitutes  a  danger  point,  so  a  red  flag  is  hung 
on  the  hook  supporting  the  card  for  DB-2R.  The  next  step 
is  to  see  what  shops  should  have  shipped  the  piece  under 
discussion.  Of  course,  all  material  has  been  scheduled  for 
shipment  in  such  a  manner  that,  if  the  schedule  is  met,  the 
flow  of  shipments  will  meet  the  requirements  of  the  produc- 
tion chart.  In  the  case  we  are  considering  it  is  evident  the 
shipping  schedule  has  not  been  lived  up  to.  Upon  exam- 
ination of  the  schedule  of  shipments,  we  find  that  three 
shops  should  have  completed  their  allotment  of  DB-2R,  but 
that  only  one  shop  has  done  so.  The  two  remiss  shippers 
are  asked  to  do  two  things:  First,  get  busy  and  ship  the 
balance  of  the  beams,  and.  second,  explain  the  delay.  An- 
other use  will  be  to  tell  instantly  if  a  certain  piece  of  a  cer- 
tain ship  has  been  received.  Suppose  ship  No.  20  wants  a 
tank  top  plate  TE-4.  A  glance  at  the  card  for  that  piece 
shows  only  17  have  been  received.  It  is  at  once  evident 
there  is  no  use  for  ship  No.  20  to  waste  time  ordering  that 
piece;  it  is  not  in  stock  for  ship  No.  20. 
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the  material  elevated  from  the  track  level,  a  distance  6  to 
9  ft.,  to  a  storage  pile.  Or  it  can  be  elevated  in  one  or 
more  successive  stages,  until  the  pile  is  filled  up  to  the 
desired  height.  In  addition  to  handling  loose  material,  the 
conveyor  can  also  be  employed  for  sacks,  packages,  boxes 
and  manufactured  products.  The  conveyor  is  built  of  steel 
and  is  mounted  on  two  wheels  attached  to  the  ujirlght  sup- 
ports of  the  conveyor.  At  the  lower  end  of  this  upright  are 
two  horizontal  pipe  section  members  which  join  the  side 
supports  of  the  conveyer,  near  the  lower  end,  tlie  arrange- 
ment being  roughly  that  of  right-angled  triangle  \vith  an 
extended  hypothenuse.  The  driving  motor  is  mounted  on 
the  horizontal  support  and  transmits  power  through  a  chain 
and  sprocket  connection  a  shaft  located  dii-ectly  above  it 
and  extending  underneath  the  conveyor  from  one  side  to  the 
ether.  From  a  sprocket  on  the  other  end  of  this  shaft 
power  is  transmitted  to  another  sprocket  at  the  upper  end 
of  the  conveyor  which  does  the  actual  driving.  The  con- 
veyor can  be  moved  from  place  to  place.  This  is  easily 
accomplished  by  inserting  two  pieces  of  pipe  in  the  end  of 
the  horizontal  member,  when  one  or  two  men  may  move  it 
somewhat  as  thev  would  a  wheelbarrow. 


Quarry  Stripping  with  Drag  Line  Scraper 

An  interesting  moditication  of  the  drag  line  scraper 
method  of  stripping  is  employed  at  a  l^ennsylvania  quarry, 
states  Mr.  Oliver  Bowles  in  a  bulletin.  "Rock  Quarrying 
for  Cement  Manufacture,"  issued  recently  by  the  U.  S. 
Bureau  of  Mines.  A  single  scraper  of  %-yd.  capacity, 
working  on  a  drag  line,  strips  the  soil  back  from  the  face 
The  loaded  scraper  is  dragged  up  a  plank  incline  onto  a 
trap  door  in  the  platform  at  the  upper  end  of  the  iucline. 
The  trap  door  drops  under  the  weight  of  the  load  and 
dumps  the  soil  into  a  car  on  a  track  below.  The  incline 
and  the  platform  can  be  shifted  laterally  as  required.  Two 
men  are  employed  to  guide  the  scraper  during  loading, 
and  part  of  the  time  of  another  man  is  required  to  con- 
trol the  cable  and  place  the  scraper  in  position.  The  en- 
tire operation  of  loading  required  only  four  men,  and  part 
of  the  time  of  a  fifth.  Except  for  the  engine  runner,  the 
men  are  all  unskilled  laborers.  The  material  is  handled 
rapidly  and  the  cost  of  loading  is  said  to  be  about  3  ct.  a 
cubic  yard.  The  loaded  cars  are  hauled  by  cable  to  the 
dumping  ground. 


Railway  Rates  Should  Be  Based  on  Cost  of  Service  Ren- 
dered.— It  is  notorious  that  the  existing  system  of  railroad 
freight  rates  is  not  based  on  this  principle — the  cost  of 
service  rendered  being  in  some  cases  greater  and  in  some 
cases  less  than  the  rate.  It  is  further  notorious  that  at  the 
present  time  the  classification  of  the  freight  itself,  on  which 
is  based  the  charges  for  carrying  any  given  commodity  by 
rail,  bears  little  relation  to  this  principle.  It  is  understood 
that  one  of  the  reforms  being  effected  by  the  present  rail- 
road administration  is  a  revival  of  these  classification 
schedules  toward  a  proper  basis,  but  as  yet  in  so  far  as 
known,  no  move  has  been  made  for  such  a  revision  of  the 
freight  rates  as  will  base  these  rates  on  the  cost  of  the 
service.  The  contention  that  it  is  impossible  to  decide  the 
cost  of  the  service  rendered  is  a  reflection  on  the  intelli- 
.gence  of  railway  operators.  If  frei.ght  classification  be 
based  on  the  care  necessary  for  the  safe  carriage  of  goods 
and  the  kind  of  equipment  required  for  their  transportation, 
the  application  of  modern  methods  of  analysis  and  cost 
keeping  will  readily  determine  cost  of  the  service  for  each 
class,  or  at  least  a  practicable  and  reasonable  approxima- 
tion of  such  cost.  Another  basis  for  the  fixing  of  freight 
rates  is  that  the  rates  shall  be  lower  to  points  where  there 
is  water  competition.  In  other  words,  therefore,  if  the 
rates  to  such  points  be  fair  for  the  cost  of  service  rendered 
the  rates  to  points  not  having  this  water  competition 
must  be  unfairly  higher,  or  if  the  rates  to  points  having 
water  competition  are  less  than  the  cost  of  the  service  ren- 
dered— always  including  in  this  phrase  "a  fair  profit  to  the 
investors" — then  the  deficiency  must  be  made  up  by  higher 
rates  to  the  interior  points. — Maj.  Gen.  W.  M.  Black,  in  ad- 
dress before  the  National  Rivers  and  Harbors  Congress. 


Superintendents  of  Road  Construction  Wanted. — The  U. 
S.  Civil  Service  Commission  will  hold  an  open  competitive 
examination  for  superintendents  of  road  construction  for 
the  V.  S.  Bureau  of  Public  Roads.  The  salaries  are:  Class 
A,  $1.^0  to  $175  per  month;  Class  li,  $185  to  $225;  Class  C, 
$230  to  $250.  For  Class  A  applicants  must  have  had  at 
least  1  years'  responsible  charge  of  outdoor  construction 
work,  of  which  at  least  2  years  must  have  been  in  responsi- 
ble  charge  of  grading  and  simple  concrete  construction. 

For  Class  B  applicants  must  have  had  at  least  6  years' 
responsible  charge  of  outdoor  construction  work,  of  which 
at  least  4  years  must  have  been  in  responsible  charge  of 
grading  and  concrete  construction. 

For  Class  C  applicants  must  have  had  at  least  8  years' 
responsible  charge  of  outdoor  construction  work,  of  which 
at  least  4  years  must  have  been  in  responsible  charge  of 
grading  and  concrete  construction,  including  responsible 
experience  in  the  use  of  heavy  construction  plant,  such  as 
steam  shovels.  Applicants  must  not  have  reached  their 
50th  birthday  on  the  date  of  examinatitm;  for  Class  A  they 
must  have  reached  their  25th  birthday  and  for  classes  B 
and  C  they  must  have  reached  their  30th  birthday  on  such 
date.  Applications  must  be  filed  with  the  U.  S.  Civil  Serv- 
ice Commission.   Washington,  D.  C,  before   March   25. 


Concrete  Bank  Revetment. — A  new  type  of  revetment  has 
been  emijloyed  by  the  State  Department  of  Engineering  of 
California  for  protecting  the  levees  of  Reclamation  District 
No.  548  from  action  of  the  Mokelumne  River.  The  revet- 
ment consisted  of  sheet  concrete  covering  the  slope  of  the 
embankment  and  rising  in  a  parapet  at  the  top,  and  pro- 
tected at  the  bottom  by  a  vertical  toe  wall,  12  in.  deep. 
The  parapet  rises  vertically  19  in.  with  a  curved  face  to- 
ward the  water.  It  serves  admirably  to  turn  back  the 
waves  running  up  the  slope  and  prevents  any  water  be- 
ing driven  over  the  levee.  The  len.gth  of  this  work  was 
3,310  ft.,  and  the  width  on  2  to  1  slope,  including  toe  wall 
and  parapet,  is  18  ft.  10  in.;  the  thickness  is  3  in.  Triangle 
wire  mesh  reinforcement  was  used  throughout.  Expansion 
joints  were  placed  every  20  ft.  The  cost  of  the  work,  in- 
cluding grading  the  slope,  was  $4.1357  per  lineal  foot,  or 
.$0.2196  per  square  foot  in  i)lace. 


News  Letter 
t 

St.  Louis  Items. 

i;i]iitr  rjaiil.  .McCluiv.  Ill  ,  has  Sdlile  st.itioii  work  1  o  li't  -U 
lliat  point. 

Jr.  L,  Windliam  sublet  .iH.lloll  >ar(l.-;  of  ti'aiii  work  on  th.'  I.  C 
It.   R,   near  Golconda,   111. 

.lake  Kaiser,  after  spending  a  week  here,  returned  to  his  work 
at   Kast  Cape  Girardeau,  111. 

<;eo  T(.  l.awrenee  is  now  assoeialed  with  ( ).  .\I.  Heek  in  some 
oil  lands  Tiear  Fort  Worth,  Te.x. 

A.  MeAndrews.  R.  F.  I).  No.  .'i.  Da.vtoii,  f1hio.  wires  us  th.il 
he  ha.s  a  \'J  te.im  outfit  idle  at  that  point. 

'Pont  Walsh  ;,nd  I...  .1.  Sexton  of  the  Walsh  f  "onstrviet  ion  < 'o. 
were  in  the  eil\    the  other  da.\ .     Nottiinji  new. 

Cook  *  O'P.rien.  Railway  K.\elianKe  Bldg..  Kansas  t'ity.  Mo., 
were  .awarded  I  miles  of  concrete  road  work  from  Topcka.  Kan., 
east 

The  Tojie  ( "onstruetion  Co.,  .leflerson  Cit.v.  Mo.  have  2fi  miles 
of  le\  ee  work-  i<)  let.  Prefer  outfits  <'(»nsistinK  of  25  teams  or 
more. 

I.  .T.  Print.N'  shipped  his  2.')  team  outfit  from  i''orest  City.  ,\rk.. 
to  Colninbiis,  Ohio.  Is  goinj^'  to  work  for  the  Sehaefer  (.'onstrm- 
tion  Co. 

The  .1.  W.  MeMnrrav  ContraetiiiK  <'o  secured  tlie  eonlrai-l 
for  putting"  in  two  ronerele  piers  for  the  Frisco  R.  K.  neal  War- 
wick,   Okla. 

W.  A.  Ross,  of  Kansas  City,  seeuret]  the  eonfrael  for  liuildiie' 
S  miles  of  eountr\"  and  state  road  work  between  .\tlierton  and 
Sibley,  Mo. 

I>  .1.  (Have)  Ciittiths  is  buk  in  Kansas  <'it.v-  His  friend  M.-- 
Min'ra\'  sa\'s  he  is  interested  m  a  drug  store  at  IKird  and 
Troost    slriel 

I...  .1.  Smith,  of  the  I>.  .1.  .Smit'n  (^onst  rnetion  Co..  akso  jires- 
idetit  of  the  Kaiis.as  City  Tire  Co.,  is  Roins  to  establish  a  sales 
a.ueney    here   for   tln-ir   tires. 

!\l.  C.  Cormors.  of  Chicago,  wa.--  \\itli  us  a  day  kast  week. 
Coiuiors  is  scouting'  around  lookin.:;  up  work.  fiOl  West  Ma<lison 
street  w-il!  oateh  him  in  ChicagO- 

Contraetor.-;  \vhen  in  want  of  work  or  labor  for  their  outfits 
writo  KoeniK's  I.«tbor  A'-ienc-y.  tW'i  W'lihnxi  street,  St.  Ijouis,  M<i.. 
or   'AV.i  Delaware   street.    Kansas  City.    Mo. 
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r     W.    Klue.    who    IH    hiiiullliii:    111-'    Uiiirihiii!    I'liiiipH    on    tlu- 
Iturr..!...   i;..>  ti.-.-ii.T  *  PiuslmrKli  iuil«iiy,  moi'i"'*'  off  n  ilii.v  lu'io 
,   lo  ttalMiiiuiii'u.  N    Y..  Iroiii  Tcxkn. 

Kl  Hriio.  iikLi..  I'Wii  use  Sfvrial  »m«U  oiillils  im 
.>ork  on  tht.  Kwk  Inland  H.  U  Ki>'«'  tnin»|>on«- 
iiiil   luliur   rioni   Kiuis-uM  Oily   or   SI.   .loo. 

-  ..f  ihr  f  I!.  i*iiinnilii»  Co..  roporls  tlu-li-  work 
.1  Ilo.sklnH  liil  Imro  for  Tom-  Hiiutc,  InJ.. 
Lit  ilolni;  work  ror  tlir  l'i'nii»ylviiiilii  U.  K. 

■  o  .  Sxnill.iit.'  Trusl  HIdK..  SI.  I^ml.-!. 
hf  i;ili€oiiU.>  ronslnullon  Co.  'riu-  liil- 
.  Vii  iilaiit  of  tlii»  oily  H  xhorl  llnio  ngo. 

liprvnio   «    KcK'hrlonl.   iWCS    KrfHioiil    avomio.    .N'..    .Mlnnoapolls. 

MiiM.      wrllr   lis   lliut    liny    littVo   Movi'ial   l>rl>lKo   ami    pllo    <lrlvliiK 

".     HI    (ti)<    |irv!<iMil    lliiii-    llml    llioy    ei>i>    pUno    on    work 

..im.iii  itii'  Kaniuix  I'lly  powilor  man.  pusMoil  through 
:iy  on  his  way  lo  Ni-w  York.  If  it  hail  not 
lopped   horo   lo   lako  on   roal  anil   water  wo 

ntnt. 

K  K  Wriih.  Kviiiral  miiMrlntoniloiil  of  llic  Krcil  R.  Jom-.-i  Co.. 
.a.m  In  ono  ilrt\  whon  llu>  wrlior  was  ilown  in  .\ikaii.'<as  on  a 
huniuit:  trip  .-Sorry  w.<  innuM'it  you.  WvU-li.  I'lit  will  Iry  and 
in^r  coniK-.ilon.i  lu-.vt  lime. 

i;!»!t..     itMi-     .^hippoil    iholr   nuili'.-i   from   I'lilon   City.    Ind..    to 
Un\a.   to  tiM'   Ihiin  a  ri'.<t.     Will   be   In  the 
k  ilii.-<  .^prlim      Write  t'ha».   Hlythe  at  Tama, 
I  ':■■  at   Farina.  III. 

Ix>ul<>  l>ln<leh  ha»  iH-en  »p<-ndlnK  the  winter  monlli.-i  KoinK  to 
•rhool.  We  don't  know  what  course  lx>ule  is  takliiB.  but  a 
friend  of  hlji  lnforme<l  us  the  other  ilny  that  he  was  studyins  to 
Ik>  n  IntKir  niienl.     How  about  this.  I.oule? 

Itocer  Kauhlon  of  the  .1.  W.  MeMiuray  CuntraetlnK  Co.,  Kansas 
i'llv.  who  h.;.-  I«en  supenntendeni  for  the  KnierKeney  Fleet  Cor- 
|K<railon  at  tho  I'niver.sal  .<hip  Yards.  Houston.  Te.\.,  since  Oct.  1, 
I.S  exiK'Cted  to  rtturn  to  Kansas  City  this  week. 

Tho  Roard  of  Public  Sor\  Ico.  Hoom  20X.  New  (?lty  Hall,  St. 
I.OU18.  .Mo.,  will  rocolve  bids  unlil  noon.  Feb.  115.  191»,  tor  con- 
slruiilon  of  sowers  In  .\rloe  Sewi>r  nistrkts  1  and  2.  Plans, 
.Hptx-llieations.  forms  of  contracts  and  other  liifonnation  can  be 
hnil  at  the  otilce  of  the  Hoard  of  rullic  Service. 

At  a  sp«elal  election  held  at  New  Florence.  Mo.,  on  Feb.  8th 
;i  propo-iitlon  to  issue  bonds  to  build  rock  roads  in  the  New 
Flon-nco  district  carried  by  a  large  vote.  This  insures  eight 
more  miles  In  .Missouri  of  the  National  Old  Trails  road.  Work 
will  be  done  by  aid  of  the   .stale  and   Federal  tioverniiients. 

Lieut. -Col.  F.  G.  .lonah  has  lelurned  from  service  overseas. 
He  has  resumed  his  duties  as  chief  engineer  of  the  St.  Louis  & 
San  Francisco  li.  R.  His  Jurisdiction  has  been  extended  over  the 
Missouri.  Kansas  &  Te.xas  and  Missouri.  Oklahoma  &  (lulf  Rail- 
roads, with  oince  in  St.  lx)uis.  V.  K.  Hendricks  has  been  ap- 
(winted  .-issistant  chief  engineer  of  the  al>ove  lines. 

The  Board  cf  Ixical  Imjiroxements  in  East  St.  Louis  voted  to 
piive  Slate  street  from  thirty-third  to  Thirty-seventh  streets,  with 
concrete  pavinp.  The  work  will  be  started  imniediatol.\-.  It  was 
also  ainounced  that  a  hearinjj  on  the  i)roposed  improvement  of 
St  Clair  avenue,  from  Collinsville  avenue  to  Kighteenth  street, 
and  Columbia  place,  from  Illinois  to  Summit  avenues,  will  be 
held  Feb.   lllh.     It  is  planned  to  re-surface  the  streets. 

Street  sprinkling  for  this  year  will  cost  the  cit.v  $98,132  less 
than  it  cost  last  year.  Director  of  Streets  and  Se^'ers  Talbert 
announced  in  awarding  contracts  for  the  forty-two  sprinkling 
districts.  Director  Talbert  pointed  out  that  this  .sharp  reduction 
was  one  of  the  consequences  of  the  ending  of  the  war  and  a 
sis-Ti  of  the  readjustments  coming  with  the  icconstruction  era. 
The  contractors,  he  s^iid.  were  able  lo  make  cheaper  l»ids  be- 
cause labor  is  more  iilenliful  an'l  government  work  no  longer 
demands  so  many  men  and  teams.  The  director  siiid  701  miles 
of  streets  are  to  .l>e  sprinkled,  the  same  number  as  last  year. 
The  averajie  cost  "per  mile  this  year,  he  .'^id,  is  $366,  against  an 
average  cost  of  $~it}6  last  >'ear.  The  total  of  tho  sprinkling  con- 
tracts for  this  year  is  $2.iT.lS7.  against  a  total  of  $355,319  for  last 
year. 

A.   B.  KOENIG. 


Charles  W.  Yoamnns,  a.sslsianl  eiiBlneer  of  the  Chicago  & 
Wesleru  Indiana  K.  K.,  has  been  apiiolntod  purchasing  agent  of 
Iliat   road  and  the  Helt    liallroad  of  Chicago. 

J.  L.  Starkle  has  beeii  appolnled  assistant  chief  engineer  of 
Croup  I!.  Soiilliwesloni  liegioii  liallroad  Lines.  .Mr.  Starkle  has 
been  with  these  lines  since  July  1.  and  prior  to  that  date  he  was 
assistant  eiiKlneer  of  the  Cult,  Colorado  >*•  Santa  Fe  K.  R.  at 
Oalveston   ftu'  several  years. 

Willi*  B.  Clemmitt  has  Joined  the  engineering  stalY  of  the 
Powdered  Coal  lOnglneerlng  &  K<iulpnieiil  Co.  of  Chicago  in  the 
c.ilNUity  (if  advisory  engineer.  .Mr.  Clemmitt  was  formerly  as- 
sistant suiiorintendent  of  the  oiicii  hearth  department  of  the  Cen- 
tral Iron  *  Steel  Co.  at  JIarrlsburg,   Pa. 

Prof.  E.  A.  Holbrook,  formerly  of  Ilu'  1  lepartment  of  .Mining 
at  the  I'nivcrsiiy  of  Illinois,  and  lor  the  iiast  1 1'..  years  supor- 
liilendeiit  of  the  I'.  S.  Uureau  of  Mini's  ll.spcrlinent  Station  at  the 
university,  has  been  dilailed  t.i  Washliiglon  temporarily  as  acting 
chief  mining  engineer  of  the   I'.  ,'5.    liureaii  of  .Mines. 

George  W.  Osgood,  for  the  las!  four  years  chief  engineer  for 
the  llylebos  Waterway  District  of  Tacoiiia,  Wash.,  has  been 
selected  by  the  Pierce  County  Port  Comiiilssion  to  take  active 
ch.irge  of  engineering-  matters  of  I  lie  commission  under  Frank 
Walsh,  chief  and  consulting  engineer  of  the  port  district. 

Louis  L.  Tallyn,  for  son.e  years  dlvlsio.i  engineer  of  the  Del- 
aware. Lackawanna  .V  Western  K.  11..  has  been  made  acting  chief 
engineer  with  headquarters  in  llobokeii,  .V.  J.  He  succeeds 
(ieoige  .r.  Ka>,  wlu>  has  lieeii  added  to  the  staff  of  .\.  H.  Smith, 
regional  dii  color  for  six  or  more  railroads  in  the  eastern  division. 
Aloysius  F.  CoUigan  has  been  named  acting  division  engineer, 
succeeding  Mr.  Tall.\'ii. 

Arthur  W.  Thompson,  vice-president  of  the  Pittsburgh  division 
of  the  Baltimore  ^:  i.diio  R.  it.,  has  been  elected  president  of  the 
Philadelphia  Co.  of  I'ittsburgh,  which  controls  all  the  public  ser- 
vice companies  in  and  near  Pittsburgh.  .Mr.  Thompson  was  grad- 
uated from  Allegheny  College  at  .Meadvillc  in  1X97  with  the  degree 
of  civil  onglnor.  In  l.'<99  he  entered  the  employ  of  the  engineering 
department  of  the  B.  &  O.  It.  R.  and  in  1912  became  third  vice- 
president  of  that  road. 


Personals 

J.  M.  Kinkead,  heretofore  supei-\'isor  of  the  Pennsylvania  at 
.Altoona.  Pa.,  has  been  appointed  division  engineer  of  the  Trenton 
division. 

Capt.  Thomas  F.  Bowe,  Q.  M.  C.  Construction  Division,  r.  S. 
A.,  has  been  ai>t)Oirited  chief  of  engineei'S,  Port  Utilities  (Jffice, 
Newport  News,  \'a. 

Maj.-Gen.  William  B.  Black,  chief  of  army  engineers,  has 
been  apix>inted  chairman  of  the  Port  and  Harbor  Facilities  Com- 
mission of  the  l*.  S.  Shijiping  Board,  succeeding  Edward  F.  Carey, 
who  resigned  recently. 

F.  G.  Jonah  has  returned  from  service  overseas  and  resumed 
his  duties  as  chief  engineer  of  the  St.  Louis  &  San  l-"1-ancisco 
R.  R..  with  Jurisdiction  over  the  Missouri.  Kansas  and  Texas  and 
the  Missouri,  Oklahoma  &  Gulf  R.  R. 

C.  A.  Geiger,  formerly  in  charge  of  constniction  work  for  the 
Arkansas  Valley  Interurhan  Ry..  has  opened  offices  at  120  South 
^lain  street.  Wichita.  Kans..  and  will  engage  in  general  contract- 
ing, specializing  in  steam  and  electric  railway  work. 

MaJ.  John  S.  Doyle  of  the  U.  S.  Enginering  Corps  has  as- 
sumed the  duties  of  engineer  in  charge  of  the  Baltimore  district. 
He  relieves  i^Ieorge  W.  T.  I^Iiller.  who  has  acted  as  district  engi- 
neer, and  who  will  remain  in  the  office  as  purchasing  agent  of 
the  Baltimore  district, 

George  H.  Ruppert,  who  before  his  entry  into  the  chemical 
warfare  br.inch  of  the  service,  had  charge  of  a  sodium-ferro  cy- 
anide department  of  the  Semet-.Solvay  Co..  has  accepted  ,1  posi- 
'ion  as  advisory  engineer  with  the  Powdered  Coal  Engineering  & 
l:/iuipnient  Co.  of  Chicago. 


Obituaries 


Charles  L.  Millford.  a  contractor  of  Columbia.  S.  C,  died  Feb. 
3,  aged  4ri. 

William  J.  Conway,  a  superintendent  of  construction  for  the 
Otis  Elevator  Co.,  died  Feb.  6,  at  Uayton,  O.,  aged  39. 

John  Halloran,  roadmasler  of  the  first  district  of  the  West- 
ern PaciHc,  including  the  Stockton  yards,  ilied  Jan.  IS  in  Oaklatid, 
following   a  short   illness  of  influenza. 

Brig.  Gen.  James  F.  Mclndoc,  I',  .s.  I':ngineers.  died  Feb.  tt 
in  F^'aiice  of  piicunionia.  General  Mclndoe  was  stationed  at 
Kansas  CUy.  -Mo.,  in  charge  of  .Missouri  Kiver  impro\ements  until 
June,  1917,  when  he  was  relieved  for  active  military  service. 

Daniel  B.  Banks,  consulting  engineer.  Baltimore.  .\ld..  died 
Feb.  7,  aged  54  years.  He  wa«  engineer  for  the  Druid  Hill  and 
Madison  Ave.  cable  'ines  at  Baltimore,  and  later  designed  and 
superintended  the  construction  of  the  city's  high  pressure  water 
system. 

Carl  Stradley,  chief  engineer  of  the  Oregon  Short  Line  R.  R., 
died  Feb.  11,  at  Salt  Lake  City  of  pneumonia.  He  was  53  years 
old,  aud  a  native  of  Indiana,  where  he  received  his  education. 
He  removed  later  with  his  parents  to  Colorado,  and  in  1.SS6.  began 
railroad  life  on  construction  surveys  for  the  Union  Pacific  Com- 
pany. In  1889-90,  he  was  specially  engaged  in  surveying  the 
Pacific  Short  Line,  between  Lander,  Wyo.,  and  Ogden,  but  the 
proposed  road  was  never  built.  In  1890.  he  was  engaged  in 
Parley's  canyon  conduit  survey  location  for  the  cit> .  and  was 
later  '  associitttd  with  the  Ogden  City  engineer  in  important 
construction  work.  Mr.  Stradley  went  into  mining  in  i 'olorado, 
but  returned  to  railroad  work,  becoming  prominently  identified 
with  new  construction  along  the  Union  Pacific  line.  In  1901  he 
was  engaged  in  location  work  for  the  Oregon  Short  Line,  and 
since  that  time  worked  steadily  upward  until  appointed  chief 
engineer  April  15,  1911,  upon  the  resignation  of  William  Ashton. 
When  the  go\'ernnient  took  over  the  railroads.  Mr.  Stradley  was 
appointed  assistant  chief  engineer  of  the  Union  Pacific  system, 
including  the  Union  Pacific  road,  St.  Joe  &  Grand  Island.  Oregon 
Short  Line,  and  Salt  Lake  Route,  under  Federal  Manager  E.  E. 
Calvin. 


Industrial  Notes 

The  Victor  L.  Phillips  Company,  nl  Kansas  City.  Mo.,  has 
taken  over  an  agency  for  tiie  complete  line  of  Rex  mi.xers  and 
pavers  tor  the  eastern  half  of  Mis.souii  and  also  the  entire  states 
of  Kansas  and  Oklahoma. 

Wallace  &  Tiernan  Co.,  Inc.,  319  Broadway,  New  York  City, 
manufacturers  of  "W.  it  T."  chlorinating  apparatus,  have  re- 
cently appointed  David  .\lorey.  Jr..  507  Scollard  Building,  Dallas, 
Tex.,  their  South  Western  representative. 

The  Barber-Greene  Co.,  Aurora.  111.,  announces  the  strengthen- 
ing of  its  organization  as  follows:  Mr.  W.  A.  Buell.  sales  en- 
gineer, formerly  conveyor  engineer  of  the  Goodj'ear  Tire  &  Rub- 
ber Co.:  Mr.  H.  W.  Cudding.  auditor,  formerly  genera!  auditor  of 
the  Lyon  Metallic  Mfg.  Co. 

R.  E.  S.  Geare  has  been  elected  president  of  the  :Mid  West 
Manufacturing  Co..  recently  incorporated.  ilr.  Geare  is  well 
known  to  the  construction  and  power  plant  field  in  Chicago  and 
the  middle  west  because  of  his  active  representation  of  the  T.  L. 
Smith  Co.,  JIanistee  Iron  Works  Company.  Geare  &  Company, 
and  others,  which  work  he  will  still  continue.  The  Mid  West 
Manufacturing  Compan.v  has  located  its  factory  in  Chicago,  with 
general  offices  in  the  Old  Colony  Bldg.  It  has  acquired  the 
sales  and  manufacturing  rights  of  the  •■Continental"  Chain  Grate 
Stoker  from  the  Manistee  Iron  M'orks,  and  the  "Chaingrip"  Pipe 
Vice  and  tools  from  the  Gerolo  .Manufacturing  Co.  In  addition 
to  this  the  manufacture  of  special  machines,  tools  and  dies,  re- 
building of  construction  and  power  plant  machinery  together 
with  the  installation  of  such  machinery  will  constitute  an  im- 
portant part  of  the  new  company's  activity. 
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Roads  and  Streets— 1st  Wednesday 

(a)  Roads  'ct   .Street   Cleaning 

(b)  Streets  (d)    Municipal    Miscellanies 

Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  "Waterworks  (c>    Irrigation    and    Drainage 

(b)  Sewers   and    Sanl-        (d)   Power 

tation 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  and  (c)   Quarries  and  Pits 

Dredging  (d)   Railway       Construction— 

(b)  Rivers  and  Canals  Steam   and    Electric 

Buildings  and  Structures — 4lh  Wednesday 

(a)  Buildings  (c)    Harbors   Structures 

(b)  Bridges  fd)    Miscellaneous   Structures 
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Why  There  Should  Be  Technical 
Courts  for  Technical  Cases,  Par- 
ticularly Patent  Cases 

If  we  remember  correctly  it  was  Judge  Grosscup  of  the 
Federal  bench  who  said  that  technical  cases  should  never 
be  tried  before  non-technical  courts.  He  was  speaking  of 
railway  valuation  and  rate  cases  when  he  made  this  sweep- 
ing and  almost  .startling  generalization.  Coming  from  one 
of  the  most  learned  and  oldest  of  judges,  sucl-i  a  statement 
deserves  serious  consideration. 

Judge  Grosscup  pointed  out  the  impossibility  of  any  man's 
becoming  well  enough  informed  to  follow  intelligently  the 
testimony  of  experts  in  many  different  fields  of  human  en- 
terprise. 

Today  a  judge  may  hear  a  patent  case  of  a  mechanical 
nature,  next  week  a  public  utility  rate  and  valuation  case, 
next  month  a  case  involving  the  specifications  for  a  build- 
ing, and  so  on.  It  is  manifestly  impracticable  for  him  to  ren- 
der decisions  that  are  uniformly  correct.  Why,  even  to  learn 
the  full  meaning  of  the  technical  terms  used  by  experts  in  a 
bitterly  contested  case  would  require  more  time  than  is  con- 
sumed in  hearing  the  entire  testimony  I  Yet  so  little  do  our  law- 
makers appreciate  such  facts  that  even  when  an  able  judge 
himself  concedes  his  inability  to  understand  all  the  testimony 
that  he  hears.  Congress  does  nothing  to  remedy  the  admit- 
tedly bad  condition. 

We  are  led  to  make  these  remarks  as  a  result  of  the  read- 
ing of  some  advance  sheets  of  a  new  book  on  Concrete-Steel 
Construction,  by  Eddy  and  Turner.  In  the  appendix  C.  A. 
P.  Turner,  M.  Am.  Soc.  C.  E.,  gives  a  very  interesting  dis- 
cussion of  "the  state  of  the  art  of  reinforced  concrete  from 
the  patent  standpoint."     He  says: 


"As  long  as  courts,  lacking  scientific  ability,  reverse  the 
scientific  opinion  of  trained  patent  office  examiners,  they  will 
continue  to  err  and  their  decisions  will  continue  to  be  a  menace 
instead  of  an  encouragement  to  progress.  The  patent  specu- 
lator will  continue  as  now  to  wax  fat  by  the  purchase  of  a 
paper  patent  on  any  commercial  failure  that  bears  a  remote 
resemblance  to  any  present  day  success.  By  bringing  suit  upon 
such  paper  patents,  and  persuading  the  court  that  the  relic 
which  he  has  dug  from  the  graveyard  of  commercial  failure  in 
fact  contains  the  original  thought  of  some  revolutionary  suc- 
cess he  secures  a  decree  in  his  favor  and  proceeds  to  black- 
mail the  public  in  a  wholesale  manner.  By  this  process  the  in- 
ventor who  discovered  the  secret  of  success  which  was  in  no 
wise  suggested  by  the  abandoned  experiments  of  the  prior 
art  is  robbed  of  the  reward  for  his  discovery  and  penalized 
upon  the  legal  fiction  that  his  present  day  success  infringes 
some  prior  art  failure.  Lack  of  familiarity  with  the  princi- 
ples of  equity  is  not  the  usual  source  of  erroneous  decisions. 
The  difficulty  lies  in  the  inability  of  the  court  to  formulate 
the  actual  state  of  facts  in  relation  to  the  art  to  which  the 
law  is  to  be  applied.  .  .  .  The  remedy  is  obvious.  The  en- 
actment of  a  statute  requiring  that  the  question  of  the  va- 
lidity of  a  United  States  patent  shall  be  passed  upon  by  a 
court  possessing  competent  legal  knowledge  ami  scientific 
ability  to  understand  the  subject  matter,  just  the  same  as  is 
required  by  the  existing  statute  as  a  qualification  of  Exam- 
iners in  Chief  in  the  Patent  Office,  to  enublc  them  to  pass 
upon  the  allowance  of  patent  grants.  The  system  would  then 
become  harmonious  and  not  be  such  a  house  divided  against 
itself,  that  an  unscientific  court  reverses  the  patent  office 
expert  on  10  or  15  scientific  questions  in  one  and  the  same 
decision." 

Although  the  remedy  is  obvious  to  any  technically  educated 
man,  it  is  not  so  obvious  to  our  law  makers.  Nor  does  its 
obviousness    cause    patent    lawyers   to    take   any   interest   in 
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..i....u,L^^  ih.  I.  iii.av  iipplieil.  Ill  r»ti.  mosl  of  llu>  lOKnl  tra- 
,,.  ly  i>|>|>osi>  any  plan  to  iirovlilo  U'l-hnioal 

,,  .  lino.s.    The  nunc  hononiblo  anioiiK  tliom 

w,  in!<lii(   tlutt  JucIkos  slioulil   In-  lawyers  rallu-r  lliaii 

Whilo    itio    loss    lumorabU'    uiiiouk    Uiom    woulil 
,,  favor  ttclinliallv  i>;noraiii  JuilKOs  beouuso  of  llio 

;,  Willi  wliloh  tlii'v  can  bt>  iIooi'IvihI. 

\morlran  liivontors  liavo  beon  proU'slin;; 
.,_^  III  llu>  patent  laws  ami  more  imrlievilarly 

aKuinsl  llie  absence  of  any  Kovernnionlal  protection  from  in- 
(riiiL!.  ni.iit  A-<  tliinKS  now  stand  an  American  patent  is  little 
,  .1   license  to  ensaKe  In  ex|u>iisive  litiRation.    ICven 

I'  tie    borne   were   the   patentee   sure   that    his   case 

«  n'«l  before  u  court  technically  competent. 

.  \t   few   years  enKineerlnn  societies  will   undoubt- 
,    inuny  reforms  in  existiUK  laws:   but  there  is  no 
,,  1,.   worthy   of  attention   than   the  one  above   indi 

cnted. 

W  horciii     Many    "Kfficiency     En- 

iiinoers"  Are  More  Deficient 

Than   Efficient 

"Uibor  should  not  be  ^iven  loo  iiiiuli  of  :m  increase  in 
wuRps  over  what  is  recotinized  as  a  fair  living  wage,  as  the 
men  will  at  once  tend  to  become  shiftless  and  prosperity 
do<>s  more  harm  than  i:ood."  This  is  what  G.  Townsend 
Harley.  ••efficiency  engineer."  said  at  the  February  meet- 
ing of  the  American  Institute  of  Mining  Engineers.  It  is 
Just  this  sort  of  attitude  that  has  brought  ••scientific  man- 
agement" and  ••efficiency  engineers"  into  disrepute  anion.g 
workmen. 

Indicative  of  the  degree  of  increase  that  laborers  should 
receive,  Mr.  Harley  quotes  what  V.  W.  Taylor  did  many 
years  ago.  Mr.  Taylor,  working  at  the  Bethlehem  Steel 
Co.  plant,  increased  the  ore  shovelers'  output  269  per  cent, 
but  he  raised  their  wages  only  64  per  cent.  Mr.  Harley  also 
cites  an  increase  of  169  per  cent  in  the  tonnage  output  per 
shoveler  in  a  certain  mining  stope,  accompanied  by  an  in- 
crease of  only  18  per  cent  in  wages  I  Splendid  '•efficiency 
engineering"  this,  an  ••engineering"  that  gives  to  the  work- 
man only  one-quarter  of  his  increased  output  in  one  case, 
and  one-tenth  in  the  otherl 

As  to  the  statement  that  too  great  an  increase  in  wages 
leads  to  shiftlessness,  this  is  true  as  regards  workmen  of 
a  shiftless  nature.  But  all  workmen  are  not  of  that  nature, 
and  even  those  that  are  can  be  educated  out  of  most  of  their 
shiftlessness.  They  can  be  induced  to  invest  part  of  their 
earnings.  They  can  be  persuaded  to  provide  better  homes 
and  more  comforts  for  their  families.  They  are  not  riveted 
forever  to  shiftlessness,  and  they  should  not  be  treated  as 
if   they  were. 

••Efficiency  engineering""  has  consisted  altogether  too  much 
in  exploiting  workmen.  The  average  '•efficiency  engineer" 
has  been  razor-ed.ged  in  cutting  costs.  But  where  has  he 
been  so  keen   in  raising  wages? 

No.  Mr.  Harley.  you  are  dead  wrong  in  basing  your  bonus 
payments  upon  the  theory  that  '•labor  should  not  be  given 
too  much  of  an  increase  in  wages  over  what  is  recognized 
as  a  fair  living  wage."" 

In  another  editorial  we  discuss  what  must  be  done  to  pro- 
tect workmen  from  just  this  sort  of  attitude  on  the  part  of 
employers. 


Can  You  Suggest  a  Pamphlet  That 
We  Might  Abstract? 

The  editors  of  Engineering  and  (  ontracuug  make  a  prac- 
tice of  either  abstracting  or  reprinting  in  full  a  great  many 
en.gineering  pamphlets  every  year.  It  is  our  belief  that 
otherwise  much  valuable  information  would  never  reach  the 
eyes  of  our  readers.  W"e  are  glad  to  have  our  theory  con- 
firmed by  Mr.  R.  Fleming  in  an  article  that  appears  else- 
where in  this  issue. 

Answering  his  query  as  to  how  the  existence  of  a  pamphlet 
shall  be  made  known,  our  reply  is  that  abstracts  and  re- 
views of  useful  engineering  pamphlets  should  be  printed 
in    engineering   peri  "Heals.     Not    only    should    this    apply   to 


those  pami'hiets  that  are  new  but  lo  \ lie'  best  of  ilu>  older 
ones  that  are  inaccessible  to  most  engineers.  We  shall  wel- 
come any  suggestions  from  our  readers  as  to  new  or  old 
pamphlets  that  we  may  reprint  or  iibslract  for  the  benefit 
of  our  fellow-engineers. 


How  to  Win  the  Support  of  Labor 
Unions  for  Programs  of  In- 
creased Productivity 

From  the  earliest  of  times  organized  workmen— guilds, 
unions  and  castes— have  opposed  the  efforts  of  employers  to 
increase  production.  Even  in  America  where  this  opposi- 
tion has  been  much  less  strenuous  than  in  other  countries, 
it  has  existed  and  still  exists.  Only  the  ot,her  day  the  Fed- 
eral Oovernment  yielded  to  the  deiViands  of  the  railway 
shopmen  that  the  piece-rale  system  be  abolished. 

American  laborers  are  not  so  dull  as  not  to  realize  thai 
if  their  productivity  increases  their  wages  should  increase. 
But  it  is  clear  that  they  are  obsessed  by  the  dread  of  two 
possible  consequences  of  increased  productivity.  First,  loss 
of  jobs  by  some  of  their  fellow  unionists.  Second,  confisca- 
tion of  most  of  their  increased  output  by  capitalists.  If 
ever  labor  unionists  are  to  be  won  over  to  an  unqualified 
adoption  of  all  methods  and  devices  for  increasing  output. 
they  must  first  be  convinced  that  loss  of  employment  and 
confiscation  of  increased  output  will  not  occur.  How  shall 
they  be  assured  of  prolection'?  Tliis  question  is  perhaps 
the  most  important  of  all  economic  iiuestions  that  confront 
the  American  people. 

Protection  of  the  rights  of  individuals  is  the  lead- 
ing function  of  Government.  Yet  hitherto  no  Government 
has  systematically  attempted  to  protect  employes  from  loss 
of  income  and  from  exploitation  by  etnployers.  We  are  fast 
approaching  the  day  when  our  Government  must  provide 
this  sort  of  protection;  and  if  the  protective  measures  are 
properly  planned,  we  may  confidently  look  tor  cessation  of 
all  labor  union  opposition  to  labor-saving  machines,  bonus 
payhients,   vocational    instruction,   and   the   like. 

Unemployment  insurance  has  been  advocated  by  English 
unionists,  and  there  is  reason  in  its  favor,  provided  the  re- 
cipient of  such  insurance  benefits  is  willing  to  submit  him- 
self to  governmental  training  for  work  in  fields  where  work- 
men are  needed.  The  rapid  training  of  ship  builders  and 
other  classes  of  workers  during  the  war  has  served  to  dispel 
the  illusion  that  long  apprenticeships  are  needed  to  develop 
skilled  craftsmen.  It  has  been  really  astonishing  to  see  the 
rapidity  with  which  difficult  manual  operations  can  be  taught. 
Knowing,  as  we  now  do,  that  a  man  can  be  speedily  trained 
so  that  he  can  pass  from  one  craft  to  another,  no  untried 
theory  confronts  us  when  we  suggest  that  the  Government 
should  not  only  insure  men  against  unemployment  but 
should  train  men  for  new  sorts  of  jobs  when  the  old  sorts 
are  not  to  be  had.  Fluidity,  in  place  of  rigidity,  of  employ- 
ment will  become  the  goal.  This  means  an  almost  startling 
departure  from  precedent,  but  it  is  a  sane  departure  and 
it  seems  to  offer  the  only  practical  solution  to  one  phase 
of  the   labor  problem. 

Having  insured  the  workman  against  unemployment  and 
having  provided  for  his  training  in  new  fields,  there  remains 
the  problem  of  insuring  his  securing  his  share  of  his  in- 
creased productivity.  This  is  no  simple  matter.  Hitherto 
competition  for  employes,  warmheartedness  toward  em- 
ployes, and  strikes  by  employes  have  been  almost  the  sole 
instrumentalities  through  which  workmen  have  been  able  to 
secure  higher  pay  as  their  average  output  increased.  That 
these  instrumentalities  have  been  effective,  particularly  in 
America,  no  student  of  economics  can  successfully  refute 
But  the  fact  remains  that  union  workmen  demand  even 
greater  assurance  that  they  will  secure  their  deserts.  They 
ask  protection  when  they  ask  assurance  that  larger  outputs 
shall  be  followed  by  larger  wages.  The  Government — that 
great  organization  for  protective  purposes — must  provide 
wage  protection  as  well  as  life  and  property  protection.  The 
Government  must  undertake  so  to  order  industrial  affairs 
that  employes  will  not  be  entirely  dependent  on  competi- 
tion, warmheartedness  and  strikes  to  secure  their  share  of 
products. 
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How  Many   Engineers   Know  the 
Chemical  Theory  of  Rusting? 

The  rusling  ol  sltel  or  in)ii  is  a  iJheuonit'non  ilia  I  piizzlcil 
chemists  for  many  years  and  even  yet  is  not  fully  under- 
stood. It  is  now  generally  agreed  that  rusting  is  an  elec- 
trolytic ciction,  but  to  know  this  is  not  equivalent  to  kiiowitig 
all  the  conditions  under  which  electrolysis  occurs.  For  ex- 
ample, a  few  years  ago  it  was  not  known  that  wlien  iron  or 
steel  is  under  internal  strain,  electrolysis,  and  therefore  rust- 
ing, occurs  with  greater  ease.  Who  would  liave  aniicipaled 
such  a  fact? 

In  this  connection  it  is  interesting  to  note  that  rolling  iron 
or  steel  often  results  in  making  it  more  susceptible  to  cor- 
rosion. At  Newburyport,  Mass.,  there  is  an  old  iron  bridge 
a  century  old,  yet  some  of  its  parts  show  little  deterioration. 
This  was  attributed  to  their  being  of  very  imre  iron,  until  a 
chemical  analysis  of  some  of  the  links  disclosed  that  they 
were  of  ordinary  purity  and  very  heterogeneous.  Then  one 
of  the  linlcs  was  heated  and  rolled  into  a  sheet  and  exposed 
to  the  weather,  whereupon  it  rusted  quite  as  rapidly  as  any 
rolled  iron  made  today.  This  proved  that  the  internal  strains 
developed  by  the  rolling  caused  differences  in  the  i-lei-tiic 
polarity  of  nearby  particles  of  iron. 

Since  rusting  is  an  electrolytic  phenomenon  it  be<-oiiies 
of  great  practical  importance  to  understand  all  the  ways  in 
which  differences  in  electric  polarity  occur  in  steel  and  iron. 
These  are  mainly  the  following;  (1)  Presence  of  impurities 
that  are  electronegative  to  iron  or  steel;  (2)  internal  strains; 
(3)  irregularities  on  the  surface  of  the  metal.  This  last  men- 
tioned cause  of  rusting  is  fully  as  surprising  as  the  one  that 
precedes  it.  Why  should  a  polished  razor  blade  rust  much 
less  rapidly  than  a  rough,  pitted  piece  of  steel  of  the  same 
quality?  The  answer  is  probably  to  be  found  in  the  differ- 
ences in  the  internal  strains  of  adjacent  hills  and  valleys  in 
the  surface  of  rough  steel.  If  so,  the  third  cause  of  rusting 
is  met  by  a  special  case  of  the  second.  An  indentation  in 
the  surface  is  electropositive  to  the  surrounding  metal;  con- 
sequently an  indentation  becomes  deeper  through  progres- 
sive corrosion,  tor  it  is  the  electropositive  parts  that  are  dis- 
solved or  eaten  away. 

Rust  itself  is  electronegative  to  the  metal,  hence,  the  pres- 
ence of  rust  causes  more  rust  to  form;  one  vice,  as  it  were, 
begetting  more  vice. 

How  can  iron  and  steel  be  made  more  durable  by  the  manu- 
facturers? First,  by  securing  greater  purity.  Second,  by 
rolling  methods  and  heat  treatment  that  will  reduce  the  in- 
'ternal  strains.  Third,  by  rolling  so  as  to  produce  a  smooth 
surface.  Fourth,  by  alloying  with  metals  that  are  electro- 
positive to  the  iron  or  steel. 

Thus  far  copper  has  proved  to  be  the  best  metal  to  use  as  a 
rust  inhibiting  alloy.  Copper-bearing  steel  is  already  ex- 
tensively used  where  rusting  is  likely  to  be  serious. 

Rusting  can  take  place  only  in  the  presence  of  water  and 
oxygen,  and  it  occurs  only  when  there  exists  a  difference  in 
electrical  polarity.  We  have  seen  how  differences  in  polar- 
ity occur  in  iron  and  steel.  Let  us  consider  briefly  the  other 
factors — the  water  and  the  oxygen.  One-flflh  of  the  air  is 
oxygen.  Water  dissolves  oxygen  when  exposed  to  the  air. 
Most  of  the  oxygen  can  be  readily  removed  from  water,  and 
it  may  prove  economic  to  do  so  where  hot  water  heating  sys- 
tems are  used,  in  order,  to  reduce  the  corrosion  of  the  pipes. 
It  should  be  remembered  that  heat  is  favorable  to  such  chem- 
ical action  as  rusting,  and  that  hot  water  containing  oxygen 
therefore  corrodes  iron  and  steel  quite  rapidly. 

Perfectly  pure  water — free  from  acids  or  alkalies — will 
not  cause  rust.  But  the  carbonic  acid  gas  of  the  air  is  dis- 
solved by  water  in  sufficient  quantities  to  cause  electro- 
chemical activity.  Sea  wafer  causes  rapid  rusting.  Even 
the  spray  that  is  carried  inland  from  the  sea  by  winds  has- 
tens the  rusting  of  the  iron  and  steel  that  it  lodges  upon,  and 
this  may  occur  2u  miles  or  more  from  the  sea  shore. 

Iron,  or  steel  in  contact  with  swift  running  water  is  usually 
less  subject  to  corrosion  than  when  in  contact  with  stil! 
water.     The  reason  for  this  is  not  yet  clear. 

Where  ferrous  metal  is  submerged  in  water,  rusting  is 
usually  more  rapid  near  the  surface  of  the  water  than  deeper 
down.     Perhaps  this  is  due  both  to   the  higher  temperature 
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of  the  water  near  the  surface  and  to  the  presence  of  more 
oxygen  and  carbonic  acid  gas  in  solution. 

Galvanizing  steel  or  iron  serves  as  a  protective,  not  only 
because  of  the  protection  from  contact  with  water  but  be- 
cause the  zinc  is  electropositive  to  the  steel  or  iron,  ilence 
the  zinc  slowly  dissolves  undei'  the  electrolytic  action,  in- 
stead of  the  steel  or  iron,  even  where  water  louclics  both  the 
metals  and  establishes  an  electric  current. 

.^n  interesting  article  by  II.  Y.  Carson  will  be  found  on 
aiiolhci-  page.  Mr.  Carson  discusses  the  rolling  of  iron  or 
steel  as  affecting  the  rapidity  of  rusting. 


Publicity  for  Engineers  Through  Local 
Newspapers 

How  many  city  engineers  iirepare  descriptions  of  engi- 
neering improvements  for  their  local  newspapers?  Not  many, 
we  think.  .\iid  yet  the  local  paper  is  one  of  the  best  possi- 
ble mediums  for  securing  publicity  on  engineering  matters. 
The  Iowa  Engineering  Society  has  been  studying  this  ques- 
tion, and  as  a  result  the  society's  Committee  on  Publicity 
has  prepared  topical  outlines  and  directions  for  publicity 
articles  on  the  more  common  tyjies  of  engineering  improve- 
nienls  in  Iowa.    One  of  these  topi(-al  outlines  follows: 

1.  General   Nature — 

r;i\*<ni'iit,  srwrra^i;  s>.*-le(ii.  etc. 

2.  Made    by — 

I'it.w    ciiuiitv.    state,    ccrporatioii. 

3.  Location — 

-\i«-;t    ItHiR-Iitt  (1   (M-   solved. 

4.  Cost— 

Toi.il,    increased    laxaiion,    assessments. 

5.  Financing — 

HoikIs.    taxaliitn.    sale   of   slock. 

6.  Need   for   Improvement — 

Pulilic  necessity,  convenience  oi-  safely,  commercial  flevelop- 
ment. 

7.  Type   Chosen    and    Why — 

l:«''!nirenicnts.   how   met. 

8.  Length.   Size,  Capacity — 

J 'resent  and  future  needs. 

9.  Materials — 

Kini.is.  sources,  costs,  why. 

10.  Labor — 

l.i'cal  ov  imporleU.   nuniher,   wages. 

11.  Methods    of    Construction — 

Interesting;   or  unnsllal   featuies. 

12.  Personnel — 

Anthority.   desij^n.   cnnsu-uci  inn. 

13.  Progress — 

S1;irl.    piesent   status,    conipl*  I  urn. 

14.  Any  specially  interesting  feature   in   greater  detail. 


Examinations  for  Highway  Bridge  Engineers. — An  open 
competitive  examination  for  highway  bridge  engineer  to 
fill  three  vacancies  in  the  V.  S.  Bureau  of  Public  Roads, 
and  future  vacancies,  has  been  announced  by  the  U.  S.  Civil 
.Service  Commission.  The  entrance  salaries  range  from 
$2,400  to  .$:;,400  per  year. 

The  duties  of  this  position  will  involve  the  making  of  sur- 
veys of  bridge  sites,  superintending  the  construction  and 
inspection  of  highway  bridges,  and  the  design  and  prepara- 
tioit  of  plans  for  highway  bridges.  Applicants  must  show 
that  they  have  at  least  6  years  of  preliminary  engineering 
experience  or  that  they  are  graduates  in  civil  engineering 
from  a  recognized  college.  They  must  also  show  that  they 
have  had  at  least  7  years  of  responsible  engineering  experi- 
ence, of  wiiich  not  less  than  4  years  must  have  been  in  re- 
sponsible bridge  engineering  and  not  less  than  2  .\ears  must 
have  been  in  responsible  highway  bridge  engineering.  Fur- 
ther information  may  be  obtained  from  the  (.'ivil  Service 
Commissions  in  the  larger  cities,  or  from  the  U.  S.  Civil 
Service   Commission,  Washington,  D.  C. 


12  Per  Cent  of  Capacity  of  Fabricating  Shops  Contracted 
For  in  January. --Activities  in  the  structural  lield  in  January 
were  at  the  lowest  point  in  many  years.  The  records  of  the 
Bridge  Builders  it  Structural  Society,  as  collected  by  its  sec- 
retary, show  that  during  the  month  of  January,  lfll9.  only  12 
per  cent  of  the  entire  capacity  of  the  bridge  and  structural 
shops  of  the  country  was  contracted  for. 
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Reconimendod    C.oinpensation   for 
Engineers 

SpoclOc  rocomujomliiu.ins  i.'Ki»i>lii>t;  i'""  Kuliirlc.'s  nnil  work- 
lUK  oonilUlons  of  onKluoors  \vi«r.>  uimU>  by  tlio  Coniii\lttei>  on 
Lomponsiiilon  of  llu<  tlilniKO  t.liii|>tpr  of  tlio  Amorlciui  Asso- 
ciation of  KnBlnpors  In  «  prosross  report  subnilttod  on  Fob.  1. 

Conelutloni  of  Committee.— A  summary  of  the  conclu.-^tons 
of  the  i-oinmllti-e   (ulliuxs: 

The  profo.-.-iUm  of  enijlneerlns.  Iiikon  i»s  ii  whole,  is  insuf- 
flclently  piUil.  or  Is  not  paiil  In  proporiion  to  the  liiKli  ile^ree 
of  re.spouslbllily  entulle.l  or  the  technical  training  required 
to  perform  the  work. 

The  principle  of  a  square  deal  for  everybody  should  un- 
derly  all  rules  of  compensation,  and  that  technical  men  must 
demonstrate  their  worth  both  to  their  emiiloyers  and  lo  the 
public  before  they  will  receive  the  compensation  due  them. 

Thl»  demonstration  should  be  made  by  individual  sales- 
manship and  by  proper  methods  of  publicity  directed  by  this 
Association  to  establish  co-operation  between  employers  and 
employes  and  to  Insure  proper  recognition  of  the  service  of 
the  engineer  by  the  public. 

While  salesmanship  may  produce  results  in  iiulividual 
cases.  It  Is  necessary  to  operate  collectively  for  the  rank  and 
file  of  engineers  ami  desirable  that  some  form  of  grades  for 
engineering  services  be  adopted  with  a  minimum  rate  of  pay 
for  each  grade. 

The  rates  suggested  herein  are  not  maximum  standards 
but  rather  indicate  the  rate  of  pay  of  anyone  who  can  per- 
form the  line  of  work  and  that  individual  effort  should  be  en- 
cournRed  to  the  fullest  extent  and  be  paid  for  accordingly. 

In  the  determination  of  a  just  compensation,  consideration 
must  be  given  to  the  effort  or  cost  of  the  educational  train- 
ing, the  years  and  character  of  experience  in  the  particular 
line,  as  well  as  total  years  of  experience:  length  of  time  in 
the  employer's  service:  character  and  personality;  degree  of 
efBciency  and  special  qualifications. 

The  uncontrolled  law  of  supply  and  demand  is  not  a  just 
method  by  which  to  determine  the  compensation  for  valuable 
services.  Therefore,  steps  should  be  taken  to  control  its 
operation  so  that  it  may  not  become  oppressive,  especially  in 
the  lower  grades  of  service. 

Recommendations. — The  hours  of  employment  for  techni- 
cal men  of  grades  1.  2.  and  3,  hereafter  defined,  should  not 
exceed  8  hours  per  day  or  44  hours  per  w-eek. 

Overtime  in  above  grades  should  be  paid  for  at  an  in- 
creased rate. 

No  one  in  charge  of  engineering  or  construction  forces 
should  be  paid  less  than  any  man  for  whose  work  he  is  re- 
sponsible. 

When  by  a  superior's  orders  an  employe  is  shifted  to  a 
point  requiring  him  to  change  his  place  of  abode,  the  em- 
ployer should  bear  the  entire  expense  of  moving  employe  and 
his  family. 

Employes  should  be  given  national  holidays  and  not  less 
than  one  day's  vacation  for  each  month  employed  during  the 
year,  and  provision  should  be  made  for  disability  due  to  the 
hazard  of  the  employment. 

The  following  grades  should  he  established  with  the  mini- 
mum rate  of  pay  per  month,  as  indicated: 


Grade  4— $200.00 
Grade  7. —  325,00 
Grade  6—  500.00 


Grade  7 — $  750.00 
Grade  8—  1. 000.00 
Grade  9— Above  $1,000 


Grade  1—$  75.00 
Grade  2—  100.00 
Grade  3—  125.00 

The  above  grades  should  represent  theoretical  positions  of 
certain  degrees  of  responsibility.  The  committee  believes 
That  grades  1,  2,  and  3  may  be  defined  as  requiring  technical 
experience  and  education,  as  follows: 

Grade  1.  A  position  requiring  chiefly  mechanical  skill  and 
little  or  no  experience,  but  which,  however,  is  desirable  or 
necessary  for  the  technical  men  to  do  for  a  short  time  as 
preliminary  training  for  higher  grades  of  work:  or  a  posi- 
tion requiring  a  small  amount  of  technical  knowledge,  such 
as  may  be  obtained  in  a  high  school  or  manual  training 
school,  but  without  responsibility. 

Grade  2.  A  position  requiring  the  equivalent  of  a  high 
school  education  as  well  as  the  elements  of  engineering,  such 
as  may  be  obtained  in  a  night  school  or  correspondence 
school,  and  demandir.u  a  certain  amount  of  proficiency  which 


would  ordinarily  be  obtained  with  one  year's  experience, 
lacking  a  college  education. 

Grade  3.  A  position  In  which  graduation  from  a  recog- 
nized college  of  engineering  is  desirable  lor  its  potential 
value,  and  which  requires  a  part  of  that  technical  knowledge: 
or  n  position  requiring  as  much  as  grade  2,  with  two  years' 
experience,  and  demanding  additional  technical  study  such 
ns  the  completion  of  night  and  correspondence  courses. 

The  commitloe  believes  that  grade  I  may  be  described  in 
general  as  a  position  involving  responsible  charge  of  work. 
Up  to  the  time  of  closing  the  progress  report,  the  committee 
has  not  had  at  hand  the  information  necessary  for  complet- 
ing specillcations  for  grade  4  or  for  outlining  specifications  of 
higher  grades. 

The  committee  believes  that  the  definition  of  the  higher 
grades  from  .f200  per  month  up,  should  be  based  in  part  on 
the  additional  years  of  experience,  but  .it  further  believes 
that  the  capacity  of  the  man  to  perform  responsible  work 
must  be  taken  into  account,  together  with  the  degree  of  re- 
sponsibility in  an  organization. 

The  committee  believes  that  in  certain  lines  of  work,  defi- 
nite classifications  may  be  possible,  as,  for  instance,  In  public 
utility,  railroad,  structural,  municipal  and  state  work  where 
the  character  of  the  work  is  more  generally  standard  through- 
out the  country. 


Calculation  of  Shed  Capacity  for  Piers 

Tlie  following  calculalion  for  size  of  pier  transit  sheds  has 
been  developed  by  Mr.  McL.  Harding,  president  of  the  So- 
ciety of  Terminal  Engineers: 

It  is  a  good  rule  to  plan  the  shed  for  such  a  capacity  that 
it  will  be  possible  to  distribute  all  the  goods  taken  from  one 
ship  berthed  opposite  to  it.  This  is  the  rule  at  Hamburg, 
Germany. 

When  goods  are  handled  by  hand  the  average  height  of 
tiering  or  piling  is  about  .5  ft.  It  is,  therefore,  evident  that 
there  would  be  required  a  very  large  floor  area  to  distribute 
and  place  a  cargo  of  6,000  tons  according  to  the  marks  and 
crossmarks,  especially  in  a  miscellaneous  cargo. 

Assuming  60  cu.  ft.,  instead  of  the  marine  40  cu.  ft.,  to  rep- 
resent the  volume  of  one  ton  and  16  per  cent  more  for  dis- 
tributing space,  this  would  equal  about  70  cu.  ft.  per  ton. 
Six  thousand  tons  would,  therefore,  represent  a  cubical  con- 
tent of  420,000  cu.  ft.,  and,  at  the  average  height  of  5  ft., 
would  cover  a  space  of  84,000  sq.  ft. 

The  reason  for  the  5-tt.  height  for  average  tiering  is  that 
manual  lifting  above  this  height  means  a  considerable  in- 
crease in  the  handling  expense.  It  is  more  economical  to 
hand-truck  400  ft.  than  to  lift  10  ft.  by  man  power.  By  me- 
chanical tiering,  freight  can  be  tiered  20  or  even  30  ft.  with 
little  if  any,  additional  expense  over  tiering  -5  ft. 

Assuming  an  average  height  of  tiering  at  15  ft.,  a  build- 
ing could  be  made  .56  ft.  in  width,  500  ft.  in  length,  and  yet 
have  a  capacity  on  the  above  basis  of  6.000  tons,  at  70  cu.  ft. 
per  ton.  In  order  to  allow-  even  more  floor  space  for  the  dis- 
tributing or  a  greater  holding-shed  capacity,  20  ft.  may  be- 
taken as  an  average  tiering  height.  A  shed,  therefore,  60  ft. 
wide,  50  ft.  long  and  with  a  clear  height  below  the  girders  of 
30  ft.,  tiering  20  ft.,  would  accommodate  8,500  tons,  allowing 
70  cu.  ft.  per  ton.  This,  or  a  shed  400  ft.  in  length,  would  be 
a  properly  proportioned  shed  for  inland  river  terminals.  It  is 
interesting  to  note  that  60  ft.  is  the  standard  width  of  in- 
bound railway  freight  stations. 

If  the  width  of  the  sheds  can  be  kept  within  the  above 
limits,  the  cost  of  the  shed  will  be  less  than  is  usual,  as  there 
will  be  one  short  span  only  and  no  intermediate  posts  to  in- 
terfere with  the  freight  movements,  which  posts  should  be 
avoided  if  possible. 

It  is  evident  that  capacity  is  secured  by  height  and  not  by 
width. 


Associated  General  Contractors'  Association  Select  Secre- 
tary.— The  Associated  General  Contractors  of  America  have 
appointed  G.  W.  Buchholz,  recently  works  manager  for  Fred 
T.  Ley  &  Co.,  Inc.,  Springfield,  Mass.,  and  New  York  City, 
acting  secretary  of  the  society,  with  the  duties  of  executive 
manager.  W'illiam  A.  Davis,  recently  of  the  War  Labor 
Board,  was  re-elected  organization  manager  to  assist  tha 
secretary. 
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Simple  Method  for  Design  of  Booms 

By  ARTHUR  RAYMOND. 
In  the  design  of  a  boom  we  have  a  problem  in  mechanics 
of  combined  stresses.  We  may  have  combined  bending, 
compression  and  torsion  or,  more  often,  combined  bending 
and  compression.  I  have  found  that  most  designers  and 
most  of  the  "practical"  text  books  treat  this  problem  in 
much  the  same  way.  The  approximate  formula,  S  = 
Mc  P 
^  —    for    combined    bending    and    compression    or    bend- 

I  A 
ing,  and  tension  is  generally  employed  as  near  enough  for 
all  practical  purposes.  In  a  vast  majority  of  problems  of 
combined  stresses,  this  formula  suffices  and  the  accuracy 
gained  by  using  theoretical  formulae  is  generally  of  the  hair- 
splitting kind. 

However,  when  we  come  to  a  class  of  work  that  involves 
the  design  of  booms,  a  different  condition  often  follows. 
This  is  true  where  the  ratio  of  slenderness  is  large,  regard- 

les.s  of  material  used;  or,  to  state 
it  in  a  different  way,  when  the 
bending  stress  exceeds  the  di- 
rect stress.  The  nearer  we  ap- 
proach the  limiting  value  of  the 
ratio  of  slenderness,  the  more 
in  error  we  are  in  using  this 
approximate  formula.  The  re- 
course we  resort  to,  is  to  use 
some  theoretical  formula  which, 
as  is  generally  the  case  with 
these  formulae,  is  cumbersome 
and  mean  in  applying. 

I  have  a  method  which  I 
would  like  to  present;  a  method  that  is  theoretically  correct, 
one  that  is  logical,  simple  to  apply  and  in  which  the  'why  and 
wherefore"  are  pronounced. 

I  think  I  can  best  present  this  nielhod  by  giving  an  illus- 
trative problem  and  by  giving  it  in  some  detail,  little  expla- 
nation will  be  needed. 

A  boom  of  Douglas  fir  is  55  ft.  long  and  is  subjected  to  a 
direct  compression  of  23,000  lb.  and  to  a  bending  stress  due 
to  its  own  weight.  Neglecting  any  stress  developed  due  to 
slewing  boom  and  load  (for  simplicity),  find  necessary  di- 
ameter. 

Try  boom   with  diameter  =;  16  in. 

201.1 

Area,  A  =  201.1  sq.  in.  or =:  1.396  sq.  ft. 

1-14 
Section  Modulus.  S.  =  (.098)    (16)^  =  401.5. 
Weight  of  Boom  =  55  X  1.396  X  34  =  2,610  lb. 
Assuming  that  Douglas  fir  weighs  34  lb.  to  the  cubic  foot. 
1 
Moment,  M,  =  — X  2,610  X  38.9  =  12,700   ft.  lb. 

S 
■'  12,700  =  152,400    in.    lb. 
152,400 

Bending   Stress,    FB  = =  379.5    lb.    per   square    inch. 

401.5 
■  using  a  factor  of  safety  of  8. 

379.5X8  =  3,036  lb.  per  square   inch. 
Ultimate  stress  =  6,000  lb.   per  square  inch. 

3,036 
Bending  uses  X  100  =  50.6   per  cent. 


Bending 


M  =  12 


6,000 


55  X  12 


=  41.25. 


d  16 

'Uultimate  stress  for  column  action. 


\         60d  / 

(41.25    \ 


square  inch. 

1,872 


234  lb.  per  square  inch  working  stress. 


Total   compression  =  234  X  201.1  =  47,100   lb. 
100  per  cent  —  50.6^49.4  per  cent  available 
47.100  X  .494  =  23,280   lb. 
Direct  Stress  =  23,000   lb. 
So  16-in.  boom  is  O.K. 
Using   Rankine's   Formula — 


<7)'-f) 


Where  '!> 


for  column  both  ends  round,  we  have. 


3,000 
S  =  114.3    [  1  +  .001   (1,700)   ]     -f  379.5. 
S  =  114.3 -f  194.5 -f  379.5  =  688.3  lb.  per  square  inch. 
6,000 

=8.72   factor   of   safety. 

688.3 
The    method    compares    favorably    with   Rankine's    formula 
in  this  particular  case.     The  value  of  the  constant  <I>  is  the 
influencing  factor  in  the  final  result. 

By  using  the  usual  formula  first  stated  in  this  article,  the 
solution  would  be — 

FB  =  379.5  lb.  per  square  inch  as  found  before. 
P       23,000 

The  direct  stress^  —  =^ ^114.3  lb.  per  square  inch. 

A        201.1 
Combined  stress  ^  379.5 -f  114.3  =  493.8  H).  per  sq.  in. 
Ultimate  =  1,872  lb.   per  square  inch,  as  before. 
1,872 

3.8  factor  of  safety. 

493.8 
Thus,  it  is  seen  that,  where  in  reality,  there  is  a  nominal 
factor  of  safety  of  8  using  a  16-in.  boom,  there  is,  apparently, 
only  a  factor  of  safety  of  3.8  figuring  it  by  above  method. 
And,  in  order  to  get  this  proper  factor  of  safety  of  8,  using 
this  method,  a  larger  boom  than  is  necessary  would  have  to 
be  used. 

As  a  matter  of  interest  it  will  be 
method  compares  with  some  of  the 
commonly  used. 

Using  the  formula — 
P       Mc 

S  =  -+ ^ 

A         I  —  (pl=  ->  K  E) 
Where   K  =  10  for  both  ends   hinged 
E  =  1,700,000  for  Douglas  fir. 
(152,400)    (8) 

8  =  114.3-1 

3,211  —  588 
8  =  114.3  +  464.5  =  578.8  lb.   per  square  inch. 
6.000 

=  10.36  factor  of  safety. 

578.8 
Here,  there  is  some  little  variation  due  to  the  constant  K 
and  to  the  modulus  of  elasticity  E.     The  value  of  E  that  I 
selected  is  somewhat  high  and  is  what  certain  departments 
of  the  Government  use. 

I  hope  I  have  shown  clearly  how  the  problem  of  combined 
stresses  presents  some  diffictilties  at  times  and  cannot  al- 
ways be  treated  indifferently  and  by  the  use  of  the  approxi- 
mate formula  so  generally  employed. 


•C  =  6,000|     1  — - 

60d 

41.25 
C  =  6,000l 1=  (6,000)     (.312)  =1,872      lb.      per 


well   to   see   how   my 
theoretical    formulae 


Applying   the    Working    Load   to    Struts   and    Beams   Before 

Using.-  -On  account  of  the  difhculty  in  securing  suitable 
pieces  for  manufacturing  the  lar.ger  airplane  parts  and  the 
necessity  of  conserving  material,  several  series  of  tests  were 
conducted  at  the  Forest  Products  Laboratory  at  Madison, 
Wis.,  on  built-up  beams  and  struts  of  various  designs  and 
also  on  various  types  of  splices.  Results  of  these  tests  were 
used  in  preparing  army  and  navy  specifications  for  laminated 
and  spliced  beams  and  laminated  struts.  Two  simple,  non- 
injurious  methods  for  determining  the  strength  of  struts  have 
been  developed  and  further  tested  for  inspection  work,  which 
it  is  thought  will  considerably  reduce  the  number  of  rejec- 
tions under  the  standard  method.  The  tests  are  made  on 
full  size  specimens,  every  strut  used  being  subjected  to  the 
standard  test,  which  is  more  severe  than  any  working  load 
could  possibly  be. 
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Co-Operation  Ik'tween  Architects, 
Ln^inoersaiul  Other  Tech- 
nical Men 

111  .m  iiiforiiiiil  mlilros.s  m  ilic  la.st  cdiivoiiiIom  of  tlio  Aiiut- 

itillf    ()(    An-hlti'rls,    Mr.     |).    Ktiifkcrbockor    lloyil 

■III  tli«' tli'siriiliility  of  ro-oporiilion  boiwoi-n  iirchiU'cts, 

lht>  iiiittoiiiil  Covoriiiiiciit  iiiui  all   iiiiporliiiK   loch- 

.   olhiT  orKiUiiialiuiis  roiu'iTiioil   Willi   any    pliaso  of 

aciivity      While  Mf.   lloyil's  remarks  Pffi-rrod  par- 

to   III!'  urrlilli'i-lurHl   proft'ssloii,   linn-   apply   oqually 

woll  to  .•nciiUMTs.     Ills  aildri'ss  In  pan  follows: 

Architects  Should  Collaborate  with  Important  Technical  So- 
cieties and  Government  Agencies.  Various  iloiHulmeiits  of 
tlu'  liuvrrniiiviit  anil  otlu-r  organizations  tlirounhout  the 
counlry.  nn-  performing  services  at  nil  limes  and  issiiin.u  pub- 
llrnlluns  that  are  of  the  srealesi  interest  and  usefulness  to 
the  nrrhlleelural  profession  and  oilier  interested  citizens— 
and  yot  how  tew  of  us.  comparatively  speaking,  realize  what 
Is  beinK  done  in  this  direction  and  how  we  are  being  bene- 
fited. The  point  Is.  that  being  the  rase,  should  it  not  create 
a  reclprooal  obltgntion  on  our  part  to  co-operate  with  these 
ajtencies.  not  alone  by  availing  ourselves  of  the  information 
which  can  be  obtained  through  publications  issued  by  them, 
but  by  participating  as  fully  as  possible  in  their  activities 
and  contributing  to  the  results  which  make  these  publica- 
tions possible. 

Should  we  not.  as  many  of  us  as  can,  be  members  of  the 
National  Fire  Protect  ion  .\ssociation,  the  American  Society 
for  Testing  Materials,  and  some  of  the  other  national  or- 
ganizations which  are  working  for  the  good  of  us  all  in  the 
various  problems  connected  with  the  sheltering  of  humanity? 
.\nd  yet  there  are  only  about  50  members  of  the  Institute 
who  are  members  of  the  National  Fire  Protection  Associa- 
tion. 

I  believe  that  there  are  only  three  who  are  members  of 
the  American  Society  for  Testing  Materials.  At  the  conven- 
tion in  Atlantic  City  last  June  of  this  society,  there  was  a 
report  submitted  from  the  Committee  on  Fireproof  Con- 
struction, and  on  the  front  page  it  was  stated  that  the  re- 
port had  been  prepared  in  collaboration  with  representatives 
from  eleven  important  national  organizations,  w^hich  were 
listed,  and,  in  the  list,  was  not  included  the  name  of  the 
American   Institute  of  Architects. 

Surely  such  a  society  is  one  which  our  members  should 
join  in  force  ana  in  which  we  should  make  our  influence  felt 
by  serving,  not  alone  on  that  committee,  but  on  the  many 
others  concerned  with  building  materials  and  methods. 

It  seems  to  me  that  we  have  ourselves  largely  to  blame 
that  we  are  not  more  generally  asked  to  participate  in  these 
and  other  public  service  movements,  for  we  have  not  here- 
tofore made  sufficiently  apparent  the  inclination  to  do  so. 
So.  I  am  going  to  urge  upon  you  all  to  seek  the  opportunity 
to  extend  the  architect's  service  by  collaborating  with  the.se 
important  agencies  throughout  the  country  which  are  doing 
work  of  so  much  benefit  to  us,  individually  as  well  as  col- 
lectively. 

Architects  and  Government  Publications. — Mr.  Jensen  very 
ably  pointed  out  what  we  might  do  to  assist  the  United  States 
Department  of  Agriculture  in  respect  to  what  we  have  here- 
tofore denominated  minor  structures  of  the  country — farm 
houses  and  groups  of  farm  buildings.  How  few  of  us  are 
aware  that  the  Department  of  Agriculture  will  provide  infor- 
mation and  furnish  publications  to  any  architect  or  citizen 
of  the  rnited  States  who  asks  for  either.  Many  of  the  ex- 
cellent publications  are  absolutely  free  and  others  may  be 
had  at  merely  nominal  prices.  It  seems  to  me  we  should 
acquaint  ourselves  with  the  service  which  this  department 
renders  and  the  publications  which  it  issues,  and  that  in  the 
case  of  the  latter  we  should  use  as  many  of  them  as  we  can, 
should  renew  them,  and  wherever  possible,  offer  suggestions 
for  their  amplification,  improvement  or  .greater  distribution 
and  utilization. 

The  same  department  has  prepared  an  elaborate  and  most 
interesting  model  of  a  farmstead,  showing  all  the  buildings 
of  such  a  group  as  well  as  the  layout  of  the  grounds.  Why 
should  we  not  get  In  touch  with  the  Department  of  Agri- 
culture and  offer  our  services  in  further  development  of  this 


idea  and  see  that  such  models  are  given  the  widest  circula- 
tion and  reoognition  possible? 

The  same  thing  applies  to  the  Bureau  of  Education  in  the 
liepartnient  of  the  Interior.  That  bureau  not  only  issues 
comprehensive  publications  relating  to  sehoolhouses  and  all 
educational  matters,  but  has  prepared  drawings  for  schools 
for  the  smaller  communities  of  the  country.  1  wonder  how 
many  of  the  architects  know  that  such  drawings  have  been 
prepared,  that  they  are  available  to,  and  are  secured  and  used 
by  school  boards  and  communities?  Why  should  we  not 
co-operate  with  the  Government  in  the  issuance  of  such  draw- 
ings, if  they  need  improvement,  and,  if  not,  at  least  let  the 
department  know  that  we  are  with  it  in  this  movement?  It 
also  has  prepared  a  model  for  a  schoolhouse  for  a  small  com- 
niunity,  and  that  model  is  being  asked  for  by  school  boards 
in  various  parts  of  the  country  and  has  doubtless  proved 
very  helpful  to  them  in  arriving  at  conclusions. 

The  I'nited  States  Department  of  Labor  and  the  Bureau 
of  Mines  have  both  made  investigations  into  the  subject  of 
the  housing  of  employes  for  many  kinds  of  industry,  and  they 
have  issued  valuable  publications  relating  to  this  subject 
which  includes  a  monthly  bulletin  of  the  Bureau  of  Labor 
Statistics.  I  do  not  know  how  many  architects  are  aware 
of  these  facts  or  whether  they  have  applied  for  any  of  those 
publications,  but  if  not,  they  should. 

The  Navy  Department  issues  specifications  for  materials 
that  are  used  in  many  features  of  building  construction. 
These  we  should  know  of,  and  benefit  by  the  results  of  these 
investigations. 

In  these  and  many  other  ways  we  should  recognize  what 
is  bein.g  done  for  us  by  the  various  departments  of  our  own 
Government,  and  afford  them  the  realization  that,  as  citizens, 
we  are  utilizing  the  results  of  their  endeavors  and  are 
willing  also  to  assist  them  in  every  way  we  can. 

Co-operation  with  Engineering  Societies  and  Other  Organ- 
izations.— Among  other  things  we  sliould,  it  seems  to  me,  co- 
operate with  the  American  Society  of  Civil  Engineers  and 
other  great  engineering  societies  far  more  than  we  have  ever 
done.  In  recognition  of  the  important  developments  in 
materials  and  appliances  which  they  have  brought  about 
we  should  voice  our  desire  and  willingness  to  take  a  more 
active  part  in  such  work. 

We  should  also  maintain  a  more  cordial  contact  with,  and 
give  encouragement  and  assistance  to,  such  organizations 
of  producers  and  manufacturers  as  are  constantly  and  con- 
scientiousl.v  endeavoring  to  improve  materials  and  processes 
and  bring  about  a  better  understanding  of  their  varied  char- 
acteristics, ii] 
And,  at  the  same  time,  I  want  particularly  to  mention 
the  necessity  for  correcting  the  lack  of  co-operation  on  our 
part  with  the  craftsmen,  mechanics  and  others  employed 
upon  buildings.  In  this  connection  the  American  Federa- 
tion of  Labor  maintains  a  Building  Trades  Department,  com- 
posed of  19  organizations  known  as  "Internationals,"  with 
local  branches,  in  different  parts  of  the  country  covering  the 
various  industries  that  pertain  to  building  construction. 
These  concern  themselves,  among  other  things,  that  we  ought 
to  know  more  about,  with  methods  of  safety  in  construction 
and  the  use  of  building  materials. 

Other  organizations  exist  whose  chief  function  is  to  make 
for  safety  in  all  the  industries  and  in  all  walks  of  life.  Among 
these  are  the  National  Safety  Council,  the  American  Museum 
of  Safety,  the  Workmen's  Compensation  Service  Bureau,  with 
the  valuable  work  and  publications  of  all  of  which  we  would 
do  well  to  familiarize  ourselves. 

The  National  Education  Association  is  another  one  of 
the  bodies  which  is  working  for  the  safety  of  occupants  in 
buildings  and  is  one  which  has  a  Committee  on  Standardiza- 
tion of  School  House  Construction  and  Planning.  The  same 
thing  applies  in  the  matter  of  co-operating  with  the  Public 
Health  Association  and  with  the  American  Hospital  Asso- 
ciation, the  latter  of  which  has  a  Committee  on  Standard- 
ization of  Hospitals.  No  architect  is  on  that  committee,  and, 
doubtless,  but  few  know  of  its  existence.  We  should,  it 
seems  to  me,  co-operate  with  the  American  Medical  Society. 
The  same  thing  applies  to  the  Chamber  of  Commerce  of  the 
United  States,  the  national  organization  representing  all 
local  groups.  Heretofore  we  have  seemed  to  avoid  connec- 
tion with  anything  which  implied  a  contract  with  commerce. 
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but  the  times  are  changins  and  we  are  to  change  with  them. 

As  an  instance  of  the  lack  of  co-ordination  in  lines  ot  simi- 
lar endeavor,  take  the  case  of  the  conference  recently  called 
by  the  American  Civic  Association  and  the  American  Housing- 
Association. 

Certainly  none  ought  to  be  more  interested  than  archi- 
tects in  those  allied  activities  and  yet  these  conferences 
were  held  in  Philadelphia  recently  and  they  both  covered 
ground  already  covered  by  the  American  Institute  of  Archi- 
tects and  by  its  Journal.  These  associations,  apparently 
without  notice  or  conference,  were  the  initiators  of  a  move- 
ment which  should  have  been  initiated  by  the  architects  and 
carried  out  in  co-operation  with  these  associations. 

Another  organization  with  which  we  have  interest  in  com- 
mon is  the  National  Association  of  Real  Estate  Boards,  and 
there  are  still  many  others  which  I  can  not  attempt  to  re- 
call in  the  course  of  an  impromptu  summing  up  of  such  an 
important  sphere  of  activities.  In  concluding  this  outline 
sketch,  however,  I  would  like  to  make  mention  among  them 
of  the  Illuminating  Engineering  Society.  That  organiza- 
tion has  prepared  a  code  for  the  adequate  illumination  of 
industrial  buildings,  and  is  now  working  on  other  codes,  one 
of  them  being  for  the  proper  illumination  of  school  build- 
ings. These  codes  concern  themselves,  as  is  perhaps  not  so 
generally  understood,  with  the  proper  day-lighting  ot  in- 
teriors, as  well  as  with  their  artificial  illumination  by  various 
methods.  Certainly  the  architects  of  the  country  should 
be  more  familiar  with  these  works  and  become,  in  large 
numbers,  affiliated  with  that  society.  This,  like  several  of 
those  of  which  I  have  mentioned,  is  not  subject  to  any 
restriction  as  to  membership  except  the  indication  of  a  reson- 
able  degree  of  interest  and  the  payment  of  nominal  dues. 

In  sug.!?esting  these  as  a  few  possibilities  in  the  way  of 
an  extended  national  service,  let  me  emphasize  once  more 
the  impression  which  such  service  would  be  bound  to  create 
upon  other  groups  and  upon  the  public  at  large.  I  would 
convince  them  that  we  are  persons  interested,  not  alone  in 
matters  of  design,  of  ethics  and  of  pleasing  disposition  of 
materials  employed  in  construction,  but  that  we  are  also  es- 
sentially interested  in  all  matters  which  make  for  the  health, 
the  safety  and  the  comfort  of  the  occupants  of  all  buildings. 
That  we  are  concerned  with  the  width  and  arrangement  of 
streets,  the  light  and  air  admitted  to  buildings,  their  sound 
and  fire-safe  construction,  ample  exits  for  safety  from  fire 
and  panic,  matters  of  proper  sanitation,  and  with  everything 
else  which  makes  for  decent  places  in  which  to  live  and 
work,  and  such  facilities  for  play,  recreation  and  enjoyment 
as  shall  make  life  worth  the  living. 


$1,000  Prize  Offered  for  Best  Essay  on  Labor  Subject.— The 
National  Industrial  Conference  Board,  Boston,  Mass.,  has 
offered  a  prize  of  $1,000  for  the  best  mono,gi-aph  on  any  of 
the  following  subjects: 

A  practicable  plan  for  representation  of  workers  in  deter- 
mining conditions  of  work  and  for  prevention  of  industrial 
disputes. 

The  major  causes  of  unemployment  and  how  to  minimize 
them. 

How  can  efficiency  of  workers  be  so  increased  as  to  make 
high  wage  rates  economically  practicable? 

Should  the  state  interfere  in  the  determination  of  wage 
rates? 

Should  rates  of  wages  be  definitely  based  on  the  cost  of 
living? 

How  can  present  systems  of  wage  payments  be  so  per- 
fected and  supplemented  as  to  be  most  conducive  to  individ- 
ual efliciency  and  to  the  contentment  of  workers? 

The  closed  union  shop  versu.s  the  open  shop:  Their  social 
and  economic  value  compared. 

Should  trade  unions  and  employers'  associations  be  made 
le.gally  responsible? 

The  committee  of  award  is  composed  of  Frederick  P.  Fish, 
of  Fish,  Richardson  &  Neave.  Boston,  chairman  of  the  Na- 
tional Industrial  Conference  Board;  Dr.  .Jacob  Gould  Schur- 
man,  president  Cornell  University,  Ithaca,  N.  Y.,  and  Henry 
R.  Towne,  chairman  Yale  <fc  Towne  Mfg.  Co.,  New  York  City. 
Manuscripts  must  be  mailed  on  or  before  July  1  and  further 
details  of  the  contest  may  be  obtained  by  addressing  the 
board  at  15  Beacon  S't.,  Boston. 


From  a  Structural  Engineer's  Note 
Book 

By  U.  FLEMING, 

.\inerican  Bridge  Co.,  Xew  York  City. 
The  following  simple  method  for  finding  the  equivalent 
direct  stro.-js  in  a  compression  member  due  to  transverse 
loading  was  handed  the  w^riter  at  different  times  the  past 
year  by  two  engineers,  neither  of  whom  had  ever  seen  it 
in  print. 

Suppose    a    compression    member,    as    tlie    top    chord    of   a 
truss,   be   loaded   transversely: 
Let  M  ^  bending  moment  produced  by  transverse  load, 
S  =  maximum   stress   produced   by   transverse   load. 
Then  SA  ^  equivalent  direct  stress,  but 

SI 
M=--(tlie  (U'dinai-y  flexuie  formula)   and 

c 
1  =  Ar- 

SAr- 
.•.M= 


c 
Mc 


and  SA: 


Some  of  the  most  frequent  numerical  errors  are: 

1.  The  decimal  error;   that  is,  a  misplaced  decimal. 

2.  Omission  of  the  factor  or  divisor  2. 

3.  Error  in  the  sign;  that  is,  using  the  plus  instead  of 
the  minus  sign  and  inversely. 

Omitting  entire  terms  of  smaller  magnitude. — Steinmetz, 
"Engineering  Mathematics." 

As  Bacon  said  of  death,  so  it  may  be  said  of  this  eve- 
ning's subject:  Men  fear  it  as  children  fear  to  go  into  the 
dark. — W.  A.  Green,  "The  Differential  and  Integral  Calculi 
for  structural  Engineers"  in  "The  Concrete  Institute,  Trans- 
actions and  Notes."   Vol.  V,  April,  1915. 

Not  one  engineer  in  a  thousand  ever  requires  to  make 
use  of  any  mathematics  beyond  an  elementary  knowledge 
of  the  calculus,  but  any  one  who  wishes  to  get  beyond  the 
kindergarten  stage  of  the  principles  that  underlie  engineer- 
ing work  must  have  such  an  elementary  knowledge.  The 
labor  spent  in  acquiring  sufficient  knowledge  of  the  calculus 
to  enable  him  to  solve  practically  all  the  problems  he  is 
likely  to  come  across,  can  be  acquired  in  a  fraction  of  the 
time  that  he  would  have  to  spend  in  dodging  it  by  some 
roundabout  ijrocess. — Goodman,  "Mechanics  Applied  to  En- 
gineering." 

Care  should  be  taken  not  to  divide  by  zei'o  inadvertently. 
The  following  fallacy  is  an  illustration: 


Assume  that 
Then   evidently 
Subtracting  b-. 
Factoring, 
Dividing  by  a  — 
But 

therefore 
or. 


a  =  b. 
ab  =:  a-, 
ab  —  b-:=a= —  b-\ 
b(a  — b)  =  (a -f  b)    (a  — b). 
b  =  a  +  b. 
a  =  b, 
b  =  2b, 
1  =  2. 

The  result  is  absurd,  and  is  caused  by  the  fact  that  we 
divided  by  a  —  b:=0. — Granville,  "Differential  and  Integi-al 
Calculus." 

Finally,  brethren,  saith  the  preacher,  arrive  at  some  definite 
conclusion.     Then  conclude, — Editorial,  "New  York  Sun." 


However  suspicious  we  may  be  of  this  design,  there  is  the 
unanswerable  argument  that  the  bridge  is  standing  and  car- 
rying its  intended  loading,  and  this  is  true  of  most  of  the  re- 
inforced concrete  work  in  Europe.  As  long  as  their  struc- 
tures stand,  these  continental  concrete  specialists  have  some- 
W'hat  the  better  of  any  ar.gument  concerning  their  daring  ef- 
forts.— Editorial,  "Engineering  News,"  Nov.  30,   1911. 

*     *     * 

We   should    not   be   too   strongly   infiuenced   by   designs   of 
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oilier  struilures.  U.-t-HU.s.-  a  lowor  lui.<  stood  up  In  llu<  pas- 
Is  no  rvH^on  for  bolu-vli.K  iu  ili>.»lKU  is  f.mUloss,  Perhaiis  It 
Is  on  Iho  vtTKf  ot  failure,  or.  on  the  other  hand.  I.s  far  loo 
heavy,  and  oonsequonily.  uneionoinlcnl.  With  a  Rood  design 
the  mo-it  is  |.rocure.l  for  the  money  expended— ■The  W  ai.-i- 
Tower,"  i  hleaKO   UrldKe  and   Iron   Works. 

«     •     * 

Kxp^rlence.   conlUnied    by    success,   has   given    a    practi.-al 

method  of  determlnmt:  the  thickness  of  the  keystone  of  lar>;e 

arches -"An    Elementary      Course     In     I'lvll      KngineennK.' 

Trunslat.Ml  from  the  French  of  M.  1.  Sganzln.     Boston,  1S28. 

•  •     • 

The  theory  of  arches  Is  perhaps  as  little  understood  ns  in 
aites  pa-it  .  .  .  Mr.  Kankine.  after  koIuk  through  a  most  able 
and  wonderfullv  conceived  discussion  of  this  subject,  tells 
you  to  make  your  factorofsafety  from  20  to  40.  and  closes 
by  .-iBvlng:  The  best  course  in  practice  is  to  assume  a  depth 
for  the  kevstone  according  to  an  empirical  rule,  founded  on 
dimensions  of  good  exist ing  examples  of  bridges."  We  might 
Inquire  here  how  the  old  arch-builders  came  anywhere  near 
safe  dimensions.  Did  they  understand  the  theory  of  the 
■rch-  Or  did  they  arrive  by  repeated  failures  or  disasters 
to  what  at  any  rate  are  safe  dimensions,  and  we  now  profit 
by  their  experience?  We  must  do  the  best  we  can,  but  be 
sure  of  being  on  the  safe  side.— Patton,  "A  Practical  Treatise 

on   Foundations." 

•  •     * 

You  Will  Be  Able  to  Talk  fonfidently  and  intelligently  on 
latest  developments  of  the  War,  Politics,  Science,  and  In- 
vention, Religions,  Uiterature,  Sports,  Drama,  and  other  big 
subjects,  if  you  will  spend  two  hours'  spare  time  weekly  in 
reading  . — Copied  from  an  advertisement  in  an  EI- 

mlra  street  car. 

•  »    * 

Our  British  technical  literature  is  often  considerably  vague, 
to  use  the  words  of  the  Premier.  Unfortunately,  our  tech- 
nical literature  does  not  contrast  favorably  with  American 
literature  in  this  respect.  To  return  to  the  subject  of  failures, 
the  Americans  glory  in  the  records  of  their  failures,  and  leain 
by  them.  Do  you  hear  of  a  failure  here?  Lots  of  you  could 
say,  "No."  "Why?  Because  they  are  hushed  up.  In  America 
we  have  them  recorded  faithfully,  and  I  think  if  we  could 
lake  a  leaf  out  of  the  American's  book  and  report  in  full  de- 
tail it  would-be  a  tremendous  advantage.— W.  A.  Green,  "The 
Concrete  Institute,  Transactions  and  Notes."  Vol.  V,  April, 
1915. 

The  English  have  long  maintained  a  policy  of  silence  about 
their  engineering  failures.  During  the  progress  of  construc- 
tion of  the  ill-fated  Tay  Bridge  two  of  the  eleven  245-ft,  spans 
were  blown  over.  AH  the  London  "Engineering"  had  to  say 
about  it  was  the  following: 

"Accident  to  the  Tay  Bridge.  During  last  Friday  night  the 
Tay  Bridge  was  subjected  to  the  action  of  a  most  violent 
storm  which  resulted  in  an  amount  of  injury  which  was  at 
first  thought  to  be  very  great.  It  has  since  been  found,  how- 
ever, that  the  sum  of  £3,000  will  probably  cover  all  the  dam- 
age and  loss  that  the  bridge  has  sustained.  Two  girders  of 
245  ft.  in  length,  and  weighing  together  about  400  tons  were 
in  process  of  being  got  into  position  when  the  storm  arose. 
They  were  both  blown  into  the  river  below,  and  in  falling 
they  did  a  certain  amount  of  injury  to  the  rest  of  the  struc- 
ture in  their  immediate  vicinity.  Contrary  to  the  opinion 
entertaned  on  Saturday,  it  is  said  that  it  will  be  quite  possi- 
ble to  have  the  bridge  completed  and  ready  for  use  by  the 
first  of  September." 

$500,000,000  Building  Deficiency  in  6  States. — Building 
construction  in  1917  and  1918  in  Maine,  New  Hampshire,  Ver- 
mont, Massachusetts,  Rhode  Island  and  New  York,  was  $500,- 
000,000  below  normal,  according  to  a  survey  completed  re- 
cently by  the  U.  S.  Department  of  Labor.  This  figure  was 
arrived  at  by-  comparing  the  building  permits  issued  in  va- 
rious cities  In  those  states  in  1914-15  and  '16  with  those  is- 
sued in  the  war  year  of  1917  and  1918.  The  deficiency  in 
New  York  state  amounts  to  $236,000,000,  while  in  Massachu- 
setts the  deficiency  was  $214,000,000.  Maine,  New  Hamp- 
shire and  Rhode  Island  were  each  $8,000,000  below  normal 
and  Vermont   was  about   $5,000,000. 


Periodic  Inspection  of  Bridges 

Most  railwa.\  conipiiiiic.s  make  more  oi'  less  regular  p<>i'iodi- 
cul  Inspections  of  their  bridges.  These  inspections,  however, 
are  sometimes  made  by  inexperionceii  men,  and  even  com- 
petent engineers,  not  fully  appreciating  the  importance  of 
the  task,  often  nuike  such  inspection  perfunctory  rather  than 
thorough.  The  necessity  for  making  careful  examinations 
of  such  structures  was  pointed  out  by  Mr.  llorberl  C.  Keith, 
in  a  paper  of  unusual  excellence  presented  some  months  ago 
before  the  Brooklyn  Engineers'  Club.  The  portion  of  the.  48- 
page  paper  relating  to  inspection  methods  is  reprinted  below: 

Frequency.— With  regard  to  the  important  uuestion  ot  suit- 
able freciucncy  of  bridge  inspection  it  may  be  said  that  the 
author's  experience  gives  emphatic  support  to  two  years  as,  in 
general,  a  satisfactory  interval  between  inspections,  though 
in  certain  individual  cases  greater  frequency  is  desirable. 
Highway  bridges  are  more  likely  to  be  included  in  such  spe- 
cial cases.  A  few  bridges  (but  only  a  few)  may  not  need 
careful  inspection  as  often  as  once  in  two  years;  such  can  be 
passed  over  quickly  by  the  engineer  on  his  biennial  trips,  un- 
less need  for  greater  care  is  observed. 

General  Information. — Several  matters  other  than  the  con- 
dition of  tlie  structure  are  to  be  observed  and  recorded  in  the 
inspection  of  a  bridge,  as  bearing  on  the  question  of  its  use; 
such  as  the — 

Location  of  the  bridge  and  wlial  is  cros.sed, 

Date  of  inspection. 

Type  of  bridge  and  for  what  it  is  used  (railway  only  or 
highway). 

Number  of  tracks  and  their  location  (eccentricily  of  track 
may  be   a  serious  matter), 

Skew  if  any. 

Alignment  and  grade  on  the  bridge  and  on  the  approaches, 

Distance  from  the  floor  to  the  ground  or  water  below,  with 
the  depth  of  water  if  any. 

Any  special  characteristics  of  the  locality  that  vrtjuld 
govern  possible  changes  that  might  be  needed;  as  the  dis- 
tance and  direction  from  the  brid.ge  ot  any  highway,  railway 
or  private  crossing;  also  ot  other  bridges  near,  which  might 
limit  the  possibility  or  advisability  of  change. 

Clear  span  and  length  over  all. 

Substructure. — The  inspector  notes  the  kind  and  quality  of 
substructure  with  a  general  statement  of  its  condition,  fol- 
lowed by  more  detail  as  to  any  respect  in  which  the  condition 
is  not  wholly  satisfactory,  such  as  abutments  crowding 
against  the  bridge,  or  dirt  collected  on  the  bridge  seats. 
Short  parapets  may  allow  the  fill  to  run  down  on  the  bridge 
seats  around  the  bridge.  Piers  are  sometimes  too  thin  to 
take  the  longitudinal  thrust  to  which  they  may  be  subjected, 
either  from  an  arch  or  diagonal  bracing  or  from  the  effect 
of  grade  or  tractive  or  braking  force. 

The  location,  size  and  extent  ot  cracks  should  he  noted  as 
well  as  the  kind  and  extent  ot  any  other  evidence  of  settle- 
ment, which  occurs  frequently  because  of  insufficient  bearing 
power  of  the  soil;  on  high  trestles,  such  a  settlement  is  a 
very  serious  matter.  It  is  surprising  how  often  abutments 
and  piers  are  built  directly  on  the  bed  of  a  stream  without 
any  excavation  and  with  no  protection  from  scour.  In  such 
cases  evidence  of  undermining  may  be  looked  for,  especially 
at  the  downstream  end.  The  best  prescription  for  this  dis- 
ease is  "rip-rap  ad  lib."  In  deep  water  rip-rap  around  pile 
foundations  is  likely  to  settle  at  the  lower  end,  leaving  piles 
deprived  of  their  stiffening;  in  such  cases  additional  stone 
must  be  dumped  in  or  carefully  placed,  as  specific  conditions 
may  indicate.  It  the  substructure  is  of  concrete,  crazing 
(due  to  the  shrinkage  in  setting)  should  not  be  confused  with 
cracks  which,  however  small,  suggest  a  settlement  ot  the 
foundation. 

Concrete  Masonry.— The  surface  of  concrete  abutments 
may  be  scaling  oft  because  an  extra  finishing  coat  was  given 
when  the  abutments  were  built,  or  because  of  freezing  or 
subjection  to  undue  temperature  changes  before  hardening. 
Such  scaling  should  be  distinguished  from  disintegratioh  of 
the  concrete,  which  is  frequently  found  between  high  and 
low  water  levels  in  our  latitude  (especially  in  tidal  streams 
containing  sewage  or  chemicals) ;  or  which  may  be  due  to 
lean  concrete,  a  poor  mixture,  or  a  failure  to  make  proper 
bond  between  the  concrete  laid  on  different  days.  In  the 
former  case,  the  condition  is  not  likely  to  grow  worse  rapidly 
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or  to  be  very  serious;  in  tlie  latter,  seeds  are  present  wliioli 
may  have  disastrous  results.  In  a  certain  concrete  abutment 
on  a  tidal  stream  receiving  both  sewage  and  acids  from  a 
large  brass  factory,  the  face  of  the  concrete  was  found  to 
be  disintegrated  for  several  hundred  feet  in  length  of  abut- 
ment and  wing-wall;  this  disintegration  extended  through 
most  of  the  height  from  low  tide  or  the  mud-Hats  to  high 
water  level,  and  in  some  places  was  effective  :;  ft.  in  from  the 
face  of  the  wall. 

In  reinforced  concrete  the  placing  of  the  rods  is  sometimes 
carelessly  done,  leaving  outside  of  the  reinforcing  rods  only 
a  thin  layer'  of  concrete,  which  breaks  away  leaving  the  rods 
exposed  to  the  weather;  or  cracks  may  develop  which  in 
time  will  promote  corrosion,  though  the  alkali  of  the  cement 
is  a  temporary  protection.  When  rusting  starts,  the  expan- 
sion breaks  up  the  concrete  and  holds  the  moisture  to  con- 
tinue the  destructive  work.  Long  before  the  rods  are  rusted 
away  they  lose  their  bond  with  the  concrete  and  cease  to 
work  with  it.  In  the  early  days  of  reinforced  concrete  a 
Melan  arch  foot-bridge  of  about  50-ft.  span  was  erected  over 
a  stream  at  the  entrance  to  a  beautiful  glen  near  a  famous 
summer  resort.  Marble  tablets  in  the  spandrel  walls  give  the 
name  of  the  donor,  who  had  not  only  provided  easy  access  to 
the  glen  but  added  another  charm  to  the  landscape.  When 
last  seen  by  the  author  about  6  years  ago,  the  contour  was 
more  suggestive  of  a  snake  than  a  smooth  elliptical  curve; 
and  the  location  of  each  I-beam  rib  was  strikingly  apparent 
Though  enough  steel  was  used  to  have  made  a  substantial 
bridge  without  the  concrete,  this  bridge  is  reported  to  have 
given  up  the  struggle  for  existence  a  few  years  ago. 

But  concrete  is  not  the  only  masonry  that  may  disintegrate. 
Boulders  of  sandstone,  limestone  or  shale  often  crumble 
away  leaving  aching  voids,  or  may  break  for  lack  of  strength. 
A  certain  long  viaduct  of  several  arches  of  limestone  lost 
huge  flakes  of  stone  from  the  intrados  of  the  arches,  the 
maximum  dimensions  noticed  being  about  15  ft.  in  length,  5 
ft.  in  width  and  more  than  a  foot  in  thickness. 

If  a  steel  trestle  post  is  found  to  have  a  base  which  holds 
water,  the  pocket  should  be  filled  with  rather  rich  concrete 
(say  1:2:4),  the  top  finished  with  neat  cement  troweled 
smooth  on  a  slope  to  carry  the  rain  outside  of  and  away  from 
the  pocket.  Great  care  is  necessary  in  doing  this  job,  es- 
pecially that  the  change  from  concrete  to  neat  cement  be 
gradual,  to  avoid  cleavage  between  the  two  parts,  in  order 
that  the  work  may  be  both  durable  and  effective. 

Timber  Trestles. — In  pile  or  frame  trestles  decay  may  be 
expected  to  show  first  near  the  surface  of  ground  or  water, 
in  tidal  water  chiefly  just  below  high  water  level.  Bark  left 
on  piling  hastens  decay,  though  in  teredo-infested  localities 
this  is  offset  by  the  protection  afforded  by  the  bark  against 
the  ravages  of  that  pest.  Sills  or  mud-sills  if  buried  in  the 
ground  may  be  expected  to  be  shortlived.  Ignorant  men 
sometimes  build  up  a  little  dam  of  concrete  around  a  timber 
sill  laid  on  a  masonry  pier,  thus  making  a  trough  which  holds 
water  against  the  sill,  hastening  its  decay.  Dirt  and  damp- 
ness are  the  foes  of  timber  and  steel,  as  they  are  of  human 
life;  and  decay,  once  started,  progi'esses  with  increasing 
speed.  Detailed  record  should  be  made  of  the  location  and 
extent  of  such  decay. 

Timber  piles  and  posts  in  sea  water  are  examined  between 
high  water  level  and  a  little  below  low  water  level  for  dam- 
age done  by  teredo  or  limnoria.  As  the  holes  made  by  tere- 
dos are  very  small  at  the  surface  and  easily  filled  with  moss 
or  barnacles,  their  presence  is  not  readily  distinguished.  A 
sharp  blow  with  a  moderately  heavy  hammer  may  reveal  a 
badly  riddled  pile,  but  the  only  really  satisfactory  test  is  by 
boring,  the  hard  lining  of  the  teredo-run  becoming  evident  to 
the  augur.  Though  the  teredo  is  very  small  at  the  time  it 
enters  the  timber,  making  a  surface  hole  only  about  1'16  in. 
in  diameter,  it  gi'ows  to  a  diameter  of  about  %  in.  and  a 
length  of  10  to  15  in.  Having  once  entered  a  timber,  it  never 
again  comes  to  the  surface  or  crosses  a  crack;  for  this  reason 
bark,  so  long  as  it  adheres  firmly  to  a  pile,  may  serve  as 
some  protection.  The  teredo  may  entirely  eat  away  the  in- 
terior wood,  passing  up  and  down  the  pile,  leaving  nothing 
solid  in  its  place  except  the  silicious  linings  of  its  own  fur- 
rows; but  it  will  never  cross  its  own  path  or  that  of  others 
of  its  kind.  The  principal  other  timber  pest  in  sea  water, 
the  limnoria,  is  about  the  size  of  a  grain  of  rice;   but  where 


present  it  is  found  in  great  numbers.  It  makes  a  hole  about 
Vs  in.  to  3  16  in.  diameter,  whether  at  the  surface  or  in  the 
interior  of  the  wood,  so  that  its  work  is  easily  discovered. 
In  waters  infested  by  either  of  these  pests,  limbers  should 
be  given  as  great  protection  as  possible,  as  a  pile  may  other- 
wise become  unsafe  in  less  than  two  years,  Thoroughly  im- 
pregnating with  creosote  is  somewhat  effective  as  a  decided 
deterrent,  though  not  a  sure  i)reventive.  If  any  method  of 
encasing  the  piles  is  used,  the  casing  should  be  carried  at 
least  5  ft,  below  low  water  level  and  somewhat  above  high 
water  level.  The  best  protection  where  practicable  is  a  fill 
of  earth  oi-  concrete  to  somewhat  above  high  water  level, 
facing  with  rip-rap  if  necessary  to  prevent  scour.  When 
the  pests  are  found  the  extent  of  their  ravages  should  be 
thoroughly  investigated  and  recorded. 

On  land,  white  and  black  ants  are  sometimes  as  destructive 
as  the  teredo  and  limnoria  are  in  sea  water.  But  the  chief 
cause  of  danger  to  timber  on  land  is  rot,  which  is  a  fungoid 
growth  promoted  by  heat  and  moisture;  as  the  presence  of 
air  is  also  necessary  to  the  development  of  rot,  timber  perma- 
nently submerged  in  water  free  from  animal  pests  may  en- 
dure for  ages.  Changes  of  temperature  and  dampness  in- 
crease the  rapidity  of  decay,  so  that  piling  and  other  timbers 
rot  more  rapidly  near  the  surface  of  the  ground  or  water 
than  above  or  below  that  level.  Even  "dry  rot"  is  caused  by 
dampness,  usually  aided  by  warmth. 

Superstructure. — It  is  in  the  examination  of  the  superstruc- 
ture that  the  greatest  care  and  ingenuity  are  required  of  the 
inspector.  He  makes  note  of  the  style  and  material  of  the 
structure,  and  if  plans  are  available  the  structure  is  com- 
pared with  them ;  if  there  are  no  plans  careful  measurements 
are  made  in  order  that  there  may  be  no  uncertainty  as  to  any 
critical  detail.  When  full  detailed  plans  are  available  and 
the  design  and  general  dimensions  are  found  to  agree  with 
them,  it  may  still  be  that  members  have  been  misidaced  or 
some  other  error  made  in  construction  or  erection.  Rods  or 
eyes-bars  may  have  been  transposed  or  wrongly  assembled 
on  the  pins.  A  strange  error  once  observed  was  the  trans- 
position of  the  tension  and  compression  members  of  a  panel, 
they  being  of  angles  of  the  same  size,  but  one  pair  laced,  and 
the  other  not.  Joint  details  are  also  sometimes  varied  from 
the  plan,  perhaps  even  differing  at  the  two  ends  of  a  truss  or- 
in  two  trusses  of  the  same  span  which  should  be  alike. 
Washers  are  often  omitted  or  misplaced,  whether  in  the  form 
of  loose  filler  plates  or  spacing  rings  on  pins.  Double, 
plugged  or  "unfair"  rivet  holes  are  not  infrequently  found. 
Often  difficult  driving  of  rivets  has  been  avoided  by  substi- 
tuting bolts  or  omitting  them  altogether.  Perhaps  the  diffi- 
culty of  driving  a  pin  has  led  the  erectors  to  leave  it  so  that 
the  members  do  not  get  full  bearing;  this  is  more  often  found 
where  solid  pin-nuts  are  used  than  with  lomas-nuts.  Such 
are  some  of  the  faults  which  the  inspector  must  be  on  the 
alert  to  observe. 

Excessive  deflection  or  vibration  of  a  bridge  or  any  mem- 
ber is  recorded  in  order  that  the  cause  may  not  be  over- 
looked in  the  subsequent  investigation.  Two  brid.ges,  orig- 
inally equal  in  carrying  capacity  but  differing  in  rigidity,  will 
naturally  differ  in  durability,  since  great  movement  will  tend 
to  wear  out  a  bridge.  Besides,  the  alarm  which  excessive  de- 
flection or  vibration  excites  in  the  ordinary  observer  cannot 
be  ignored.  In  1SS5  one  of  the  selectmen  of  a  certain  town 
took  an  engineer  for  a  drive.  On  approaching  a  long,  lenticu- 
lar truss  bridge  the  selectman  casually  remarked  that  the 
bridge  was  reputed  to  be  unsafe  and  was  causing  him  much 
anxiety;  so  they  .got  out  to  look  at  it,  A  Newfoundland  dog 
trotting  across  the  bridge  set  the  lateral  rods  of  the  main 
trusses  to  rattlin.g  against  each  other  with  a  loud  clatter.  As 
there  seemed  to  be  no  seiious  structural  defect  in  the  bridge 
except  shallowness  of  some  parts  of  the  floor  system,  the 
engineer  willingly  submitted  to  the  pumpin.a:  iimcess  and  sug- 
.gested  putting  clamps  at  all  intersections  of  lii;ht  rods.  The 
was  done  and  the  bridge  is  now  givin.g  satisfactory  service 
with  no  change  except  a  heavier  floor  system  and  ordinary 
repairs;  the  loads  carried  are  far  heavier  than  were  dreamed 
of  in  1885,  and  all  alarm  about  the  weakness  of  the  trusses 
subsided  long  a.go. 

The  inspector  must  note  the  exact  arrangement  of  rivets  at 
joints,  especially  those  subject  to  reversal  of  stress,  in  order- 
to  determine  whether  the  effective  section  of  the  main  mem-- 
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I'l'.iueU;  iil.-io  whotlu'f 
1  l>ii>p«Tly    uaii.xftT   I  111'   SI  rains.     Tlio   number 

,  ,,  ,    rlvei.-i  aw  not  always  truly  liulk'allM'  of  tl\t> 

ihc  joim 

"1--MS  till'  charartt'r  ami  localion  of  sway  brai-iiiK 
loni    or    iIh'    inissi's    aro    iiu|iorlant.     As    llie 
^,.,  :.Ktli  of  a  conipri'ssion  lutMiibor  Is  a  potent  fac- 

tor in  il.'lfrinin.nH  its  .sirtMiKtb.  so  also  Is  Iho  charaitor  of 
ilif  .-ui'iHirt  which  II  rtTotves;  a  flimsy  supimrl  may  bt>  ol 
imli'    \aUn'.     Hrarlni;    of    l»l>    chords    of    wooden    bridges    Is 

,' r.   liable  to  be  faulty. 

lis"  of  lloorbcanis  or  slrlnsers,  spliees  of  inlrders 
in  webs  and  ohordsplires  require  examination, 
nn.»  places  where  the  sliopman  likes  to  substitute 
■Just  as  Rtwd"  for  the  details  given  on  the  plans. 
1  as  well  as  in  drugs  and  grooeries.  "Just  as  sood" 

1,-  „ .in  inferior  article. 

The  condition  of  all  Joints  should  be  noted.  Faced  Joints 
In  small  trusses  rarely  have  their  iiarts  brousht  logelher  to 
•■lllcient  contact,  so  that  when  not  fully  spliced  the  value  of 
the  Joint  Is  less  than  intended.  The  words  "faced  Joint"  look 
well  on  a  plan,  but  in  practice  they  are  "a  delusion  and  a 
snan-  " 

Hn  a  moving  bridge  the  inspector  notes  the  distance  be- 
tween the  moving  and  the  fixed  parts,  especially  the  space  be- 
tween the  ends  of  rails.  It  Is  also  necessary  to  ascertain  the 
amount  of  overhang  of  the  floor  from  the  center  of  the  end 
floorbeam.  and  the  diflVrence  of  level  of  the  lloor.  as  will  be 
discussed  more  fully  under  the  head  of  Investigation.  These 
details  frequently  differ  from  their  representation  on  the 
plans. 

Protection  of  Steel  Work  by  Paint.— The  mailers  pertain- 
ing to  design  and  construction  thus  far  discussed  are  matters 
which  do  not  change  with  time  but  if  once  good  are  always 
good,  though  changes  in  the  condition  of  the  structure  may 
effect  the  importance  of  such  details.  But  there  are  other 
w^ays  'in  which  a  structure  or  member,  once  ample  for  the 
work  it  is  called  upon  to  perform,  may  become  dangerously 
weak:  a  proper  knowledge  of  the  causes  of  such  deteriora- 
tion will  greatly  facilitate  the  discovery  of  such  weak  points 
at  the  time  of  the  inspection.  In  the  case  of  steel  and  iron, 
proper  protection  by  paint  is  the  first  essential  for  preserva- 
tion. It  is  not  enough  to  paint  the  parts  exposed  to  view,  as 
if  the  purpose  of  the  paint  were  to  make  the  bridge  look 
pretty:  it  is  distressing  to  see  the  portion  of  a  highway 
bridge  above  the  deck  glorying  in  frequent  fresh  coats  of 
paint,  while  the  dirt  from  the  road  pours  down  on  the  un- 
painted  surfaces  of  floorbeanis,  stringers  and  lower  part  of 
trusses  unheeded.  Those  in  charge  seem  not  to  realize  that 
if  either  is  to  be  neglected  it  should  be  the  part  exposed  to 
view,  for  there  the  wind  also  has  access  to  it  and  will  blow 
away  the  offending  dirt.  In  painting  a  bridge,  it  is  far  more 
important  that  the  surface  of  the  metal  be  properly  cleaned 
than  to  decide  as  to  relative  merits  of  A,  B  and  C  brands  of 
paint.  In  examining  a  bridge  in  the  winter  a  few  years  ago, 
a  large  mud-wasp's  nest  was  found  on  one  pedestal,  and  all 
the  pedestals  were  well  covered  with  dirt  collected  on  the 
bridge  seats,  the  paint  having  been  applied  to  the  nest  and 
dirt  instead  of  to  the  steel.  This  example  is  typical,  though 
worse  than  is  often  observed:  painters  can  rarely  be  in- 
duced to  clean  off  rust  and  scale  as  it  should  be  done.  When 
paint  is  put  on  over  rust  flake,  the  new  paint  skin  is  soon 
broken  and  worse  than  useless,  since  the  moisture  can  get 
under  it  and  has  no  chance  to  dry  out.  It  is  of  prime  impor- 
tance that  the  steel  be  thoroughly  cleaned  before  the  paint 
is  applied. 

It  is  a  common  cause  of  surprise  that  the  older  part  of  a 
brid.ge  is  still  in  good  condition  while  newer  portions  are  con- 
siderably corroded.  This  condition  may  be  due  not  to  neglect, 
but  to  the  fact  that  the  original  bridge  was  of  iron  while  re- 
newal parts  are  of  steel.  Commercial  steel  of  the  present 
day  will  not  stand  neglect  at  all  to  compare  with  commercial 
iron  of  a  quarter  century  ago.  If  properly  cared  for  and  pro- 
tected from  corrosion  and  overstrain,  either  material  would 
last  indefinitely.  Cast  iron  resists  corrosion  even  better 
than  rolled  iron  and  is  therefore  well  suited  for  pedestals  of 
truss  bridges  and  for  rockers  of  long  girder  spans,  proper 
precautions  being  taken  against  breakage  on  account  of  the 
greater  brittleness  of  cast  iron. 


The  pinpc.'-c  cf  p;;lnt  ir.  to  piotcct  f.leel  (rom  rusting  by 
excluding  moisture  from  contact  with  the  metal.  Too  much 
emphasis  caiinoi  be  placed  on  the  fad  that  even  the  best  of 
paint  cannot  be  thoroughly  etToclive  if  dirt  is  allowed  to  col- 
lect on  the  steel  work,  since  the  dirt  holds  the  moisture 
which  will  eventually  llnd  its  way  through  the  paint  and  do 
Its  destruclive  work  with  ever  increasing  speed  until  at- 
tended to.  A  layer  of  tar  or  bituminous  mixture  has  been 
used  efl'cctively  lo  protect  the  steel  in  some  places.  An  in- 
experienced observer  may  report  that  the  paint  on  a  certain 
surface  Is  a  74 -in.  thick,  judging  from  the  difl'erence  between 
the  total  thickness  observed  and  the  original  thickness  of  the 
metal.  This  judgment  is  likely  to  be  wrong,  the  extra  thick- 
ness being  due  lo  rust,  which  is  three  to  eight  limes  as  thick 
as  the  melal  which  oxydized  in  i)roducing  it.  A  little  experi- 
ence enables  the  engineer  lo  judge  approximately  from  the 
appearance  of  a  rust  flake,  what  thicl-.ness  of  metal  it  repre- 
sents. A  Hake  %  in.  thick  for  the  whole  width  of  the  angle, 
and  several  feel  in  length  has  been  removed  from  the  top 
flange  of  a  lloorbeam  though  the  angle  liad  lost  one  %  in,  in 
thickness. 

As  the  matter  of  dirt  collection  is  so  important,  further  dis- 
cussion of  it  may  not  be  amiss.  When  the  tops  of  floor- 
beams  come  within  a  few  inches  of  the  under  side  of  the 
floor  difl  will  collect,  especially  in  spots  where  the  wind  can- 
not blow  through.  Trough  sections,  especially  below  the 
floor  and  without  provision  for  drainage,  are  also  frequent 
victims  of  excessive  corrosion.  Such  sections  are  now  com- 
monly avoided,  and  when  used  are  provided  with  drainage 
holes,  but  these  are  often  so  small  that  they  soon  become 
clogged,  particularly  in  the  bases  of  trestle  posts  and  the  up- 
per angles  of  bottom  flanges  of  portal  struts  so  laid  that 
water  tends  to  collect  in  the  upturned  angle.  In  general, 
ample  provision  for  drainage  and  for  the  free  sweep  of  wind 
are  valuable  factors  in  the  preservation  of  steel.  Street  filth 
adds  much  to  the  destructive  nature  of  dirt  accumulation  on 
steel.     Dogs  are  also  very  destructive. 

Effect  of  Gases  and  Smoke  on  Bridge  Members.— Locomo- 
tive gases  aiui  smoke,  especially  if  from  sulphurous 
coal,  are  very  destructive  to  paint  and  to  the  steel  which  it 
covers.  This  trouble  is  not  confined  to  the  time  when  the 
smoke  is  thrown  upon  the  bridge,  but  has  a  continuing  effect 
when  the  soot  is  dampened  by  each  new  shower.  This  soot 
has  a  double  action,  holding  moisture  badly  and  also  retain- 
ing the  sulphur  to  add  its  force  to  that  of  the  moisture. 
When  floor  planking  is  fitted  close  around  truss  members  or 
girder  webs  and  stiffeners.  the  fibers  of  wood  hold  moisture 
against  the  steel,  so  that  a  plate  or  angle  in  such  position 
may  be  entirely  rusted  through,  when  at  three  inches  above 
the  top  or  below  the  bottom  of  the  planking  no  corrosion  is 
found.  Concrete  or  asphalt  flooring  in  contact  with  steel 
needs  a  fillet  of  the  concrete  or  asphalt  run  up  on 
the  side  of  the  metal  to  assist  the  drainage  away  from  the 
steel.  Even  this  is  not  sure  to  be  satisfactory,  as  the  ad- 
hesion of  concrete  or  asphalt  to  paint  is  not  very  good.  Re- 
cent practice  of  providing  extra  thickness  of  metal  at  places 
exposed  to  locomotive  gases  and  to  accumulation  of  dirt  is  to 
be  heartily  commended. 

A  blast  of  cinders  from  a  locomotive  is  also  destructive  to 
the  under  parts  of  low  bridges  over  steam  tracks,  and  this 
trouble  is  by  no  means  unimportant;  yet  it  is  not  often  as 
serious  as  pockets  between  the  stringers  and  floor  beams, 
which  collect  and  hold  smoke  sometimes  for  hours.  When 
bottom  flanges  of  stringers,  floorbeanis  and  girders  and  bot- 
tom chords  of  trusses  are  encased  in  concrete  to  protect 
them  from  such  injury,  the  protection  is  likely  to  be  only 
transient,  even  if  expanded  metal  or  wire  netting  is  used  to 
tie  the  concrete  together  below  the  steel.  Without  expanded 
metal  or  wire  netting,  such  a  thin  layer  of  concrete  as  is  gen- 
erally put  on  is  more  a  danger  than  a  safeguard,  since  it  will 
soon  drop  off  in  spots.  It  is  better  to  spring  an  arch  from 
the  top  of  the  bottom  flange  of  a  stringer  or  beam,  leaving 
the  bottom  surface  exposed:  this  gives  a  shape  from  which 
smoke  will  more  readily  clear  away. 

Double  stringers  are  frequently  placed  with  flanges  close 
together  or  with  too  little  space  between  to  allow  painting 
the  inner  faces  or  even  to  let  the  dirt  drop  through.  Rust  is 
the  inevitable  result!  a  single  pebble  or  straw  may  start  the 
collection   of  filth   which   is   so  disastrous   in   its  effect.     An- 
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other  bad  arrangement  is  that  of  two  nienihors,  like  eye-bars, 
separated  at  the  top  chord  and  brought  tosether  at  the  bot- 
tom chord:   dirt  and  rust  result  at  the  point  of  contact. 

When  rust  stains  are  observed  they  should  be  traced  to 
their  source  to  ascertain  the  cause.  If  a  reddish  discolor- 
ation runs  down  over  the  painted  surface  of  an  eye-bar  be- 
low the  pin,  it  may  be  due  to  a  crack  in  the  eye  of  the  bar 
or  in  the  pin,  or  to  wear  of  one  or  the  other.  If  a  rust  streak 
shows  below  a  rivet,  it  may  indicate  that  the  rivet  is  loose  or 
that  a  plate  or  ansle  is  cracked.  Rust  does  not  develop  in 
such  places  without  some  such  unfavorable  cause.  If  on  a 
pin  it  is  probable  that  there  is  undue  movement  there,  per- 
haps simply  a  turning  of  the  pin  due  to  repeated  deflection 
and  recovery  of  the  bridge  or  to  chafing  of  one  member 
against  another:  either  of  these  tends  to  wear  out  the  joint. 
but  so  slowly  that  it  is  far  less  ominous  than  a  crack.  Rust 
stains  where  two  members  come  together  indicates  chafing, 
whose  seriousness  can  be  jud.t;ed  by  measurement  of  the  loss 
of  section. 

Small  rollers  at  the  ends  of  trusses  or  of  long  girder  spans 
are  likely  to  become  quickly  clogged  so  that  they  will  not 
turn.  In  that  case,  the  truss  or  girder  will  usually  slide  on 
the  top  surface  of  the  rollers  (which  is,  perhaps,  about  as 
good)  and  other  parts  of  the  rollers  will  rust  so  as  to  pre- 
clude all  possibility  of  any  future  rolling.  The  prime  factor 
in  this  prevention  of  future  rolling  is  not  the  roughness  of 
the  rusted  surface  but  the  greatly  increased  diameter  of  the 
rollers  due  to  the  greater  thickness  of  the  rust  as  compared 
with  the  original  metal  (as  previously  described).  In  short 
spans  the  rollers  are  usually  smaller  and  trouble  of  this  kind 
is  far  more  frequent,  though  less  serious,  than  on  longer 
spans.  Segmental  rollers  have  sometimes  been  so  small  and 
so  poorly  constructed  that  they  too  become  clogged.  Fre- 
quetitly  small  rollers  are  pulled  partly  off  from  the  base 
plate,  so  that  the  load  is  carried  on  a  less  length  or  number 
of  rolls  than  was  intended. 

Electrolysis. — Much  has  been  said  of  the  danger  of  elec- 
trolysis and  short  circuiting  on  bridges  used  by  electric  rail- 
ways, and  it  is  a  real  danger,  though  serious  cases  are  rare. 
One  case  observed  is  worthy  of  note.  A  two-span  through 
truss  bridge  with  I-beam  stringers  5  ft.  on  centers  and  with 
old  chestnut  ties  6  in.  by  6  in.  dapped  to  5  in.,  allowed  the 
current  to  leak  from  a  poorly-bonded  rail  to  the  stringers 
with  the  result  that  in  a  dozen  places  holes  were  burned 
through  the  top  flanges  of  the  I-beams,  or  notches  burned 
into  their  sides.  One  of  these  holes  had  a  diameter  of  2  in. 
at  the  top  and  1%  in.  at  the  bottom:  a  stalacite  of  steel  9V2 
in.  long  hung  from  the  edge  of  the  hole.  In  numerous  other 
places  hollows  had  been  burned  into  the  top  surface  of  the 
stringers,  while  many  track  spikes  were  melted  away  at  the 
lower  end  to  sucn  an  extent  that  they  could  readily  be  pulled 
out  with  the  fingers.  Other  spikes  had  lost  their  heads  and 
the  rail  flanges  were  similar  to  the  stringer  flanges.  What 
first  attracted  attention  to  these  conditions  was  this  appear- 
ance of  the  rail  flange  and  the  corresponding  charred  spots 
on  the  ties.  In  another  case,  in  a  through  truss  swing  bridge, 
both  flanges  of  one  channel  of  the  bottom  chord  were  burned 
off  by  contact  with  a  trolley  pole.  The  two  cases  cited  are 
the  only  serious  ones  that  have  come  to  the  author's  notice 
in  his  thousands  of  bridge  inspections.  However,  if  the  steel 
is  found  to  be  charged  with  electricity,  the  inspector  should 
make  thorough  examination  to  learn  the  cause  of  the  leak 
and  to  discover  any  damage  done  where  the  current  enters 
or  leaves  the  steel  work. 

Examination  of  Hangers,  Seat  Angles,  Tension  Bars,  Etc. — 
As  details  of  hangers  for  suspending  tloorbeains  from  truss 
pins  are  often  bad.  they  must  be  examined  carefully,  both  in 
field  inspection  and  in  ofl5ce  study.  The  bend  of  the  loop  is 
examined  for  cracks:  also  the  upset  near  the  ends  or  in  the 
threaded  part.  Nuts  may  not  be  turned  up  so  as  to  distribute 
the  load  equally  between  the  two  ends  of  the  hanger,  or 
proper  stiffness  may  be  lacking  in  clip  angles  or  in  the  bot- 
tom flange  of  the  floorbeam  by  which  its  weight  is  delivered 
to  the  hanger.  These  are  also  points  subject  to  accumula- 
tion of  dirt,  hence  likely  to  be  rusted,  and  the  strength  re- 
duced below  that  originally  intended.  Any  bending  of  clip 
angles  or  other  supports,  and  any  uneven  bearing  on  nuts 
should  be  carefully  noted.  In  case  there  are  check  nuts  (to 
omit  them  ever  is  a  serious  mistake),  it  should  be  observed 


whether  lliey  pi-ess  lightly  against  the  main  nuls  so  as  to  be 
effective. 

Stringer  seal  angles  on  tloorbeams.  if  not  supporied  by 
stiffeners,  often  bend  dow-n  so  that  the  stringers  are  really 
supported  by  the  side  connection  angles.  Serious  rusi  is  fre- 
quent  here  also. 

Tension  bars  of  equal  size  and  length  placed  in  couples  or 
in  sets  should  ring  alike  (with  a  note  of  the  same  pilch) 
when  struck  a  sharp  blow  with  a  hammer,  if  the  load  is 
equally  distributed  to  I  hem. 

Rivets  may  be  tested  by  striking  the  head  with  an  inspec- 
tor's hammer.  If  a  rivel  is  tigiit  it  is  efficient  for  the  strains 
to  which  it  is  subjected,  even  though  later  increased  loads 
may  reveal  that  the  rivet  was  not  properly  driven.  When  it 
becomes  loose  it   is  no  longer  useful. 

In  sliorl  sirin.ger  span  (both  steel  and  timber)  and  less 
freqnentl.x'  in  longer  spans,  the  ends  of  stringers  are  some- 
times encased  in  the  abutments.  This  practice  cannot  be  too 
strongly  condemned.  If  the  abutments  are  of  stone  masonry 
and  steel  stringers  are  so  encased,  corrosion  will  begin  im- 
mediately: while  concrete  about  steel  stringers  will  sooner 
or  later  be  broken  up  by  the  expansion  and  conlracfion  of 
the  brid.ge,  exposing  the  encased  steel  to  conditions  in  which 
corrosion  will  proceed  rapidly.  Besides,  water  running  down 
the  face  of  the  abutment  rusts  a  groove  around  the  steel. 
Cases  have  been  observed  where  more  than  half  the  thick- 
ness of  the  web  and  nearly  half  the  thickness  of  the  flanges 
of  an  I-beam  have  been  rusted  away  by  this  means,  almost 
as  if  cut  by  a  cold  chisel,  the  upper  surfaces  of  both  flanges 
being  grooved  deeper  and  the  under  surfaces  usually  less 
than  the  sides  of  the  web.  The  breaking  up  of  an  abutment 
on  account  of  encasing  the  stringers  proceeds  more  rapidly 
the  longer  the  span,  and  often  extends  for  a  considerable  dis- 
tance below  the  stringers.  Timber  stringers  so  encased  will 
decay  in  a  way  corresponding  to  the  corrosion  of  steel  just 
referred  to,  the  capillary  action  along  the  grain  of  the  wood 
adding  to  the  rapidity  of  the  decay.  Timber  does  not  break 
up  the  abutment  as  badly  as  steel  does,  owing  to  the  slighter 
adhesion  between  timber  and  concrete,  as  well  as  to  the 
smaller  coeflicient  of  expasion  of  wood.  Timber  stringers 
embedded  in  earth-fill  rot  very  rapidly:  in  case  such  con- 
struction is  necessary  for  more  than  temporary  use,  the  life 
of  the  timber  may  be  prolonged  by  a  coating  of  tar,  with  an 
extra  thick  layer  at  the  ends  and  at  cut  fibers  or  knots  in  the 
sides. 

Effect  of  Dampness  and  Dirt  on  Timber  Structure. — The 
same  influences,  dampness  and  dirt,  which  cause  corrosion 
of  iron  and  sleel  are  also  active  in  producing  decay  of  tim- 
ber, and  there  is  the  added  effect  of  capillarity,  which  car- 
ries moisture  into  the  interior  of  timber  when  the  end  of  the 
fibers  are  exposed.  So  far  as  corrosion  is  concerned,  a 
steel  beam  is  sound  unless  its  surface  is  rusted,  but  timber 
may  present  a  sound  exterior  until  its  heart  is  completely 
rotted  away,  since  rapid  drying  at  the  surface  may  preserve 
the  shell  while  dampness  is  destroying  the  interior.  Usually, 
however,  some  crack  through  the  sound  portion  holds  mois- 
ture between  two  surfaces  and  the  resulting  decay  gives  sur- 
face indication  of  the  condition  within.  Such  a  hint  should 
be  followed  up  by  the  inspector  to  learn  the  extent  of  the 
decay.  If  a  timber  shows  damp  spots  and  streaks  after  a 
rain,  for  some  time  after  most  of  the  surface  is  dry,  it  may 
be  taken  as  an  indication  of  trouble  within.  After  repeated 
soaking  and  drying  permanent  dark  spots  are  produced,  be- 
cause the  decay  has  pro.gressed  to  come  so  near  the  surface 
as  to  show  through.  Often  the  experienced  inspector  ob- 
serving timber  from  a  distance  recognizes  a  critical  condi- 
tion, even  though  a  cut  a  quarter  inch  may  show  only  sound 
wood.  If  timbers  are  tested  by  boring  with  a  small  bit,  the 
direction  of  the  hole  should  be  such  that  it  will  drain.  A 
better  method  is  by  driving  in  a  sharp  tool  liki>  an  ice-pick, 
as  the  hole  so  made  with  reasonable  care  soon  closes  up 
without  injury  to  the  timber.  Sap-wood  is  more  subject  to 
decay  than  heart-wood:  exposed  ends  of  fibers  (whether  at 
the  end  of  the  timber  or  on  the  side  of  cross-grained  timber) 
contribute  to  decay;  tops  of  stringers  decay  more  than  the 
sides  and  bottom;  and  timber  laid  with  rings  concave  side 
up  decays  faster  than  if  laid  with  the  convex  side  of  rings  up. 
Life  of  Wood. — It  is  a  familiar  fact  that  wood  which  is 
kept  for  some  time  in  a  wariu   dry  place  may  lose  what  is 
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aoDieiitues  called  lU  "life,"  !(»  resistiince  to  bending  and  its 
rvdllirnce  b«'ing  Krently  reduced.  This  condition  may  ap- 
pear in  oak,  chestnut  or  ash  in  ordinary  exposure, 
a  largo  part  of  their  bending  strength  being  de- 
stroyed though  no  ordinary  decay  is  shown.  If  the  con- 
dition is  very  pronounced,  ilie  experienced  inspector 
can  detect  It  by  a  blow  of  the  hnniiuer  or  by  breaking  a  splin- 
ter cut  from  a  corner  of  the  timber,  the  break  being  directly 
across  the  fllH'rs  rather  than  n  tearing  apart  or  splintering 
as  would  otherwise  be  the  case.  It  is  because  of  this  danger 
of  deterioration  while  apparently  sound  that  a  lower  relative 
unit  stress  is  allowed  for  these  woods  than  for  hard  pine. 
Hard  pine,  white  pine  and  spruce  are  much  less  liable  to  this 
form  of  deterioration:  but  In  the  rotting  of  any  timber  the 
loss  of  strength  Is  of  course  gradual  from  that  of  sound  tim- 
ber to  (hat  of  tinder  or  punk. 

Old  material  is  seldom  used  in  n  new  stoel  bridge  with- 
out full  knowUnlpe  of  Its  condition  and  of  any  elements  which 
would  reduce  Its  dunibllity:  but  wooden  bridges  are  often 
built  of  timbers  that  have  been  cut  tor  several  years  and 
have  btH>n  stored  under  conditions  more  destructive  than 
win  be  found  In  its  position  in  the  brid.ee.  A  bridge  super- 
intendent once  e.xpressed  surprise  at  the  rapid  decay  of  cer- 
tain stringers  recently  put  under  a  track  on  a  bridge.  The 
explanation  was  that  these  stringers  had  been  lying  in  the 
grass  near  by  for  five  years,  wailing  for  him  to  get  time  to 
put  iheni  in  place:  and  no  one  knows  how  long  they  had  been 
in  storage  before  that. 

Creosoting,  kyanizing.  vulcanizing,  etc.,  are  deterrents 
rather  than  absolute  preventives  of  decay.  They  all  act  by 
stopping  the  pores  of  the  wood  and  thus  keeping  out  the 
moisture.  Creosoting  is  the  most  effective  of  these  proc- 
esses, though  for  soft  woods,  as  spruce  and  white  pine,  kyan- 
izing and  vulcanizing  are  of  great  value.  Hard  pine  that  is 
full  of  pitch  may  resist  decay  as  well  as  if  creosoted,  but  for 
protection  from  teredo  and  limnoria  the  poison  of  the  creo- 
sote adds  to  the  efficiency.  Unfortunately,  most  of  the  hard 
pine  now  in  the  market  has  been  cut  from  trees  which  have 
been  tapped  for  turpentine,  so  that  the  pores  are  not  filled 
with  pitch. 

Wherever  two  timbers  are  placed  close  together  dirt  and 
moisture  tend  to  collect  and  rot  results.  An  important  case 
is  where  an  end  (cut  across  the  fibers)  is  in  contact  with  an- 
other timber,  as  where  a  trestle  post  bears  against  a  cap  or 
sUI,  where  ends  of  stringers  butt  against  each  other,  or 
where  braces  butt  against  chords  in  timber  trusses.  The 
practice  adopted  by  some  engineers  of  putting  iron  castings 
between  trestle  posts  and  sills  or  caps  and  between  trestle 
caps  or  wall  plates  and  stringers  is  to  be  commended;  the 
same  may  be  said  of  cast  iron  spacers  between  stringers. 
The  ends  of  timbers  may  well  be  smeared  with  pitch  or  tar. 
Even  limbers  not  in  contact  may  be  injured  by  the  collection 
of  dirt  between  two  pieces  placed  too  close. 

If  timber  is  subject  to  shearing  stress  along  the  grain,  as 
at  joints  of  queen  trusses  where  braces  butt  against  the 
chords,  careful  examination  to  detect  the  slightest  crack  is 
necessary.  In  such  cases,  too,  exact  measurements  are 
needed  to  determine  the  bearing  areas  and  the  areas  resist- 
ing sheer  as  well  as  the  net  area  of  timber  left  in  tension 
members.  If  bolts  or  clamps  are  used  to  assist  the  timber, 
their  exact  location  and  direction  must  be  ascertained  for 
careful  consideration  in  office  investigation. 

Wood  trusses  frequently  have  two  or  more  timbers  com- 
bined into  one  chord,  with  oak  keys  to  distribute  the  strain 
among  the  different  members,  and  where  the  length  of  a 
chord  is  too  great  for  one  stick  of  timber,  different  lengths 
are  clamped  together  with  wooden  clamps.  Often  at  these 
keys  or  clamps  there  may  be  very  evident  signs  of  overstrain 
no  less  reliable  than  the  evidence  found  by  calculating  the 
stresses.  Such  places  should  always  be  examined  for  such 
I  evidence  as  they  may  afford. 

Bridge  men  are  surprisingly  free  in  cutting  into  stringers 
to  provide  for  lateral  rods,  water  pipes  or  anything  else  they 
think  they  would  like  to  have  in  the  place  occupied  by  the 
stringers.  Stringers  have  been  observed  with  their  depth  re- 
duced by  such  notching  to  less  than  half  the  original.  Even 
some  men  who  understand  that  such  cutting  reduces  the  sec- 
tion modulus,  seem  not  to  realize  that  the  bending  mo- 
ment at  quarter-span  points  may  be  three-fourths  as  great  as 


at  mid-span,  nor  do  they  appreciiuc  ilie  danger  tlial  the  lim- 
ber will  split  from  the  toi>  of  the  notch.  Stringers  deeply 
ilapped  for  bearing  on  lloorbeams  may  have  their  capacity 
ileterinined  by  the  sheer  along  the  tibers  at  the  top  of  the 
ilapi>ing. 

Corroded  steel  sections  and  decayed  wood,  or  chafed  or  cut 
members  should  be  carefully  measured  to  determine  the 
amount  of  damage,  unless  the  location  of  the  injury  makes 
its  amount  unimportant.  In  calipering  steel  precautions  must 
be  taken  to  remove  all  the  rust  scale  before  the  measure- 
ment is  made,  and  with  decayed  wood  it  should  be  remem- 
bered thai  the  injury  has  i)rogressed  beyond  the  part  which 
is  entirely  soft. 

Floor.— Full  information  in  regard  to  the  Hoor  sliould  be 
recorded  by  the  inspector.  If  the  bridge  is  used  by  the  rail- 
way only  the  kind,  size  and  spacing  of  ties  and  guard  lim- 
bers and  the  amount  of  dap  should  be  noted;  also  the  height 
of  main  and  guard  rails,  whether  well  spliced  and  spiked, 
distance  between  main  and  guard  rails,  arrangement  of  ends 
of  guard  rails  and  how  far  beyond  the  ends  of  the  bridge  they 
extend.  The  purposes  of  guard  timbers  and  guard  rails 
should  be  kept  clearly  in  mind  in  order  that  their  efficiency 
for  those  purposes  may  be  observed.  The  primary  object  of 
guard  timbers  is  to  maintain  the  spacing  of  the  ties  (to  pre- 
vent bunching)  and  the  secondary  object  is  to  stiffen  the- 
floor  and  make  the  ties  work  together:  the  purpose  of  the 
guard  rails  is  to  prevent  the  straying  of  a  derailed  truck  and 
to  bring  back  near  the  proper  position  a  truck  that  may  have 
been  derailed  on  the  approach  to  the  bridge.  For  the.se  pur- 
poses, it  is  Important  that  guard  rails  should  be  approxi- 
mately of  the  same  height  as  the  main  rails  and  that  they 
should  be  securely  spiked  and  well  spliced.  The  ends  of 
guards  rails  should  be  brought  together  near  the  center  of 
the  track  at  points  not  less  than  fifty  feet  beyond  the  ends 
of  the  bridge;  and  it  is  desirable  that  the  ends  be  protected 
by  a  frog  point  or  other  device  from  injury  from  fallen  brake- 
beams  or  chains  hanging  from  the  cars.  If  the  grade  is 
steep  guard  rails  should  be  extended  up  grade  for  more  than 
50  ft.  beyond  the  bridge,  and  if  there  are  sharp  curves  on  the 
approaches  for  which  guard  rails  would  be  required  the 
bridge  guard  rails  may  be  merged  with  those  for  the  curves. 
The  condition  of  ties  and  guard  timbers  should  be  noted,  due 
regard  being  paid  to  the  duty  of  each.  If  ties  are  sound  un- 
der and  near  the  rails,  so  as  to  give  firm  support  and  good 
grip  for  the  spikes,  decay  at  the  ends  and  near  the  middle  is 
of  slight  importance  unless  the  ties  are  subject  to  consider- 
able bending  moment. 

Sometimes  a  specially  careful  but  unreasoning  bridge  man- 
paints  ties,  expecting  thus  to  make  them  more  durable.  The 
result  is  usually  just  the  opposite;  track  men  and,  sad  to  say, 
the  public  soon  wear  off  the  paint  from  the  top  of  the  ties, 
allowing  moisture  to  enter  there,  while  the  paint  on  the  sides' 
and  bottom  delays  the  drying;  hence  the  conditions  are  right 
for  rapid  decay.  It  is  of  some  value  to  paint  the  ends 
(though  tar  or  pitch  is  better  than  paint)  and  it  may  do  some 
good  to  paint  the  top,  but  the  bottom  and  sides  should  be  left 
unpainted. 

In  highway  bridges  with  double  plank  floors,  the  lower 
planking  will  decay  rather  quickly  unless  treated  with  creo- 
sote or  other  preservative,  while  the  top  planking  usually 
fails  by  wearing  out.  Unless  the  traffic  is  very  light  it  is  ad- 
visible  to  use  under  planking  of  creosoted  hard  pine  of  suf- 
ficient thickness  to  distribute  the  loads,  and  top  planking  of 
some  timber  that  will  stand  wear  well,  like  oak  or  chestnut. 
On  bridges  used  for  very  light  traffic  a  top  planking  of  chest- 
nut laid  with  the  heart  side  up  is  sometimes  found  to  be 
curled  and  warped  badly. 


Waterproofing  Airplane  Propellers  with  Aluminum  Leaf.— 
A  waterproof  coating  for  airplane  propellers,  which  incor- 
porates thin  aluminum  leaf  in  the  finish,  was  developed  by 
the  Forest  Products  Laboratory  at  Madison,  Wis.,  and  placed 
in  production  by  the  War  Department.  The  process  is  prac- 
tically 100  per  cent  effective  in  preventing  absorption  of 
water,  particularly  in  the  storage  stage.  A  French  authority 
states  that  80  per  cent  of  the  French  propellers  produced  are 
rejected  by  the  pilots  mainly  because  they  are  out  of  bal- 
ance. This  difficulty  is  due  largely  to  unequal  absorption 
or  distribution  of  moisture  and  can  be  greatly  reduced  by 
an  effective  waterproof  coating. 
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Method  of  Breaking  Up  Ice  Gorges 
with  Dynamite 

Damage  to  the  extent  of  millions  of  doUar.'i  is  caused  every 
year  in  this  country  by  ice  gorges.  Bridges,  docks  and  other 
structures  along  the  shore  are  carried  away  or  destroyed  by 
the  sheer  force  of  the  ice.  Probably  the  greatest  damage, 
however,  results  from  the  flooding  of  the  surrounding  coun- 
try by  the  water  which  is  dammed  up  by  the  Ice  jamming 
against  bridge  piers  or  other  artificial  obstructions.  Some- 
times at  narrow  parts  of  the  stream  where  the  current  is 
sluggish,  the  water  freezes  right  to  the  bottom.  When  the 
thaw  comes  the  ice  at  this  point  does  not  thaw  quickly 
enough,  so  that  when  the  upper  ice  gives  way  it  rushes  down 
and  piles  up  at  the  solid  section,  thus  forming  a  barrier  or 
dam.  If  action  is  taken  at  the  right  time  much  of  the  dam- 
age caused  by  ice  gorges  can  be  prevented  by  the  use  of 
dynamite.  An  interesting  description  of  the  various  methods 
of  breaking  up  ice  gorges  by  blasting  is  given  by  Mr.  S.  R. 
Russell  in  a  recent  issue  of  the  DuPont  Ma,gazine,  to  which 
we  are  indebted  for  his  matter  in  this  article. 

Floods  due  to  ice  gorges  occur  usually  about  the  same  time 
each  year  in  various  localities.  The  .gorge  also  is  generally 
formed  at  the  same  place  in  the  river  or  stream.  For  this 
reason,  therefore,  preparations  can  be  made  and  work  started 
in  ample  time  before  the  break  actually  occurs.  When  the 
"back  of  the  cold  spell  is  broken"  some  time  elapses  before 
the  ice  begins  to  melt. 

It  is  well  to  begin  at  the  downstream  end,  considerably 
below  the  probable  location  of  the  gorge,  and  work  upstream 
some  distance  above  it,  dependin.g  on  the  width  and  size  of 
the  stream.  The  ice  should  be  practically  honeycombed  or 
cracked  up  below  and  above  the  danger  point,  so  that  when 
the  "rush"  comes  it  will  give  or  move  easily  without  jamming 
or  causing  damage. 

A  force  of  men  should  be  put  to  work  digging  holes  from 
6  to  12  in.  in  diameter  clear  through  the  ice  with  ice  spuds 
or  picks,  beginning  at  the  downstream  end  and  several  hun- 
dred  feet   below   the   probable   location  of   the   gorge.     These 


holes  should  be  about  ^0  ft.  apart  across  the  stream,  and 
from  60  to  75  ft.  between  rows.  It  is  advisable  to  shoot  one 
row  at  a  time  at  first,  then  the  execution  of  the  charge  can 
be  noted  and  determined  whether  or  not  it  is  advisable  to  de- 
crease the  charge,  or  space  the  holes  further  apart.  For  the 
initial  charges  from  five  to  ten  1%  in.  by  8  in.  cartridges 
of  40  per  cent  dynamite  should  be  tied  into  a  bundle  witli  a 
stout  cord,  and  each  bundle  primed  with  an  electric  blasting 
cap.  One  bundle  of  dynamite  should  be  dropped  in  each 
hole  so  that  it  will  be  suspended  in  the  water  under  the  ice — 
even  2  or  3  ft.  under  the  ice  is  best.  A  stick  of  wood  laid 
across  the  hole  on  the  ice  surface  to  which  the  other  end  of 
the  string  is  attached  will  prevent  the  dynamite  from  being 
carried  away  and  lost. 

The  electric  blasting  cap  wires  should  be  connected  in 
series  and  fired  by  means  of  an  electric  blasting  machine. 
The  leading  wires  running  from  the  holes  to  the  machine 
should  be  strung  toward  the  upstream  end,  and  should  be 
sufficiently  long  so  that  the  operator  is  at  a  safe  distance 
from  flying  ice. 

If  it  is  Inconvenient  to  use  electric  firing,  the  charges  can 
be  exploded  by  means  of  fuse  and  blasting  caps;  but  care 
should  be  taken  to  protect  each  cap  from  water  by  smearing 
heavy  grease  or  soap  at  the  point  where  the  cap  is  inserted 
in  the  dynamite.  Also,  a  good  grade  of  waterproof  fuse 
should  be  used.  Of  course,  in  the  latter  method  only  one 
hole  at  a  time  can  be  fired,  while  with  the  electric  method  as 
many  as  desired  can  be  set  off  simultaneously  with  much 
greater  efficiency,  assurance  and  safety.  Good  safety  fuse 
burns  at  the  rate  of  about  30  seconds  per  foot.  Do  not  have 
a  fuse  too  long,  as  this  means  that  the  fuse  and  cap  are  ex- 
posed to  water  a  longer  time.  The  bundles  can  be  all  made 
up  and  tied  to  cross  sticks  and  about  2  of  3  ft.  of  fuse  used 
in  each.  Fuses  can  be  lighted  before  bundles  are  dropped 
in  the  holes.  One  minute  is  ample  time  for  all  to  get  away 
to  a  safe  distance  before  the  charge  explodes. 

The  size  of  the  charge  per  hole  will  depend  entirely  upon 
the  thickness  of  the  ice.  If  2  or  3  ft.  thick,  about  six  1»4  in. 
by  8  in.  cartridges,  or  3  lbs.  should  be  used  in  each  hole.  If 
thicker  than  this,  from  8  to  10  cartridges  or  more  should  be 


The   start   of   an    Ice   Gorge— Floating    Ice    Beginning   to   Jam   on       Bridge   Piers. 
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used,     lir'  surf  to  gel   the  holes   (hriuiKli  tli»»  loo,  as  imicl\ 
..  .1.  .    .riu-ioucy  iM  oblHiu«*(l   by   exiiliitllnt;  ilio  dynaiiiito   in 
iliaii  in  llio  ice  llsolf. 

!  •;<•  or  Juiii  has  at-tiially  foriniHl  it  Is  well  to  honey- 
.P  below  the  Korue.  as  above  desiTlbed.  Then  at 
>'hannel,  or  wliai  appears  lu  be  the  weakest  point 
e.  a   heav>    rharj;i'  of  dyi\aniite  slunild  bo  placed. 

,i 100,  if  PO--..1I.!..     ..11.11  ii  may  be  necessary  to  fire 


Spudding   Hole  In   Ice. 

two  or  three  heavy  charges  at  different  points  if  the  gorge  is 
a  large  one. 

If  it  is  impossible  to  get  through  the  thick  ice  to  the  water 
by  ice  spuds,  a  hole  can  be  dug  partially  through  and  a 
small  charge  of  say  8  to  10  cartridges  fired  in  it.  This 
charge  will  enlarge  the  hole  and  probably  break  through  and 
permit  placing  the  heavier  charge  in  the  water  under  the  ice. 
If  the  first  light  charge  does  not  break  through  or  make  a 
large  enough  cavity,  try  a  second  or  a  third  charge  it  neces- 
sary. 

The  size  of  the  heavy  charge  will  depend,  of  course,  on  the 
thickness  and  extent  of  the  ice  mass,  and  may  vary  from  50 
to  100  lb.  up  to  a  ton  or  more.  Size  of  charge  must  be  regu- 
lated also  according  to  the  locatioa  and  proximity  of  struc- 


Charge    Placed   to   Enlarge   Hole. 

tures  that  might  possibly  be  damaged  by  the  explosion.  It 
wr  :'  '  '  "  n.idvisable  to  blast  too  heavily  if  too  near  a  bridge 
pi-  >^  line,  dock  or  a  factory  building  on  shore.     If, 

howtvHi,  nothing  like  these  interfere  it  is  well  to  use  larger 
sized  charges.  The  tendency  of  most  people  in  using  dyna- 
mite for  blasting  ice  is  not  to  use  enough.  The  reason  is 
that  the  work  is  usually  performed  by  those  who  have  very 


little  Unowledye  and  a  very  exaggerated  idea  of  the  force  of 
high  explosives. 

In  breaking  the  great  ice  gorge  at  Niagara  several  years 
ago,  2,100  lb.  oi  tiO'7o  dynamite  were  used  at  one  time,  dis- 
tributed in  three  charges,  before  the  Ice  gave  away. 

It  is  well  in  blasting  Ice  to  err  on  the  side  of  over-charging, 
as  this  sort  of  blasting  can  usually  be  carried  on  without  fear 
of  Injury  to  adjoining  or  nearby  property. 

When  heavy  charges  are  necessary  dynamite  can  be 
placed  In  position  in  its  original  cases,  containing  50  lb.  each. 

If  the  ice  is  lloating,  a  gorge  can  often  be  prevented  from 
forming  at  some  lower  point  in  the  stream  by  shattering  and 
breaking  up  the  large  floating  cakes  before  they  reach  the 


CUKI^ENT- 


Charge   Tied   to   Stick    Laid    Across    Hole    in    Ice. 

narrow  part  or  obstruction.  Breaking  these  large  floating 
cakes  is  best  accomplished  by  throwing  charges  of  dynamite 
onto  the  cakes  from  the  shore;  or,  if  possible,  from  the  down- 
stream side  of  bridges  considerably  above  the  danger  point. 
Each  charge  should  be  primed  with  a  blasting  cap  and  fuse, 
and  a  charge  may  vary  from  two  cartridges  to  eight  or  ten 
cartridges    of    40%      dynamite    tied    securely   into   a   bundle 


Charge    Placed 


ce   Cake. 


Floatinc) 

with  a  cord.  The  bundle  can  be  wrapped  in  old  newspaper 
or  gunny  sacKing,  which  makes  it  less  liable  to  roll  or  slide 
off  the  ice.  In  blasting  ice  in  this  way  it  is  necessary  to 
light  the  fuse  while  the  dynamite  is  in  the  hands  of  the 
blaster,  and  particular  attention  should  be  given  to  having 
the  fuse  plenty  long  enough,  and  the  charge  must  be  thrown 
just  as  soon  as  the  fuse  is  lighted. 

It  is  most  essential  to  make  sure  that  the  dynamite  is  thor- 
oughly thawed  before  using,  as  chilled  or  frozen  dynmite  will 
not  give  satisfactory  results.  For  that  reason,  low  freezing 
dynamites  are  recommended  for  this  class  of  work. 

Do  not  leave  dynamite  exposed  too  long  to  cold  water.  Get 
all  holes  dug  and  bundles  made  up  before  loading,  and  place 
and  fire  the  charges  as  quickly  as  possible. 


New  Type  of  Window  for  Farm  Buildings. — A  standard 
puttyless,  skylight  construction  window,  designed  especially 
for  barns,  hog  houses,  etc.,  has  been  brought  out  recently 
by  the  Milwaukee  Corrugating  Co.,  Milwaukee,  Wis.  The 
glass  is  held  firmly  in  place  by  copper  clips,  which  make 
the  glass  easily  removed  and  replaced.  The  4-in.  flashing  all 
around  the  window  prevents  leakage  and  the  center  gutter 
in  the  frame  carries  off  any  rain  or  condensation  of  moisture 
from  the  glass.  The  glass  is  protected  by  a  %-in.  diamond 
mesh  metal  covering,  which  prevents  breakage  from  hail 
storm  or  other  causes.  Provision  is  made  in  frame  for  two 
panes  of  glass  10x28  and  the  frames  themselves  are  made 
"double"  with  12-in.  space  between,  wherever  desired. 
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The  Engineering  Pamphlet 

By  R.  FLEMING, 
American  Bridge  Co.,  New  Vork  City. 
What  is  a  pamphlet?  Johnson's  dictionary  of  175.5  says, 
"A  small  book,  properly  a  book  sold  unbound,  and  only 
stitched."  This  definition  is  practically  retained  in  Wor- 
cester's dictionary  of  a  hundred  years  later  as  well  as  in 
the  latest  "Standard."  Webster  adds,  "Commonly  with  a 
paper  cover."  Stormonth's  dictionary  defines  it,  "A  small 
book  of  a  few  pages  merely  stitched  together,  and  relating 
to  a  topic  of  ephemeral  interest."  The  "Century"  dictionary 
gives  one  column  and  Murray's  "New  English  Dictionary 
on  Historical  Principles"  two  columns  to  the  word. 

Spofford,  for  so  long  the  librarian  of  Congress,  calls  at- 
tention to  the  fact  that  great  and  influential  publications 
have  appeared  in  the  world  in  the  guise  of  pamphlets.  He 
cites  Milton's  "Areopagitica,  or  Plea  for  Unlicenced  Print- 
ing," Webster's  speech  for  the  Union  in  reply  to  Hayne, 
Charles  Sumner's  "The  True  Grandeur  of  Nations,"  all  of 
which   were   first   printed   as   pamphlets. 

Engineering  literature  also  has  its  noteworthy  pamphlets. 
One  is  that  by  Whipple,  entitled  "An  Essay  on  Bridge  Build- 
ing containing  Analyses  and  Comparisons  of  the  Principal 
Plans  in  Use,  with  Investigations  as  to  the  Best  Plans  and 
Proportions,  and  the  Relative  Merits  of  Wood  and  Iron  tor 
Bridges."  This  pamphlet  of  47  printed  pages  was  published 
early  in  1847.  The  50  or  60  copies  which  the  author  circu- 
lated among  engineers  met  with  so  cordial  a  reception  that 
he  suspended  distribution  and  wrote  a  second  "Essay"  which 
he  added  to  the  first  and  published  as  "A  Work  on  Bridge 
Building."  This  book  is  recognized  as  the  pioneer  of  its 
kind.  But  let  it  be  remembered  that  the  pamphlet  preceded 
the  book  and  that  a  correct  analysis  of  the  stresses  in  a 
bridge  truss  was  first  published  in  a  pamphlet. 

The  Government  Printing  Office  issued  in  1894  a  "Report 
of  Board  of  Engineers  as  to  Maximum  Span  Practicable  for 
Suspension  Briuges"— a  paper-covered  volume  of  109  printed 
pages.  (Perhaps  it  should  be  called  a  book  rather  than  a 
pamphlet.)  It  is  said  that  the  issue  was  limited  to  500 
copies.  What  makes  this  Report  especially  value  is  "Ap- 
pendix C.  Wind  Pressures.  Compiled  and  prepared  for  the 
Board  by  Capt.  [now  General]  W.  H.  Bixby,  Corps  of  Engi- 
neers." This  monograph  on  Wind  Pressure  was  pronounced 
at  the  time  the  most  complete  and  reliable  treatise  upon  the 
subject  that  had  been  written.  Fortunately  it  was  kept  from 
being  buried  by  being  reprinted  in  full  (Engineering  News, 
March  14,  1895).  In  this  same  Report  are  "Appendix  D.  Tem- 
perature Strains  in  Three-Hinged  Arches.  By  Gustavo 
Lindenthal  C.E.  and  "Appendix  E.  The  Theory  of  the  Stiffen- 
ing Girder.     By  J.  Melan.  .  .  .  Translated  by  permission." 

What  shall  be  done  with  the  pamphlet?  Engineering 
pamphlets  should  certainly  be  kept  in  some  way.  They  are 
usually  of  more  than  "ephemeral  interest."  What  structural 
engineer  is  not  interested  in  the  following  titles? 

"Web  Stresses  in  Plate  Girders,"  Professor  W.  E.  Lilly. 
"A  Method  of  Measuring  the  Stresses  at  Any  Point  on  a 
Structure,  Due  to  Wind    Blowing    Against    that    Structure," 
Francis  E.  Nipher. 

"The  Strength  of  Brick  Walls  to  Resist  Wind  Pressure," 
Wilfrid   Airy. 

"The  Effect  of  Stress  on  the  Corrosion  of  Metals,"  Thomas 
Andrews. 

"The  Economic  Design  of  Columns,"  Professor  W.  E.  Lilly. 
"Columns,"  O.  H.  Basquin. 

"Modern  Illumination  in  the  Iron  and  Steel  Industry,"  C. 
E.  Clewfell. 

"The  Arrangement  and  Construction  of  a  Modern  Manu- 
facturing Plant,"  Thomas  Flinn. 

"Economy  in  Rectangular  Panels,  Using  Beams  of  Con- 
stant Cross-Section,"  J.   S.   Branne. 

"Printed  Engineering  Resources,"  .7,  Martin  Telleen. 
Titles  of  equal  interest  might  be  selected  from  other 
branches  of  engineering.  Spofford  thinks  that  multitudes 
of  pamphlets  are  annually  lost  to  the  world  from  the  want 
of  any  preserving  hand  to  gather  them  and  deposit  them 
permanently  in  some  library.  It  is  true  that  papers  like 
those  mentioned  are  often  embodied  in  the  transactions  of 
some  society  and  thus  do  not  become  totally  lost. 


The  librarian  has  his  own  problems  with  the  pamphlet. 
Where  is  the  dividing  line  between  a  pamphlet  and  a  book? 
The  British  Museum  draws  it  at  100  pages.  Shall  pamphlets 
be  put  on  the  shelves  as  separate  publications  as  is  done 
by  the  American  Society  of  Civil  Engineers  or  shall  they 
be  classified  and  loosely  bound  together  in  "pamphlet  vol- 
umes" as  is  done  by  the  New  York  Public  Library?  These, 
however,  arc  questions  for  the  librarian  to  settle.  A  more 
important  question  is,  how  shall  the  existence  of  a  pamphlet 
bo  made  known  to  those  who  would  be  interested  in  it?  En- 
gineering research  is  often  duplicated  for  lack  of  a  clearing 
house  that  will  supply  information  as  to  what  has  been  done 
along  particular  lines.  The  pamphlet  literature  on  the  sub- 
.ject  is  not  known.  How  shall  this  literature  be  made  avail- 
able? 


New   Process   for    Creosoting  Fir  Lumber 

A  new  method  of  creosoting  Douglas  fir  timber,  developed 
by  Prof.  Bror  L.  Grondai  of  the  College  of  Forestry  of  the 
University  of  Washington,  is  described  in  a  recent  issue  of 
the  West  Coast  Lumberman.  The  new  process  is  designed 
for  the  creosoting  of  air  seasoned  material  only,  and  prom- 
ises to  save  a  considerable  amount  of  material  that  Is  re- 
jected under  standard  specifications  when  treated  by  the 
methods  ordinarily  employed  in  the  treatment  of  this  class 
of  material.  The  new  process  consists  in  the  elimination  of 
initial  heat  treatment  and  immediately  subjecting  the  piling 
or  lumber  to  "cold"  creosote  under  long  continued  high  pres- 
sure. Experiments  made  by  Professor  Grondai  in  the  ex- 
perimental plant  of  the  College  of  Forestry,  which  has  been 
duplicated  at  one  commercial  creosoting  plant,  have  given 
very  favorable  results,  and  a  number  of  tests  in  commer- 
cial plants  are  contemplated.  '  The  new  process  is  based  on 
the  hypothesis  that  the  preliminary  heat  treatment  in  the 
old  method  has  the  effect  of  causing  the  moisture  in  the 
wood  to  come  to  the  surface,  as  air  seasoned  material  in 
the  larger  sizes  of  timbers  usually  contains  from  20  to  30 
per  cent  of  moisture.  If  this  preliminary  treatment  is  con- 
tinued for  a  sufficient  length  of  time  the  wood  becomes  dry 
and  readily  admits  the  creosote  under  pressure.  When  con- 
tinued for  only  12  or  15  hours  there  is  very  little  drying 
effect,  as  wood  is  a  very  poor  conductor  of  heat,  and  when 
the  creosote  is  applied  under  pressure  it  must  move  in  a 
direction  opposed  to  the  travel  of  the  escaping  moisture.  In 
the  new  method,  omitting  the  preliminary  heat  treatment, 
the  creosote,  which  is  slightly  miscible  with  water,  pene- 
trates the  wood  in  a  uniform  manner,  though  lon.ger  time 
is  required,  probably  due  to  the  greater  viscosity  of  the 
creosote  at  the  lower  temperature.  The  "cold"  creosote  is 
introduced  into  the  retort  at  a  temperature  about  115°  F., 
and  is  allowed  to  cool  to  10°  F.  As  there  is  no  drying  ac- 
tion upon  the  wood,  checks  which  already  exist  are  not 
increased,  as  when  at  a  normal  temperature  Douglas  fir  has 
high  compressive  strength  and  will  withstand  high  hydraulic 
pressures.  Hot.  moist  Dou.glas  fir  is,  however,  relatively 
plastic,  and  deteriorates  under  high  pressure.  Pitch  seams 
are  not  opened  up  in  the  new  method,  as  the  cold  creosote 
has  only  a  solvent  effect  upon  the  resin  in  pitch  seams,  the 
resin  being  replaced  with  creosote.  No  restrictions  are 
placed  upon  the  use  of  the  new  method. 


Exhibit  of  American  Timber  in  England. — The  first  exhibit 
of  American  timber  in  England  has  just  been  held  under 
the  auspices  of  the  Royal  Institute  of  British  Architects,  as  a 
step  in  the  British  reconstruction  program.  Housing  forms  a 
large  part  of  the  British  reconstruction  plan,  and  many  other 
enterprises  are  projected  in  which  timber  and  building  ma- 
terials will  be  required  to  a  large  extent.  The  exhibit  was 
prepared  through  the  assistance  of  the  American  trade  com- 
missioner, J.  W.  Walker. 


$1,000,000  for  Home  Building  Project  at  Niles,  Mich.— Horace 
and  Thomas  Dodge,  Detroit  automobile  manufacturers,  have 
offered  .|1,000,000  in  a  home  building  project  to  Niles.'  The 
City  Council  will  appoint  a  municipal  agent  to  direct  expendi- 
ture of  the  Dodge  million.  The  plan  is  to  loan  monev  on 
private  housebuilding  contracts  to  the  extent  of  two-thirds 
of  the  cost  of  each  house. 
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Architects'  Responsibility  for  Con- 
tracts and  Bonds* 

Uy  KKHAKI)  J.  O,  e'll.VKU. 
Tlic  arililtect  Ims  tin-  onllniiry  ivmodios  under  his  con- 
Imot  with  tlu>  owiior  for  llu>  breuoh  thoroof.  His  employ- 
luenl  l!«  not  of  ii  oonlidontliil  naUiro.  unless  he  so  contracts 
with  an  owner,  anil  he  Is  not  responsible  in  dainaKes  to  an 
owner  iHH-ause  he  makes  public  the  fact  of  the  proposeii 
lmprt>vement  In  the  beglnnlnK  of  his  employment,  he  is 
only  the  asont.  known  as  the  common  law  aKont,  of  the 
owner.  After  the  contract  has  been  lei,  the  architect  occu- 
pies the  dual  capacity  of  agent  of  the  owner,  and  an  um- 
pire. It  Is  his  duty  to  the  owner,  as  his  aRent,  to  represent 
hlin  fairly  in  all  transactions,  but  to  go  no  further.  It  i.'» 
his  duly  as  an  umpire  to  hear  both  the  owner  and  the  con- 
tractor impartially,  and  to  jiive  his  decision  on  any  matter 
without  prejudice. 

An  architect  who  procures  more  from  the  contractor  for 
the  owner  than  the  building  contract  requires,  or  wlio  does 
not  exact  from  the  contractor  what  he  reasonably  is  en- 
titled to  require,  is  suilty  of  a  breadi  of  his  duty,  and  com- 
mits as  well  a  breach  of  ethics  of  his  profession. 

The  architect  is  ordinarily  under  the  orisinal  building  con- 
tract made  the  arbiter  as  to  the  quality  and  quantity  of  the 
work,  and  must  act  fairly  and  should  not  withhold  stipulated 
certificates  due  the  contractor  arbitrarily  or  upon  caprice,  or 
upon  any  objection  based  upon  his  own  mistake  in  formu- 
lating plans  and  specifications. 

Architects,  in  some  instances,  are  representatives  of  con- 
cerns handling  certain  kinds  of  materials  or  equipment 
which  are  specified  to  be  used  in  the  buildin,a:  which  they  are 
employed  in  constructing.  The  law  does  not  prohibit  this 
and  in  fact  does  not  in  any  manner  condemn  it  as  long  as 
the  owner  has  full  knowledge  that  such  is  the  case.  I  will 
not  discuss  this  in  the  light  of  the  ethics  of  your  profession. 
When  an  architect  undertakes  to  draw  the  plans  for  a 
building,  he  impliedly  represents  to  the  owner  that  he  pos- 
sesses reasonable  skill  and  knowledge  in  the  things  he  is 
required  to  know,  and  it  is  his  duty  to  exercise  reasonable 
care  and  diligence  in  the  performance  of  the  services  he 
undertakes  to  perform.  The  rule  applicable  generally  to 
members  of  learned  professions,  such  as  doctors  and  law- 
yers, is  equally  applicable  to  the  architect. 

Preparation  of  Bonds  and  Contract  by  Architect.  -When 
once  the  work  oi  preparing  the  plans  and  specifications  is 
completed  and  the  bid  for  the  work  has  been  accepted,  archi- 
tects in  recent  years  have,  in  a  great  many  instances,  under- 
taken to  prepare  the  contract  and  bonds  on  behalf  of  the 
owner.  While  some  attorneys  have  complained  that  this 
is  an  entrenchment  upon  their  functions,  I  have  no  quarrel 
■with  the  architects  for  doing  this  work.  Very  often  the 
details  of  a  building  contract  are  such  that  its  preparation 
is  more  of  a  tedious  duty  than  a  pleasant  task.  I  have  had 
the  pleasure  to  represent  the  contractor  in  passing  on  the 
contract  for  buildings  both  large  and  small  in  a  number  of 
instances.  The  only  complaint  that  I  have  to  make  is  that 
the  architect,  in  preparing  the  contract,  very  often  does  his 
■work  too  ■well.  As  he  has  been  employed  by  the  owner  and 
is  drawing  his  compensation  from  that  source,  he-  often  con- 
siders that  it  is  his  duty  to  drive  a  pretty  fair  bargain.  In 
«uch  instances,  the  contractor,  if  he  is  represented  by  an  at- 
torney -tt-ho  is  zealous  in  his  client's  behalf,  has  a  difficulty 
in  procuring  reasonable  changes  in  the  contract,  which  the 
architect  readily  assents  to.  The  reason  for  this  is  that 
the  owner  has  read  the  contract  as  originally  prepared  and 
finds  that  it  securely  entrenches  him,  and  does  not  -wish 
to  see  some  hard  and  fast  provision  that  might  -work  an  in- 
justice on  the  contractor  removed  from  the  instrument.  In 
this  regard,  I  am  happy  to  say  that  I  have  had  the  pleasure 
to  read  some  contracts  prepared  by  architects  which  any 
attorney  might  take  as  an  example  for  his  future  guidance, 
and  which  have  been  more  fairly,  accurately  and  completely 
prepared  than  7.5  per  cent  of  the  contracts  prepared  by  at- 
torneys. 

WTien    the   architect  undertakes   to   draw   up   the   building 


^•Froni  in  a<1rtress  lipfore  the  Southern  California  Chapter  of  the 
.American  Institute  of  Architects. 


lontract,  he  impliedly  agrees  with  the  owner  that  he  pos- 
sesses reasonable  skill  in  drafting  the  instrument,  and  that 
his  skill  in  such  matters  is  equal  to  lliat  possessed  by  those 
in   the   legal   profession. 

If  the  architects  undertake  to  prepare  the  bond,  the  duty 
placed  uiion  them  by  law  is  equal  to  that  placed  upon  an 
attorney.  If  the  architect  fails  in  this  legal  duty,  he  is  liable 
to  the  owner  and  under  ordinary  circumstances  he  cannot 
recover  from  the  owner  for  the  preparation  of  the  same,  if 
tliey  are  not  properly  drawn.  This  applies  equally  well  to 
the  preparation  of  plans  and  specifications.  In  this  regard 
the  burden  of  proving  the  inadequacy  rests  ui)oii  the  owner. 
California  Laws  Regarding  Bonds  and  Contracts. — This 
briii.us  us  to  a  discussion  of  I  he  <(>ntr:i(t  and  bonds.  No  de- 
tailed explanation  of  these  matters  would  seem  to  be  neces- 
sary in  view  of  the  exjierience  that  you  have  all  had  in  this 
regard.  However,  there  are  a  few  general  ideas  which  can- 
not be  too  often  reviewed. 

The  law  as  amended  in  1911  and  as  api)roved  by  the  Su- 
preme Court,  requires  that  the  contract,  and  this  includes 
plans  and  specilications,  shall  be  filed  in  the  office  of  the 
County  Recorder  of  the  county  wherein  the  land  upon  which 
the  building  to  bo  erected  is  situated  with  a  bond  of  the  con- 
tractor with  good  and  sufficient  sureties  in  favor  of  the 
materialmen  and  laborers  before  the  work  is  commenced,  if 
the  owner  is  to  be  protected  against  liens. 

The  contract  is  now  somewhat  simpler  than  it  was  before 
the  amendment  of  1911.  It  matters  not  in  what  way  the 
contractor  is  to  get  hi.s  compensation.  It  may  be  in  real 
estate,  personal  property  or  anything  of  value.  There  is 
no  longer  any  requiremonl  of  law  that  any  proportion  of 
the  contract  price  shall  be  retained  by  the  owner  after  the 
completion  of  the  building,  although  I  consider  such  pro- 
vision  in  the  contract  a  wise  precaution. 

The  form  of  the  bond  which  should  be  used  is  easily  pro- 
cured. This  bond  should  be  signed,  not  only  by  the  con- 
tractor, but  by  two  good  and  sufficient  sureties.  The  law 
in  this  regard  is  in  the  plural. 

It  is  surprising  how  many  invalid  bonds  have  been  taken 
in  the  belief  that  owners  were  being  protected.  I,  person- 
ally, tried  a  case  in  Imperial  Valley  a  few  months  ago  in 
which  the  liabilities  were  only  a  few  thousand  dollars  and 
the  bondswoman  was  worth  several  hundred  thousand  dol- 
lars. Judgment  for  a  lien  in  full  -was  given  and  quite  prop- 
erly, although  the  balance  due  the  contractor  was  found  to 
be   much   less  than   the   amount  of   the   liens. 

The  provisions  of  law  in  this  regard  must  be  strictly  ad- 
hered to,  and  it  is  the  duty  of  the  architect  not  only  to  pro- 
cure two  sureties,  if  he  undertakes  to  prepare  the  bond,  but 
it  is  also  his  duty  to  have  an  investigation  of  the  worth  of 
said  sureties  made.  If  he  accepts  straw  bondsmen,  -where  he 
undertakes  to  accept  the  duty  of  passing  on  the  bond  -without 
making  an  investigation,  even  though  he  does  do  so  in  good 
faith,  and  the  owner  is  thereby  damaged,  I  believe  that  the 
courts  would  hold  him  financially  responsible  for  the  loss 
suffered  thereby. 

As  a  suggestion  to  the  architects,  I  would  advise  them  to 
have  the  owner  investigate  and  express  his  own  satisfaction 
with  the  sureties  before  the  bond  is  accepted. 

There  is  no  enactment  requiring  any  bond  from  the  con- 
tractor to  the  owner  to  be  taken.  This,  however,  is  a  very 
wise  precaution,  and  its  amount  may  be  varied  to  suit  the 
particular  necessity  of  the  case,  but  usually  a  25  per  cent 
common  law  bond  is  sufficient  for  all  purposes.  I  have 
known  of  instances,  however,  where  I  have  insisted  that  the 
contractor  should  give  a  100  per  cent  bond  to  the  owner, 
for  I  felt  that  he  did  not  intend  to  pay  any  of  his  bills  and 
was  really  not  worthy  of  having  the  job. 

What  I  have  said  with  regard  to  two  sureties  applies  only 
to  individual  bondsmen.  Our  law  provides  that  a  corporate 
surety  authorized  to  do  business  in  the  state  is  sufficient  in 
such  cases. 

The  law  with  relation  to  the  construction  of  public  build- 
ings seems  to  be  well  established,  but  not  very  well  under- 
stood by  architects,  attorneys  or  the  courts.  I  do  not  know 
the  reason  for  this,  but  base  my  assertion  upon  personal  ex- 
perience. 

I  wish  to  caution  you  against  using  the  usual  form  of  50 
per  cent  bond  to  materialmen  on  public  jobs.    While  I  think 
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this  bond  can  be  sustained,  yet  it  is  a  source  of  trouble  if 
the  job  does  not  worlv  out  properly.  I  have  a  ease  involv- 
ing such  question  now  on  the  way  to  the  Supreme  Court. 

The  bond  on  public  buildings  is  required  by  the  statutes 
of  1897  as  amended  in  1911.  This  is  not  the  mechanics'  lien 
statute,  but  is  a  provision  of  the  .general  laws.  It  requires 
that  the  contractor  and  his  sureties  must  file  a  bond  to  la- 
borers and  materialmen  in  the  sum  of  50  per  cent  of  the 
contract  price,  before  commencing  work.  This  is  the  only 
protection  that  the  laborers  and  materialmen  have,  and  it 
is  the  duty  of  the  architect,  if  he  undertakes  to  prepare 
such  bond,  to  see  that  the  materialmen  are  protected. 

With  relation  to  the  common  law  bond  to  the  owner,  it  is 
my  suggestion  to  you  that  if  there  is  any  material  change 
in  the  plans  or  specifications  or  the  construction  of  the  build- 
ing, that  the  sureties  on  such  bond  should  be  notified,  and 
their  consent  procured.  This  will  often  obviate  a  technical 
defense  in  case  the  contractor  falls  down  on  the  job. 

There  seems  to  be  a  general  misunderstanding  as  to  when 
a  notice  of  completion  should  be  filed.  This  notice  must 
be  filed  within  10  days  after  the  actual  completion  of  the 
work,  and  without  reference  to  the  time  of  the  acceptance 
by  the  architect  or  the  owner,  and  without  regard  to  the 
issuance  of  the  architect's  completion  certificate.  It  is  the 
fact  of  the  completion,  and  not  the  architect's  certificate 
which  controls. 

I  have  known  in  connection  with  some  of  the  largest  build- 
ings in  this  city,  that  the  notices  of  completion  have  been 
filed  not  within  10  days  after  the  actual  acceptance  by  the 
owner,  but  more  than  30  days  after  the  actual  completion. 
This  affords  the  owner  no  protection  that  liens  will  not  be 
filed  after  30  days  after  the  filing  of  the  notice  of  comple- 
tion. In  such  cases  the  materialmen  have  90  days  from  the 
date  of  the  actual  completion,  as  the  owner  forfeits  his  right 
to  cut  off  the  running  the  lien  time  by  his  failure  to  file 
within  10  days  after  the  actual  completion.  The  courts  will 
not  accept  the  architect's  certificate  as  any  evidence  of  tlie 
date  of  the  completion  of  the  building. 

Another  duty  which  is  often  imposed  upon  the  architect 
is  that  of  being  arbiter  in  a  dispute  between  the  contractor 
and  the  owner.  In  this  regard  he  must  act  with  absolute 
fairness,  or  the  courts  will  set  aside  his  decision.  If  he  has 
given  his  decision  fairly,  it  concludes  the  matter.  The 
clause  in  the  contract  providing  for  arbitration  is  one  which 
works  entirely  to  the  benefit  of  the  owner.  The  contrac- 
tor cannot  go  into  court  on  a  matter  which  the  contract  pro- 
vides must  be  settled  by  arbitration  without  first  having 
offered  to  arbitrate  the  matter.  If  he  offers,  and  the  owner 
refuses,  the  courts  are  powerless  to  enforce  the  provision  for 
arbitration,  and  the  only  thing  the  contractor  can  do  is  to 
bring  a  suit  at  law. 


Connecticut  Engineers  Ask  Appointment  of  State  Commit- 
tee on  Reconstruction.— The  Connecticut  Society  of  Civil 
Engineers  at  its  annua!  meeting,  Feb.  18,  passed  a  resolution, 
asking  Oovernor  Holcomb  to  appoint  a  committee  on  the 
reconstruction  of  public  works.  The  resolution  reads  as 
follows : 

"Whereas,  Since  the  signing  of  the  armistice  there  has 
been  a  great  reduction  in  the  amount  of  work  being  done 
throughout  the  country  and  a  consequent  lessening  in  de- 
mand for  workers  of  all  grades,  while  at  the  same  time  the 
officers  and  men  returning  from  our  armed  forces  expect,  and 
are  entitled  to  receive,  employment  at  least  as  congenial  and 
remunerative  as  the  positions  they  left  to  enter  the  service 
of  the  country;    and 

"Whereas,  There  is  a  large  amount  of  public  and  private 
work  which  has  been  delayed  during  the  last  three  years 
and  which  might  properly  and  economically  be  undertaken 
in  the  not  distant  future;   and 

"Whereas,  If  present  conditions  are  long  continued,  serious 
results  may  be  brought  about;  therefore,  be  it 

"Resolved.  That  a  committee  be  appointed  to  ask  Governor 
Holcomb  to'consider  the  question  of  urging  the  construction 
of  public  and  private  works  and  other  activities  during  the 
period  of  reconstruction  and  the  appointment  of  a  commis- 
tion  to  further  this  movement." 


The  Deactivator  System  for  Elimi- 
nation of  Corrosion  in  Hot 
Water  Supply  Pipes 

In  our  issue  of  Sept.  2'>,  1918,  we  described  the  deactivator 
system  of  elniinating  corrosion  in  hot  water  supply  pipes. 
Under  this  system,  by  keeping  hot  water  under  pressure  in 
contact  with  a  large  surface  of  iron,  it  is  possible  to  remove 
and  "fix"  the  oxygen,  thus  rendering  the  water  practically 
non-corrosive.  This  method  has  been  adapted  to  practical 
use  in  three  plants — one  at  the  Hemcnway  Terrace  building 
in  Boston,  one  at  the  Research  Laboratory  of  the  National 
Tube  Co.,  and  the  third  at  the  Irene  Kaufmann  Settlement  at 
Pittsburgh.  The  matter  in  our  Sept.  25  article  was  based  on 
a  paper  by  Mr.  F.  N.  Speller,  metallurgical  engineer  of  the 
National  Tube  Co.,  presented  before  the  American  Society  of 
Heating  and  Ventilating  Engineers.  At  the  January.  1919, 
meeting  of  the  society,  he  contributed  a  further  discussion 
which  brings  up  to  date  the  matter  of  deactividation  of  hot 
water  by  the  above  process.  In  his  discussion  Mr.  Speller 
stated  that  no  trouble  had  been  experienced  with  their  the 
plant  of  the  Kaufmann  settlement  or  the  plant  installed  in 
Boston.  The  plans  at  the  Irene  Kaufmann  Settlement,  Pitts- 
burgh, has  now  been  in  use  continuously  for  over  three  years 
and  neither  of  these  apparatuses  have  been  opened  for  re- 
newal of  the  steel  plates  of  filter  material.  After  this  period 
the  analyses  of  the  water  shows  the  same  percentage  of  oxy- 
gen removal  as  was  found  when  these  plants  were  installed. 

The  new  test  pipe  put  into  the  Irene  Kaufmann  Settlement 
installation  two  years  ago,  using  deoxidized  water,  were  re- 
examined and  the  following  report  of  the  Pittsburgh  Testing 
Laboratory  describes  the  results  to  date: 

"The  pipes  included  in  this  test  were  originally  two  29  in. 
lengths  each  of  2  in.  uncoated  black  steel  pipe  and  2  in. 
wrought  iron  uncoated  black  pipe. 

The  installation  was  made  Nov.  22.  1916,  on  which  date 
it  was  first  put  into  service.  On  Dec.  24.  1917,  the  pipe  line 
was  reopened,  and  the  wrought  iron  pipe  and  steel  pipe  found 
to  be  practically  uncorroded  after  more  than  one  year  of 
service.  Their  inner  surfaces  were  covered  with  a  soft, 
black  slime.  Oxygen  removal  by  the  deoxidizer  had  at  times 
been  incomplete,  because  of  the  low  temperature  of  the 
water.  Nevertheless,  corrosion  had  caused  during  this  time, 
perforation  of  duplicate  pipes  in  part  of  the  same  hot  water 
system  unprotected   by   the  deoxidizer." 

"Samples  of  the  zinc  and  brass  which  had  been  in  the  line 
for  42  days  showed  practicaly  no  corrosion,  while  similar 
samples  in  the  unprotected  part  of  the  liot  water  line  showed 
pitting  of  the  zinc  and  solution  of  the  zinc  constituent  of  the 
brass,  leaving  metallic  cop-per  at  the  edges  of  the  brass  sam- 
ples. The  zinc  and  brass  specimens  were  put  back  into  the 
line,  and  riveted  couples  of  steel  and  copper  sheets,  and  of 
steel  and  brass  sheets,  were  also  placed  in  the  line.  Copper 
rivets  were  used. 

"On  Jan.  3,  1919,  after  two  years  and  42  days  of  service,  the- 
conditioti  of  the  pipes  in  the  deactivated  hot  water  line  was 
again  observed,  and  found  to  be  so  good  that  it  was  decided 
to  continue  the  test  for  at  least  another  year. 

"The  pipes  showed  the  same  soft  black  coating,  and  there 
was  no  evidence  of  pitting,  even  where  the  steel  pipe  was  in 
contact  with  a  brass  union,  a  condition  favorable  to  rapid  cor- 
rosion by  electrolytic  action. 

"The  specimens  of  zinc,  brass,  etc..  already  mentioned, 
were  removed,  and  sent  to  the  laboratory  in  order  to  deter- 
mine their  losses  in  weight  and  general  condition.  The  rela- 
tive losses  of  weight  were  very  striking.  The  zinc  plate  had 
lost  in  the  deactivated  water,  in  about  12  months,  only  1  per 
cent,  as  compared  with  10  per  cent  in  the  untreated  water  in 
the  same  line. 

"The  brass  plate,  during  the  same  period,  lost  less  than  0.1 
lier  cent  in  the  deactivated  water,  as  comitared  with  more 
than  1  per  cent  in  the  untreated  ))ortion  of  I  he  water  in  the 
line. 

"The  steel  in  the  riveted  brass  and  steel  couple  lost  about 
Ifi  per  cent  in  the  deactivated  water,  but  was  entirely  cor- 
roded away  in  the  untreated  water  in  the  .same  line. 

"In  the  case  of  the  riveted  steel  and  copper  plates,  the  loss 


(39^ 


I  \'  .1 


XluLKlXu    AND    CONTRACTING 


Vol.  51,  No.  9. 


at   llio  slfi'i   111   lilt!  iloiiilUiiloJ   water  was  '.'(l   IHT 

.   in  (li«'  uiiirt'iui-a  wiih-r  il«<  sloi-l  was  (U'.ttroycil  b.v 

i.oriir«>  tlio  oiul  i>f  ilif  1-  iiioiitlis'  period. 

..il    i>f    llu>    oxyKen    liy    tlie    Speller    cleoxidlzer    has 

I.  .  M   III,,   means  of  liiiiileriiiK  llie  eorrosion  of  wroiiBliI    iron 

.ii;.l    -leel    pipe  exposed   for    over  two  years   in  a   liol    water 

liiif      In  llie  meantime.  sjieclmonH  of  the  same  Iron  ami  steel 

pilH-  have  faileil  by  pltliiiK  In  less  than  a  year  in  an  unpro- 

lt*eied  |M«rl  of  the  same  hot  water  line." 


Air  Syphon  Blowers  for  Rivet  Furnaces 

r>i.>   ii.^r  111    lii^li   |Ki  .--.-.lire  ;iii-  lor  ii\irt   linnaics  ollen   re- 
in a  waste  o(  power.     Ily  applying  a  jet  syphon  lo  the 

onneotloii  near  the  rivet   furnace  a   lar^e  percentaRe  of 

the  hiKh  pressure  air  used  to  supporl  eombuslion  ean  be 
.^aved  The  hish  pressure  air  passini;  through  the  nozzle  of 
the  syphon  draws  in  a  liberal  Quantity  of  fresh  air  which  is 
mixed  with  the  Initial  air  and  delivered  lo  the  furnace  with 
It.  The  average  air  used  by  a  rivet  furmice  runs  from  20  to 
4ii  ru    ft.   per  luinute.    A  properly  designed  syphon  blower 


Fig.  1 — Two-Stage  Rivet  Furnace   Blower. 
Fig.    2 — Application    of     Blower    to     Rivet     Furnace. 

will  easily  reduce  the  high  pressure  supply  to  25  per  cent  of 

the  total,  utilizing  7.5  per  cent  of  free  air  in  the  furnace. 

The  percentage  of  induced  free  air  taken  in  under  fixed 
conditions  depends  entirely  on  the  more  or  less  correct  de- 
sign of  the  syphon  blower,  and  runs  from  30  per  oent  in  some 
of  the  crude  arrangement  to  75  per  cent  or  80  per  cent  for 
the  best  standard  makes  of  syphons.  The  higher  efficiencies 
are  obtained  by  multiple  nozzle  arrangements,  in  which  a 
very  small  high  pressure  air  jet  (less  than  's  in.  in  diameter 
for  an  ordinary  rivet  heater  syphon)  discharges  through  an 
injector  tube  drawing  in  a  small  quantity  of  free  air.  The 
first  injector  tube  discharges  into  a  second  one  forming  ,a 
second  syphonic  action,  etc.,  which  is  carried  on  tlirough  suc- 
cessive stages  where  high  pressures  are  to  be  reduced  to 
relatively  low  ones. 

The  accompanying  illustration  (Fig.  1)  from  the  Standard 
Practice  Bulletin  of  the  Division  of  Steel  Ship  Construction 
of  the  U.  S.  Shipping  Board,  shows  a  simplified  design  of  a 
2-stage  rivet  furnace  blower. 

In  this  design  a  standard  1%  in.  screwed  pattern,  cast  iron 
tee  is  used  for  the  body  of  the  instrument.  The  self-con- 
tained cast  brass  nozzle  arrangement  is  screwed  into  one  end 
of  the  tee  and  provided  with  threaded  connection  for  high 
pressure  pipe,  while  the  delivery  tube  connecting  the  body  to 
the  furnace  is  screwed  into  the  other  end.  In  order  to  give 
rugged  construction  and  further  economize  in  production,  a 
short  piece  of  standard  pipe  is  used  for  the  delivery  tube  and 
the  correct  syphonic  proportions  are  obtained  by  the  inser- 
tion of  a  non-corrosive  lining.  It  is  stated  that  if  the  nozzles 
are  properly  proportioned  blowers  of  this  design  will  give 
thoroughly   good  results. 


Consolidatinj^   the    American    En- 
^ineerinj^  Professions' 

By  A.  11.   FMNN. 
Secretary,  lOngineering  Council. 

The  orgauizalion  of  engineers  in  America  is  chaotic,  com- 
plex, and  illogical.  As  consequences  there  are  confusion, 
waste,  Inetliciency,  and  dissatisfaction,  which,  however,  are 
exaggerated  in  some  minds.  If  no  associations  existed,  it 
would  be  relnlively  easy  to  plan  and  create  a  system  of  or- 
ganization that  would  satisfy  demands  mucli  more  effectively 
than  does  the  present  multiplicity  of  unrelated  societies. 
But  there  have  grown  with  the  years  traditions,  and  loyal- 
ties, and  prejudices,  clustering  about  the  societies  that  now 
are.  An  answer  lo  the  problem  thus  created  is  not  easy. 
To  me  the  solution  is  not  obvious,  but  some  progress  in  the 
process  is  now  appearing.  There  nmst  be  extensive  con- 
solidations, more  federation,  and  much  simplification,  each 
of  which  demands  elimination.  Steps  are  being  taken,  or 
preparations  made  for  them,  in  various  ways  and  places, 
and  by  a  number  of  agencies.  They  will  be  accelerated  as 
their  benefits  gain  appreciation:  but  education,  time,  and 
patience  are  needed  for  attaining  the  goal. 

The  Problems  Confronting  a  Consolidation  Scheme. — 
What  are  the  present  desirable  limits  to  consolidation  and 
federation?  To  what  goal  should  they  tend?  By  what 
methods  and  means  can  they  best  be  brought  about?  These 
and  similar  questions  are  not  being  answered  conclusively, 
because  the  necessary  facts  are  not  in  hand.  We  have  been 
muddling  along  in  an  unengineering  fashion,  attempting  to 
plan  and  design  and  specify  without  a  survey.  On  Sept.  12, 
Engineering  Foundation  by  formal  vote  proposed  to  make 
the  much-needed  survey  and  preliminary  studies,  the  four 
Founder  Societies  concurring.  Of  the  necessity  for  this 
survey  I  have  been  more  deeply  convinced  with  the  passing 
weeks,  as  I  have  listened  to  ineffective  arguments  and  to 
misstatements  based  on  ignorance  which  can  be  corrected 
only  by  the  results  of  the  proposed  survey  of  en.gineering 
organizations. 

Without  the  enlightenment  of  such  a  survey  it  now  seems 
that  the  following  elements  of  organization  are  desirable 
for  the  engineering  profession  in  America:  Excepting  possi- 
bly three  or  four  cities  having  large  numbers  of  engineers, 
there  should  be  in  each  community,  having  a  sufficient  group 
of  technical  men  to  be  organized,  one  organization  that  em- 
braces them  all.  Reasons  for  this  are  obvious.  This  or- 
ganization may  be  an  association  of  local  societies  and  sec- 
tions of  national  societies,  or  it  may  be  a  society  admitting 
to  its  membership  men  of  all  branches  of  the  profession. 
Examples  of  both  forms  of  organization  exist  in  a  number  of 
places.  Local  organizations  should  have  large  measures  of 
autonomy,  but  should  conform  to  approved  types  and  stand- 
ards. 

Logically,  the  next  step  in  organizing  would  be  the  com- 
bining of  these  local  organizations  into  one  or  a  few  na- 
tional societies,  so  that  the  loyalty,  interest,  comradeship, 
and  activities  naturally  developed  by  the  local  organizations 
would  flow  to  the  national  societies.  But  at  this  step  the 
difficulties  increase.  Many  engineers  cannot  become  ac- 
tive members  of  local  organizations,  because  of  distances 
from  headquarters:  others  do  not  desire  local  membership. 
If  there  were  only  one  national  society,  many  of  the  diffi- 
culties of  scheming  a  system  of  organization  would  disap- 
pear: but  there  are,  and  probably  for  some  years  will  be, 
several  national  societies  of  importance,  and  in  each  local 
organization  there  will  be  members  of  two  or  more  national 
societies.  A  number  of  plans  have  been  submitted  to  me 
tor  overcoming  these  difficulties.  None  is  wholly  acceptable. 
These  problems  lie  at  the  bottom  of  the  tasks  of  the  com- 
mittee on  development,  of  the  American  Society  of  Civil 
Engineers,  and  of  the  committee  on  aims  and  organization,  of 
the  American  Society  of  Mechanical  Engineers,  and  similar 
committees  which  may  be  appointed  by  other  societies. 
Many  engineers  are  giving  them  earnest  thought. 

There  are  said  to  be  approximately  400  organizations  of 
engineers  in  America,  of  various  kinds.     Of  these,  about  one- 
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quarter  are  the  leading  national  societies  and  tlieir  local 
sections.  In  general,  the  remaining  societies  have  no  oflicial 
relationship,  excepting  the  associations  of  local  societies  and 
sections  in  a  few  communities.  Consequently  the  engineer- 
ing profession,  before  the  public  and  Government,  has  no 
one  organization  which  represents  it  as  a  whole,  as  have 
the  medical  profession,  the  lawyers,  the  chemists,  the  archi- 
tects, the  Chamber  of  Commerce  and  even  labor.  In  the 
memberships  of  the  Founder  Societies,  aggregating  llfj.OOO 
engineers,  there  have  been  variously  estimated  to  be  only 
one-third  to  one-sixth  of  the  total  number  of  engineers  in 
the  cotmtry.     The  engineering  profession   lacks  solidarity. 

Engineers  Have  Exceptional  Facilities. — Not  a  little  of 
the  dissatisfaction  voiced  in  various  quarters  as  to  the  short- 
comings of  the  national  societies  grows  out  of  ignorance  or 
lack  of  apprehension  of  benefits  actually  received.  In  no 
small  measure  the  complainants  are  at  fault  in  not  making 
better  use  of  the  facilities  provided  and  the  means  of  in- 
formation put  within  their  reach.  Furthermore,  some  im- 
portant benefits  of  membership  in  large  technical  societies 
are  intangible  and  not  capable  of  definition;  not  a  few  per- 
sons overlook  these.  Nevertheless,  there  are  causes  for 
reasonable  dissatisfaction.  The  societies  are  endeavoring  to 
remove  these  as  they  are  recognized  and  remedies  can  be 
found.  Humanity  and  its  institutions  will  never  be  wholly 
rid  of  dissatisfaction,  and  to  this  truism  engineers  are  no  ex- 
ception. 

In  this  connection,  a  quotation  from  the  presidential  ad- 
dress of  Charles  T.  Main  to  the  American  Society  of  Me- 
chanical  Engineers,   December,   1918,  is   interesting   reading: 

In  the  Monthly  Bulletin  ot  the  American  Institute  of  Mining 
Engineers.   March.  191S.  there  appeared  the  following: 

The  vision  dwells  in  the  minds  of  many  that  ultimately  these 
four  g*reat  societies,  lightening  the  emphasis  they  place  upon  Iheii 
differences,  may  see  the  time  when,  for  the  solidarity  of  the  pro- 
fession, for  their  best  interests,  as  well  as  for  tlie  increase  of  their 
influence  on  the  country  at  large,  they  may  become  one  great 
national  association  of  engineers.  With  the  gain  in  power  and 
prestige  inevitably  following  such  an  aggregation,  freedom  for  in- 
dividual development  may  be  achieved  through  divisions  along  the 
lines  of  technical  interests,  which  might  either  follow  the  prf'seiit 
four  grand  divisions  or  be  more  minutely  subdivided. 

.An  or.ganization  ot  this  sort  could  and  probably  would  lie  more 
.strictly  professional  than  any  of  the  tour  have  been  heretofore,  and 
through  the  prestige  and  power  of  its  numbers  could  establish 
standards  ot  ethical  conduct  for  its  members,  violation  of  whii  ii 
would  bring  grave  consequences. 

This   great    vision    is   worthy   of   the    most    careful   con.sideration 
and    might   be   carried   with   safety   to   a   point    where   the   national 
societies  would   be  gathered  in  under  one   e.Kecutive  head,   without 
any  one  losing  any  vital  portion  ot  its  individuality, 
should  go  for  some  time  to  come. 

Whatever  scheme  of  organization  be  ultimately  selected, 
it  must  be  Hexible,  so  as  to  meet  successfully  constantly 
changing  conditions,  and  it  must  provide  for  both  technical 
and  social  requirements  of  the  membership,  while  maintain- 
ing high  standards.  "Social  requirements"  is  here  used  to 
mean,  in  addition  to  social  intercourse  among  members, 
services  of  the  organizations  to  Government  and  to  the  pub- 
lic, and  services  to  engineers  individually,  such  as  assist- 
ance in  securing  engagements  and  better  standing  in  cor- 
porate and  governmental  employment.  Technical  and  so- 
cial functions  probably  will  be  best  kept  distinct.  Some 
engineers  even  suggest  separate  organizations;  but  at  pres- 
ent prefer  separate  departments  of  one  organization  or  of 
a  federated  group  of  organizations. 

The  United  Engineering  Society. — So  far  as  known,  none 
of  the  leading  organizations  has  stated  a  definite  policy  on 
these  questions.  Opinions  herein  expressed  are  only  per- 
sonal. The  statements  in  this  paper  are  merely  a  contribu- 
tion to  the  general  discussion  of  this  subject  by  one  who  for 
several  months  has  had  especial  opportunities  for  learning 
the  opinions  of  others  and   gathering  a  little  information. 

As  regards  the  joint  activities  of  the  American  Society  of 
Civil  Engineers,  the  .\merican  Institute  of  Mining  Engineers, 
the  American  Society  of  Mechanical  Engineerjl,  and  the 
American  Institute  of  Electrical  Engineers,  the  present  or- 
ganization seems  involved;  and  even  some  members  of  the 
governing  bodies  of  these  societies  have  difficulty  in  keep- 
ing relationships  straight.  It  is,  however,  not  so  complex  as 
some  persons  assume.     It  may  be  simply  stated  as  follows: 


The  four  Founder  Societies  named  have  joined  in  creating 
the  United  Engineering  Society  to  hold  and  administer  prop- 
erty and  to  perform  other  broad  functions  for  them.  At  their 
request  the  L'nited  Engineering  Society  has  established  three 
departments,  the  Library  Board,  the  Engineering  Founda- 
tion, and  lOngineering  Council. 

The  Engineering  Societies  Library  has  possibilities  for 
active  usefulness  to  the  engineering  profession  and  to  (he 
industries  of  this  country.  Its  present  passive  services  are 
good  and  of  great  value,  but  the  library  can  do  much  more. 
Funds  are  needed  at  once  for  complete  re-cataloguing  of  the 
books,  for  strengthening  the  collection  of  books,  and  for 
instituting  new  lines  of  service.  The  books  of  the  societies 
have  been  brought  together,  but  they  have  not  yet  been  as- 
sembled as  one  library.  Never,  except  during  the  war,  has 
it  been  so  important  that  all  useful  recorded  technical  in- 
formation should  be  fully  and  quickly  accessible  to  engineers 
— not  only  to  those  in  the  New  York  district,  but  also  to 
those   scattered   throughout   the   whole  land. 

The  Engineering  Foundation  now  has  an  endowment  of 
.$300,000,  yielding  an  annual  income  of  $1.5,000.  It  ren- 
dered vital  financial  assistance  to  the  National  Research 
Council  at  the  latter's  inception  in  1916,  and  for  the  year 
terminating  in  September,  1917.  That  council  performed 
services  of  great  importance  to  the  (Jovernnient  during  the 
war.  For  the  future  it  already  has  in  hand  many  projects. 
One  of  the  most  important  of  these  is  the  promotion  of  in- 
dustrial research,  in  which  the  Engineering  Foundation  is 
co-operating.  The  Engineering  Foundation  investigated  a 
scheme  for  spray  camouflage  of  ships:  is  conducting  long- 
time tests  on  the  wear  of  gears,  and  is  making  a  research 
on  fhe  selective  control  of  wireless  communication.  It  has 
offered  to  undertake  a  "survey  of  existing  engineering  or- 
ganizations, and  from  information  thus  developed  to  formu- 
late a  series  of  constructive  recommendations  which  may  be 
serviceable  in  guiding  the  further  development  of  local  and 
national  engineering  organizations,  in  their  relations  to  the 
profession  of  engineers,  to  the  public,  and  to  one  another." 
Other  projects  are  being  studied,  but  cannot  yet  be  an- 
nounced. Engineering  Foundation's  policy  is  to  devote  its 
energies  and  resources  to  undertakings  of  broad  application, 
such  as  bringing  about  and  stimulating  co-operation  among 
existing  agencies  engaged  in  research  and  outlining  pro- 
grams and  organizations  for  research  in  specific  fields. 

The  Engineering  Council,  since  its  organization  meeting 
on  June  27,  1917,  has  made  progress  in  exploring  its  proper 
field  of  activity  and  fixing  some  of  its  boundaries.  It  has 
accomplished  much  useful  but  negative  work.  In  other 
words,  it  rejections  have  been  important  and  have  consumed 
much  time.  But  there  are  noteworthy  constructive  achieve- 
ments, also,  on  the  credit  side  of  its  records.  During  hos- 
tilities the  Council  rendered  no  small  aid  to  the  Govern- 
ment through  the  American  Engineering  Service,  which  pro- 
cured thousands  of  engineers  for  the  War,  Navy  and  other 
departments,  and  through  the  War  Committee  of  Technical 
Societies,  which  assisted  the  Naval  Consulting  Board  and 
the  Army  General  Staff  in  examining  scores  of  thousands 
of  suggestions  for  naval  and  military  devices.  Through 
efforts  of  its  public  affairs  committee,  the  Council  aided  in 
having  the  military  draft  adjusted  to  permit  the  continuance 
of  training  in  the  engineering  schools  of  the  vitally  neces- 
sary technical  men.  Through  the  industrial  affairs  com- 
mittee vigorous  opposition  was  offered  to  "anti-efficiency 
legislation"  in  Congress.  Ten  days  after  the  signing  of  the 
armistice,  the  En.gineering  Societies  Employment  Bureau, 
with  the  four  Founder  secretaries  as  its  board  of  directors, 
was  substituted  for  the  war-time  American  Engineering 
Service.  The  fuel  conservation  committee  acted  in  a  con- 
sulting capacity  to  the  Fuel  Administration  and  the  Bureau 
of  Mines  in  securing  war  economies,  and  is  continuing  its 
much-needed  services  into  the  era  of  peace.  The  water- 
conservation  committee  is  prepared  1o  promote  right,  and  to 
oppose  wrong,  national  or  state  governniendil  actions  relat- 
ing to  water-power  or  other  utilization  of  water,  by  supply- 
ing statements  of  facts  rather  than  joining  in  controversial 
sujiport  or  opposition  of  any  particular  measure.  The  li- 
cense committee,  with  members  judiciously  distributed 
throughout  the  country,  is  collecting  information  on  the  li- 
censing  of   engineers    by    the   various   states,   and    is    prepar- 
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InK  JO  render  proper  imslstance  in  thoso  inntter.4  whenever 
lu-eilfil  Tlif  piilenis  ooniniUlee.  i-ooperutlns  wllli  oilier  .slin- 
ilur  binlie.H,  i.s  pr<<pitrinK  inipurlant  iiotiun  for  the  liiiprove- 
nu-nl  o(  the  patent  law  ami  pnicltco.  I>urin^  the  spring 
,.11. 1  «iM.,i,u»r.  the  .secretary  visited  groups  of  onsineers  rep- 
the    lucul    societies    and    sections    of    national    so- 

:;   20  different   cities   from   the   Atlantic  seaboard  to 

the  faclilc  (.■'oast.  In  30  or  more  communities  local  cor- 
respondents have  been  selected  for  direct  communication 
lH>t»een  KnKlneerinK  Council  and  onsineers  at  distances 
from  hendqunrters.  Furthermore,  Important  projects  of  In- 
ler^'st  to  nil  enKlneers  are  in  preparation  and  may  soon  be 
announced.  One  of  these  is  the  formation  of  a  national 
service  coinmlttec.  which  is  to  have  an  oBlce  In  WashiiiKton. 
as  the  repr«>»enintive  of  Amoricnn  engineers  at  the  national 
cApltnl. 

.Ml  alms  and  endeavors  of  engineers  through  their  na- 
tional and  local  societies  and  their  Joint  instrumentalities 
must  be  pervaded  by  n  sincere  spirit  of  service,  not  alone 
of  one  to  another,  but  by  all  to  the  community,  the  state, 
and  the  nation.  Such  public  service  by  engineers,  archi- 
tects, chemists,  scientists,  doctors,  lawyers,  and  clerymen  is 
our  professional  obligation,  the  noblesse  oblige  of  a  free  and 
ilemocnitlc  people.  Kach  profession  has  its  distinct  service 
to  perform.  In  each  profession  there  are  big  men  and  small 
men:  each  must  contribute  according  to  that  which  he  has. 
Service  is  the  only  true  stepping-stone  to  that  eminence 
which  alone  is  worth  attaining.  Greater  opportunities  have 
never  opened  to  American  engineers  than  those  which  con- 
front them  in  these  rapidly  passing  years  of  war  and  "re- 
construction." 


The  Engineer  and  Labor* 

There  is  probably  no  (iue,>;(ion  ilial  is  cunlronliiig  the  world 
that  means  more  to  it  than  the  conflict  of  labor  and  capital. 
It  has  always  been  my  hope  that  the  engineer  would  be  the 
man  to  correctly  solve  that  and  successfully  bridge  the 
chasm  between  the  two.  There  isn't  a  man  who  should  un- 
derstand labor  better  than  the  engineer,  because  labor  is 
merely  one  of  the  tools  that  he  uses  to  carry  out  his  ideas. 
It  is  Just  as  necessary  to  him  as  his  slide  rule.  His  plans 
and  his  hopes  and  his  promises  could  not  be  accomplished 
unless  he  employed  labor.  No  trained  educated  professional 
man  comes  closer  to  labor  than  the  engineer.  He  certainly 
should  understand  labor  better  than  any  other  man.  I  re- 
gret to  say  thai  apparently  he  does  not.  I  will  just  tell  you 
a  little  incident  to  show  you  how  it  has  struck  me  and  been 
borne  in  upon  me. 

While  Chief  Engineer  of  the  Chicago  &  Northwestern  Ry. 
Co.  my  two  boys  during  their  college  education  wanted  to 
work  right  near  where  we  were  living.  We  were  building  a 
bridge  on  our  main  line  involving  rather  difficult  questions 
of  foundations;  and  so  I  got  them  a  job  with  the  contrac- 
tor. They  wheeled  sand  and  cement  and  broken  stone,  got 
down  in  the  cofferdam  and  dug  mud,  and  every  other  thing. 
And  as  soon  as  the  workmen  on  the  job  got  onto  the  fact 
that  they  were  the  sons  of  the  Chief  Engineer  of  the  road 
they  had  their  doubts  about  the  sanity  of  the  Chief  Engi- 
neer for  not  getting  his  sons  a  better  job.  But  nevertheless 
I  had  the  pleasure  every  night,  when  I  returned  home,  of 
discussing  with  those  two  boys  what  had  happened  during 
the  day  and  how  things  went  with  them.  And  they  quickly 
found  a  new  view  of  life,  a  new  estimate  of  their  fellow- 
men.  Now,  these  men,  as  soon  as  they  found  they  were 
college  boys,  would  come  around  and  ask  them  questions 
about  the  events  of  the  day,  things  that  they  had  read  in  the 
newspaper  and  what  they  thought  of  it;  asking  for  e.xplana- 
tions  of  things  that  they  didn't  understand.  So  that  I  felt 
those  two  boys  got  a  training  that  no  college,  no  educational 
institution  could  give  them;  something  that  I  hope  will  be 
of  benefit  to  them  for  the  rest  of  their  lives  in  correctly 
estimating  their  fellowmen. 

Now,  engineers,  in  all  the  work  that  you  handle,  all  the 
men  that  you  direct,  you  should  get  closer  to  them,  you 
should  know  their  hopes  and  their  aspirations  and  their  de- 

^■^IX^'""  ^"  address  of  W.  H.  Finley.  President  of  the  Chicago  &- 
Northwestern   Ry.,   presented  Feb.   10  before  the  New  York  Chap- 
•  r.   .V-.nerican   Atsotiation   of   Engineers. 


..;t..  bi.'i.au.-.c  tUi\  ait'  making  up  this  country  just  the 
same  as  you  are.  1  have  never  In  my  e.\perience  as  an  en- 
gineer in  directing  work,  whether  it  was  In  the  pneumatic 
caisson  with  the  Father  of  Waters  rolling  over  the  top  of 
us  and  with  the  body  of  the  sand  hog  glistening  while  we 
were  lowering  the  caisson,  or  anywhere  else,  failed  to  find 
that  the  human  touch  meant  more  than  anything  else.  It  is 
what  we  lack  in  our  dally  recreation  with  the  men  that  we 
work  with;  the  human  touch  and  the  human  feeling.  It's 
the  thing  that  Is  going  to  be  necessary  in  this  new  condi- 
tion that  is  coming  over  society.  It  is  coming.  We  have 
got  to  have  a  better  understanding  with  each  other,  a  bet- 
ter understanding  of  each  other  and  of  our  fellowman,  who- 
ever he  may  be.  As  long  as  he  is  associated  with  us,  is  a 
liart  of  the  force  that  is  helping  us  build  up  the  country,  we 
should  understand  that  we  should  analyze  him  and  we  should 
know  him  better  than  we  do.  I  have  always  had  the  most 
loyal  support  of  any  men  that  I  directed  on  work,  and  they 
felt  that  I  wasn't  afraid  to  talk  with  them,  not  afraid  to 
discuss  matters  with  them  and  not  afraid  to  listen  to  them. 
1  am  willing  to  admit  that  I  have  received  many  a  good  sug- 
gestion from  a  man  who  bore  no  relation  whatever,  as  far 
as  training  or  education  was  concerned,  to  an  engineer;  and 
the  absolute  joy  that  it  was  to  an  ordinary  workman  to  see 
me  adopt  something  that  he  suggested  was  more  than  dol- 
lars and  cents  or  an  increase  in  the  pay  check. 

I  have  never  had  them  hesitate  to  undertake  the  most 
dangerous  and  desperate  work  in  washouts,  ih  trouble  when 
things  didn't  go  as  they  should  go;  and  I  always  felt  a  kindly 
regard  for  them.  Early  in  my  engineering  career  I  special- 
ized more  or  less  in  bridge  work  and  I  handled  bridge  erect- 
ing crews.  And  there  is  no  better  class  of  workmen,  or 
wasn't  in  my  day,  than  the  bridge  erector — or  structural 
iron  worker,  as  you  call  him  now.  He  was  willing  to  do  any- 
thing if  the  engineer  in  charge  told  him  to  do  it.  He  was 
willing  to  take  any  chance  that  might  appear  a  chance  to 
him  and  go  in  the  most  dangerous  place.  And  I  have  always 
had  a  high  respect  for  him  for  that  reason.  That  is  why,  as 
1  said  at  the  beginning  of  the  talk  on  labor,  the  engineer 
should  really  understand  labor  belter  than  he  does.  He 
should  have  been  the  leader  of  labor.  He  should  have  been 
the  man  whom  they  would  look  to  for  advice  and  for  help. 
But,  I  must  say  again,  unfortunately  the  engineer  has  not. 
Whether  he  has  been  afraid  of  himself  or  for  whatever  rea- 
son, he  has  not  established  that  close  relation  with  the  men 
that  he  was  working  with  or  who  were  working  for  him, 
that  he  should  have  established. 


Results    of   Test     of    a     4-Way    Reinforced    Concrete     Slab 

Floor.  —The  Engineering  Experiment  Station  of  the  Univer- 
sity of  Illinois  has  issued  a  bulletin  giving  the  results  of  tests 
on  a  4-way  reinforced  concrete  flat  slab  floor  of  the  West- 
ern Newspaper  Union  Bldg.  in  Chicago,  111.,  just  before  it 
was  razed  in  1917  to  secure  space  for  the  present  Union 
Passenger  Station.  The  tests  were  conducted  under  the 
general  supervision  of  Professor  Arthur  N.  Talbot  and  the 
direct  supervision  of  Harrison  F.  Gonnerman,  Research  As- 
sociate in  Theoretical  and  Applied  Mechanics  in  the  Engi- 
neering Experiment  Station.  The  floor  construction  used  in 
the  first  five  floors  of  the  building  was  slab  and  girder  type 
while  that  of  the  upper  three  floors  was  Turner  mushroom 
flat  slab  type  with  4-way  reinforcement.  The  tests  were 
made  on  the  sixth  floor.  A  test  load  of  913  lb.  per  square 
foot  was  applied  over  four  panels  each  17  ft.  5%  ,in.  by  19 
ft.  41/4  in.  This  load  was  considerably  greater  in  proportion 
to  the  design  load  than  had  ever  been  used  in  previous  tests 
of  buildings.  The  information  secured,  therefore,  which 
shov.'s  the  action  of  the  slab  in  its  various  parts  given  by 
the  strain  measurements  has  an  important  bearing  on  the 
design  of  the  flat  slab  structure.  The  text  of  the  bulletin 
is  adequately  illustrated  by  means  of  photographs  and  dia- 
grams in  which  such  data  as  the  following  are  given:  "Ar- 
rangement _  of  Reinforcement  in  Test  Area."  "Location  of 
Gage  Lines  on  Upper  and  Lower  Side  of  Slab,"  "Load-deflec- 
tion and  Location  of  Deflection  Points,"  "Load  Strain  for 
Gage  Lines  on  Reinforcing  Bars  on  Upper  and  Lower  Sides 
of  Slab."  Copies  of  the  bulletin  may  be  had  gratis  by  ad- 
dressing the  Engineering  Experiment  Station,  LTniversity  of 
Illinois,  Urbana,  111. 
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Effect  of  Rolling  on  Rusting  of 
Iron  and  Steel* 

It  has  been  observed  that  some  of  the  older  iron  resists 
corrosion  better  than  the  modern  rolled  iron  product  (the 
term  iron  is  used  in  its  general  sense  and  includes  the  va- 
rious rolled  shapes  whether  from  the  Bessemer  process  or 
other  well  known  processes). 

Now  in  attempting  to  throw  some  light  on  these  eoi-rosion 
problems  you  may  or  may  not  agree  with  the  speaker's  point 
of  view,  but  you  must  all  admit  the  fact  that  modern  rolled 
iron  does  not  successfully  withstand  the  elements  of  o.xygen 
and  moisture  although  its  chemical  refinement  is  almost  that 
of  pure  iron.  To  begin  with,  it  is  contended  by  the  speaker 
that  the  chemistry  of  iron  or  steel  plays  a  very  minor  part  in 
the  behavior  of  the  finished  product,  insofar  as  the  influence 
of  corrosion  is  concerned.  Other  influences  in  the  manufac- 
ture of  rolled  iron  products  such  as  a  laminated  structure 
surely  play  an  immensely  major  role  as  will  invariably  be  ad- 
mitted by  those  who  have  been  keen  observers  of  the  rela- 
tive destructive  influences  takin.g  place  on  the  various  parts 
of  bridge  structures.  Many  strikin.g  examples  of  this  view 
can  be  pointed  out. 

For  instance,  the  100-year-old  link  chain  suspension  bridge 
at  Newburyport,  Mass.,  has  attracted  much  attention  among 
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metallurgists  because  it  has  suffered  from  corrosion  scarcely 
at  all  and  has  had  comparatively  little  painting  or  artificial 
protection.  The  only  irons  which  we  can  find  to  have  lasted 
better  than  this  are  cast  iron  pipes  or  cast  iron  structures — 
some  of  which  were  put  into  service  250  years  ago  and  are 
still  in  use.  Some  metallurgists  have  laid  claim  to  the  chem- 
ical purity  of  these  old  iron  structures  and  they  have  thus 
tried  to  explain  their  long  life,  but  such  a  claim  has  been 
completely  destroyed  by  removing  and  analyzing  one  of  the 
old  chain  links  from  the  bridge  at  Newburyport.  and  accord- 
ing to  a  recent  printed  report:  "Some  of  the  links  have  been 
examined  and  found  to  be  of  very  ordinary  purity  and  of  a 
most  heterogenous  structure,  segregation  of  the  impurities 
being  decidedly  noticeable.  The  question  of  inherent  supe- 
riority in  the  iron  itself  was  settled  by  heating  and  rolling 
one  of  the  links  into  a  sheet  and  exposing  it  to  the  weather, 
when  it  was  found  that  it  corroded  quite  as  readily  and  ex- 
tensivel.v  as  the  rolled  material  of  today." 

In  Fig.  1,  which  is  a  reproduced  drawing  from  a  standard 
text  book  on  Metallography,  there  are  indicated  the  various 
commercial  grades  of  iron  products  familiar  to  all  of  yon. 
Beginning  with  the  pig  iron  it  will  be  noted  that  the  carbon 
content  is  greater  than  5  per  cent.  Next  comes  gray  iron 
with  a  carbon  content  of  3.2  per  cent  to  4.6  per  cent.  While 
cast  iron  is  next  with  a  carbon  content  ranging  from  2.2  per 
cent  to  3.2  per  cent.  The  iron  which  has  a  carbon  content 
less  than  2  per  cent  is  generally  known  as  steel  and  this 
material  may  be  rolled  or  manipulated  mechanically  while 
cold  or  at  a  red  heat  whilst  all  other  classes  of  iron  must 
be  cast  into  their  desired  shapes  or  forms.     Glancing  at  the 


left-hand  side  of  the  chart,  the  various  temperatures  at 
which  iron  melts  and  freezes  or  solidifies  may  be  observed. 
It  will  be  noted  that  these  temperatures  are  somewhat  lower 
for  gray  cast  iron  than  for  steel  and  are  yet  higher  for  pig 
iron  than  for  gray  iron.  These  very  high  temperatures;  that 
is,  those  above  2,000^  F.,  have  no  significance  for  the  iron 
members  used  in  bridge  construction  except  that  they  indi- 
cate the  degree  of  heat  at  which  the  large  steel  ingot  was 
cast.  These  ingots  are  rolled  into  various  shapes  at  tem- 
lieratures  more  than  1,000"  F.  below  the  freezing  or  casting 
l>oint  of  the  metal.  The  metal  itself  is  worked  at  excessively 
high  speed  and  inasnmch  as  the  reduction  in  the  cross-sec- 
tional area  of  the  billet  is  made  at  infrequent  passing  through 
the  rolls  the  metal  does  not  attain  its  full  crystal  growth 
which  can  only  be  restored  to  the  internal  structure  by  rais- 
ing the  temperature  well  up  within  the  solid  solution  range 
or  by  entirely  remelting.  If  the  final  rolling  of  steel  members 
takes  place  below  the  solid  solution  range,  decided  lamination 
of  the  structure  is  apt  to  exist  and  such  steel  is  known  to 
succumb  very  rapidly  to  oxidation. 

This  explanation  of  corrosion  phenomena  seems  to  be  en- 
tirely borne  out  by  the  tact  that  cast  steel,  cast  white  iron, 
cast  gray  iron  or  east  pig  iron  whether  they  have  a  siliceous 
skin  surface  or  not,  all  resist  corrosion  almost  equally  well 
whilst  rolled  iron  deteriorates  at  a  rapid  rate.  Careful  ob- 
servation of  corroded  iron  will  show  that  rolled  iron  disin- 
tegrates into  large  flakes  of  rust  whilst  cast  steel  an4  cast 
iron  take  on  a  permanent  oxide  coating  which  inhibits  further 
deterioration. 

Now  to  explain  why  some  of  the  rolled  iron  made  -10  or 
50  years  ago  behaves  better  than  the  modern  rolled  product 
we  liave  only  to  compare  the  methods  of  rolling  and  the 
speed  of  producing  a  given  section  of  metal.  In  former  years 
more  passing  of  the  metal  at  lighter  draughts  through  the 
rolls  was  one  feature;  another  was  the  more  uniform  ma- 
nipulation by  slower  processes.  Moreover,  this  explanation 
is  further  borne  out  by  the  more  rapid  deterioration  of  parts 
of  modern  rolled  members,  such  as  the  web  of  a  steel  rail 
which  flakes  off  in  rust  scales  more  rapidly  than  the  part 
of  the  section  such  as  the  ball  or  flange,  both  of  which  have 
undergone  less  internal  structural  deformation. 

To  engineers  interested  in  obtaining  a  higher  rust  resisting 
metal  for  modern  bridge  structures  there  seems  to  be  a  tenta- 
tive recommendation  that  can  be  made  to  the  effect  of  estab- 
lishing the  final  heat  treatment  of  rolled  members  well  up 
within  the  solid  solution  range  foi-  the  rolled  product  and  at 
the  same  time  requiring  a  lesser,  slower  and  more  uniform 
degree  of  crystal  deformation.  By  combining  these  two  fac- 
tors, it  is  the  speaker's  opinion,  we  can  look  forward  to  im- 
provement. 


Employment  for  Engineers. — The  professional  and  special 
section  of  the  United  States  Employment  Service,  formerly 
located  at  29  S.  La  Salle  St.,  Chicago,  has  removed  to  new 
and  more  extensive  quarters  at  63  E.  Adams  St.,  Chicago. 
This  section,  formerly  known  as  the  Division  of  Engineering, 
will  enlarge  its  service  to  include  all  kinds  of  professional 
and  technical  men  and  women.  During  the  war  this  branch 
of  employment  did  notable  work  in  placing  engineers  and 
technical  men  in  various  branches  of  the  war  and  the  Gov- 
ernment. No.w  its  activities  will  be  directed  toward  re- 
construction and  peace  needs.  It  will  serve  employer  and 
registrant  alike  and  will  strive  to  place  the  best  man  in 
the  place  where  he  is  most  needed.  No  charge  is  made  for 
this  service.  Engineers  and  professional  men  and  women 
desiring  the  services  of  the  Professional  Section  are  re- 
quested to  write  to  the  above  address  for  registration  blanks. 
In  order  to  secure  quick  service,  applicants  are  advised  to 
communicate  with  the  branch  of  the  Professional  Service 
which  has  jurisdiction  over  their  zone  district.  Those  people 
living  in  Illinois,  Indiana,  loM-a  and  surrounding  territory 
should  register  with  the  Chicago  office. 


♦■From  a  rlisciis.sion  by  Mr.  H.  Y.  Carson  of  a  paper  on  Uriils-'C 
Inspection  and  Reports,  presente'd  before  the  Brooklyn  EngiI1e»•r^' 
Club, 


Minnesota  Cities  May  Reimburse  Contractors  for  War 
Losses.  A  bill  is  before  the  state  legislature  of  Minnesota 
authorizing  cities  of  more  than  50,000  i)opuIation  to  reimburse 
contractors  on  municipal  work  for  losses  due  to  war  con- 
ditions. 
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Coiulitions   for    F.coiioniy    in    Re- 
inforced Concrete  \\  all  Design 

n\  i;Kt>m;K  iwasw  km, 

U'url>.  fur  Komo  kIvoii  IioIkIiI  of  wiill,  ii  counter- 
i  of  rt'liiforoi'il  eoniToio  bocoinos  clioiiiu'r  tluin  tin 
I."  or  •T"  rth»|>«>il  coiuTt'to  wall,  ii  siMirch  of  pprtlnent  liter- 
:>iur<-  fnllii  to  yield  any  simple  method  of  obdilnlnK  such  ii 
(hikIii.  mive  by  nrttinl  coniimrlsion  of  two  conipU'teil  designs. 
It  nwiy  b«  well  wnrlli  while,  then,  to  estiiblish  some  method 
of  ReitInK  thii<  "crltlrnl"  helRht. 

It  In  true,  extrunenus  factors  nmy  control  the  selection  of 
iy|H«s  of  Willis  and  I  heir  component  dimensions,  but,  sener- 
iilly,  u  wall  Is  so  designed  iis  to  satisfy,  most  economically, 
llt<  stresses. 

AKnin.  the  bending  moment,  shear  of  adhesion  stress  may, 
••ach  In  turn,  control  the  necessary  thickness  of  the  several 
imri.s  of  the  wall  as  the  helslit  varies.  It  is  to  be  noted,  how- 
ever, that  with  nire  exception,  such  several  stresses  usually 
niiuire  about  the  same  thickness  of  section,  though,  prob- 
ably, a  greater  variation  in  the  amount  of  reinforcement  re- 
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quired.  In  assumins.  then,  that  the  wall  dimensions  follow 
the  theoretical  requirements  a  large  percentage  of  actual 
cases  are  covered  and,  if  these  dimensions  are  taken  in  ac- 
cordance with  the  stress  of  simplest  expression,  no  serious 
error  results.  With  this  in  mind,  the  various  thicknesses  of 
both  the  cantilever  and  the  counterforted  are  those  given  by 
the  bending  moment  requirements. 

Before  entering  into  the  comparative  economy  of  the  two 
general  tj-pes  of  walls,  it  may  prove  serviceable  to  establish 
some  general  properties  governing  all  types  of  reinforced 
concrete  walls. 

By  ignoring  the  difference  in  weight  between  the  masonry 
and  the  earth,  the  ratio  between  the  width  of  base  and  the 
height  of  wall  may  be  expressed  quite  simply  as  follows: 
Using  Rankine's  expression  for  the  thrust  with  a  horizontal 
upper  surface  and  wiih  the  angle  of  repose  30",  together  with 
a  surcharge  of  depth  h'  the  thrust  is  found  to  be 

h» 
T  =  g— (l  +  2c)  (1) 

6 
where  c  is  the  ratio  h':h. 

The  thrust  is  located  at  the  center  of  gravity  of  the  applied 
loading,  a  distance  B  h  above  the  base,  where  B  is  found  to  be 

1  l  +  3c 

B  = (2) 

3    1  +  c 
The  weight  G  is  w  (1— i)  h  (1  +c)  g,  and  the  lever  arms  about 
P  and  O  are  respectively 

w  (1  -hi) 
2         ' 
Let  w   =kh 

Taking  moments  about  P  and  O  and  eliminating  the  irrel- 
evant factors,  k  is  finally  found  to  be 


I        '     /1  +  3C      ; 


1 


(3) 


1+c      A/(l— e)«— (i— 6)2 

Clearly,  the  least  value  of  k  is  given  when  the  denominator 

of  the  second  radical  is  a  maximum,  or  when   (i  —  e)=  van- 

i.-ihes,  that  is,  when  i^e.     Thus  the  most  economic  section 


is  to  be  had  when  the  location  of  the  vertical  arm  is  just  over 
the   point  of  api)licalion  of  the  resultant. 

In  the  work  that  follows,  since  it  is  a  comparative  esti- 
mate of  the  cost  of  the  two  types  of  walls  that  is  sought,  it 
Is  Justillable  to  select  as  a  type  for  the  present  analysis,  that 
Riving  the  simplest  expression.  It  is  quite  clear  tliat  vari- 
ations in  the  toe  Icnglh,  or  in  the  assumed  position  of  the  re- 
sultant, will  not  affect,  to  any  material  extent,  tlie  compara- 
tive estimate.  For  this  reason  the  last  established  general 
condition  of  economy,  i  =  e  is  adopted,  with  a  further  pro- 
vision thai  e^= ';i  -  which  is  the  usual  goal  in  retaining  wall 
desigii,     Willi  thi>se  londitiona  equation  3  becomes 


2^1 


1  +  3c 


(4) 


+  c 


In  a   reinforced  concrete  section  the  resisting  moment  is 
given  by 

M  =  Kbd»  (5) 

K  is  a  constant  depending  upon  the  unit  compressive 
strength  and  the  percentage  of  steel  adopted.  For  an  eco- 
nomic section,  the  percentage  of  steel  is  about  0.75  per  cent, 
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and  since  K  =  .5kjf.  (the  nomenclature  of  the  Special  Con- 
crete Committee  of  the  Am.  Soc.  C,  E.  is  used  here)  with  this 
percentage  of  steel  .5kj  =  0.17  and  if  a  value  of  f,  of  650  lb. 
per  square  inch  is  used,  and  then  expressed  in  pounds  per 
square  foot,  K=  16,000.     Using  b  =  l,  M  is  then 

M  =  16,000  d^  (6) 

The  bending  moment  due  to  the  thrust  is  T  B  h,  and  re- 
placing by  the  values  previously  found  becomes 
1 
M=— g(l  +  3c)h=  (7) 

18 
With  g  the  usual  value  100  lb.  per  cubic  foot  and  equating 
equations  6  and  7 


d>=.0186h=Vl  + 3c  =  C,h=  (8) 

In  getting  the  moment  for  the  footing,  using  the  value  of 
k  as  given  in  equation  4,  it  is  found  that  the  footing  moment 
is  about  0.7*  of  the  arm  moment  as  found  in  equation  7. 
and  the  required  thickness  of  the  base  slab  is 

db  =  v.7dv  =  0.84dv  (9) 

In  the  counterfort  walls,  if  m  is  the  distance  between  the 

Wm' 
counterforts  and  the  moment  is  taken  as (i.  e.   the   slabs 


12 


are  assumed  continuous),  then  since 


W  =  — h  (1  +  c) 


the  moment  becomes 


gh  (1  +  c)  m- 


M=- 


36 


(10) 


Adopting  the  same  concrete  constants  as  before  and  equating 

this  moment  to  the  resisting  moment 

d'v  =  .0132m  V  h  (1  +  c)  =  C'v  m  v^h  (11) 

At  the  outer  edge  of  the  footing,  since  the  soil  intensity  is 

'■Exactly  the  base  moment  is 

%h?  (1  +  3c) 


M  =  1- 


IS 


(44) 


where   I    =    a—\)-(^  +  2\^    wlieii 
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zero,  the  weight  on  the  slab  is  that  of  the  superimposed  earth 

W  =  gh(l  +  c) 
The  moment  is  then 

gh  (1+  c) 

m= 

12 
or    three    times    the    corresponding    vertical    slab    moment, 
whence 

d',.  =  dV  V  3  (12) 

The  counterfort  is  usually  about  1  ft.  thick  and  will  so  be 
taken  here. 

The  cost  of  the  steel  rods  is  a  small  part  of  the  total  coat 
of  the  wall  and  the  relative  difference  in  cost  of  steel  rods  be- 
tween the  two  w-all  types  would  thus  be  negligible. 

The  amount  of  face  forms  for  the  vertical  arms  of  either 
type  is  the  same  and  is  thus  ignored.  The  variable  factors 
of  importance  in  the  two  types  of  walls  are  then,  the  con- 
crete yardages  and  the  face  forms  of  the  counterforts. 

Let  L  be  the  total  length  of  wall  taken,  r  be  the  cost  per 
cubic  foot  of  placing  the  concrete  into  the  wall  (the  cost  of 
placing  concrete  is  substantially  the  same  for  both  types) 
and  finally  t  be  the  cost  of  the  forms  per  square  foot.  For 
the  counterforted  wall,  the  amount  of  concrete  is 

L    kh= 

L  (d'v  h  +  khd'i,)  -\ 

m     2 
and  the  total  cost  of  the  concrete  is  then 

(  hk  ) 

Lrh^d'r(l+k    V  3)  H ]-  (13) 

}  2m    ( 

The  cost  of  the  face  forms  of  the  counterfort  is 

1     L  kh= 

L    m    2 
making  the  total  cost  of  this  wall  (Meaning  the  total  cost  un- 
der investigation) 

f  hk  til 

Lrh  -I  d'v  (1  + k  V  3)  + (1  +  2  — J     }  (14) 

I  2  m  r        J 

In  the  "T"  cantilever  wall,  the  width  at  the  coping  is  taken  as 
one   foot  and   the  back  battered  unbrokenly  to  the  required 
thickness  at  the  base.     The  volume  of  this  wall  is 
1  +  dv 

L     h  +  khd,.      =  LhCVa  +  (U(V2  +  0.84k)] 

2 

and  the  total  cost  of  the  wall  is  thus 

Lhr[.5 +  dv(..5 +.84k)l  (15) 

Equating  (14)  and  (15) 

hk  t 

d'vd  -L  kvT)  -I (1  +  2— =.5  +  dv  (.5  +.84k) 

2m  r 

Replacing  the  thicknesses  of  the  sections  by  their  values  as 
found  above 

hk  t 

C'vm   \/h(l  -f  k\/3)   H (1  +  2-^)=.5  +  CMr(.5  +.S4k) 

2m  r 

Later  it  will  be  shown  that  the  economic  spacing  of  coun- 

t 
terforts     is     given     by     m^o.lRIi*.    where     R  =  V  1 -f  2 — . 

r 

3 

Using  this  expression,  there  results  a  quadratic  in  h''' 

a  h'^  ~  R  V,  h'   -f  .5  =  0 

k 

where  r,  =  .0132  v'l-f  c  3.1  (1  +  k  vTT)  H 

6.2 

TABLE    I.— CPJTICAt^   HEIGHTS    OF   WALLS, 
t'r.  14  I,;,  r-i  i 

c in  22  28  S3 

0 I.';  22         2s         .13 

'4 11  17  22  27 

'2 in  1.-,  1ft  23 

TABLE    TI.— ECONOMICAL    SPACINO  OP  COUNTERFORTS. 

h                                             n             L'fl             2.')  30             35             40             50 
t/r 

Vt 7.5            S.l            ^.6  S.O            93            n  fi         10  2 

H 8.1!         f),3         ft.s       in.2       in. 7       11. n       ii.fi 

?i n.fi       in.t       11.0       11.5       12.0       12.4       13.1 

1 10. fi         11.1         12.0         12.(5         13.1         13.5         14.3 

(4. 


Ci  =  .0186  V'  1  +  3c  (.5  +  0.84  k) 


giving   a   value   of   h' 


:      R  C,  -f  V  R-  C,=  —  2  C~ 

h'  = 

2C. 
Table  I  gives  a  series  of  values  of  h  for  several  values  of 
the  ratio  t/r  and  of  the  ratio  h',,  h  or  c. 

Economic  Spacing  of  Counterforts. — To  determine  the  spac- 
ing of  counterforts  to  give  the  most  economic  wall  sections, 
it  is  seen  that  equation  14  is  the  required  expression  for  the 
variable  cost  as  the  position  of  the  counterfort  changes. 

If,  by  the  theory  of  Minima  and  Maxima,  the  derivative  of 
this  expression  with  respect  to  m  is  put  equal  to  zero,  there 
results,  after  again  replacing  the  several  thicknesses  by  their 
values  as  previously  found 


kv'h 


Putti 


/-■■"('+- 7)  I^^T ,x  k 

\    2C'v(I+kV3)^    \     2  V'  +  -7>'.0132Vr+7(T-fkV: 
ng  R  =:    -V  1  -f  2  — 


and  noting  that  the  expression,  after  using  the  value  of  k  as 
given  in  equation   (4). 


4 


(1  +  kv3)  VI +  c 
is   practically   constant   and   equal   to   one-half, 
m  =  3.1  R  h. 

Table  No.  II  gives  a  series  of  values  of  m  for  several  values 
of  the  ratio  t/r  and  for  a  ran.ge  of  heights. 

It  is  reasonable  to  expect  that  the  laws  governing  the 
theory  of  probabilities  hold  here  and  thus,  that  the  small 
errors  introduced  in  the  above  approximations  are  compen- 
satory. By  several  trials  and  comparisons  of  actual  wall  sec- 
tions it  is  found  that  the  tables  furnish  quite  an  exact  clue 
to  both  the  "critical  hei.ght"  h  and  the  economic  spacing  of 
the   counterforts. 


The    Engineer    and    Government 
Housing  Developments 

The  important  part  taken  by  engineers  in  the  housing  de- 
velopment undertaken  by  the  LT.  S.  Department  of  Labor  is 
outlined  in  the  recent  report  of  Mr.  John  W.  Alvord,  Chief 
Engineer  of  the  United  States  Housing  Corporation.  Ex- 
tracts from  the  report  follow. 

In  connection  with  the  housing  bureau  program.  60  or 
more  developments  projected  in  various  parts  of  the  country 
have  reached  the  stage  of  engineering  planning.  These 
ran.ge  all  the  way  from  25  to  3,000  families  per  development, 
and  there  have  been  necessarily  planned  for  this  work  in 
the   aggregate   the   following   municipal   improvements: 

180  mile's  ol'  sever,  costing  about  $2..S52.700. 

160  miles  of  water  pipe,  costing-  about  $2,672,600. 

11  indeiien(]ent   pumpinf?  stations  for  water  supply. 

S3  miles  of  mxa  lines,  costinj?  about  $637,700. 
145  miles  of  eb-ctrie  transniissi.^n  systems,  at  $775,000. 
135  miles  of  street  paving,  cui'bs  and  grutters,  costing  $3,060,300. 
260  miles  of  sidewalks.   $1,234,300. 
2.877  street   light-s. 

6  se^v '^rage-pumping  plants. 

13  sewage-treatnient   jjlants. 

The  total  cost  of  all  contemplated  municipal  area  utility 
improvements    will    approximate    $13,060,000. 

The  Engineering  Division  has  been  largely  coni|)Osed  of 
municipal  engineers,  especially  skilled  in  municipal  work, 
assessment  law,  city  regulations,  precedents  and  practices. 
Through  its  negotiations  it  has  obtained  aid  from  municipali- 
ties to  the  extent  of  J3. 103. 000  or  24  per  cent  of  the  total 
cost  of  the   total   utility   and   municipal   work   contemi)lated. 

The  En.gineering  Division  has  further  been  entrusted  with 
the  negotiations  with  private  utility  companies  for  the 
necessary  service  for  the  bureau  developments  of  gas,  elec- 
tric lights,  water-supply,  and.  in  some  few  cases,  of  heat- 
ing facilities  and  teleplume  service  as  well.  In  all  some 
250  negotiations  have  been  conducted,  a  large  portion  of 
which    have    been    brought    to    a   successful    termination.      In 
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many  Instancea  It  has  b«'cn  n«>ce!«»ar.v  to  conio  to  the  assist- 
nntt'  of  uHlily  coinpaiot^s  which  wore  lliiiiiu-lally  embnr- 
ra.s.srd.  yi't  whcii'  coutmuoil  .sorvloe  was  essonthil  to  the 
ilvv<-lopnu>ut  ami  the  t'.ovi'riinii'iit  in  ailjaci-nt  war  liuliistiy. 
In  thoso  casi'.s.  u  lliiiincliil  advisor,  skllltnl  ii\  inillty  seciiritios 
and  bnnklnK.  has  rt>iH>rtod  i-ari<fiilly  upon  the  llnancial  abil- 
ity of  ihi'  company,  and  its  ability  to  furnish  necessary  col- 
latenil.  Where  ki»hI  banklnK  loans  could  be  hud,  the  utility 
hud  been  tlnanced  ihrouKb  approval  of  the  Capital  Issues 
Oomnilttee.  In  cases  where  kooiI  bankiuK  loans  are  not 
available,  ulllltles  have  at  times  been  Onanced  by  the  bureau 
dlrt'ct.  mukins  the  loan  upon  such  collateral  as  was  avail- 
able. 

In  every  case,  It  has  been  ur^ed  upon  utility  companies 
that  they  oushl  to  accord  the  bureau  the  same  service,  if  not 
more  service,  than  they  would  accord  a  private  investment 
under  similar  circumstances.  The  necessity  of  the  situa- 
tion has  rt'quirod  contract  relations  or  negotiations  with  48 
BUS  companies,  67  electric  companies,  and  40  water  com- 
panies, or  about    !.'>(>  utility  companies   in  all. 

The  Kngineering  Pivislon,  through  its  neRotiations  ami 
pfforls.  has  obtained  aid  and  financial  investment  from 
utility  companies  for  I'nited  States  housing  to  the  extent 
of  $l,60l>,000,  or  12.;!  per  cent  of  the  total  cost  of  utility  in- 
vestment. The  total  amount  raised  by  suggestion  and  ne- 
fnitiation  of  the  Engineering  Division  from  municipalities 
and  utility  companies  for  I'nited  States  housing  refluire- 
ments  has  been  $  1.702.700.  or  36.2  per  cent  of  the  total  require- 
ments of  $13,040,134.  estimated  utility  expenditure.  Of  the 
$4,702,700  raised  from  municipalities  and  utility  companies, 
about  one-half  or  2.216.900,  has  been  financed  by  the  mu- 
nicipalities and  utility  companies,  and  the  remainder  loaned 
ihem  by  the  bureau,  to  be  repaid  by  the  Government  in  the 
near  future. 

The  Engineering  Division  has  been  employed  in  making 
preliminary  investigations  for  the  bureau  in  connection  with 
the  selection  of  local  sites  for  housing  developments.  This 
matter  has  been  handled  by  a  committee  consisting  of  an 
engineer,  an  architect,  a  realtor  and  town  planner,  and  in 
each  case  all  sites  offered  or  suggested  have  been  carefully 
canvassed,  their  development  cost  estimated,  and  the  selec- 
tion made  on  the  basis  of  actual  desirability  regardless  of 
all  private  interests. 

The  Engineering  Division  at  the  central  bureau  consists 
of  a  chief  engineer,  an  engineering  secretary  to  the  chief,  a 
chief  assistant,  10  district  engineers  (each  of  whom  has 
conducted  the  individual  details  of  a  group  of  projects),  two 
utility  engineers,  one  road  engineer,  one  fire-protection  en- 
gineer, two  electrical  engineers,  an  attorney  on  contract  re- 
lations, and  an  engineer  in  charge  of  engineering  contracts, 
bills  and  accounts,  and  four  stenographers — about  25  in  all. 
The  duties  of  the  central  staff  have  been: 

1.  To  prepare  a  manual  of  standard  directions  for  local 
project  engineering  designers,  and 

2.  Standard  instructions,  drawings  and  specifications  and 
directions. 

3.  To  act  as  adviser  to  other  divisions  on  engineering  ques- 
tions. 

4.  To  report  on  all  unusual  or  difficult  engineering  prob- 
lems, such  as  constantly  arise. 

5.  To  select,  appoint  and  contract  with  all  local  project 
engineers  and  their  assistants. 

6.  To  guide  and  direct  the  local  project  engineers. 

7.  To  revise  the  budget  allowance  in  accordance  with  the 
policy  of  the  bureau. 

S.  To  initiate  and  conduct  all  contract  relations  with  city 
and  utility  companies. 

9.  To  approve  all  detailed  plans,  estimates  and  specifica- 
tions of  such  local  project  engineers  and  control  their  opera- 
tions. 

10.  To  check  the  bills  of  material. 

11.  To  advise  the  town-planning  and  construction  divisions 
on  all  engineering  questions. 

In  the  field  of  some  60  local  project  engineers  have  been 
appointed  who  have  been  either  persons  or  firms  having 
locally  efficient  office,  organization,  acquaintance,  equipment 
and  financial  ability  in  addition  to  specialized  training  in 
municipal  problems,  and  who  could  do  rush  work  on  short 
notice   in   the  preparation   of  plans,   conducting  negotiations 


and    the   supervision   and   consi ruction   of   local   development 
projects. 

Contracts  with  the  local  project  engineers  have  been  on  a 
uniform  contract  form  prepared  by  the  lOngineerins  Division, 
and  based  on  a  scale  of  fees  less  than  ordinarily  earned  but 
thought  to  be  sullicicnt.  in  which  all  contracting  engineers 
have  been  tmifonnly  treated  alike.  The  fees  and  overhead 
expenses  have  been  on  a  sliding  scale,  reducing  in  cost  per 
house  with  the  increase  of  the  development,  and  prepared 
on  the  basis  that  the  municipal  improvements  would  vary 
approximately  with  the  number  of  houses  in  each  develop- 
ment. The  average  of  fees  and  overhead  allowance  has 
been  but  1  per  cent  on  the  cost  of  utilities  involved,  amount- 
ing to  about  $2,500  on  a  200-house  devoloimient,  and  increas- 
ing to  about  $4,500  on  a  1,000-house  development,  in  addi- 
tion to  which  the  project  engineer  received  actual  cost  for 
his  assistants,  the  traveling  expenses  and  such  obvious  ex- 
pense as  could  be  readily  checked  by  the  fiscal  division. 


Cost  of   Applying  Stucco  With    the    Cen- 
trifugal Stucco  Gun 

A  somewhat  difiicult  stuccoing  job  was  carried  out  recently 
at  Cincinnati,  O.,  with  the  Hodges  centrifugal  stucco  gun. 
The  building  was  constructed  with  studding  put  up  on  the 
same  principle  as  for  a  frame  house.  The  studdings  were 
fiuted  out  on  each  side  and  concrete  was  poured  between. 
After  the  framework  had  been  removed  a  very  thin  coat  of 
plaster  was  applied  to  the  exterior  surface.  Evidently  this 
plaster  was  put  on  before  the  timber  had  absorbed  all  the 
dampness  it  was  possible  for  it  to  absorb  and  as  a  conse- 
quence   the    plastering    cracked    opposite    each    .studding.     It 


Applying  Stucco  witli  Centrifugal  Gun. 

was  decided  to  cover  the  timbers  with  a  coat  of  stucco.  The 
walls  were  completely  cleaned  of  all  dirt  and  foreign  matter 
and  were  wet  by  means  of  a  high  pressure  hose.  This  was 
done  24  hours  before  applying  the  cement  mortar.  The  walls 
were  again  wet  a  few  hours  before  the  stuccoing  was  put  on. 
These  wettings  saturated  the  timber  so  thoroughly  that  it 
was  impossible  for  it  to  expand  any  more  from  the  dampness 
of  the  stucco.  Two  machines  were  used  in  applying  the  stucco. 
Each  machine  had  an  operator  at  70  ct.  per  hour  and  a  helper 
at  45  ct.  per  hour.  In  addition  one  man  at  45  ct.  per  hour 
was  employed  in  mixing  the  material.     The  labor  cost  of  ap- 
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plying  the  stucco  was  15  ct.  per  square  yard.  The  sand  cost 
$3.00  per  cu.  yd.  or  2  ct.  per  square  yard  of  stuccoed  surface; 
the  cement  cost  $3.20  per  bbl.  or  6  ct.  per  square  yard  of  sur- 
face. The  total  cost  of  the  finished  job  wa.s  therefore  23  ct. 
per  square  yard. 


How  Architects  May  Secure  More 
Extended  Recognition 

Engineers,  by  their  energy  and  .success  in  gaining  the  pub- 
lic ear,  are  fast  driving  the  modest,  timid  architects  out  of 
business,  stated  Mr.  George  Hancock  in  his  presidential  ad- 
dress before  the  North  Dakota  Architects'  Association. 
To  offset  this  tendency,  he  continued,  we  notice  that 
many  architects,  in  order  to  keep  up  with  the  procession, 
have  added  the  title  of  engineer  to  that  of  acchitect  for  the 
purpose  of  impressing  the  public  with  their  superior  qualifi- 
cations over  and  above  that  of  the  properly  trained  archi- 
tects who  make  no  claim  to  other  professions.  Architecture 
and  engineering  are  two  separate  and  distinct  professions, 
-and  it  is  given  to  but  few  men  to  master  the  intricate  details 
of  both,  so  that  in  most  cases  the  assumption  of  the  dual  title 
is  used  for  the  sole  purpose  of  gaining  advantage  over  those 
who  do  not  have  the  temerity  to  adopt  such  with  little  or  no 
preparation. 

The  Massachusetts  Institute  of  Technology  makes  the  dis- 
tinction between  architecture  and  engineering  and  has  sepa- 
rate courses  for  the  training  of  students  in  each,  as  either 
is  all  that  the  average  intellect  can  properly  master  with 
credit  to  himself.  So  that  the  mere  adoption  of  a  title  with- 
out the  necessary  training  to  properly  sustain  it  should  at 
least  be  discouraged  by  all   self-respecting  architects. 

Some  professions,  such  as  the  law,  are  held  in  less  es- 
teem than  that  of  architecture,  and  if  we  would  increase  re- 
spect for  our  profession  we  must  command  it  through  our 
work  and  that  will  bring  us  the  public  recognition  we  so 
urgently  need. 

It  is  useless  for  us  to  look  to  the  law  courts  for  protec- 
tion, as  the  lawyer  is  the  only  winner  where  such  efforts 
are  made,  but  as  a  reason  for  hope  in  the  improvement  of 
our  chosen  calling,  we  have  only  to  look  at  the  host  of 
poorly  paid  teachers  and  cler.gy  to  learn  that  our  lot  is  no 
harder  than  theirs,  in  the  matter  of  lack  of  appreciation  of 
the  service  they  render  to  the  public.  It  is  well  to  think  of 
others  when  disposed  to  complain  of  our  lot. 

If  we  could  succeed  better  than  they  we  must  do  better 
and  nobler  work,  with  our  minds  set  more  on  achievement 
than  on  temporary  financial  success.  It  is  futile  to  com- 
plain that  this  is  a  commercial  age,  with  but  little  public 
appreciation  of  art;  such  whining  does  no  good  and  only  in- 
dicates weakness.  There  is  just  as  much  artistic  taste  and 
feeling  in  the  world  today  as  in  the  days  of  Titian  and 
Michael  Angelo,  and  it  is  for  us  to  satisfy  this  artistic  taste 
and  feeling  if  we  would  succeed  in  gaining  for  our  profes- 
sion the  respect  and  recognition  to  which  we  believe  the 
nobility    of    architecture    is    entitled. 

During  the  past  10  centuries  architecture  has  come 
through  many  changes  and  developments.  The  eighth  and 
ninth  centuries  gave  us  the  unique  creations  of  the  Saxons; 
the  10th  and  11th  centuries  the  solid,  honest  Norman  work 
that  has  so  well  stood  the  test  of  time,  as  evidenced  at 
Winchester  and  Durham. 

The  12th  and  13th  centuries  gave  us  the  pure  and  grace- 
ful early  French  and  English  Gothic  that  so  clearly  expresses 
the  aspirations  of  the  people  of  those  nations  in  the  mag- 
nificent creations  of  Rheims  and  Amiens,  Salisbury  and 
Westminster,  the  like  of  which  has  never  been  seen  before 
or  since  that  age.  The  14th  and  15th  centuries  gave  us 
the  geometrical  and  perpendicular  styles,  often  referred  to 
as  the  climax  and  full  development  of  gothic  architecture  in 
Europe. 

Such  art  and  architecture  as  the  people  of  those  times 
produced  should  serve  as  a  stimulant  to  greater  efforts  of 
the  younger,  architects  of  our  time.  They  had  no  examples 
to  guide  them  and  their  work  was  the  result  of  creative  and 
imaginative  concentration  and  skillful  independent  effort. 

Shall  we  then,  with  all  these  beautiful  examples  before 
us   and   the   numerous   examples   of   the   Renaissance  of   the 


16th  century,  and  the  more  recent  productions  of  Jones  and 
Wren  and  the  revival  of  the  Romanesque  by  Richardson  and 
Hunt  in  this  country,  fail  for  the  lack  of  making  an  effort  to 
merit  the  recognition  we  so  earnestly  crave?  No,  we  must 
attempt  much  even  if  we  accomplish  little,  but  as  effort  is 
the  parent  of  results,  we  can  expect  no  recognition  by  the 
public  unless  we  command  its  attention. 

By  education  and  experience  the  architect  of  today  should 
be  better  qualified  to  handle  successfully  building  operations 
of  all  kinds  than  men  not  having  such  qualifications,  but 
the  public  cannot  appreciate  this  for  the  reason  that  the 
architects  have  not  done  their  part  in  the  instruction  of  the 
public  to  the  point  of  appreciation  of  their  service  to  their 
clients   and   to   the   public   in   general. 

So  far,  along  this  line,  our  efforts  have  been  limited  to 
talking  to  ourselves  through  the  medium  of  professional  and 
trade  journals,  that  seldom  or  never  reach  the  eye  of  the 
general   public,  or  prospective  client. 

Undue  modesty  on  the  part  of  the  trained  architect  is 
doubtless  the  cause  of  this  shyness  and  should  be  overcome 
by  a  much-needed  change  in  the  method  of  bringing  the 
client  and  architect  together,  on  a  better  and  fuller  under- 
standing of  their  relationship  to  each  other,  and  to  protect 
the  public  from  the  trickery  of  the  faker  and  charlatan  who 
is  ever  ready  to  pluck  the  fruits  of  honest  effort  along  all 
professional  lines.  The  men  who  have  fitted  themselves 
by  great  expenditure  of  money  and  time  to  serve  the  public 
in  an  honest  and  skillful  manner  must  have  some  protection 
as  against  quacks  who  have  no  training  in  architecture  and 
who  do  their  work  by  proxy  and  only  see  the  commission  or 
money   side  of  the   profession. 

The  licensing  of  all  architects  is  a  reasonable  solution 
of  the  problem. 


The  Architect  of  Tomorrow* 

In  the  first  place,  he  will  be  an  organizer  rather  than  an 
individual;  a  directing,  discriminating  motive  force  at  the 
center  of  a  combination  of  forces,  and  that  organization  or 
combination  will  be  just  as  essentially  a  business  one  as  the 
United  States  Steel  Corporation  or  the  Standard  Oil  Co.,  and 
exactly  the  same  principles  of  economy,  material  efficiency 
and  careful  attention  to  detail  will  of  necessity  manifest 
themselves.  This  organization  will  be  prepared  not  only  to 
carry  out  work  on  definite  lines,  but  to  pledge  itself  that 
they  will  be  carried  out  right  and  on  time.  In  other  words, 
it  will  guarantee  results,  and  not  be  able  to  avoid  responsi- 
bility by  sheltering  itself  behind  a  cloak  of  professionalism. 
I  do  not  believe  that  it  will  assume  all  the  functions  that 
we  now  hand  over  to  the  master  builder,  any  more  than  I 
believe  the  master  builder  will  lose  materially  in  his  par- 
ticular line,  but  it  vi-ill  have  a  greater  degree  of  direct  con- 
tact with  the  mechanics,  many  times,  I  believe,  a  direct  hir- 
ing of  them  on  behalf  of  the  owner  and  a  general  direction 
of  the  work  which  is  now  very  often  in  the  hands  of  brokers 
styling  themselves  master  builders.  And  the  fact  that  this 
organization  is  to  free  itself  from  mere  professionalism  and 
abandon  the  cloister  or  studio  point  of  view,  will  necessarily 
bring  it  into  the  world's  markets  so  that  it  will  have  direct 
contact  with  the  producing  factors  that  enter  into  a  build- 
ing. It  may  even  direct  these  producing  factors  and  be  a 
part  itself  of  the  producing  side:  and  still  further,  as  all 
large  works  have  to  be  financed,  I  see  no  reason  to  doubt 
that  the  architect  will  hold  an  important  position  as  an  ad- 
ministrator, and  therefore  necessarily,  to  a  certain  extent, 
as   a  financial  agent. 

Furthermore,  this  organization  will  be  formed  not  to  win 
a  competition  or  to  impress  a  susceptible  public,  but  to  carry- 
out  building.  The  kind  of  organization  that  will  win  a  com- 
petition is  pure  theory,  and  pure  theory  is  what  we  must 
avoid.  The  organic  development  of  building,  if  looked  at 
right,  is  pure  architecture,  and  that  it  just  what  tlie  world 
wants.  It  is  to  be  hoped  that  the  future  may  see  a  larger 
abolition  of  that  unfortunate  method  of  bringing  oureslves 
before  the  public  which  we  call  competition.  The  true  com- 
petition always  is  in  the  finished  iiroducf,  but  the  idea  that 
by  a  series  of  drawings  an  architect  can  win  recognition  is, 
I  believe,  at  the  bottom  of  a  good  deal  of  our  present  limita- 
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Hire  ipsohilely   wo  in  ilio  fu- 
ll rr  hi  tec  uno  as  111   iiiiy  sen.-io  ilruw- 
.    ...  luro  niaktiiK.  Hie  nunc  surely  will  wo 
•  T  view,  which  the  cominn  yeiii's  will  ooiu- 

,  , „  ii  we  have  been  so  bllnO  in  the  piisl.   Tliore 

who  have  Imil  their  eyes  openeil   lo  the  extent   to 

„ hiive  not  Hs  ii  profe.xslon  properly  viewed  our  linil- 

talluns,  mill  we  will  have  further  ilisiiKieeable  experiences,  I 
iiiii  nrnilil.  b««fon»  the  true  archlleelural  point  of  view  is 
brv>UKlii   home  to  u:<.     \Ve  are  still  pa.sslns  through  the  mill, 

•   1     ttensatlon  for  our  present  woes  ouRht  to  be,  in  part 

n  the  feelinn  that  out  of  defeat  can  and  will  Krow  a 

iiipinent   for  victory. 

IS  Imply  architecture  will  be  any  less  a  line  art  than 

,     ,,   , lyr     Not  n  bit  of  it.     The  trouble  with  so  much  of 

our  prewar  architecture  was  not  that  it  was  too  artistic,  but 
It  was  not  artistic  in  the  right  senses,  in  that  it  was  not  fit 
and  appropriate  for  its  purpose.  Ruskin's  emotional  stone 
carver  who.  Jusf  for  the  love  of  carving,  would  cut  a  won- 
drous bit  of  detail  way  up  in  an  obscure  loft,  where  no  one 
would  ever  see  II.  could  keep  on  doing  just  that  sort  of  thing 
sometimes,  but  he  would  not  be  in  the  architectural  spirit. 
The  place  for  that  kind  of  work  is  in  a  museum  and  not  in  a 
real  building.  Architects  are  to  build  real  buldings.  and  the 
man  who  would  waste  that  kind  of  sentiment  would  be  out 
of  place  in  the  very  practical,  very  tense  and  very  demanding 
world  of  after  the  war.  The  best  art  always  has  been  the  art 
which  was  the  most  real  in  its  application.  Architecture 
would  still  be  the  mother  art,  but  the  architect,  while  admit- 
ting the  preeminence  of  the  artistic  thought,  would,  I  should 
hope,  recognize  also  thai  art  is  not  preeminent  or  maternal 
which  Is  simply  blossoming  for  itself  without  a  distinct  pur- 
pose, and  the  architect  who  thinks  for  a  moment  that  the 
contemplative,  aesthetic  point  of  view,  delightful  as  it  is,  nec- 
essary in  a  certain  degree,  as  it  has  been  found  to  be,  will 
suffice  for  after-war  conditions,  is  bound  to  receive  a  harder 
jolt  and  a  more  bitter  disappointment  than  in  these  parlous 
days  of  1918.  To  paraphrase  the  poet,  architecture  is  real, 
architecture  is  earnest,  and  mere  unrelated  beauty  is  not  its 
goal.  A  dream  of  pure  art,  a  dream  of  beauty  cannot  be 
spoken  of  the  real  soul  of  a  building. 

Nor  does  the  foregoing  imply  the  elimination  of  the  indi- 
vidual. There  have  been  some  wonderfully  endowed  men 
like  Wren,  Mansard  or  Bulfinch,  who  seemed  to  be  able  to 
compass  all  sides  of  our  profession  and  to  properly  subordi- 
nate the  relative  factors;  but.  after  all.  most  of  us  work  best 
in  harness  and  with  limitations,  and  the  very  fact  tliat  an  or- 
ganization implies  subordination  of  one  part  to  the  other  is  a 
salutary-  restraint  on  the  development  of  the  unessential. 
Again,  a  man  might  be  just  as  strong  and  true  alone  by  him- 
self as  he  would  be  as  an  individual  doing  similar  things  at 
the  head  of  an  organization,  but  somehow  I  cannot  help  feel- 
ing that  the  individual  architect  will  be  much  more  of  a 
rarity  in  the  future  than  he  has  been  in  the  past,  and  that  in 
organization,  in  co-operation,  and  specializing  within  the 
limits  of  a  firm,  architects  will  find  their  best  opportunities. 


Filing    System    for    Blue    Prints   and 
Drawings 

A  filing  system  in  which  every  blue  print  or  drawing  is  in- 
stantly available  has  been  brought  out  by  the  National  Co., 
279  Congress  street,  Boston,  Mass.     The  system  consists  of  a 


Blue  Print  and   [drawing  Holder, 
folding  wall  rack  and  special  holders  for  blue  prints,  records, 
charts,  drawings,  etc.     The  rack,  as  shown  in  the  illustration, 
consists  of  a  wooden  frame  which  can  be  suspended  by  hooks 
from  the  molding  or  can  be  attached  to  the  wall.     When  not 


in  use  the  rack  can  be  folded  back  against  the  wall.  The 
rack  let  down,  as  shown,  occupies  a  space  of  2-1  in.  by  20  in. 
by  ;>0  in,;  foldeil  against  the  wall  it  is  24  in.  by  4  in.  by  30  In. 
Kach  rack  holds  six  removable  holders  giving  a  capacity  of 
500  prints.  These  holders  are  made  of  two  pieces  of  oak. 
The   binder  strips   are   held   together   by   three   catches.     By- 


Folding    Wall    Rack. 

pressing  on  these  i-atches  the  top  liinder  is  relieved  and 
prints  can  be  added  or  removed.  An  index  card  in  a  frame 
shows  the  contents  of  the  holder.  Each  holder  takes  1  to  85 
prints  and  can  be  laid  on  the  table  as  a  binder  while  looking 
over  prints,  or  can  be  hung  by  hooks,  as  indicated  in  the  cut. 


Personals 

The  Southern  Engineering  Co.  lii  t'harlotte',  X.  C.  has  opened 
an  ottloe  at  Columbia.  S.  C.  M.  ii.  Boyer,  .Ir.,  is  in  charge  of  the 
otfice. 

J.  A.  L.  Waddell,  consulting  engineer,  Kansas  City  and  New 
York,  lia.s  hcen  elected  a  corresponding  member  of  the  Society  of 
l^nginetT.s  of  Peru. 

Frank  C.  Emerson  of  Worlaiid.  Wyo..  has  been  named  as  .«*ate 
ensineer  of  Wvnmins:  to  succeed  James  B.  True,  who  has  asked  to 
Ije   relie\'ed    to    i-»siime    his    private    practice. 

Capt.  R.  McC.  Beanfield,  formerly  topographical  officer  of  the 
Kigiith  Mounted  Kngineers.  has  lieen  honorably  discliarged  from 
the  service  and  entered  the  service  of  the  Emergency  Fleet  Cor- 
poration as  engineer  of  sliipyard  plants  division.   Philadelphia.   Pa. 

Fred  Hubbard  has  resumed  his  duties  with  tlie  Carnegie  Stee! 
Co..  Youiigstown  district,  with  the  title  of  construction  and  engi- 
neering superintendent.  Mr.  Hubbard  was  formerly  chief  civil 
engineer  and  as  such  laid  out  the  McL")onald  plant  and  supervised 
l>uilding  of  the  model  town.  lentil  tlie  war  closed  he  was  in 
charge  of  Iti.ving  out  the  plant  and  town  tor  the  Neville  Island 
Project  of  the  ( lovernment. 

Charles  J.  Bennett  of  Hartford.  Conn.,  has  been  elected  presi- 
dent of  tlie  Connecticut  Society  of  Civil  Engineers.  The  other  of- 
licers  are:  First  vice-president.  Thomas  A.  Scott.  New  London; 
second  vice-president.  .1.  Frederick  Jackson.  New  Haven:  secre- 
tar.v  and  treasurer.  Henry  J.  Kellogg.  New  Haven.  The  directors 
elected  were  as  follows:  William  R.  Dunliam.  New  Haven;  Charles 
('.  Ellwell.  New  Haven;  I^eon  A.  Peck.  Hartford,  and  R.  A.  Cairns. 
Waterbury. 

Maj.  H.  M.  Montgomery  has  been  discharged  from  the  service 
and  has  accepted  the  ajipointnient  of  commissioner  of  public 
works  and  city  engineer  of  the  City  of  Evanston.  111.  Maj.  Mont- 
gomery built  two  warehouses,  water  \vorks  and  fire  engine  house 
for  the  Jeffersonville  Quartermaster  Interior  Storage  De])ot  at 
Jeffersonville.  Ind..  as  constructing  quartermaster  and  disl>ursing 
officer  and  finished  the  St.  Louis  clothing  warehouse  for"  the  St. 
Louis  Quartermaster  Interior  Storage  Depot  at  St.  Louis.  Mo.,  in 
the  same  capacity.  ^ 


Obituaries 

Humphrey  Jones,  ."^tone  contractor.  Columbus.  O..  died  Feb.  IS, 
aged  7.", 

C.  D.  Langhorne,  one  of  the  leading  railway  contractors  of  the 
soiiili,  ili(d   Fell,    11  at  Richmond.  Va. 

E.  J.  Howard,  pr-^sident  of  the  Howard  Shp  Yards  &  Doc'k  Co.. 
Jeffersonviilc.    liid.,   died  Jan.   :'.n,   aged   78. 

J.  K.  McLain,  builder  of  the  old  Kansas  Pacific  R.  R.  through 
Kansas.  die<l  Feb.   1.;  at  Excelsior  Springs,  Mo.,  aged  73. 

David  Oliver  Holbrook,  authority  on  natural  gas  problems  in 
America,  and  head  of  the  division  of  natural  gas  in  the  United 
States  Fuel  Administration,  died  Feb.  10  at  Pittsburgh,  Pa.,  aged  47. 


Industrial  Notes 

The  Chicago  Pneumatic  Tool  Co.  announces  the  removal  of  its 
Cleveland  tlistrict  ofhce  froin  Koom  M3  to  i  ooms  406-408.  Engi- 
neers' building,  effective  March  1.  Ross  Watson  is  district  man- 
ager. 

The  Poston  Paving  Brick  Co.  of  Crawfordsville.  Ind..  one  plant, 
and  tliH  Burton-Townsend  Co.  of  Zanesville.  O..  two  plants  at 
Zanesviile  and  one  plar.t  at  Ashtabula,  C.  have  become  licensees 
of  the  Dunn  Wire-Cut  Lug  Brick  Co.  of  Conneaut.  O..  and  will 
engage   in    ib.e   n^anufatture  of  w'ire-cut   lug  paving  brick. 
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4th  Wednesdays)  completely  cover  steam  and  electric  railway  location,  design  and  construction.  See 
the  "mast  head"  on  the  first  page  of  the  Weekly  News  Section  for  information  about  our  weekly 
contract  news.     See  Advertising  Page  71  for  Subscription  Coupon. 


Roads  and  Streets — 1st  Wednesday 

(a)  Roads  (o    Street   Cleaning 

(b)  Streets  (d)   Municipal    Miscellanies 

Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)    Waterworks  <c)    Irrigation    and    Drainage 

'b)    Sewers  and    Sanl-        id)    Power 
tation 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  and  fc)   Quarries   and   Pits 

Dredging  (d)    Railway       Construction — 

(b)  Rivers  and  Canals  Steam    and    Electric 

Buildings  and   Structures — 4th   Wednesday 

(a)  Buildings  (c>   Harbors  Structures 

(b)  Bridges  (d)    Miscellaneous    Structures 
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f^              .        i->v     ^               •          'MlTh.           ^       r»  repair   expense   of   $0.72   during   its   life.     Interest  on   money 

How  to  Uetermine  Wnen  to  KepaVe  is  taken  to  be  4  per  cent,  and  the  depredation  annuity  that 

The   econoniir-   problem   of   deienuining   when   to    retire   an  will  redeem  the   .$2  in  18  years  Is  7  ct.     Then  the  total   au- 

old  plant  in  favor  of  a  new  one  is  discussed  at  length  in  the  '"'^l  cost  per  square  yard  is: 

Handbook   of   Mechanical   and    Electrical   Cost    Data   by    Gil-  De\!Satt?n,°LnLiiy  ■.■.\\\\\\\\\\';;.':.':.':;::::.'^0.07 

lette  and  Dana.     Without  going  into  the   mathematical   der-  Repairs,  ?0.7'2 -^  is   .' '.'.'..'.'.'.'.'.'.'  u'.Oi 

ivation   of   the    correct    formula,   we    purpose    indicating   the  .j,^._^j  .j„„(,a,  ^.^^^ ~^^, 

method  to  be  pursued  in  ascertaining  when  a  highway  should  ,,     ^.„      '    '            ,.„                  .,      ..  'V     V-I       ,>       \.     ^ 

"                  ,1                       ■      ,          I,                          .  Mr.  Tillson  says:     "Consequently,  if  the  life  of  a  sheet-as- 

be  repaved  because  repairs  have  become  excessive.  ,    ,r  u                ^,                   j  \  -,o                •.     i.     ,j       ,.  i. 

^                              ^  phalt  be  correctlv  assumed  at  18  years,  it  should  not  be  re- 

The  first  cost  of  the  existing  pavement  does  not  enter  into  j^^^^^j  ,jjj,j,  (,,g  a„nj,a,  ..Qgt  approaches  $0.19  per  square  yard." 

the  problem  at  all.     Therefore  the  interest  and  depreciation  rpj^jg  j^  .^  ^^rong  conclusion,  for  several  reasons.     First,  the 

annuity  charges  on  the  existing  pavement  are  not  factors  to  ^.,  jndudes  the  cost  of  a  concrete  base;  and  while  the  siieet- 

be  considered.     All  that  needs  to  be  known   relative  to  the  ^gpiiait  itself  may  have  a  life  of  onlv  18  vears  the  base  will 

existing  pavement   is  the  prospective  annual   cost  of   repair-  ^^^.^  ^  ^^^^^^  longer  life.     Second,  although  the  total  repairs 

ing  and  cleaning  it,  plus  the.excess  cost  of  repairing  vehicles  j,j,^^.  jjp  .j,  ct.  during  the  18  years,  it  is  incorrect  to  arrive  at 

that  operate  over  it  as  compared  with  operation  over  a  simi-  ^^  average  bv  dividing  72  by  18.    Repairs  to  asphalt  are  rela- 

lar  pavement  whose  age  is  half  the  total  life.     This  last  ele-  ^j^.^,^   ^,^,j,|,  ,'i„ri„o  ,he  first  half  to  two-thirds  of  its  life,  and 

ment  of  cost  is  not  yet  known,  so  it  can  not  be  applied.   Since  ,1^^,^-  „sua)]v  ^ise  rapidly.     The  correct   economi.    method  of 

there  are  no  data  as  to  the  differences   in  cost  of  cleaning  estimating  an  annual  average  in  such  cases  is  v,  hat  he  called 

pavements  of  different  ages,  the  factor  of  cleaning  must  also  sp(.i,ring  an  equated  average.     To  do  so  apply  this  rule: 

be  Ignored.     This  leaves  only  the  factor  of  prospective   an-  Calculate  the  cost  of  repairs  of  the  first  year  at  compound 

nual  cost  of  repairing  the  old  pavement;   and  when  this  fac-  interest   up  to  the  end  of  the  life  of  the  pavement.    Make  a 

tor  equals  or  exceeds  the  total  prospective  annual  cost  of  a  similar  calculation  of  repair  costs  for  each  of  the  successive 

new  pavement,  then  a  new  pavement  should  be  laid.  years.     .A.d(i   all   these   compounded   costs   together   and   mul- 

The   prospective   annual   cost  of  a  new  pavement   is   coin-  tiply  by  the  annual  deposit  in  a  sinking  fund  which  started  at 

posed  of  three  factors:      (1)  Interest  on  its  first  cost.   (2)   dc-  t|,p  beginning  of  the  life  of  the  pavement   will   redeem  $1  at 

preciation    annuity   and    (?>)    equated   annual   repairs.  the  end   of  its  life.     Tlie  iiroduct    is   the  equated   annual  cost 

In  solving  this  particular  problem  it  is  a  mistake  to  include  of   rejiairs. 

the  first  cost  of  the  base  or  foundation  where  only  the  wear-  Finally,  it  is  not  correct   to  say  that   -it  should   not   be  re- 

ing  surface  nnist  be  renewed.  paved  until  the  annual  cost  approaches  $0.1!)  per  square  yard." 

George  W.   Tillson.  in   Blanchard's  American   Highway   En-  As   above   indicated,   repaying  is  justified   when   the   prospec- 

glneers'    Handbook,    p.    1341.    gives    an    illustrative    problem  live  annual  cost  of  repairing  the  existing  pavement  equals  or 

that  is  incorrectly  solved.     He  assumes  an  asphalt  pavement  exceeds   the   prospective  annual  cost   of  a  new   wearing  sur- 

costing  $2  a  sqxiare  vard.  having  a  life  of  18  years,  and  a  total  face. 
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Why    Kn^ineorin.ii    Regiments 

Should    Bo  Mustered 

Out  at   Once 

A  »;<'>"•  ">■<">  '>"iiui;ii  i.-imrls  of  lity  oiiwIiieiTs  ure  roacliiiif; 
U«.  anil  It  Is  notfworlliy  ihut  nearly  overy  one  of  thoni  con- 
taln<  «onii'  unrli  "•latoniont  ns  !lie  followhiK  from  the  litis  re- 
liori  of  Krnnk  K    Liiniisan.  City   Rnslneor  of  Albimy: 

With  iho  rcssntlon  of  hoslillltles  anil  the  prospects  for 
|>«>arr  itsured.  it  becomf"-*  desirable  to  outline  and  plan  a  pro- 
Kfam  of  needed  public  Improvements  because  chunglnp  in- 
dustrial conditions  from  a  war  to  a  peace  basis  make  it  ad- 
'  '•■  to  luimedlalely  provide  peace  time  work  for  labor, 
:  and  unskilled,  released  from  war-time  pursuits.  It 
-..:■■-  to  be  the  consensus  of  thinking:  opinion  that  duruiR 
til.'  transition  period  the  federal,  state  and  municipal  author- 
ities must  fill  the  breach  by  starting  public  works  delayed 
.•«nd  postponed  by  war  conditions,  in  order  that  much  of  the 
rvlea.'-Md  labor  may  be  absorbed  until  such  a  time  as  condi- 
tions become  stabilized  " 

It  is  also  noteworthy  that  the  engineering  corps  in  almost 
every  city  has  been  greatly  reduced  because  of  the  war.  In 
this  connection  we  wonder  how  nipidly  the  engineer  regi- 
ments are  being  demobilized.  If  adequate  preparations  are 
to  be  speedily  made  for  construction  work,  thousands  of  engi- 
neers still  in  the  army  should  be  permitted  to  return  to  civil 
life  and  to  their  old  positions  without  delay.  While  it  is  true 
that  many  civil  engineers  are  at  present  without  employment, 
and  therefore  seemingly  available  for  any  immediate  need, 
it  should  be  remembered  that  positions  are  being  held  open 
for  the  engineers  who  joined  the  army.  Moreover,  those  en- 
gineers are  particularly  qualified  to  fill  the  places  that  were 
made  vacant  by  their  enlistment. 

Engineering  societies  are  being  urged  to  do  so  many  things 
that  there  is  apt  to  be  resentment  at  the  suggestion  of  assum- 
ing more  public  duties.  But.  in  view  of  the  pressing  need  of 
providing  employment  on  public  works,  and  because  engi- 
neers must  first  make  surveys  and  draw  plans,  should  not  our 
national  engineering  societies  take  immediate  action  to  im- 
press upon  the  government  the  necessity  of  mustering  out 
the  engineering  regiments  at  once? 


What  Can  Be  Done  to  Cause  Cap- 
ital  to  Flow  Freely  into 
Public  Works? 

Capital  flows  rapidly,  almost  automatically,  into  all  lines 
of  investments  that  are  profitable — all  except  public  works. 
Xo  matter  how  profitable  hard  roads,  for  example,  may  be  to 
a  community,  there  is  rarely  an  adequate  investment  ot  capi- 
tal in  good  roads.     This  results  from  several  causes. 

To  *egin  with,  little  of  the  profit  from  public  works  goes 
directly  to  those  who  furnish  the  capital.  If  bonds  are  sold 
to  secure  the  money,  the  bond  holders  receive  a  limited  and 
rather  small  percentage  on  their  investment.  Hence  there  is 
no  great  incentive  for  bond  holders  to  seek  to  convince  the 
public  that  more  money  for  road  improvement  should  be 
raised  by  bond  issues.  If  the  money  is  secured  by  taxation, 
there  is  a  positive  and  increasing  opposition  toward  the  build- 
ing of  better  roads,  for  taxpayers  get  no  direct  returns  upon 
the  investment  and  usually  are  incapable  of  estimating  the 
indirect  returns. 

The  inability  of  the  average  taxpayer  to  weigh  the  indirect 
profit  to  himself  from  the  money  that  is  taken  from  him  for 
public  works  accounts  for  most  of  the  opposition  to  road  or 
street  improvement,  and  the  like.  Coupled  with  this  is  the 
fear  that  incompetent  officials  will  waste  most  of  the  funds 
raised  for  improvements. 

It  seems  to  us  that  it  devolves  upon  civil  engineering  socie- 
ties to  devise  ways  and  means  of  securing  an  adequate  flow 
of  capital  Into  public  works.  Engineers,  if  they  are  to  be 
economists  in  a  broad  way.  must  not  continue  to  confine  their 
attention  to  the  doing  of  what  they  are  employed  to  do. 
They  must  show  their  employers  what  should  be  done  to  in- 
crease prosperity.  Where  the  employer  is  the  public,  this 
means  that  civil  engineers  should  point  out  and  urge  amend- 
ments to  laws  and  charters  wherever  a  change  will  lead  to 
the  ready  flow  of  f-:iiiital  in*o  economically  necessary  im- 
provements. 

Xo  other  class  of  ni"n  is  so  well  qualified  to  do  this,  for 
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not  only  arc  engineers  trained  economists  but  they  enjoy  the 
confidence  of  the  public.  \\'helher  it  is  that  their  scientific 
training  lends  (o  develop  honesty  or  whether  it  is  their  free- 
dom from  the  pi-rsonal  ambitions  ot  most  political  leaders, 
certain  it  is  that  when  civil  engineers  take  action  as  a  body 
they  receive  an  amount  of  consideration  that  is  out  ot  all 
proporticn  to  their  numbers. 

When  a  railway  company  is  contemplating  building  a  new 
line.  Its  engineers  not  only  estinntte  the  probable  cost  but  the 
probable  profit  from  it.  Siuiilarly  as  to  all  major  improve- 
ments. Why  shouldn't  city,  county  and  state  engineers  do 
the  same?  Why  shouldn't  the  public  be  shown  in  each  in- 
stance not  only  thai  a  proposed  investment  will  be  a  profit- 
able investment   but  how  profitable? 

If  it  were  shown  definitely  that  it  would  pay  to  pave  every 
street  in  a  city,  it  would  not  be  many  years  before  it  would 
cease  to  be  a  fact  that  less  than  half  our  street  mileage  is 
paved. 

City  engineers  can  not  be  expected  to  attempt,  unaided,  to 
eflect  charges  in  laws  that  restrict  nnmicipal  improvements; 
neither  can  they  be  asked  to  act  alone  as  promoters  of  public 
works.  They  need,  and  should  have,  the  support  of  their 
fellow  engineers  acting  as  a  body. 


A   Splendid    Highway    Engineers' 
Handbook 

Although  there  are  many  text  books  and  one  handbook  on 
road  and  street  work,  the  field  is  so  great  and  so  rapidly 
growing  greater  that  another  general  handbook  for  highway 
engineers  is  welcome. 

The  American  Highway  Engineers'  Handbook,  by  Prof.  Ar- 
thur H.  Blanchard,  and  a  corps  of  17  associate  editors,  has 
just  been  published  by  John  Wiley  &  Sons,  New  York  City; 
its  price  is  $n.  and  it  contains  almost  1.700  pages  ot  close 
print. 

The  book  is  divided  into  29  sections  covering  the  location, 
design,  construction  and  maintenance  of  both  roads  and 
streets.  At  the  end  of  each  section  is  a  bibliography  of  books 
and  of  artictes  in  periodicals.  Our  readers  will  be  inter- 
ested in  the  fact  that  of  622  articles  thus  credited  to  8 
periodicals.  Engineering  and  Contracting  has  212.  or  more 
than  one-third  of  the  total,  to  its  credit. 

The  29  sections  and  their  authors  are  as  follows: 
Sec.  1:     Terminology  of  Highway  Engineering   (23   pages), 
by    Prof.    Arthur    H.    Blanchard,    Columbia    University,    New- 
York  City.     This   contains   the  best  collection   of  definitions 
of  highway  terms  yet  published. 

Sec.  2:  Mathematics.  Mechanics  and  Structural  Materials 
(60  pages),  by  Prof.  Harold  S.  Boardman,  Dean  of  the  Col- 
lege of  Technology,  University  ot  Maine.  This  section  is 
necessarily  very  condensed,  but  the  condensation  has  been 
done  with  excellent  judgment. 

Sec.  3:  Engineering  Geology  (63  pages),  by  James  P. 
Kemp,  Professor  of  Geology  in  Columbia  University,  and 
Frederick  K.  Morris.  Prof.  Kemp's  eminence  as  a  teacher 
of  geology  insures  the  quality  ot  the  matter  in  this  section. 
The  bibliography  of  books  at-the  end  of  the  section  will  be 
very  helpful  to  all  engineer^  who  wish  to  perfect'  them- 
selves in  this  important  branch  of  road  engineering.  The 
geology  of  rocks  and  soils  has  been  too  often  and  too  long 
neglected  by  civil  engineers. 

Sec.  4:  Preliminary  Investigations  (46  pages),  by  Walter 
Wilson  Crosby.  Consulting  Engineer,  Baltimore.  Md.  Mr. 
Crosby  was  chief  engineer  of  the  State  Road  Commission  of 
Maryland.  His  section  covers  location,  grades,  widths,  traffic 
investigations,  selection  of  surfacings.  estimates  of  cost  and 
report  forms.  The  bibliography  of  this  section  contains  75 
references,  which  alone  would  warrant  the  purchase  of  the 
book  by  any  engineer  desirous  of  obtaining  a  complete  mas- 
tery of  the  topics  discussed  by  Mr.  Crosby. 

Sec.  5:  Surveys  and  Office  Practice  (138  pages),  by  Henry 
B.  Drowne,  Engineer  of  the  Lane  Construction  Co.  This  is 
the  largest  section  in  the  book.  It  covers  field  and  office  in- 
struments, surveying,  maps,  grades,  vertical  curves,  crowns, 
estimates  and  general  data.  It  contains  50  pages  of  curve 
tables  and  12  pages  of  other  tables.  In  the  bibliography  of 
the  books  there  is  no  reference  to  Fred  Lavis'  "Railway  Lo- 
cation," which  is  one  of  the  best  books  published  on  railway 
surveying-practice.  A  great  deal  that  it  contains  is  equally 
applicable  to  road  surveying. 

Sec.  6:     Planning  of  Roads  and  Road  Systems   (32  page), 
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also  by  Henry  B.  Drowne.  This  is  a  very  big  subjett  and  it 
is  crowded  into  a  very  small  space.  The  bibliography  con- 
tains references  to  12  books  and  23  articles.  It  would  seem 
desirable  in  the  next  edition  to  double  or  triple  the  number  of 
references. 

Sec.  7:  Planning  of  Streets  and  Street  Systems  (56 
pages),  by  Nelson  P.  Lewis,  Chief  Engineer,  Board  of  Esti- 
mate and  Apportionment,  New  York  City. 

Sec.  8:  Grading,  Drainage  and  Foundations  (63  pages), 
by  Austin  B.  Fletcher,  Highway  Engineer,  California  High- 
way Commission.  This  section  is  very  well  written  and  con- 
tains a  good  bibliography  of  books  and  articles. 

Sec.  9:  Earth  and  Sand-clay  Roads  (36  pages),  by  Joseph 
Hyde  Pratt,  Consulting  Engineer  and  Secretary,  North  Caro- 
lina, Highway  Commission.  This  section  is  satisfactory  as 
far  as  it  goes,  but  considering  the  fact  that  90  per  cent  of  our 
present  roads  are  of  earth  and  that  the  literature  upon  earth 
and  sand-clay  roads  is  voluminous,  it  would  seem  wise  to  en- 
large this  section  and  its  bibliography. 

Sec.  10:  Gravel  Roads  (34  pages),  by  Charles  .T.  Bennett, 
State  Highway  Commissioner  of  Connecticut. 

Sec.  11:  Broken  Stone  Roads  (42  pages),  by  Arthur  W. 
Dean,   Chief  Engineer,  Massachusetts   Highway   Commission. 

Sec.  12:  Bituminous  Materials  (150  pages),  by  Prevost 
Hubbard,  Chemical  Engineer,  U.  S.  Office  of  Public  Works. 

Sec.  13:  Dust  Prevention  by  the  Use  of  Palliatives  (19 
pages),  by  John  R.  Rablin,  Engineer,  Metropolitan  Park  Com- 
mission of  Massachusetts. 

Sec.  14:  Bituminous  Surfaces  (34  pages);  Sec.  15:  Bi- 
tuminous Macadam  Pavements  (46  pages);  Sec.  16:  Bitumi- 
nous Concrete  Pavements  (92  pages).  These  three  sections, 
totaling  172  pages,  are  by  Arthur  H.  Blanchard. 

Sec.  17:  Sheet  Asphalt  and  Rock  Asphalt  Pavements  (SO 
pages),  by  Francis  P.  Smith,  Consulting  Chemical  and  Pav- 
ing Engineer,  New  York  City. 

Sections  12  to  17  inclusive,  totaling  426  pages,  relate  en- 
tirely to  bitumens  and  bituminous  pavements,  excepting  S 
pages  in  section  13.  The  matter  in  these  sections  is  excel- 
lent, but  it  seems  to  us  that  a  disproportionate  amount  of 
space  has  been  given  to  bituminous  pavements.  Sec.  12,  in 
particular,  is  relatively  too  long,  whereas  sections  8  to  11  in- 
clusive are  relatively  too  short. 

Sec.  18:     Wood    Block   Pavements    (42    pages),   by    George 
W.    Tillsoi;,    Consulting    Engineer    to    the    President    of    the 
'  Borough  of  Brooklyn. 

Sec  10:  Stone  Block  Pavements  (38  pages),  by  George 
W.  Tillson. 

Sec.  20:  Brick  Pavements  (."lO  pages),  by  Walter  Wilson 
Crosby,  Consulting  Engineer,  formerly  Chief  Engineer  Mary- 
land State  Roads  Commission. 

Sec.  21:  Cement-concrete  Pavements  (64  pages),  by  Wal- 
ter Wilson  Crosby. 

Sec.  22:  Street  Cleaning,  Collection  and  Disposal  of 
Waste  and  Snow  Removal  (62  pages),  by  William  H.  Connell. 
formerly  Chief  of  the  Bureau  of  Highways  and  Street  Clean- 
ing. Philadelphia. 

Sec.  23:  Car  Tracks  and  Pipe  Systems  (42  pages),  by 
George  W.  Tillson. 

Sec.  24:  Comparison  of  Roads  and  Pavements  (48  pages), 
by  George  W.  Tillson.  We  note  in  this  section,  page  1341, 
an  incorrect  formula  for  determining  when  a  new  pavement 
must  be  laid  because  repairs  have  become  excessive.  The 
correct  formula  for  solving  economic  problems  of  this  nature 
is  given  on  page  102  of  the  Handbook  of  Mechanical  and  Elec- 
trical Cost  Data  by  Gillette  and  Dana. 

Sec  25:  Sidewalks,  Curbs,  Gutters  and  Highway  Signs 
(30  pases),  by  Mark  Brooks,  Colonel,  Corps  of  Engineers, 
IT.  S.  A. 

Sec.  26:  Highway  Bridges,  Culverts,  Retaining  Walls, 
Foundations  and  Guard  Rails  (72  pages),  by  Prof.  Harold  S. 
Boardman,  Dean  of  the  College  of  Technology,  University  of 
Maine. 

Sec.  27:  Preservation  of  Materials  Used  in  Highway 
Structures  (16  pages),  by  Henry  A.  Gardner,  Assistant  Di- 
rector, The  Institute  of  Industrial  Research. 

Sec.  28:  Financing  of  Highway  Improvements  (30  pages), 
by  Nelson  P.  Lewis,  Chief  Engineer,  Board  of  Estimate  and 
Apportionment,  New  York  City. 

Sec.  29:  Organization  and  Administration  of  Highway  De- 
partments. 

The  bibliography  at  the  end  of  each  section  of  this  book 
should  be  of  great  value  to  every  studious  user  of  it.     On  the 
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whole  ttie  bibliographical  references  indicate  that  great  care 
was  exercised  in  making  the  selections;  but  we  note  several 
important  omissions.  Thus,  there  are  only  two  books  on  cost 
keeping  on  construction  work,  yet  neither  of  them  is  listed  in 
the  bibliography  of  Section  15.  There  is  only  ono  book  on 
Clearing  and  Grubbing,  yet  it  is  not  listed  in  Section  8. 

A  considerable  number  of  pamphlets  are  listed  in  the  bibli- 
ographies, but  most  of  these  pamphlets  have  been  either 
completely  or  largely  reprinted  in  certain  periodicals,  yet  ref- 
erence is  not  usually  given  to  the  reprints.  Not  only  are 
pamphlets  likely  to  be  out  of  print,  but  they  can  not  ordi- 
narily be  found  in  libraries,  whereas  files  of  periodicals  are 
usually  available.  Hence  it  seems  desirable  to  list  reprints 
and  abstracts  of  good  pamphlets. 

Summing  up  we  can  say  that  this  handbook  has  been  ex- 
ceptionally well  edited  and  that  it  is  deserving  of  a  large  sale. 


North  Dakota   Proposes  $50,000- 
000  Bond  Issue  for  Roads 

To  the  Editor:  This  department  is  pleased  to  advise  you 
that,  among  other  highway  legislation,  now  under  consid- 
eration by  the  assembly  in  session,  two  bills  of  vital  impor- 
tance and  moment  have  been  introduced,  notice  of  which 
no  doubt  will  be  appreciated  by  you. 

Early  in  February  a  bill,  providing  for  a  $4,000,000  bond 
issue  for  highway  purposes,  was  introduced,  but  was  subse- 
quently withdrawn  because  the  above  sum  exceeded  the  con- 
stitutional limit  of  bonded  indebtedness.  In  its  place  there 
has  been  put  under  consideration  a  concurrent  resolution 
providing  for  an  amendment  to  the  constitution,  whereby  it 
will  be  possible  to  issue  bonds  for  highway  purposes  not  to 
exceed  $50,000,000.  If  the  resolution  is  approved  by  the  legis- 
lature, this  proposition  will  appear  on  the  ballot  tw'o  years 
hence,  to  be  voted  upon  by  the  people.  If  favorably  acted 
upon,  the  next  legislature  will  then  be  in  a  position  to  pass 
a  specific  bond  issue  law. 

In  conclusion  we  desire  to  assure  you  that  there  is  a  very 
,   healthy  sentiment  in  the  present  legislature  toward  the  Good 
Roads  movement  and  there  is  every  indication  that  progres- 
sive legislation  will  be  enacted. 

J.  E.  KAULFUSS. 
Assistant    Chief    Engineer.    North    Dakota    Highway 
Commission. 

Bismarck.  N.  Dak. 


$500,000,000  for  Road  Work  in  1919, — Expenditures  for  high- 
way work  in  the  United  States  this  year  are  likely  to 
amount  to  a  half  billion  dollars  or  even  more,  according  to  a 
statement  of  officials  of  the  Bureau  of  Public  Roads,  United 
States  Department  of  Agriculture.  On  reports  received  from 
state  highway  departments,  the  bureau  estimates  the  ex- 
penditures for  roads  and  bridges  at  $385,000,000,  or  $110,009,000 
more  than  the  average  expenditures  for  1916  and  1917.  This 
estimate  does  not  include,  however,  the  additional  Federal 
funds  which  will  be  available  if  the  amendment  to  the  Post 
Office  appropriation  bill,  making  $50,000,000  immediately 
available  and  $75,000,000  more  on  July  1,  Is  enacted  into  law. 
Estimated  work  under  control  of  the  state  highway  depart- 
ments includes  $45,000,000  for  the  construction  of  5.000  miles 
of  road  now  under  contract.  $30,000,000  for  4,000  tniles  of  con- 
struction ready  for  contract,  $100,000,000  for  16,000  miles  of 
contemplated  construction,  and  $60,000,000  for  maintenance 
of  200,000  miles.  Expenditures  of  counties,  townships,  and 
local  road  districts  are  estimated  at  $100.00(XOOO  for  the  con- 
struction of  15.000  miles  and  $50,000,000  for  maintenance  of 
100.000  miles. 


Nebraska  Road  Institute. — The  Second  Nebraska  Road  In- 
stitute will  be  held  March  10  to  14  at  the  University  of  Ne- 
braska. Lincoln.  Neb  The  Institute  will  be  conducted  by  the 
College  of  Engineering  of  the  university,  with  the  co-opera- 
tion of  a  number  of  Nebraska  road  builders.  The  program 
will  include  discussions  of  Nebraska's  new  road  laws,  pro- 
posed change  of  the  Federal  aid  act  of  1916;  financing  hard 
surface  I'oads.  construction  and  maintenance  of  different 
types  of  road  surfaces,  stone  and  gravel  concrete  work,  lo- 
cation and  preservation  of  corners  of  land  surveys,  prelim- 
inary surveys  for  permanent  roads,  sand  hill  roads,  and  trac- 
tors. Clark  E.  Mickey.  University  of  Nebraska,  Lincoln,  is 
chairman  of  the  Institute. 
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Cost  Keeping   for    lliiihway   Con- 
tra ctt)rs* 

Ity    MALUKU  r   V    CU.l.KTTK. 

t:.Uti>r  Kiik-mo'iiin:    "I'l  *'"i"i'«''i"K         ,.      ., 

luisi  SfpiemlMT  the  Oltlc  of  I'uliUc  Uoails.  W  ashinstoii. 
II  <•,  piibllslu'cl  H  SL'piiBO  piimplilet.  fiititlea.  "HlKhwiiy  Cost 
K.-|iinK,"  b>  Tobin  nnd  l.osli,  l".  S.  Knislnoor  Koonomists. 
I  I  -  pauiphiot  i-iin  bo  luiil  foi-  Id  il.,  iiiul  as  It  slioiild  be  se- 
ii.r.-.l  b>  every  highway  cniUnu'tor  anil  eiiKliieer.  it  will  be 
iiiin.ioiiwiry  10  repeal  In  this  paper  anythiiiB  given  in  that 
|<aiiit>hlei 

Mili»iii;h  se\eral  books  and  a  Krcal  number  of  articles  on 
.-. ->  kee;-lnK  have  been  pnbllshed  dtiriiiR  the  last  10  or  12 
V.  rv  there  still  exist  many  eontrai-tors  who  apparently 
.,-  I  with  the  oldtlnie  lontraetor  who  said,  "The  only  cost 
L.  .  iiiiiR  that  I  need  Is  what  my  bunker  does  for  nie.  If  his 
n .  ords  show  that  I  have  a  lariser  bank  balance  after  the  linal 
pa>nient  on  contract  than  when  1  started  it.  then  1  am  sal- 
Un.-d  with  my  men.  my  methods  and  my  luck.  But  it  my 
bank  balance  Is  smaller  at  the  end  of  the  job.  to  h—  with 
m.v  luck,  my  methods  and  my  men." 

This  is  the  attitude  of  many  a  practical  man,  but  to  all 
unch  a  word  of  advice  may  prove  helpful.  While  luck  cannot 
Ih'  changed  by  having  a  suitable  system  of  cost  keeping,  it 
often  happens  that  such  a  system  leads  to  a  change  both  in 
methods  of  doing  work  and  in  the  foremen  and  superintend- 
cuts  in  charge  of  it-  Indeed,  the  leading  object  in  keeping 
unit  costs  Is  to  llnd  out  the  least  costly  way  of  doing  a  given 
kind  of  work  and  the  most  efficient  bosses.  Since  this  is  the 
main  object.. it  follows  that  an  effective  cost  keeping  system 
must  show  the  unit  costs  at  the  end  of  every  week,  and  if 
practicable,  at  the  end  of  every  day.  But  to  accomplish  this 
purpose  it  is  usually  necessary  to  cut  out  all  hairsplitting. 
such  as  most  accountants  and  bookkeepers  indulge  in.  Rough 
and  ready  methods  of  estimating  the  number  of  units  of  work 
must  frequently  be  adopted;  approximate  estimates  of  over- 
head costs  must  nearly  always  be  used;  and.  in  short,  the 
aim  must  be  to  get  at  the  unit  costs  within  a  few  per  cent — 
say  5  per  cent— rather  than  "lo  the  last  red  cent."  It  is  that 
"last  red  cent"  ideal  of  the  bookkeeper  that  is  accountable 
for  the  practical  failure  of  luany  a  cost  keeping  system. 

As  an  illustration,  take  almost  any  dirt  digging  job  and  try 
to  apply  the  usual  bookkeeping  methods  to  it.  The  time- 
keeper may  report  each  day  the  day's  labor  cost  of  excavat- 
ing, but  he  does  not  ordinarily  ascertain  the  yardage  of  earth 
moved  that  day.  Perhaps  the  engineer  can  give  a  rough  esti- 
mate of  the  yardage,  but  this  estimate  may  be  25  per  cent  off. 
for  he  usually  makes  his  guess  merely  by  looking  at  the  map 
profile  or  at  the  cut  and  fill  marks  on  the  slope  stake  and 
then  looking  at  the  partly  graded  roadbed.  Since  the  engi- 
neer seldom  makes  a  careful  quantity  estimate  ottener  than 
once  a  month — and  it  is  not  always  careful  then — it  follows 
that  there  are  very  few  grading  contracts  on  which  the  cost 
per  cubic  yard  of  earth  excavated  is  known  within  in  or  1.5 
per  cent  at  the  end  of  each  week.  As  for  knowing  the  earth 
yardage  cost  for  each  day.  how  many  members  of  this  asso- 
ciation have  ever  seen  a  contractor  who  did  know  it? 

Estimating  Excavation  Yardage  Daily. — For  a  long  time 
the  author  regarded  it  as  impracticable  to  estimate  earth 
yardage  costs  with  resonable  accuracy  oftener  than  at  the 
end  of  each  week.  Several  weeks  ago  the  author's  brother. 
"U".  A.  Gillette,  devised  a  method  of  estimating  earth  yardage 
on  grading  jobs  every  day.  The  method  consists  in  mounting 
a  timekeeper  on  a  horse  and  having  him  ride  from  gang  to 
gang  all  day  long,  stopping  20  to  "0  minutes  at  each  gang.  If 
a  gang  is  excavating  with  fresno  scrapers,  for  example,  the 
timekeeper  counts  the  number  of  fresno  loads  taken  out  by 
the  gang  in.  say.  20  minutes;  and  he  records  the  count  for 
that  gang.  Then  he  rides  on  to  the  next  gang  which,  let  us 
say,  is  loading  earth  by  hand  into  wagons.  This  gang  is  timed 
for.  say,  :iii  minutes,  and  the  wagon  loads  are  counted. 

In  the  course  of  the  day  each  gang  is  thus  visited  and  its 
output  counted  several  times.  If.  for  example,  gang  No.  1 
has  been  visited  Z  times  and  during  a  total  time  of  one  hour 
il  has  turned  out  .50  fresno  loads,  it  is  then  estimated  that  it 
would  turn  ou*  400  loads  in  8  hours. 

An  estimate  is  made  of  the  average  size  of  a  load,  and  the 
total  yardage  output  of  gang  No.  1  for  that  day  is  estimated. 
Similarly  with  the  other  grading  gangs.     At  the  end  of  the 
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month  the  totals  thus  estimated  are  compared  with  a  care- 
ful monthly  estimate  based  on  cross-sections.  After  a  little 
experience  it  is  possible  thus  lo  estimate  within  5  per  cent 
of  the  actual  yardage  moved. 

Of  course  this  Intermittent  count  method  can  not  be  ex- 
pected lo  give  satisfactory  results  unless  good  judgment  is 
used  in  its  application.  But  it  has  been  shown  to  the  au- 
thors satisfaction  that  the  method  is  sufllciently  reliable 
when  properly  supervised.     That  it  Is  simple,  is  self  evident. 

The  two  greatest  obstacles  to  the  successful  use  of  any 
cost  keeping  system  are.  Ilrst.  a  fairly  accurate  measurement 
of  the  number  of  payment  units  of  work  done  each  day.  and 
second,  a  correct  ascertainment  of  the  total  time  lost  or 
w'nsted  by  each  gang.  By  "payment  units"  is  meant  the  units 
of  work  for  which  a  contract  price  is  paid,  as,  the  cubic  yard 
of  earth  excavation,  the  square  yard  of  pavement,  etc. 

.•\11  costs  should  be  linally  reduced  to  so  and  so  many  cents 
or  dollars  per  paym(>nt  unit,  so  that  the  contractor  can  com- 
pare them  with  his  contract  prices.  Fortunately  the  high- 
way contractor  has  a  relatively  simple  task  in  devising 
methods  of  measuring  most  of  the  payment  units  every  day. 
Excavation  measurements  are  the  most  difficult  to  secure 
daily,  but  a  suggestion  as  to  how-  this  may  be  done  has  just 
been  given.  The  yardage  of  pavement  laid  daily  is  readily 
ascertained.  Since  excavation  and  paving  usually  constitute 
the  bulk  of  the  cost  of  a  road,  it  is  evident  that  if  a  con- 
tractor can  keep  these  two  items  of  cost  within  his  bid  price, 
he  can  usually  "win  out"  on  the  entire  job. 

Recording  Lost  Time  Daily. — Lost  time  is  the  bottomless 
pit  iiiio  which  more  money  has  been  dumped  by  road  con- 
tractors than  can  be  estimated.  The  author  has  seen,  and 
has  himself  experienced,  the  bitteif^st  disapjiointment  result- 
ing from  time  lost  w'hile  wages  were  going  on.  It  is  not  an 
iinconmion  thing  to  lay  twice  as  much  yardage  of  concrete  on 
a  day  entirely  frc  from  delays  as  is  laid  on  the  average  day. 
lii  other  words,  it  seems  practicable  to  do  twice  as  much 
work  daily  as  actully  is  averaged.  How-  is  this  ideal  to  be 
attained,  or  at  least  approximated?  Only  by  system,  and 
system  involves  keeping  costs  in  such  a  manner  as  to  locate 
definitely  and  immediately  each  period  of  lost  time  for  each 
gang,  and  the  reason  why. 

Does  the  crusher  shut  down  tor  an  hour  for  repairs?  Then 
the  time  report  for  the  quarry  must  show  the  time  of  stop- 
ping and  the  time  of  starting,  and  the  reason  for  the  shut- 
down. It  should  be  the  timekeeper's  duty  at  the 'end  of  eacli 
week  and  of  each  month  to  summarize  all  the  time  losses  in 
the  quarry,  so  that  the  contractor  or  his  superintendent  can 
see  at  a  glance  the  size  of  this  loss.  Perhaps  no  better  way 
than  this  can  be  invented  to  demonstrate  what  extra  parts 
should  be  kept  on  hand  to  minimize  delays.  Here  it  may  be 
suggested  that  whenever  a  new  machine  is  purchased,  the 
manufacturer  should  be  asked  to  recommend  what  and  how 
many  spare  parts  should  be  carried  in  stock  by  the  pur- 
chaser. 

Where  the  cost  of  lost  time  due  to  breakdowns  is  kept,  it 
frequently  becomes  evident  that  it  is  economic  not  merely  to 
have  spare  parts  on  hand,  but  to  have  entire  spare  machines. 
Take  a  pump,  for  example,  that  is  delivering  water  to  a  con- 
crete mixer  and  for  sprinkling,  etc.  Upon  the  service  of  that 
one  pump  will  depend  the  progress  of  the  pavement.  Yet 
to  save  an  investment  of  $500  to  $1,000  in  a  spare  pump, 
many  a  road  contractor  loses  several  fold  that  sum  each  year. 
Such  losses  result  from  failure  to  keep  records  that  show 
the  cost  of  lost  time. 

Daily  Overhead  Costs.— Closely  associated  with  the  ques- 
tion of  lost  time  is  the  question  of  overhead  costs.  Among 
"overheads"  ohould  be  included  superintendence,  office  ex- 
pense, interest  and  depreciation  on  plant.  Superintendence 
should  include  some  compensation  for  the  contractor's  own 
time.  To  the  author  it  seems  desirable  to  divide  the  con- 
tractor's compensation  into  two  parts.  (1)  salary  and  (2) 
profit. 

The  salary  .should  be  only  as  large  as  would  be  paid  to  a 
skilled  superintendent.  The  profit  should  cover  both  com- 
pensation for  the  contractor's  skill  as  an  organizer  and 
financier,  plus  insurance  against  all  risks  for  which  an  in- 
surance  policy   can  not   be   secured. 

A  common  mistake  in  estimating  "overheads"  consists  in 
dividing  the  annual  overhead  cost  by  the  number  of  work- 
ing days  in  a  year,  instead  of  dividing  by  the  average  num- 
ber of  days  actually  worked.  In  our  northern  climates  the 
number   of    days    actually    worked    by    a    given    organization 
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on  road  construction  usually  averages  about  125,  but  there 
are  300  working  days  in  a  year;  hence  a  highway  contrac- 
tor and  his  plant  are  usually  idle  nearly  60  per  cent  of  the 
working  days  of  the  year.  If  a  contractor's  annual  salary 
as  a  superintendent  be  added  to  the  annual  salaries  of  his 
permanent  employes,  and  if  this  salary  total  be  divided  hy 
125,  instead  of  by  300,  the  salary  "overheads"  per  day 
worked  will  be  ascertained  for  all  practical  purposes.  Simi- 
larly as  to  plant  "overheads"  and  office  rental  "overheads." 

The  total  "overheads"  per  day  actually  worked  must  be 
apportioned  among  the  units  of  work  done.  Both  highway 
contractors  and  engineers  who  have  not  been  accustomed 
to  prorate  overhead  costs  in  this  manner  will  get  some  sur- 
prises. Failure  to  do  this  is  largely  accountable  for  the 
fact  that  so  many  road  contractors  "go  broke."  and  it  als» 
throws  light  upon  the  fact  that  a  good  many  engineers  think 
that  road  construction  can  be  done  more  cheaply  by  day 
labor  than  by  contract. 

Having  estimated  the  overhead  costs  per  "day  worked" 
(not  per  working  day),  some  of  these  daily  overheads  can 
be  assigned  directly  to  a  given  class  of  work.  Thus,  the 
daily  interest,  depreciation  and  repairs  on  a  concrete  miser 
can  be  assigned  to  the  pavement.  But  certain  of  the  daily 
overhead  costs  must  be  prorated  to  the  different  classes  of 
work.  There  are  several  theories  of  prorating  joint  costs 
which  the  author  has  discussed  at  some  length  in  the  Hand- 
book of  Mechanical  and  Electrical  Cost  Data.  Usually  it 
suffices  on  construction  work  to  prorate  overhead  salary 
costs  in  proportion  to  direct  labor  costs.  Thus,  if  the  di- 
rect labor  cost  of  grading  is  $50  a  day  and  the  direct  labor 
cost  of  paving  is  $100  a  day,  and  there  are  no  other  direct 
labor  costs,  then  one-third  of  the  daily  cost  of  general  su- 
perintendence and  office  expense  is  assigned  to  grading, 
and  two-thirds  to  paving.  Having  assigned  all  the  daily 
overheads  to  the  different  classes  of  work,  divide  each  as- 
signed total  by  the  number  of  units  of  work  performed  each 
day  worked,  to  get  the  unit  cost  of  overheads  for  each  day. 
It  should  be  noted  that  by  using  this  method  there  are  no 
overhead  costs  for  the  days  on  which  no  work  is  done,  for 
all  the  overhead  costs  are  assigned  to  the  days  actually 
worked  each  year  on  the  average.  While  there  are  some 
objections  to  this  method,  it  is  the  only  method  by  which 
the  total  unit  cost  can  be  estimated  with  any  degree  of  ac- 
curacy fpr  each  day  worked.  And  it  is  highly  important  to 
have  such  an  estimate  in  order  to  know  whether  a  profit  is 
being  made  or  not.  The  average  road  contractor  who  has 
a  unit  cost  keeping  system  usually  is  deceived  into  thinking 
he  is  making  money,  because  the  daily  overheads  are  either 
not  known  or  are  not  properly  allocated  to  the  various 
classes  of  work. 

Cost  of  Installing  and  Shifting  Plant. — There  is  another 
source  of  error  in  estimating  daily  or  weekly  or  monthly 
profits  which  arises  from  failure  to  segregate  the  cost  of  in- 
stalling, shifting  and  removing  the  various  plant  units,  to- 
gether with,  miscellaneous  costs  of  getting  ready  to  do  work. 
It  is  rare  that  any  contractor  is  able  to  state  what  these 
"preparatory  costs"  have  been  on  any  given  job,  and  this 
holds  true  even  where  the  contractor  has  a  cost  keeping 
system.  No  argument  is  needed  to  prove  that  unless  the 
"preparatory  costs"  are  known  there  is  grave  danger  of 
underestimating  the  total  unit  costs. 
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Importance  of  Daily  Unit  Costs. — It  will  be  noted  that  the 
author  is  contending  for  the  daily  and  weekly  estimating 
of  the  total  unit  cost  of  each  class  of  units  upon  which  there 
is  a  contract  price.  Unless  this  is  done  it  almost  invariably 
happens  that  the  road  contractor  who  thinks  he  has  been 
making  a  profit  on  a  job  awakens  toward  its  close  to  find 
that  he  has  actually  lost  money  on  it.  Now  he  may  lose 
money  on  the  job  even  if  he  does  have  complete  unit  costs 
before  him;  every  day,  for  it  is  very  common  to  bid  so  low 
a  price  that  no  profit  can  possibly  be  made.  But  it  is  sur- 
prising what  a  difference  there  is  in  the  energy  of  a  des- 
perate man  as  contrasted  with  one  who  is  well  satisfied. 
When  a  contractor  realizes  that  he  is  daily  sinking  deeper 
into  the  quicksands  of  bankruptcy,  he  will  usually  "camp 
on  his  job"  night  and  day,  and  his  wits  will  be  steadily  at 
work.  Whereas  if  he  thinks  he  is  making  a  satisfactory 
profit,  he  is  apt  to  take  things  easy,  let  well  enough  alone, 
go  off  on  frequent  pleasure  excursions  and  the  like. 

Incidentally  it  may  be  remarked  that  one  of  the  reasons 
why  day  labor  so  frequently  exceeds  the  cost  by  contract 
lies  in  the  psychological  fact  that  the  engineers  and  super- 
intendents in  charge  of  the  work  have  no  pecuniary  stake 
in  the  cost  of  the  work. 

Summary. — Summing  up,  a  road  contractor  can  use  his 
brains  to  no  better  advantage  than  in  finding  ways  of  se- 
curing daily  reports  that  show  the  total  unit  cost  of  every 
item  on  which  he  has  bid  a  unit  price.  To  do  this  it  is  fre- 
quently necessary  to  invent  methods  of  securing  approxi- 
mately correct  estimates  of  the  number  of  imits  of  work 
done,  and  it  often  pays  to  employ  an  engineer  for  no  other 
purpose  than  to  measure  up  daily  the  number  of  units.  Lost 
time  should  be  reported  daily  and  its  cost  estimated.  Over- 
liead  costs  should  be  estimated  per  average  day  worked. 
not  per  working  day,  and  unit  overhead  costs  estimated 
every  day.  Plant,  preparatory  and  shifting  costs  should  be 
kept  apportioned  to  each  class  of  work,  and  reduced  to  unit 
costs. 

If  these  methods  are  adopted,  profits  will  be  increased  or 
losses  decreased.  In  engineers  in  charge  of  contract  work 
will  follow  the  same  method,  they  will  usually  discover  that 
there  is  little  or  no  profit  to  the  average  road  contractor. 
Indeed  unless  engineers  give  adequate  study  to  the  costs  of 
lost  time,  overheads,  plant  installations,  etc.,  and  unless 
they  devise  ways  of  enabling  competent  contractors  to  se- 
cure adequate  prices,  it  will  be  only  a  matter  of  a  few  years 
before  there  will  be  no  competent  contractors  in  the  road 
building  business. 


Straight  Edge  for  Testing  Concrete 
Pavement  Joints 

A  joint  testing  device  that  is  used  extensively  in  Wis- 
consin concrete  pavement  construction  is  shown  in  the 
sketch.  The  device  is  made  from  a  board  6  ft.  x  8  in.  x 
IVs  in.  The  working  edge  is  beveled  and  faced  with  tin  or 
galvanized  iron.  This  straight  edge  is  used  as  a  gauge  to 
determine  the  relative  elevation  of  adjacent  slabs  by  placing 
the    slot   over   the    protruding   joint    filler   immediately   after 
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Gauge    for    Determining    Relative    Elevation    of    Adjacent    Slabs. 


Having  so  kept  the  daily  records  as  to  show  the  actual 
cost  of  moving  and  installing  a  crushing  plant,  for  example, 
to  this  should  be  added  the  estimated  cost  of  shifting  it 
(where  shifting  will  be  necessary)  and  the  cost  of  dis- 
mantling and  shipping  it  home.  Then  this  total  should  be 
divided  by  the  total  number  of  cubic  yards  of  stone  to  be 
crushed  on  the  given  job.  to  get  'the  unit  preparatory  and 
shifting  cost"  of  crushed   stone. 

This  unit  cost  should  be  added  each  day  to  the  "unit  over- 
head cost"  and  the  "unit  direct  cost"  for  that  day.  The  re- 
sulting total  will  then  be  really  significant  as  to  what  the 
pavement  is  actually  costing. 


the  concrete  has  been  struck  off.  If  there  is  an  excess  of 
concrete  on  either  side  of  the  joint,  the  straight  edge  is 
rocked  back  and  forth  and  pressed  down  until  the  outer 
ends  touch  the  finished  slabs.  The  concrete  so  marked  is 
removed  and  the  surface  refinished  to  grade.  Insufliclency 
of  concrete,  as  well  as  excess,  can  as  easily  be  detected 
and  corrected.  When  the  straight  edge  rests  on  both  slabs 
for  its  entire  length,  the  work  is  acceptable.  Proper  use 
of  this  straight  edge,  it  is  claimed,  insures  absolutely  that 
adjacent  slabs  will  be  on  the  same  plane.  We  are  indebted 
to  Mr.  F.  M.  Belsey,  Division  Engineer  of  the  Wisconsin 
Highway  Commission,  for  the  matter  in  this  note. 
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Methods  of  ContnKtinji  for  High- 
way Work  Duriiiii  the  Recon- 
struction Period* 

By  JOHN  u.  tiounoN. 

IT^UIriU  N.<w  ^ork  Stul.  Koa.l  HiiU.l.rB-  Assoclutlon. 
To  properlv  nmJ  nniilly  dooido  tlir  most  ollU-lent  metliod 
of  inaklnR  i^ntracts  In  this  reconstruction  period  would  lo 
quirt)  lhl»  donmto  knowledpo  of  whul  tho  period  will  pro- 
duce l-iuklni;  this  knowlodso  we  nnist  address  ourselves 
to  tho  various  itlternatlves  iind  by  nuiily/.lnK  and  disiusslns 
.>nch  form  of  conlrnct  wo  mny  be  In  n  position  to  form  a  more 
deflnlio  conclusion  as  the  days  go  by  and  the  probable  results 
ttr«<  more  clearly  Indicated. 

The  Bonornllv  accepted  method  of  contracting  for  high- 
wsv  work  throughout  the  I'nlted  Stales  is  upon  a  lump  sum 
bid  based  upon  unit  prices  of  estimated  quantities,  the  final 
•.oi.l.in....!  10  be  determined  as  a  result  of  a  final  survey 
gl  actual  amount  of  work  done.     As  a  rule  the  pre- 

llii  -imate  and  the  final  survey  closely  approximate. 

r«r«>lv  Is  there  any  material  difference.  This  form  of  con- 
tract has  its  merits  and  demerits,  every  form  of  contract  has, 
everything  in  the  world  has.  11  was  found  satisfactory  in 
most   cases  until  the  war  period. 

The  contractors  who  found  themselves  with  work  taken  at 
pro-war  prices,  had  two  alternatives,  one,  to  abandon  their 
work  at  the  cost  of  their  business  existence,  and  the  other 
alternative  to  complete  the  work  at  a  great  loss.  However 
well  disposed  a  contractor  may  have  been  to  have  supported 
his  own  loss,  the  resources  of  many  made  this  impossible, 
and  we  see  in  New  York  State  forfeited  contracts  totaling  on 
road  work  alone  J5.000.000. 

We  are  now  at  a  point  where  a  contractor  will  be  called 
upon  to  hazard  another  guess  as  to  the  future.  Engineers- 
estimates  are  the  basis  for  the  appropriation  and  in  a  meas- 
ure regulate  prices.  It  is  the  custom  for  engineers  to  base 
tlieir  estimates  upon  prices  prevailing  at  the  time  the  esti- 
mate is  made,  subject  to  subsequent  alteration  if  any  ma- 
terial change  occurs  between  the  date  of  the  estimate  and 
the  date  of  the  letting.  Tgday.  prices  have  fallen  but  little 
from  the  highest,  the  matter  of  unskilled  labor— the  most  im- 
portant element  in  road  contracting— is  certainly  undecided. 
Therefore,  the  contractor  bidding  today,  if  conservative,  must 
base  his  costs  and  bid  upon  the  high,  both  in  material  and 
labor.  Should  there  be  a  material  decline  between  the  day 
of  the  letting  and  the  finishing  of  the  work,  the  contractor 
will  profit,  just  as  the  contractor  lost  under  the  conditions 
of  raising  prices  after  the  beginning  of  the  war. 

It  may  be  said  that  we  have  little  occasion  to  enter  into 
a  discussion  of  this  condition,  inasmuch  as  the  probalities 
are  strongly  against  further  wars,  or  abnormal  conditions 
produced  by  these  wars,  during  this  generation.  But  a  simi- 
lar situation,  if  not  so  extreme,  may  arise  from  other  causes, 
great  scarcity  of  labor  being  the  principal  one.  and  on  which 
neither  the  contractor  nor  the  State  can  make  an  entirely 
certain  deduction. 

But  these  remarks  are  made  simply  as  an  illustration  of 
how  extreme  conditions  may  affect  this  form  of  contract. 
This  form  of  contract  is  definite,  the  exact  amount  to  be  paid 
for  the  work  specified  is  known.  Should  there  be  occasion 
to  add  to  or  subtract  from  the  work,  we  have  the  unit  prices 
to  guide  us.  The  terms  are  known,  and  there  is  little  ground 
left  tor  dispute.  That  it  is  a  form  in  almost  universal  use  for 
all  kinds  of  construction  is  evidence  of  its  merit. 

There  are  some  modifications  of  this  form  of  contract.  One 
is  where  the  contractor  makes  an  estimate  of  cost,  and  agrees 
to  accept  a  definite  fee,  usually  10  per  cent,  the  collection  of 
this  fee  depending  upon  accuracy  of  his  estimate.  Should 
the  cost  exceed  his  estimate,  the  contractor  will  lose,  up  to 
within  .50  per  cent  of  his  fee,  the  amount  of  this  excess. 
Should  the  cost  be  less,  the  contractor  will  receive  an  addi- 
tional payment  of  50  per  cent  of  the  saving. 

It  is  customary  in  some  form  of  lump  sum  contracts  to 
state  the  cost  price  of  material  and  labor  used  in  making  the 
estimate.  In  this  form  of  contract  the  state  or  municipality 
pays  an  additional  price  on  a  rising  market  of  material  and 
labor,  and  is  credited  on  a  falling  market. 

Th-ro  !>  something  to  be  said  in  favor  of  both  of  these 
f  hey  have  their  earnest  advocates. 

FiK,.i.  a  pajier  presented  at  the  Ifith  Annual  Convention  of  the 
Amtrican   Road   Builders'    .\ssociation. 


Another  form  of  contract  used  at  times  and  in  some  states 
and  nuiniclpalities,  but  not  many,  is  the  "cost  plus  "  contract, 
ruder  this  tho  contractor  is  paid  for  his  lime,  knowledge  and 
experience  a  fixed  percentage  based  upon  the  cost  of  all  the 
nuilerlal  and  labor  and  rental  of  macliinery  that  enter  upon 
the  completed  work.  Theoretically  this  would  seem  to  be  a 
very  just  form  of  contract  but  actually  no  other  form  causes 
as  many  disputes  and  as  much  dissension. 

It  is  a  trail  of  human  nature  that  men  will  not  work  with 
the  same  vim  and  energy,  will  not  husband  their  resources 
with  as  much  care,  will  not  be  as  solicitious  for  tho  prosecu- 
lion  of  the  work,  where  the  costs  are  to  bo  defrayed  by  the 
ample  resources  of  the  slate  or  the  municipality.  However 
conscientious  the  contractor  may  be,  he  is  unavoidably  af- 
fected by  this  condition,  and  the  men  under  him  will  not 
work  for  him  in  his  position  as  quasi-superintendent  for  the 
states  as  well  as  they  will  work  if  they  know  it  is  a  mat- 
ter of  dollars  and  cents  to  the  contractor  and  that  his  vital 
interests  are  concerned.  Moreover,  this  form  of  contract 
has  only  too  often  led  to  scandal  and  adverse  criticism,  often- 
times linwarrantod,  but  the  general  public  is  susi)icious  of 
collusion  where  there  are  no  restraints  more  than  can  be 
prescribed  under  this  form. 

States  and  municipalities  expend  .great  sums  in  doing  work 
under  their  own  supervision.  This  is  the  most  costly  form 
of  doing  work  that  is  known,  and  all  records,  whether  they 
be  state  departments  or  municipal  departments,  bear  out  this 
statement.  No  doubt  it  is  necessary  in  small  work  and  in 
small  repairs  for  the  state's  forces  to  be  employed,  but  the 
policy  of  engaging  in  work  in  a  large  way  and  with  an  ex- 
pensive equipment  is  indefensible. 

I  have  now  briefly  outlined  methods  of  contracting  for  high- 
way work  that  have  heretofore  prevailed.  I  feel  compelled 
to  say  that  I  see  no  method  that  will  offer  an  improvement 
upon  the  lump  sum  bid  form  of  contract.  It  is  hazardous  to 
the  contractor,  it  has  proved  troublesome  to  the  states  on 
the  forfeited  contract,  although  in  these  coiitracts  they  re- 
ceive more  than  they  pay,  and  it  may  prove  somewhat  more 
than  ordinarily  expensive  on  contracts  during  this  period. 
Quick  adjustment  will  be  necessary,  but  I  believe  that  the 
ofl^icers  of  the  state  can  protect  themselves  so  that  the  aver- 
age will  be  just. 

Perhaps  the  contractor  in  this  reconstruction  period  will 
have  more  chance  of  making  a  large  profit  than  of  t_aking  a 
large  loss,  but  that  is  not  assured,  no  one  can  absolutely  de- 
termine it  or  the  bids  to  follow  would  be  made  in  accord- 
ance with  it.  Every  contractor  knows  that  his  business  is  a 
hazardous  business.  There  is  a  gambling  instinct  in  every 
man.  Those  in  whom  it  is  most  highly  developed  become 
contractors.  Most  of  them  take  losses  and  gains  with  a  cer- 
tain equanimity  rather  bewildering  to  men  engaged  in  other 
lines.  Every  newspaper  article  that  mentions  a  contractor 
speaks  of  him  as  a  "rich  contractor."  Did  you  ever  know  a 
rich  contractor?  There  may  be  some,  but  there  are  only  just 
about  enough  to  make  that  exception  which  proves  the  rule. 
And  yet,  with  all  the  ups  and  downs,  trials,  tribulations  and 
hardships,  and  imcertainties  of  bidding,  I  believe  that  in  the 
reconstruction  period  and  in  all  other  periods,  contractors 
would  prefer  to  take  their  own  chances  as  to  the  wisdom  of 
their  own  judgment  and  the  accuracy  of  their  own  figures, 
estimates,  and  deductions. 


Excavation,  Concrete  and  Other  Items  in  Wisconsin  Road 
Construction  in  1916  and  1917.— The  following  figures,  ab- 
stracted from  the  recently  issued  4th  biennial  report  of  the 
Wisconsin  Highway  Commission,  show  the  quantities  of 
each  of  the  more  important  items  in  road  construction  in 
the  various  counties  in  the  year  1916  and  1917: 

1916.  191". 

Excavation,  cu.  yd 3.105.23r.  2,7S2,177 

Concrete  in  culverts,  cu.  yd „„tc'cir  ■>  nl^'isR 

Permanent  surfacings.   all  tJTDes.   cu.   yd. ..  .3,348, .516  ''•  o-'ocj 

Guard  rail,  lin.   ft 120.844  9o,964 


Cost  of  Federal  Aid  Road  Surveys  and  Plans  in  Wiscon- 
sin.— During  the  fiscal  year  ending  June  30,  1918,  the  Wis- 
consin Highway  Commission  completed  surveys  for  404.37 
miles  of  Federal  aid  road.  The  average'  cost  per  mile,  ac- 
cording to  the  recently  issued  4th  biennial  report  of  the 
Commission,  was  $31.78.  During  the  same  period  the  Com- 
mssion  completed  plans  for  249.6  miles  of  Federal  aid  road, 
the  average  cost  per  mile  being  $54.75.  The  total  average 
cost  per  mile  for  the  surveys  and  plans  was  $86.53. 
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Conclusions  of    Wisconsin  High- 
way Commission  on  Surface 
Treatment  of  Macadam 

Experiments  were  conducted  in  the  summer  of  1917  by  the 
Wisconsin  Highway  Commission  to  determine  the  best 
methods  of  surface  treating  macadam  roads.  The  experi- 
ments are  described  in  the  recently  issued  fourth  biennial 
report  of  the  commission,  from  which  the  matter  following  is 
abstracted: 

The  road  selected  was  a  section  of  9  ft.  waterbound  macadam 
between  Baraboo  and  Kilbourn  in  Sauk  county.  This  road 
was  selected  because  of  several  reasons.  In  the  first  place 
it  carried  a  very  heavy  motor  traffic  owing  to  the  location  of 
summer  resorts  on  it.  Although  built  in  1913-14  no  main- 
tenance whatever  had  previously  been  given  the  road  in  the 
way  of  surface  treatment  and  the  surface  was  in  a  very  rough 
and  uneven  condition.  In  fact  some  sections  should  have 
been  entirely  rebuilt.  Another  reason  for  its  selection  was 
that  part  of  the  road  was  built  of  limestone  and  a  part  of 
quartzite. 

In  order  to  compare  the  various  kinds  of  absorbents  on 
both  oil  and  tar  treatments,  the  road  was  divided  into  sec- 
tions, experiments  being  duplicated  on  limestone  and  quartz- 
ite. The  selected  section  was  about  2%  miles  long  and  was 
staked  off  into  400  ft.  sections,  each  section  being  located 
with  a  post  having  the  section  number  on  it. 

The  weather  conditions  during  almost  the  entire  experi- 
ment were  ideal,  the  weather  being  bright  and  warm.  The 
work  was  done  between  Aug.  15th  and  Aug.  22,  1917. 

The  following  absorbents  were  used:  For  some  sections 
that  were  rebuilt  a  1%  in.  quartzite  was  used.  This  stone 
is  of  a  quartzite  formation  but  not  from  a  quarry,  being  ap- 
parently  a   glacial   drift. 

For  other  rebuilt  sections  1%  in.  limestone  of  a  compara- 
tively soft  nature  was  used. 

1-2  in.  to  %  in.  crushed  quartzite  was  used  on  some  sec- 
tions. 

%  in.  pea  gravel  shipped  in  from  Winona,  Minn.,  was  used 
on  other  sections.  This  gravel  was  very  uniform,  very  clean 
and  largely  of  an  igneous  nature. 

Torpedo  sand  of  a  very  good  quality  and  very  clean  was 
used  on  still  other  sections.  This  sand  was  shipped  from 
commercial  pits  at  Janesville,  Wis. 

On  other  sections  a  verj'  fine  local  sand  of  a  very  poor 
quality  was  used. 

The  bitumens  that  were  used  consisted  of  Trinidad  liquid 
apshalt  and  Tarvia  B. 

There  were  four  units  of  seven  sections  each.  These  units 
were:  1.  quartzite  old  surface  with  asphalt  as  the  bitumen; 
2,  quartzite  old  surface  with  tar  as  the  bitumen;  3,  lime- 
stone old  surface  with  asphalt  as  the  bitumen,  and  4,  lime- 
stone old  surface  with  tar  as  the  bitumen.  The  sections  in 
each  case  were  as  follows: 

1.  The  resurfacing  of  a  piece  of  road  with  a  new  layer  of 
about  2  in.  of  the  large  quartzite.  This  not  only  covered  the 
9  in.  width  of  the  old  road,  but  reached  out  about  1%  ft.  on 
each  side  thus  widening  the  road  to  about  12  ft.  in  width. 
These  sections  were  thoroughly  rolled  and  were  given  enough 
bitumen  to  complete  the  resurfacing  in  a  satisfactory  man- 
ner. 

2.  The  same  as  No.  1  except  that  large  limestone  was 
used  instead  of  the  quartzite. 

3.  Treatment  with  %  in.  pea  grave!  as  an  absorbent. 

4.  Small  quartzite  was  used  as  an  absorbent. 

5.  Torpedo  sand  was  used  as  an  absorbent. 

6.  Treatment  with  an  absorbent  of  fine  local  sand. 

7.  Treatment  with  no  absorbent. 

All  of  the  bitumen  was  placed  with  a  power  sprayer 
mounted  on  a  4-wheel  drive  truck.  The  mechanism  was  s« 
arranged  that  the  quantity  of  bitumen  used  was  determined 
entirely  by  the  speed  at  which  the  truck  was  driven.  Ir, 
other  words,  the  amount  through  the  nozzle  was  constant  as 
the  bitumen  was  forced  through  by  a  gasoline  engine  mounted 
on  the  rear  of  the  truck.  Therefore  the  speed  of  the  truck 
determined  the  distance  over  which  this  constant  amount 
would  be  spread. 

The  sections  were  inspected  from  time  to  time  but  many 
ot  them  were  abandoned  owing  to  the  inability  of  the  section 
to  bear  the  traffic  which  this  road  carries.  The  road  has 
been   and  is  now   being  taken   care  of  bv  Sauk  county  and 


naturally  many  of  the  sections  have  been  abandoned  and 
turned  into  a  better  type  of  treatment  than  the  one  given 
originally. 

As  a  result  ot  these  experiments  and  the  observations  made 
on  them  the  Commission's  engineers  have  come  to  the  fol- 
lowing conclusions: 

That  a  bituminous  layer  about  2  in.  thick  can  be  success- 
fully placed  on  an  old  road  with  the  cold  penetration  method, 
and  this  layer  can  be  made  wider  than  the  old  road,  espe- 
cially where  there  has  been  a  certain  amount  of  the  original 
metal  brushed  off  into  the  shoulders  by  the  traffic. 

Where  an  old  macadam  road  is  fairly  rough,  but  uniformly 
so.  not  being  full  of  large  holes,  the  larger  the  absorbents 
used  and  the  more  angular  it  is,  the  better  will  be  the  sur- 
face carpet.  In  other  words,  the  crushed  quartzite  and  the 
%  in.  pea  gravel  gave  better  results  than  any  of  the  other 
absorbents,  especially  on  the  rough  quartzite  road. 

A  fine  sand  of  poor  quality  is  little  better  than  no  absorbent 
at  all.  except  that  it  prevents  the  bitumen  from  being  picked 
up  by  the  passing  vehicles. 

Where  material  is  being  shipped  in  for  an  absorbent,  it  is 
better  to  ship  In  material  over  V4  in.  rather  than  under,  as 
some  additional  metal  will  then  be  placed  on  the  highway. 

It  was  found  that  more  care  was  required  in  the  placing  of 
resurfacing  with  asphalt  than  was  requii'ed  with  the  light  tar 
by  the  cold  penetration  method.  This  is  true  because  where 
a  slight  excess  of  asphalt  was  used  ruts  developed,  but  where 
a  considerable  excess  of  tar  was  used  it  merely  resulted  in 
deeper  penetration  and  no  ruts  were  formed.  This  was 
found  to  be  true,  not  only  on  these  experiments  but  on  the 
regular  work  carried  on  in  various  places  in  the  state.  How- 
ever, good  results  were  obtained  with  the  asphalt  in  many 
places,  but  only  where  great  care  was  used  to  get  only  the 
proper  amount  of  asphalt.  It  was  also  found  that  the  tar 
penetrated  a  little  better  and  a  satisfactory  job  could  be  ob- 
tained under  more  adverse  conditions  than  could  be  obtained 
with  asphalt. 

It  was  found  that  a  more  satisfactory  surface  treatment 
was  obtained  where  a  very  light  treatment  of  tar  was  used 
on  as  the  first  application.  This  could  then  be  successfully 
followed  by  more  tar  or  by  an  asphalt  treatment.  It  seemed 
that  the  tar  penetrated  much  better  and  provided  a  better 
bond  for  later  treatments. 

It  was  found  that  it  did  not  pay  to  treat  macadam  roads 
that  were  in  very  poor  and  rough  condition.  Such  roads 
should  be  reconstructed  by  scarifying  and  adding  a  small 
amount  of  new  metal  before  giving  them  a  semi-penetration 
or  surface  treatment. 

It  was  found  that  better  results  were  obtained  by  leaving 
the  bitumen  uncovered  for  some  time  before  applying  the 
absorbent,  especially  where  sand  was  used  as  an  absorbent. 


$75,000,000  Road  Bond  Issue  in  Texas. — The  lower  house 
of  the  Texas  legislature  on  Feb.  26,  by  a  vote  of  108  to  19, 
adopted  a  resolution  submitting  an  amendment  to  the  con- 
stitution to  empower  the  legislature  to  issue  road  bonds 
against  the  state  automobile  license  funds.  It  was  so  amend- 
ed that  the  state  may  protect  such  a  bond  issue  with  a 
special  tax  to  take  care  of  it  in  case  the  automobile  fund 
should  be  withdrawn.  Another  amendment  was  adopted  pro- 
viding that  money  from  such  a  bond  issue  shall  be  appor- 
tioned in  the  counties  according  to  the  needs  of  the  state 
highways.  If  adopted  in  the  senate  the  question  will  be  put 
before  the  voters  Nov.  4  of  this  year.  The  resolution  pro- 
vides that  the  bonds  shall  not  exceed  ^75,000,000  of  the 
measure. 


State  Road  Board  of  Rhode  Island  Asks  Change  in  High- 
way Laws. — Changes  in  the  highway  laws  of  lh.>  state,  which 
will  give  the  State  Board  of  Public  Roads  the  power  to  de- 
termine the  width  of  roads  and  to  acquire  private  lands  for 
highway  purposes,  the  regulation  of  motor  trucks,  and  defin- 
ing state  highways,  are  urgently  recommended  by  the  board 
in  its  annual  report  presented  Feb.  1  to  the  legislature.  The 
board  further  points  out  that  never  before  have  the  condi- 
tions been  so  desirable  for  generous  appropriations  for  road 
work  as  at  the  present  time,  and  it  asks  for  an  appropriation 
of  at  least  $400,000  this  year  in  addition  to  the  income  from 
the  automobile  department  for  highway  construction.  The 
importance  of  the  appropriation  being  made  early  in  the  ses- 
sion is  also  emphasized. 
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Competency    of    Contractor     De- 
ciding Factor  in  Awarding 
Hij^hway   Contracts* 

B>    S.   K.   KITCH. 

iMilm-u    KiiBliioiT.    Nr«-    York   Stiilr   (•ommliwlon    of    lIlKliw.i.v.t, 

The  d»>-  hns  urrlvo«l  when  It  Is  no  U>nR«>r  iloslrable  to  let 
conlrarlK  to  thooe  who  havo  not  ileinonstruteU  their  nblllty 
to  hanillo  »ui-h  work  It  Is  no  lonRer  deslrnble  to  throw 
the  bunion  of  iincertnln  factors  on  the  shoulders  of  the 
conirarlor  lie  should  be  relieved  of  them  Just  na  tiir  as  It 
l«  possible  to  do  so. 

We  like  to  think  that  enclnoers  lire  just  iis  cnpnble  of 
p»»»lnK  JudKtnent  on  the  umorinlnlles  of  road  work  us  are 
the  contractors  If  this  be  true,  let  the  engineers  exercise 
their  best  JudRuient  and  prepare  their  plans  as  carefully 
as  possible,  then  let  the  employer  assume  the  benefits  ac- 
cruins  or  the  losses  resulting  from  as  many  uncertain  fac- 
tors as  possible.  .\  very  Ions  step  is  taken  In  this  direc- 
tion, and  In  the  direction  of  making  the  contract  elastic 
when  the  state  or  county  furnishes,  subject  to  the  contrac- 
tor's shipping  directions,  all  materials  of  construction  f.o.b. 
at  the  unloading  point. 

No  state,  county  or  municipality  ■wishes  to  get  its  work 
done  for  a  price  so  low  that  a  competent  contractor  must 
lose  money  by  doing  It.  On  tJie  other  hand,  no  state  should 
be  obliged  to  pay  a  price  so  high  that  a  contractor  will  make 
an  excessive  profit  on  his  work.  If  we  can  eliminate  the 
uncertainties  and  make  road  contracting  less  of  a  gambling 
proposition.  If  we  can  secure  and  retain  the  services  of 
those  who  have  demonstrated  their  capabilities,  and  if  we 
can  secure  such  contractors  by  paying  them  a  fair  com- 
petitive price  for  just  the  goods  that  they  deliver,  why  not 
do  it?  Is  it  not  better  than  asking  them  to  gamble,  one 
against  the  other  on  an  unequal  basis?  One  may  be  de- 
pending on  his  ability  as  a  contractor,  another  may  be  de- 
pending on  his  shrewdness  to  find  some  loop  hole  that 
will  let  him  out  at  a  profit,  another  may  be  depending  on 
his  crookedness  to  pull  him  through.  Yet,  when  the  bids 
are  opened  you  must  accept  the  lowest  bidder  or  none.  He 
may  be  one  who  has  never  demonstrated  any  contracting 
ability,  or  he  may  be  one  who,  judging  from  his  reputation, 
you  feel  certain  will  in  some  manner  fail  to  give  you  the 
desired  return.  You  may  say  that  the  state  is  protected 
by  the  bondsmen,  and  that  the  inspection  is  up  to  the  en- 
gineers, and  that  the  bonus  and  penalty  clause  will  take 
care  of  the  time  of  completion.  The  answer  to  these  argu- 
ments is  that  experience  has  proven  beyond  a  doubt  that 
these  things  can  not  make  a  contractor  deliver  something 
that  he  does  not  possess.  Furthermore,  the  state  does  not 
want  penalties,  nor  does  it  want  bondsmen's  money.  What 
it  does  want  is  the  roads.  And  it  wants  those  roads  just 
as  quickly  as  they  can  be  economically  built.  The  way  to 
get  them  quickly  is  to  prevent  slow-  contractors  from  se- 
curing contracts.  Here,  as  elsewhere,  an  ounce  of  preven- 
tion is  worth  a  pound  of  cure.  Don't  let  such  contractors 
have   your   contracts. 

So  much  for  the  contractor  who  we  do  not  want.  What 
kind  of  a  contractor  do  we  want  and  what  conditions  must 
we  provide  in  order  to  induce  him  to  enter  road  work  and 
stay  in  the  business? 

The  man  we  want  is  the  one  who  can  build  our  roads  best, 
quickest,  and  cheapest.  Such  a  man  is  entitled  to  a  greater 
profit  than  his  slower  rival  for  he  gives  us  a  greater  value, 
resulting  directly  from  his  special  ability  and  his  greater 
efforts.  He  can  do  his  best  work  only  when  he  has  built 
up  an  organization  and  has  plenty  of  suitable  equipment 
available.  In  these  days  of  expensive  and  inefficient  labor, 
his  organization  and  equipment  will  count  for  more  than 
ever  before:  but  no  contractor  can  afford  to  keep  idle  equip- 
ment, nor  can  he  retain  his  organization  unless  he  has  work 
to  keep  his  best  men  busy.  This  means  that  the  state  must 
so. arrange  the  road  work  that  there  will  be  a  fairly  uni- 
form amount  each  year.  If  you  plunge  in  heavily  one  year 
and  stop  operations  the  next,  you  will  find  when  you  wish 
to  plHnse  in  again  that  your  best  contractors  have  taken 
work  elsewhere  or  have  gone  into  other  lines  of  contracting. 

In  order  to  keep  a  contractor's  organization,  or  any  other 
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iirganization,  omiient.  it  must  have  competition— good  healthy 
competition.  In  this,  care  must  be  taken  not  to  handicap 
good  orgiinizatlons  in  favor  of  the  poor  ones.  When  one 
contractor  habitually  does  good  work  and  completes  it  on 
time,  while  another  habiUmlly  does  poor  work  and  requires 
an  extension  of  time,  there  certainly  is  a  handicap  on  the 
citicient  one  if  he  has  to  bid  on  the  next  job  on  the  same 
basis  as  the  other  fellow.  They  are  not  bidding  on  the 
same  proposition  at  all.  Suppose  you  wanted  a  suit  of 
clothes.  Of  two  available  tailors,  one  always  made  good 
wool  suits  and  delivered  them  promptly,  while  the  other  ha- 
bitually used  shoddy  and  delivered  his  suits  six  weeks  late. 
Would  the  latter  ever  get  your  business  at  the  same  price 
per  suit?  rertainly  not!  Why,  then,  make  contractors  work 
on    this    basis? 

.\  road  under  construction  is  of  very  little  value  to  the 
traveling  public.  Often,  indeed,  it  is  a  decided  nuisance.  A 
completed  pavement  is  of  immense  value  to  them,  other- 
wise it  would  not  be  built.  The  exact  money  value  per  day 
of  any  particular  completed  road  over  and  above  its  value 
when  under  construction  Is  hard  to  determine.  It  is  safe 
to  say,  however,  that  on  the  average  it  would  be  at  least 
equal  to  the  daily  interest  on  the  construction  cost,  other- 
wise it  would  be  a  poor  investment  to  improve  the  road. 

1  wish  to  emphasize  the  fact  that  every  day  saved  in  the 
time  of  construction  is  worth  real  money,  and  the  amount 
is  by  no  means  a  small  one.  Do  we  fully  realize  that  the 
interest  charges,  engineering  and  inspection  charges,  in- 
surance charges,  overhead  charges,  and  kindred  charges 
will  usually  amount  to  over  $25  per  day?  This  point  has 
never  received  anywhere  near  the  attention  to  which  it  is 
entitled. 

If,  then,  we  are  to  have  the  best  contractors  go  into  road 
building  and  stay  at  it.  we  evidently  must  take  into  consid- 
eration something  besides  the  low  bid  when  we  award  our 
contracts.  We  must  find  a  clean-cut,  honest  method  of  se- 
lecting one  of  the  cheapest  workers  from  amongst  the  best 
contractors.  Then  we  must  pay  him  as  nearly  as  possible 
according   to   his   deserts. 

A  prime  requisite  in  making  such  a  selection  is  that  the 
method  of  doing  it  must  have  the  confidence  of  the  con- 
tractors and  of  the  people  of  the  community  behind  it.  It 
must  be  based  upon  something  besides  opinion.  It  must 
rest  on  something  tangible,  something  that  is  a  matter  of 
record,  and  something  that  can  be  compared.  It  must  be 
something  that  can  be  shown  to  any  dissatisfied  bidder 
that  he  may   see   and   satisfy   himself. 

It  will  not  do  to  leave  the  selection  to  the  opinion  of  a 
board  of  a  commission.  Their  selection  might  be  perfectly 
just  and  honest,  but  you  could  not  convince  a  disgruntled 
bidder  of  the  fact  without  actually  showing  him.  It  is 
highly  important  that  you  do  show  and  convince  this  man, 
too,  otherwise  you  may  soon  east  suspicion  on  the  workings 
of  the  sysem  and  thus  destroy  its  usefulness. 

Fortunately,  it  is  not  necessary  in  selecting  a  contractor 
that  he  be  absolutely  the  best  one  for  that  particular  job. 
We  shall  have  accomplished  our  main  purpose  if  only  he  is 
one  of  the  best  few  who  might  have  been  chosen.  The  one 
thing  that  is  absolutely  essential  is  that  all  men  may  know 
that  his  salection  was  honest,  and  above  board,  free  from 
politics  and  favoritism.  It  is  also  necessary  that  the  method 
of  making  the  selection  shall  be  well  understood  before 
the  bidding.  It  is  highly  desirable  that  the  records  of  the 
whole  proceedings   shall   be  open  to  public  inspection. 

To  select  our  contractors  approximately  on  the  basis  of 
their  relative  worth,  w-e  must,  in  some  manner,  compare 
them.  To  compare  all  the  good  and  bad  qualities  of  con- 
tractors, one  with  another  on  a  definite  basis,  would  be  im- 
possible. In  too  many  respects  it  would  be  merely  a  mat- 
ter of  opinion.  In  one  essential  particular,  however,  there 
need  be  but  little  difficulty  in  comparing  them.  A  contractor 
enters  into  agreement  to  complete  certain  amounts  of  work 
within  a  specified  time  after  signing  the  contract.  The  per- 
centage of  this  time  that  he  actually  takes  to  complete  the 
work  is  directly  comparable  with  that  of  any  other  con- 
tractor on  any  other  road  for  the  same  state  under  the  same 
provisions.  He  will  understand  this  when  he  bids,  and 
take  into  consideration  any  increase  in  cost  that  may  re- 
sult  from    short-time    work. 

lly  idea  is  that  the  letting  of  all  road  contracts,  such  as 
your  county  roads,  should  be  under  the  supervision  -^f  the 
State    Highway    Commission.      This    commission    shauld    de- 
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ckie  when  a  road  is  completed  and  keep  an  accurate  record 
of  the  per  cent  of  the  agreed  time  actually  used  on  all  con- 
tracts. This  record  should  be  made  cumulative  for  each 
contractor  from  year  to  year,  so  that  its  accuracy  as  an 
index  of  a  contractor's  ability,  so  far  as  speed  is  concerned, 
is  constantly  growing.  This  record  should  be  open  to  pub- 
lic inspection.  It  would  be  used  as  letcings  of  contracts  to 
modify  each  contractor's  bid,  favoring  the  speedy  ones  by  a 
certain  definite  factor  calculated  from  their  past  records. 
The  rate  and  manner  of  applying  this  modification  would 
be  stated  in  the  advertisement  and  in  the  proposal  for  each 
road.  It  would  not  necessarily  be  the  same  for  all  roads, 
because  speed  on  an  important  main  road  is  of  more  value 
than  on  a  side  road  in  the  country.  The  amount  that  the 
most  speedy  contractor  would  be  favored  by  this  modifica- 
tion should  in  no  case  exceed  the  value  of  the  time  saved, 
which  value  we  have  already  discussed.  Contractors  on 
their  first  job  for  any  state  would,  of  course,  have  no  record 
and  would  have  to  be  taken  at  par  (i.  e.,  neither  favored 
nor  handicapped).  This  method  would  in  a  very  few  years 
entirely  eliminate  the  extremely  slow  incompetent  contrac- 
tors. 

By  increasing  the  rate  of  modification  on  the  important 
roads,  the  tendency  would  always  be  to  concentrate  the 
very  fastest  contractors  on  the  most  important   roads  where 

there  would   be  the  most  profit  for  them. 

I 


Members  A.  E.  F.  Favor  Better  Roads 
Movement  in  America 

That  the  j/resent  movement  for  better  roads  in  the  United 
States  has  the  enthusiastic  approval  of  the  members  of  Uncle 
Sam's  forces  overseas  is  the  substance  of  an  interesting  let- 
ter received  by  Mr.  .1.  A,  Sauerman  of  Sauerman  Bros..  Chi- 
cago, from  Major  Dwight  D.  Guilfoil.  commanding  the  First 
Battalion  of  the  lOSth  Engineers  with  the  army  of  occupation 
in  Luxen:boura.     He  writes  as  follows: 

"I  sure  would  have  liked  to  have  been  in  Chicago  during 
that  Good  Roads  Convention.  If  there  is  one  thing  I  can  talk 
about  now.  it  is  good  roads.  Also  I  have  quite  a  flow  of  lan- 
guage concerning  bad  roads  and  no  roads  at  all.  having  en- 
countered  both  over  liere. 

"That  Illinois  bond  issue  sounds  good  to  me.  Really,  1 
believe  that  you  will  find  an  increase  in  the  demands  for 
more  road  improvements  when  the  army  gets  back,  for  there 
is  not  a  man  over  here  who  personally  has  not  experienced 
the  benefits  of  good  roads  and  the  discomforts  of  bad  ones. 
What  is  more,  it  has  been  brought  home  to  them  in  such  a 
way  that  the  war  side  of  it  will  be  entirely  removed  and  they 
will  want  the  good  roads  purely  from  an  economic  view. 

"I  have  built  roads  out  of  every  conceivable  material. 
There  is  one  little  ruined  French  village  that  once  had  a 
fine  large  church.  This  church,  together  with  all  the  other 
buildings  had  been  more  or  less  shot  to  pieces.  Mostly  more. 
Today  you  will  find  the  church  and  several  other  buildings 
are  the  component  parts  of  a  very  fine  road  that  I  built 
through  tliat  section  when  our  troops  advanced.  Many  and 
many  a  time  have  I  thanked  whoever  is  to  blame  for  the  fact 
that  nearly  all  the  villages  are  built  of  stone.  When  we  ar- 
rived at  that  spot  the  road  had  entirely  disappeared.  Shells 
and  road  mines  had  ripped  it  to  pieces  for  1  kilometer  and 
the  Boche  had  flooded  the  section  with  18  in.  of  water.  Three 
hour.'!  after  we  put  over  the  first  horse  transport  and  seven 
hours  after  we  put  over  a  train  of  6.5  motor  trucks.  You  see. 
we  couldn't  wait  for  material  to  come  up  from  the  rear." 

Major  Guilfcil  was  a  member  of  the  original  Company  A. 
First  Battalion  of  Engineers.  Illinois  National  Guard,  which 
was  organized  during  lfill-1912  by  Col.  Henry  A.  Allen  and 
H.  B.  Sauerman  and  commanded  by  the  latter  from  1912  to 
1915.  As  first  lieutenant.  Major  Guilfoil  served  with  this  or- 
ganization on  the  Mexican  border  in  1916,  resigning  his  com- 
mission in  September  of  that  year  to  resume  his  position  as 
sales  engineer  with  Sauerman  Bros. 

In  April,  1917.  when  the  United  States  declared  war  on 
Germany,  he  was  commissioned  a  captain  of  engineers  and  as- 
sisted Col.  Allen  in  organizing  five  additional  companies  for 
the  108th  Regiment  of  Engineers.  The  "108th"  landed  at 
Brest.  France,  in  May.  1918.  and  soon  moved  forward  to  the 
fighting  line,  performing  heroic  service  in  building  bridges 
and  constructing  road?  in  the  Verdun  sector.  In  October. 
1918.  Capt.  Guilfoil  was  promoted  to  major  for  excellent  field 
service. 
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Methods  of  Removing  Snow  from 
Highways 

A  very  complete  discussion  of  tlie  problem  of  keeping 
highways  open  tor  traffic  in  the  winter  is  contained  in  a 
bulletin  issued  by  the  Highway  Transport  Committee  of  the 
Council  of  National  Defense.  This  bulletin,  prepared  by 
Raymond  Beck,  Field  Engineer,  with  A.  H.  Hinkle,  George 
H.  Biles  and  Charles  J.  Bennett,  collaborators,  describes  the 
methods  that  proved  most  effective  during  the  winter  of 
1917-18.  The  matter  following  is  taken  from  the  bulletin. 
How  to    Prevent    Snow   from    Drifting. 

Drifts  Do  Not  Come  by  Chance. — To  solve  this  problem  by 
preventive  methods,  it  is  necessary  to  begin  the  study  of 
where  drifts  usually  occur.  Snowdrifts  do  not  come  by 
chance.  The  snow  drifts  much  deeper  in  some  places  than 
other  places  for  a  reason.  There  is  always  a  cause  for  the 
drifts  and  if  the  cause  is  removed,  the  drift  will  not  form. 
Hence  there  arises  the  necessity  of  observing  the  location 
of  the  bad  drifts  and  their  cause,  and  then  attempting  to 
eliminate  that  cause.  Local  people  can  usually  furnish  in- 
formation as  to  the  locations. 

Causes  of  Drifts. — The  drifting  of  the  snow  will  take  place 
where  the  velocity  of  the  wind  is  checked  by  some  obstruc- 
tion. The  snow  is  deposited  in  drifts  for  the  same  reason 
that  a  sandbar  is  deposited  in  a  stream  where  the  velocity 
of  the  water  is  reduced,  thus  allowing  the  sand  or  silt  which 
was  carried  by  the  swifter  moving  water  to  settle  to  the 
bottom.  It  will  be  observed  that  in  some  states  the  north 
and  south  roads  are  usually  drifted  much  worse  than  the 
east  and  west  roads,  and  in  other  states  the  east  and  west 
roads  receive  the  heaviest  drifts.  This  is  due  to  the  pre- 
vailing direction  of  our  winds,  together  with  the  fact  that 
the  obstructions  causing  the  drifts  are  usually  found  paral- 
leling the  road.  If  you  have  a  prevailing  westerly  wind,  an 
obstruction  on  the  westerly  side  of  a  road  is  many  times 
more  objectionable  than  on  the  east  side.  Upon  investiga- 
tion it  will  frequently  be  found  that  snowdrifts  in  the  road 
have  been  caused  by  a  fence  along  the  road.  Rail,  board, 
picket,  and  especially  hedges  fences,  are  very  common 
causes  of  snowdrifts  in  the  road.  They  check  the  current 
of  air  long  enough  to  cause  a  drift  to  form.  Mills  or  high 
banks,  where  there  are  cuts  in  the  road,  will  frequently  be 
sources  of  drifting  snow.  Brush  rows  along  the  road  will 
invariably  cause  drifts  to  form.  Even  a  few  weeds,  although 
innocent  looking,  may  check  the  current  of  air  sufficiently 
to  cause  it  to  deposit  its  load  of  snow. 

A  row  of  weeds  along  the  immediate  road  shoulder  may 
be  the  source  of  considerable  annoyance  by  causing  snow 
to  drift  on  a  road  which  is  well  above  the  surrounding  coun- 
try. 

The  distance  of  a  hedge  or  fence  from  the  road  deter- 
mines whether  it  acts  as  a  cause  for  snowdrifts  or  if  suffi- 
cient distance  away,  as  a  drift  preventive.  If  close  to  the 
road,  a  hedge  with  vertical  sides  is  a  better  drift-former 
than  one  with  slopin.g  sides. 

In  snowing,  the  wind  eddies  with  horizontal  axes  are  the 
chief  drift-formers.  Those  with  vertical  axes  are  potent 
snow-carriers.  A  hedge  with  level  top  will  form  imme- 
diate drifts  quicker  than  a  hedge  with  broken  or  inieven  top. 
If  there  is  a  foot  or  more  variation  of  level  at  the  top  of 
hedge  every  20  or  30  in.,  this  will  cause  the  formation  of 
eddies  with  vertical  or  much-inclined  axes.  These  eddies  do 
not  beat  the  snow  into  a  drift,  and  longitudinal  transference 
within  them  results  in  their  being  held  in  the  air  until  they 
get  across  the  road. 

Remove  the  Obstructions  Which  Cause  the  Drifts  to  Form. 
— It  is  readily  seen  from  what  is  given  above,  tliat  a  method 
of  preventing  the  snow  from  drifting  would  be  to  remove 
the  obstructions  which  check  the  current  of  wind.  This  can 
be  done.  Low  bushy  trees  can  be  trimmed.  ,\  tree  trimmed 
some  distance  from  the  ground  will  onliuarily  not  be  a 
serious  source  of  drifting  snow  on  the  highway.  Fences  of 
the  type  mentioned  above  should  not  be  constructed  along 
the  highway.  We  cannot  always  in  justice  to  the  farmer 
tear  down  a  good  fence;  but  we  can  discourage  the  use  of 
such  fences  along  a  highway  as  will  be  a  source  of  future 
trouble  in  causing  snow  to  drift.  However,  the  seriousness 
of  the  case  will  frequently  justify  the  removal  of  certahi 
fences.  A  wire  fence  will  not  cause  the  snow  to  dHft  be- 
cause it  offers  little  or  no  obstruction  to  the  wind.  A  hedge, 
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I  leuce  should  not  lie  closer  to  thr  i-entor  of 
I  'han   Ml   or  60   ft.     "Weotls   niul   brush   on   the 

riMil  ^houlUor  and  outer  edKO  of  the  rlght-ot-wiiy  should   bo 
^.  ;  ■    .  Ill  ■■     This  iim   not   be  emphasised   too   much   becuuse 
le   snow    probloin    Is  only    one   among    many   other 
r  cutting  thorn.     The  higher  the  roadbed,  the  less 
\  .11    lie  the  trouble   from   driftinR   snow.     Hence   we   should, 
All.;;    designing'   our    road.    Klve    this    matter    consideration. 
I!,,     roadbed    may    sometimes    be    elevated    in    those    places 
nh.re    due   to    the    topoKraphy    and    the    surroundlnp    condi- 
tions there  will  bo  a   tendency   for  drifts  to  form.     It   must 
I..    r.membered   that   It    Is   Justifled   in   going   to   greater   ex- 
•    in   eliiulnntlnfe    this   trouble   on    the    more    important 
•  'iiKhfares. 

L  sc  of  Snow  Fence.- Of  course  we  will  not  be  able  to  re- 
.1  liill  where  It  is  the  cause  of  drifting  snow,  but  there 
!■  means  of  prevention  which  may  be  used   in  this 
-    i.e  it   Is  an  obstruction  that  causes  drifts  to  form, 
readily   seen   that.   If   the  obstruction   were   back  some 
ir.ce  frotn  the  highway.  It  would  be  a  relief  by  causing 
the   snow    to   be   deposited    before   it    reaches    the    highway. 
Mence,  by  the  construction  of  some  obstruction   (let  us  call 
It    a    snow    fence)    some    distance   away    from    the    highway 
wt^many  largely  prevent  the  drift  from  forming  on  the  road. 
Portable    Snow    Fence. — A    portable    snow    fence    can    be 
used   to  advantage.     Instead  of  using  stakes   to   anchor  the 
fence  to  the  ground,  a  board   may  be  nailed   to  the  bottom 
of  the  two  legs  to  hold  the  fence  erect.     When  this  is  done, 
it  Is  necessary    to  increase   the   angle   of   inclination   of  the 
fence  to  the  ground   in  order  to  make  it   sufTiciently  stable 
to  prevent  if  from  blowing  over.     A  picket  fence  with  pick- 
ets placed   closely   together  may  be  temporarily  erected   tor 
this  purpose.     It  is  readily  removed,  as  it  can  be  detached 
from   its   supports   and   rolled    up   in   sections   in   the   spring 
and  laid  away  until  the  next  winter.     The  picket  fence  may 
be  fastened  to  posts  driven  into  the  ground.     One  and  one- 
half  inch  hollow  iron  posts  or  l*.i-in.  x  1%-in.  x3  16-in.  iron 
or  3-in.  to  4-in    locust  posts  may   be  used  for  this  purpose. 
The  posts  can   be   easily   pulled   in   the   spring   of   the   year 
when  the  ground  is  soft.     A  portable  fence  would  be  used 
where  it  is  necessary  to  remove  the  fence  during  the  sum- 
mer so  the  fields  could  be  cultivated,  or  for  other  causes. 

Stationary  Snow  Fence. — A  stationary  snow  fence  might  be 
made  by  spacing  6-in.  boards,  2  to  3  in.  apart  on  posts  set 
vertically  in  the  ground  to  a  height  of  about  6  ft.  above  the 
surface.  However,  where  the  land  is  under  cultivation,  it 
would  not  be  practical  to  use  a  stationary  fence.  In  such 
places,  if  a  snow  fence  is  used  at  all,  one  of  the  portable 
designs  would  have  to  be  adopted. 

Location  of  Fence. — It  sould  be  observed  that  the  proper 
location  for  a  snow  fence  is  some  distance  back  from  the 
edge  of  the  highway.  This  distance  will  vary  according  to 
the  height  of  the  fence.  The  distance  from  the  edge  of  the 
road  would  be  8  to  10  ft.  per  foot  of  height  of  the  fence. 

Owing  to  the  expense  of  constructing  a  snow  fence  and 
the  erecting  and  removing  of  it  ever>'  year,  the  preventive 
methods  previously  described  should  be  resorted  to  wher 
ever  possible,  before  resorting  to  the  use  of  snow  fences. 
It  may  not  be  practical  to  use  a  snow  fence  except  in  ex- 
treme cases  where  the  snow  drifts  badly  every  year  onto 
very  important  roads. 

Study  the  Causes  of  Drifts. — A  careful  study  of  the  causes 
of  drifting  snow  at  any  particular  place  will  be  of  great 
value  in  solving  the  problem.  It  must  be  kept  in  mind  that 
the  direction  from  which  the  wind  comes  is  a  determining 
factor  in  the  location  of  the  drifts.  However,  inasmuch  as 
the  majority  of  our  winds  are  from  a  westerly  direction, 
the  location  of  drifts  will  frequently  be  in  the  same  place. 
How  to  Deal  with  the  Snowdrifts  and  a  Heavy  Fall  of  Snow. 
— Two  methods  of  dealing  with  the  snow  problem,  when 
the  snow  cannot  be  prevented  from  drifting  onto  the  road, 
present  themselves:  (a)  Compacting  Method;  (b)  Removal 
Method.  On  secondary  roads  that  drift  badly,  it  is  custo- 
mary in  place?  to  drive  across  the  fields  in  order  to  avoid 
the  drifts  in  the  road.  However,  because  of  fences  and  ob- 
jections to  trespassing  on  private  property,  this  practice 
can  be  followed  only  in  certain  places  even  on  secondary 
roads,  and  the  custom  would  never  be  practical  on  heavily 
traveled  roads.  Hence,  the  present  road  must  be  made 
jtassable  for  traffic. 

How  the  Snow  Is  Compacted. — One  way  of  solving  the 
problem  of  a  heavy  fall  of  snow  on  a  country  road  is  to  uni- 


formly compact  It  by  the  use  of  a  roller.  A  roller  5  to  6 
ft.  In  diameter  and  10  to  12  ft.  long  is  perhaps  best  suited 
for  (his  purpose.  The  roller  should  have  closed  ends  in 
order  that  It  can  bo  pulled  most  easily  over  the  snow.  The 
rolling  should  be  done  when  the  first  fall  of  snow  comes  and 
when  the  layer  of  loose  snow  is  not  more  than  8  in.  to  10 
in.  deep.  As  more  snow  falls,  or  "blows"  come,  causing  the 
snow  to  drift,  the  rolling  can  be  repeated  as  many  limes 
as  Is  necessary.  The  object  sought  is  to  compact  the  snow 
sulllciently  hard  to  carry  the  tralhc  thereon.  With  continued 
snows  and  rolling,  this  process  will  "build  up"  the  surface  to 
such  a  height  that  the  snow  will  drift  less  thereafter  on 
the  traveled  roadway.  This  can  only  be  recommended,  how- 
ever, for  extreme  northern  se'ctions.  It  is  important  that 
the  rolling  be  done  over  a  sufficient  width  that  vehicles  can 
readily  i>ass  without  getting  off  into  the  loose  snow. 

Snow  Removed  by  Road  Grader. — .Vn  ordinary  road  grader 
is  an  excellent  machine  for  scraping  the  snow  from  the  road 
surface.  Iron  shoes  placed  under  the  grader  blade  to  pre- 
vent it  from  gouging  into  the  pavement  or  catching  on  some 
slight  projection  are  sometimes  used.  A  heavy  road  grader 
is  desirable  in  order  that  it  will  not  be  shifted  sidewise  by 
the  snow.  Three,  four  or  six  horses  may  be  used  to  pull 
the  grader  as  the  depth  of  snow  and  weight  of  grader  will 
demand. 

A-Shaped  Snowplow.-  -An  A-shaped  snowplow  is  sometimes 
used  for  opening  a  track  in  the  road.  This  can  sometimes 
be  used  where  the  depth  of  snow  is  too  great  to  use  a  road 
grader.  It  will  of  course  be  necessary  to  use  enongh  horse- 
power to  readily  pull  the  plow  through  the  deep  snow-.  In 
order  that  the  plow  will  travel  in  a  straight  line  down  the 
Toad,  the  length  of  the  hitch  should  be  as  short  as  can  he 
conveniently  made.  The  plow  can  be  made  to  vary  in  weight 
as  the  conditions  of  the  snow  will  warrant. 

Snowplow  Attached  to  Front  of  Motor  Truck. — A  snow  plow 
attached  to  the  front  of  a  motor  truck  has  been  used  to  a 
considerable  extent  in  removing  snow  from  the  road.  It 
cannot  be  made  to  operate  in  deep  snow  as  is  the  case  with 
the  road  grader;  however,  it  has  a  big  advantage  in  being 
speedy  and  can  be  used  to  keep  the  road  clear  while  the 
snow  is  falling.  These  snowplows  are  attached  in  front  of 
an  ordinary  motor  truck  and  have  been  used  with  most  ex 
cellent  results. 

The  use  of  a  power-driven  rotary  sweeper  similar  to  that 
used  by  electric  railways  to  clean  their  tracks,  or  the  use 
of  a  side  elevator  machine  for  opening  up  large  drifts  would 
seem  to  be  a  possibility.  Owing  to  the  fact  that  there  is  a 
greater  demand  each  year  for  cleaning  the  road  of  snow- 
it  is  possible  that  some  such  machinery  will  be  developed 
for  this  purpose  in  the  future. 

Hand  Methods. — Where  heavy  drifts  have  formed,  it  may 
be  necessary  to  clear  the  road  by  "Hand  Methods."  Large 
shovels  should  be  used  for  this  purpose.  Inasmuch  as  the 
hand  method  of  clearing  the  road  is  very  expensive,  ma- 
chines described  above  should  be  used  wherever  and  when- 
ever possible.  By  continually  operating  the  machines  men- 
tioned above  during  a  storm,  hand  methods  can  be  largely 
avoided.  Where  this  can  not  be  done,  or  where  it  is  not 
done  in  time  to  prevent  drifts,  openings,  through  the  snow- 
drifts will  have  to  be  shoveled  out  by  hand. 

Width  to  Be  Cleared. — The  width  of  road  to  be  cleared  of 
snow  will  depend  upon  the  kind  and  amount  of  traffic  to  be 
accommodated.  Ordinary  farm  traffic  consisting  of  horse- 
drawn  vehicles  and  light  pleasure  motor  cars  will  be  ac- 
commodated by  a  minimum  clearance  of  6  ft.,  while  the 
heavy  motor  trucks  will  require  a  width  of  not  less  than  8 
ft.  For  this  latter  kind  of  traffic,  even  through  high  snow 
banks,  it  is  desirable  to  make  a  clearance  of  not  less  than 
9  ft.  A  double  track  width,  even  in  high  drifts  w^here  the 
drift  is  continuous,  should  be  cleared  at  intervals  to  permit 
vehicles  to  pass.  The  amount  of  traffic  on  main  thorough- 
fares will  usually  warrant  the  clearing  of  the  pavemuent  to 
its  full  width.  Clearing  the  surface  of  snow  for  its  full 
width  will  also  frequently  be  a  saving  in  the  maintenanca 
of  the  highway  by  reducing  the  tracking  of  vehicles  which 
is  very  destructive  to  certain  types  of  pavement. 

When  starting  first  to  clear  the  road  of  snow  by  the  use 
of  machines,  it  is  very  necessary  to  scrape  the  snow  farther 
back  than  is  really  necessary  for  the  time  being  in  order 
to  have  room  for  the  snow  to  be  removed  on  successive 
cleanings.  This,  of  course,  w-ould  apply  more  especially 
where  the  snow  is  removed  with  a  snowplow  or  road  grader 
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riitlier  than  where  it  is  shoveled  out  through  large  drifts. 

In  scraping  and  shoveling  snow  from  the  road  it  is  very 
desirable  that  the  removed  snow,  so  far  as  possible,  be  piled 
on  the  opposite  side  of  the  road  from  the  prevailing  direc- 
tion of  the  wind,  in  order  to  reduce  future  drifting  on  the 
highway. 

In  the  first  operations  of  scraping  the  snow  from  the  high- 
way by  the  use  of  a  road  grader,  or  a  snow  plow  attached  to 
the  front  of  a  truck,  it  may  be  more  economical  when  later 
work  is  considered,  to  scrape  the  snow  in  but  one  direction 
in  order  to  reduce  future  drifting  on  the  highway.  It  must 
be  remembered  that  a  pile  of  snow  will  cause  a  drift  to  form 
on  its  lee  side  just  as  much  as  will  the  other  obstructions 
described  under  "Causes  of  Drifts." 

Depth  to  Be  Cleared. — On  improved  roads  every  effort 
should  be  made  to  remove  the  snow  within  a  few  inches  of 
the  surface  of  the  road,  so  that  no  opportunity  can  be  given 
the  traffic  to  track.  If  traffic  is  permitted  to  track  during 
periods  of  freezing  and  thawing  on  such  highways,  the  road 
surface  Itself  becomes  affected  to  various  degrees  depending 
on  the  type  of  road.  Conclusive  analyses  show  that  snow 
clearance  will  make  effective  the  longer  life  of  the  improved 
road. 

Drainage.— Especial  attention  should  be  given  to  drainage. 
Cuts  should  be  made  through  banks  of  snow  to  ditch  lines  at 
certain  intervals  where  possible,  and  drains  and  culverts  kept 
open  and  free  from  obstruction.  This  precautionary  measure 
will  produce  good  results,  for  when  the  snow  passes  away  in 
the  spring,  the  roads  will  come  through  the  winter  in  better 
shape,  in  spite  of  the  fact  that  they  have  been  subjected  to 
greater  traffic. 


Iowa  Road  and  Bridge  Work 

Iowa,  with  a  total  road  mileage  of  104,082,  spent  $14,195,- 
753  in  1918  on  roads  and  bridges,  according  to  the  Service 
Bulletin  of  the  Iowa  Highway  Commission.  This  expendi- 
ture was  ?1.069,T23  less  than  that  of  the  previous  year.  Of 
the  total  $10,664,870  was  expended  by  counties  on  roads  and 
bridges  and  the  remainder  was  township  road  expenditures. 
A  comparison  of  the  percentage  of  money  spent  on  perma- 
nent work  since  1914  shows  the  following: 

^  1914.      1915.     1916.      1917.      191.'.. 

County    roads 25.3       41.4       40.0       49.0       40.6 

Bridges  and  culverts 5:i.O       61.6       59.3       63.1       56  ."i 

The  percentage  of  engineering  cost  of  the  work  for  the 
five  years  follows: 

„                                                                                 1914.     1915.  1916.  1917.  191S. 

County  engmeerin'j    2,,S5       2.75  2.53  2.58  3  19 

Hig-hway  commission    64         .60  .63  ".59  Ah 

The  average  expenditures  per  mile  were: 

^                                                                                1915.  1916.  1917.  191S. 

County  roads   $191.00  $204.00  $223.00  $238  24 

Town.ship  roads 40.00  44.00  46  00  44  5s 

Bridges  average — all  roads 66.00  69.00  71. OS  67.24 

Average  total  expenditure.s  per  mile 

roads  and  bridges  (104,082  miles) .  .    130.00  138.00  145.00  135.43 
Table   I    summarizes   the   average    cost   of   road    work  for 
the  past  four  years: 

TABLE    I— .WER.i.GE    COST 
1915. 

Average  cost 
^                                                                                             Mi.  per  mi. 
Roads  constructed  to  permanent  grade  .. .           462.7  $1.3S6 
Roads  constructed  to  temporar.v  grade  .  . .           355.9  6^2 
Roads  constructed  to  natural  grade  (trac- 
tion grading)    2.358.8  125 

Roads  surfaced  with  gravel   1S2.0  125 

Roads  paved   

Roads  dragged  average  of  29  times   15.400.0  i 


Present  Status  of  Federal  Aid  Road 
Projects 

The  operations  of  the  U.  S.  Bureau  of  Public  Roads  under 
the  Federal  Aid  Road  Act  were  described  by  Mr.  P.  St.  J. 
Wilson,  Chief  Engineer  of  the  Bureau,  in  a  paper  presented 
Feb.  L'5  at  the  16th  annual  convention  of  the  American  Road 
Builders'  Association.  In  his  paper  .Mr.  Wilson  gives  the  fol- 
lowing information  regarding  the  present  status  of  the 
projects: 

At  the  close  of  Feb.  21,  1919,  a  total  of  841  projects  had 
been  approved  by  the  Secretary  of  -Agriculture,  involving  a 
total  estimated  cost  of  $61,333,455,  of  which  Federal  aid  was 
called  for  to  the  amount  of  $23,203,112,  These  projects  aggre- 
gate 8,615  miles  in  total  length,  and  involve  every  recognized 
type  of  construction,  this  being  due  to  the  policy  of  trying 
to  meet  the  individual  needs  in  the  light  of  the  local  condi- 
tions in  each  state  and  locality. 

Of  the  total  number  of  projects  approved  434  had  reached 
the  stage  at  the  close  of  Feb.  21  where  the  plans,  specifica- 
tions, and  estimates  had  been  approved  so  that  construction 
might  actually  begin.  These  projects  carried  a  total  esti- 
mated cost  of  $30,111,227,  of  which  amount  $11,663,087  con- 
sisted of  Federail  aid.  The  total  mileage  of  the  projects  thus 
made  ready  for  construction  was  3.586  miles.  On  Jan.  31,  316 
projects  were  actually  under  construction  or  completed,  in- 
volving a  total  estimated  cost  of  $22,672,233  and  Federal  aid 
to  the  amount  of  $8,382,067. 

The  total  amounts  apportioned  to  the  several  states  after 
deducting  3  per  cent  for  administrative  purposes  aggregate 
$29,100,000  for  the  fiscal  years  1917,  1918  and  1919,  this  period 
ending  June  30  of  this  year.  An  additional  $19,400,000  be- 
comes available  July  1.  making  the  total  apportionment  for 
the  four  years  $48,500,000.  Deduct  from  this  the  amount  of 
approximately  $8,500,000  referred  to  above  and  we  may  say 
there  are  $40,000,000  of  Federal  funds  to  apply  to  this  year's 
projects.  As  the  states  must  provide  at  least  an  equal  amount, 
there  will  be  a  minimum  of  $80,000,000  for  Federal  projects 
if  all  of  the  Federal  money  under  existing  appropriations  is 
met.  As  a  matter  of  fact  the  states  have  been  putting  up 
in  the  past  a  little  over  60  per  cent  of  the  cost  of  Federal 
projects  and  if  this  policy  continues,  the  amount  available 
for  Federal  aid  roads  would  run  over  $100,000,000.  To  this 
amount  must  be  added  the  Forest  Road  appropriations  which 
are  averaging  about  $1,300,000  per  annum  of  Federal  funds, 
making  available  for  this  class  of  work,  including  local  funds, 
approximately   $2,600,000. 

The  amendment  to  the  Post  Office  bill  carries  an  appropria- 
tion of  $50,000,000  to. become  immediately  available,  $75,000,- 
000  to  become  available  July  1  of  this  year,  and  $75,000,000 
to  become  available  July  1,  1920.  Thus,  it  provides  for  this 
calendar  year  an  additional  $125,000,000  and  if  this  is  met  dol- 
lar for  dollar  by  the  states,  it  means  $250,000,000  added  to 
the  $80,000,000  already  mentioned,  or  a  total  of  $380,000,000, 
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New  Government  Bulletin  Discusses  Drainage  Methods 
and  Foundations  for  County  Roads. — The  first  essential  fea- 
ture of  an  improved  road  is  adequate  drainage,  and  another 
prime  requirement,  wherever  a  hard  surface  road  is  to  be 
constructed,  is  a  firm  foundation. These  facts  are  emphasized 
in  Bulletin  724,  "Drainage  Methods  and  Foundations  for 
County  Roads,"  just  issued  as  a  professional  paper  by  the 
Bureau  of  Public  Roads,  United  States  Department  of  Agri- 
culture. The  purpose  of  the  bulletin  is  to  supply  information 
concerning  the  proper  methods  of  draining  roadbeds  con- 
structed of  various  kinds  of  soil,  and  under  different  topo- 
graphical conditions,  and  also  to  explain  how  foundations 
may  be  designated  to  suit  the  soil  conditions,  the  road  sur- 
face and  the  system  of  drainage.  Some  of  the  topics  treated  in 
the  bulletin  are  primary  soils,  drainage  design  of  surface 
drainage,  gutters,  drop  inlets  and  catch  basins,  sub-drainage 
foundations  and  specifications. 
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_  including  administration.  The  forest  road  appropriation  under 
the  new  amendment  is  $3,000,000  for  the  fiscal  year  1919,  and 
$3,000,000  for  each  of  the  following  fiscal  years,  so  that  It 
would  mean  an  additional  $6,000,000  for  forest  roads  this  year. 


Lien  Law  for  Engineering  Fees  Proposed.— -The  Florida  En- 
gineering Society  expects  to  request  the  Florida  Lo.gislature 
which  meets  next  .-ipril,  for  legislation  on  two  matters  of  en- 
.gineering  interest — a  boiler  inspection  law,  and  a  law  to 
make  engineering  fees  a  labor  lien  on  the  property  con- 
cerned. The  boiler  inspection  law  will  be  as  nearly  as  possi- 
ble the  same  as  that  recommended  by  the  American  Uniform 
Boiler  Law  Society,  and  is  a  measure  needed  for  the  welfare 
of  the  general  public,  in  view  of  the  frequency  of  boiler  ex- 
plosions in  the  state.  The  law  about  engineering  fees  will  be 
more  particularly  for  the  benefit  of  the  profession  as  dis- 
tinguished from  the  general  public. 
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Road  Grading  with  Blade  (irader- 
'IVactor  Outfit 

1  ■suU.t  III   imul  KrinlH'K   tten^  ubtaliicil    liial   your 

l.v  .  ouiiiiiloii  by  usliis  a  10-fl.  bliulo  unulor  liiiuled 

b>  ii»r««   liiirsoi"'"*'''   iriictor.   siippU'iiuniCod    with   ii 

HUi.,  '    «tii<i>!  scraiicrs.    Tin-  iiiothoils  of  I'lirryliig  out 

thi  riulor  work  wiTi'  oiitliiiod  by  K.  K.  Mongel, 

niv  :.    Wlscoiimii    IIIkIumiv    ('uininisijlon,    in    a 

juiii.r  i.r.  ■  iiUM  ul  llu-  loofiU  Ho:iil  Soliool  of  the  I'onimls- 
Moii  i;.'-  iiiullur  follow iiiK  Iti  I'XtiiKtt'il  (roiii  Mr.  MtniKel's 
impiT. 

For  ht'Hvy  linidcr  work  the  entire  Job  should  be  stakod 
ou'  >t>.  or  Ht  least   It  kIioiiUI   be  stiikod  from   \»  to  1 

jni;,  :  the  crew.  depondliiK  on  lurnlng  places.     It  the 

siui  t'oen  made  It   is  an  easy  matter  to  set  the  ecii- 

lor  -    by   inensuriuft    the    proper  distance   from    the 

sur  It  no  survey  has  been  made  and  it   Is  impos- 

jtU...  .lu  engliieer  with  a  iraiisii.  the  centerline  should 

be  deii'iiiuiied  b>  setting  a  long  pole  at  the  top  of  the  hill 
or  at  the  bend  of  the  road  where  the  imuIs  of  the'  tangent 
will  be  and  then  lining  in  shorter  slakes  between  the  ends 
of  the  tangent  These  stakes  can  be  set  from  100  to  500  ft. 
apart  as  circumstances  warrant.  The  ditch  line  should  then 
Ih'  staked  out  by  measuring  out  the  proper  distance  from 
the  centerline  stakes.  In  all  cases  the  stakes  on  the  ditch 
line  should  not  be  over  100  ft.  apart.  The  cuts  and  fills  are 
small  and  it  is  not  necessary  to  set  slope  stakes. 

Where  cousidernble  clearing  and  grubbing  has  been  done 
on  the  sides  to  widen  out  the  roud.  and  the  ground  is  left  in 
an  uneven  condition  it  is  necessary  to  plow  a  furrow  at  the 
ditch  line  following  the  stakes  that  have  been  set.  It  is  ab- 
solutely necessary  that  this  furrow  be  straight  if  you  ex- 
pect to  get  a  cleancui  job.  and  where  the  ground  is  very 
uneven  it  has  been  found  advisable  to  have  a  man  lead  the 
learn  while  plowing  this  furrow.  Where  the  ground  is  fairly 
even  it  is  not  necessary  to  plow:  a  good  grader  operator 
can  cut  a  straight  ditch  line  using  the  stakes  as  a  guide. 
In  making  the  first  cut  the  grader  blade  should  be  set  so 
that  the  srader  will  cut  like  a  plow,  keeping  the  lieel  of  the 
blade  about  as  high  as  you  can  get  it. 

The  final  appearance  of  the  road  and  its  cost  depends 
upon  the  grader  operator.  The  best  man  that  can  be  obtained 
is  none  too  good:  he  should  have  a  good  eye  and  be  familiar 
not  only  with  the  operation  of  the  grader  but  the  engine. 
Most  operators  try  to  do  too  much,  especially  with  the  first 
cut.  The  most  successful  operators  take  a  light  cut  first, 
keeping  the  heel  of  the  blade  rather  high;  in  other  words, 
they  shave  off  the  sod.  cutting  it  as  thin  as  possible.  When 
the  first  cut  is  carried  to  the  shoulders  in  this  manner  what 


Tractor   and    Graders    on    Wisconsin    Road    Work. 

sod  has  not  been  lost  in  stump  holes  and  uneven  places  in 
the  road  is  ground  and  mixed  with  earth  by  the  combined 
action  of  the  grader  and  tractor.  A  good  operator  not  only 
watches  the  ground  ahead  and  shifts  his  blade  accordingly, 
but  he  also  watches  the  engine  so  as  not  to  overload  it.  This 
factor  is  somewhat  obviated  where  a  large  sized  tractor  is 
used. 

Mr.  Mengel  is  of  the  opinion  that  much  time  is  lost  if  any- 
thing less  than  a  30-H.P.  engine  is  used:  time  is  lost  pull- 
ing GUI  of  bad  places,  the  operator  is  unable  to  cut  off  the 
high  points  whllp  taking  the  regular  cut.  and  a  tractor  will 
last  much  longer  ii  it   is  run  at  75  per  cent  capacity  usin.g 


the  reserve  power  for  emergencios.  The  10ft.  blade  grader 
will  work  very  well  with  tlie  above  described  tractor;  it  is 
not  too  light  IKH'  too  heavy;  it  has  a  long  wheel  base  and 
will  move  a  large  amount  of  earth  if  properly  handled. 

The  best  time  to  make  the  necessary  cuts  and  fills  is  after 
the  second  or  third  round  has  been  completed  and  the  loose 
dirt  and  sod.  if  there  is  any,  has  been  moved  lo  (he  shoul- 
ders. Wheel  scrapers  or  fresnos  can  be  used  to  move  the 
loose  dirt,  lo  make  the  necessary  fills  and  help  true  up  the 
cross  section  Three  to  five  teams  can  be  used  to  advan- 
tage to  do  this  work. 

The  tractor  and  giader  are  of  course  always  mi  llie  move. 
and    il    lias   been   founii   lliiit    when   S   lo    14    round   trips  have 


Tractor   Hauling    Scarifier  on    State   Road    Worl<. 

been  made  with  three  to  five  teams  working  all  the  time,  a 
very  satisfactory  roadbed  will  be  secured  at  a  iiiininuim 
cost.  The  tractor  outfit  moves  a  little  faster  than  1  mile 
per  hour,  finder  good  working  conditions,  if  the  outfit  does 
not  have  to  stop  for  repairs,  a  crew  of  this  kind  will  grade 
a  mile  in   three   days. 

The  Wisconsin  Commission  has  found  that  light  soils  can 
be  graded  with  a  heavy  grader  and  tractor  to  advantage, 
wherever  there  is  any  vegetation  growing  at  the  side  of 
the  road  and  there  is  some  humus  in  the  soil.  In  work  on 
soils  of  this  character  it  has  been  found  that  it  is  best  to 
start  the  first  cut  just  outside  of  the  shoulder  and  bring  the 
.good  din  to  the  center,  and  make  the  next  cuts  farther  out 
toward  the  ditch  line,  finally  out  to  the  ditch  line.  The  cut 
at  the  ditch  line  should  never  be  more  than  3  or  4  in.  deeper 
than  the  good  soil.  In  this  way  all  of  the  good  dirt  on  the 
road  is  brought  to  the  center  of  the  road,  the  crown  of  the 
road  being  nearly  fiat.  It  is  found  that  the  combined  roll- 
ing and  mixing  action  of  the  tractor  and  grader  mixing  all 
of  the  dirt  and  packing  it  down  will  make  a  very  good  road 
after  a  few  rains  if  the  road  is  reshaped  and  dragged  when 
it  is  fairly  wet.  It  is  possible  to  grade  in  this  manner  many 
sandy  roads  and  gel  a  satisfactory  surface,  which  if  graded 
under  the  old  system  would  have  to  be  surfaced. 


Method  of  'Ironing  Out"  Asphalt  Carpet  Treatment. — Un- 
evenness  of  road  surface  on  a  highway  in  the  Queen  Victoria 
Niagara  Falls  Park,  due  to  creeping  and  buckling  of  an 
asphalt  carpet  treatment  on  the  macadam  was  remedied  as 
foUow's:  After  a  number  of  experiments,  kerosene  oil  was 
used  to  soften  the  asphalt  so  that  the  uneven  portions  might 
be  scraped  true  to  grade  with  an  ordinary  road  scraper.  The 
softened  surface  was  then  thoroughly  rolled  at  an  angle  of 
i^"  with  the  axis  of  the  roadway,  and  a  light  coating  of  sand 
was  applied  to  cover  the  oil.  Care  had  to  be  exercised  in  the 
rolling,  because  too  much  made  the  surface  brittle  and  de- 
stroyed the  bond  between  the  asphalt  and  the  stone.  The 
results,  states  Mr.  John  H.  .Tackson,  Superintendent  of  the 
Park  in  his  last  annual  report,  were  fairly  satisfactory  and 
the  roadway  was  much  improved. 


Public  Service  Commission  Asks  Lower  Rates  on  Construc- 
tion Materia!.  -Tlie  Indiana  Public  Service  Commission  has 
suggested  to  the  federal  railroad  administration  that  the  ad- 
ministration reduce  freight  rates  on  brick,  stone,  gravel  and 
other  bulky  building  material  to  %  ct.  a  ton  a  mile  with  a 
minmum  of  15  ct.  a  ton.  The  suggestion  is  made  in  the  in- 
terest of  stimulating  building  and  other  new  construction 
work  now  deemed  so  necessary  to  avoid  an  unemployed  labor 
situation. 
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Efficiency  of  Bituminous  Surfaces 

and  Pavements  Under  Motor 

Truck  Traffic* 

By  PRt;VOST  HUBBARD, 
Chemical  Engineer,  U.  S.  Bureau  of  Public  Roads. 
The  title  of  this  paper  covers  a  subject  upon  which  a  great 
deal  of  thought  has  been  spent  by  progressive  highway  en- 
gineers as  applied  to  pre-war  traffic  conditions  and  its  pro- 
gressive normal  development.  Many  engineers  had,  at  least 
in  their  own  minds,  classified  the  various  types  of  pave- 
ments with  relation  to  their  efficiency  under  ordinary  varia- 
tions in  traffic  encountered  on  county,  state  and  municipal 
highways  and  their  ideas  were  fairly  well  fixed  on  the  sub- 
ject as  evidenced  by  more  or  less  consistent  practice  in  their 
choice  of  types  when  reconstruction  or  new  construction 
became  necessary.  Just  where  the  dividing  line  should  be 
drawn,  so  far  as  traffic  is  concerned,  between  different  types 
of  pavements  has  always  been  a  matter  of  individual  opin- 
ion, but  in  general  with  increases  in  volume  and  weight  of 
traffic  the  increasing  efficiency  of  the  bituminous  types  has 
been  rated  as  follows: 

1.  Bituminous   Surfaces. 

2.  Bituminous  Macadam. 

3.  Bituminous  Concrete. 

4.  Sheet  Asphalt  and   Asphalt  Block. 

The  Situation  in  1918. — Suddenly  and  with  little  oppor- 
tunity tor  anticipation,  a  very  large  mileage  of  our  impor- 
tant state  highways  and  many  of  our  local  county  and  mu- 
nicipal pavements  were  subjected  to  a  tremendous  increase 
in  traffic.  This  increase  was  not  only  in  volume,  which 
would  have  presented  a  comparatively  simple  problem  to 
solve,  but  in  the  weight  and  load  carrying  capacity  of  the 
individual  vehicle.  This,  coupled  with  an  unusually  severe 
winter  and  immediately  followed  by  war  restrictions  upon 
the  use  of  many  road  materials,  labor  shortage,  excessive 
costs,  and  loss  of  members  of  highway  engineering  organiza- 
tions, created  a  situation  during  the  year  1918  which  was 
abnormally  serious  and  complicated.  With  comparatively 
few  exceptions,  new  construction  ceased  aad  maintenance 
was   so  handicapped  as  to  become  inadequate. 

Hundreds  of  miles  of  roads  failed  under  the  heavy  motor 
truck  traffic  within  a  comparatively  few  weeks  or  months. 
Roads  with  bituminous  surfaces,  bituminous  macadam  roads 
and  bituminous  concrete  roads  all  failed  alike,  together  with 
other  types  used  in  state  and  county  work.  These  failures 
were  not  only  sudden  but  complete,  and  almost  over  night 
an  excellent  surface  might  become  impassable.  Such  rapid 
and  complete  failures  in  municipal  pavements  were  of  less 
common  occurrence  and  as  sheet  asphalt  and  asphalt  block 
have  always  been  largely  confined  to  municipal  work,  fail- 
ures of  these  types  have  not  been  noted  to  the  same  extent 
as  the  other  types  mentioned. 

Outstanding  Feature  of  Road  Failures  Under  Heavy  Motor 
Truck  Traffic. — In  the  haste  and  confusion  of  war  activities 
little  opportunity  has  existed  for  a  systematic  and  compre- 
hensive study  of  the  problem  suddenly  thrust  upon  high- 
way engineers.  Reports  from  all  parts  of  the  country  have, 
however,  established  one  outstanding  tact  which  has  a  most 
important  bearing  upon  any  consideration  of  the  efficiency 
of  bituminous  surfaces  and  bituminous  pavements.  A  very 
large  proportion  of  the  failures  have  been  characterized  by 
an  almost  simultaneous  destruction  of  the  entire  road  struc- 
ture, and  not  merely  the  disintegration  of  the  wearing 
course  or  pavement  proper.  Xo  type  of  pavement  will  be 
efficient  unless  provided  with  a  foundation  which  will  hold 
up  the  pavement  until  it  is  worn  out.  When,  therefore,  the 
entire  structure  fails  suddenly,  inadequate  subgrade  or  foun- 
dation conditions  are  primarily  responsible  and  but  little 
basis  exists  for  placing  an  efficiency  valuation  upon  the 
wearing  course. 

Subgrade  and  Foundation  Conditions. — Inevitably  coupled 
with  subgrade  and  drainage  conditions,  foundation  failures 
occurring  as  previously  described  may  be  due  to  one  of 
two  causes,  lack  of  thickness,  or  inability  of  the  foundation 
structure  to  sustain  the  loads  without  appreciable  internal 
movement.  So  far  as  bituminous  surfaces  or  bituminous 
pavements  are  concerned,  remedy  of  the  first  cause  does  not 
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affect  the  general  type  of  construction.  If,  however,  pres- 
ent heavy  motor  truck  traffic  is  to  continue  and  possibly 
increase  in  weight  as  well  as  volume  the  second  cause  may 
have  a  direct  bearing  upon  possible  modifications  in  design 
and  in  the  ultimate  determination  of  the  efficiency  of  cer- 
tain classes  of  bituminous  work.  Most  subgrades  have  a 
much  lower  carrying  capacity  in  the  spring  than  at  other 
periods  of  the  year.  As  there  is  practically  no  slab  effect 
produced  by  the  structure  of  a  broken  stone  or  gravel  foun- 
dation a  load  applied  to  any  overlying  bituminous  surface 
is  trasmitted  quite  directly  to  the  subgrade.  In  other  words, 
the  intensity  of  load  under  its  point  of  application  is  rela- 
tively high  throughout  the  foundation  thickness.  Under 
heavy  motor  truck  traffic  the  intensity  of  load  transmitted 
through  a  2-in.  thickness  of  dense  bituminous  concrete  to 
the  foundation  may  be  so  great  as  to  cause  an  internal 
movement  sufficient  to  produce  disintegration  of  the  pave- 
ment. This  is  particularly  true  when  the  subgrade  is  of  a 
soft  or  clayey  nature  and  appears  to  be  quite  possible  ir- 
respective of  any  economical  thickness  of  broken  stone  or 
.gravel  foundation  which  may  be  used.  In  general,  the  ex- 
perience on  heavily  traveled  city  streets  has  demonstrated 
the  necessity  of  a  slab  foundation  for  any  wearing  course 
and  there  appears  to  be  no  reason  why  such  experience 
should  not  serve  as  a  guide  for  new  construction  of  bi- 
tuminous pavements  on  state  and  county  highways  sub- 
jected to  modern  heavy  truck  traffic.  On  these  highways 
the  traffic  has  certainly  been  as  severe  as  on  many  city 
business  streets,  so  far  as  weight  of  unit  loads  is  concerned, 
and  more  severe  when  the  high  speed  often  attained  by  such 
traffic  is  considered. 

Surface  Treatments  -for  Gravel  and  Macadam  Roads. — 
With  respect  to  existing  gravel  and  macadam  roads,  whether 
or  not  they  have  been  previously  surface  treated  with  bi- 
tuminous material,  it  would  seem  far  safer  at  the  present 
time  to  attempt  to  preserve  such  roads  under  heavy  motor 
truck  traffic  by  means  of  surface  treatment  with  bituminous 
materials  rather  than  to  utilize  them  as  foundations  for 
the  construction  of  new  bituminous  macadam  or  bituminous 
concrete  pavements.  In  other  words,  for  the  time  being 
such  treatments  may  prove  more  efficient  than  the  use  of 
a  higher  type  of  pavement  placed  upon  the  existing  road,  al- 
though it  is  clearly  recognized  that,  under  heavy  motor  truck 
traffic,  the  bituminous  pavements  are  more  efficient  provid- 
ing the  foundation  is  adequate  to  support  the  loads. 

Under  the  same  conditions  of  traffic  bituminous  surfaces 
are  most  efficient  in  localities  where  frost  action  is  either 
absent  or  not  severe.  Such  treatments  used  in  connection 
with  gravel  roads  adjacent  to  array  cantonments  in  the  far 
South  have  given  reasonable  satisfaction  even  under  heavy 
motor  truck  traffic.  North  of  the  frost  line  and  particularly 
in  connection  with  the  treatment  of  clayey  gravel  roads 
which  become  soft  during  the  spring  months,  bituminous 
surfaces  are  apt  to  completely  disappear.  If,  however,  the 
gravel  road  is  maintained  by  dragging  and  at  the  end  of 
the  thawing-out  period  is  reshaped,  thoroughly  compacted 
and  again  treated  with  bituminous  material,  it  may  be  kept 
in  a  reasonably  satisfactory  condition.  Under  very  heavy 
motor  truck  traffic,  however,  maintenance  costs  may  be 
extremely  high  so  that  if  a  continuation  of  such  traffic  is  to' 
be  expected  the  construction  of  a  new  road  may  be  neces- 
sary. Thus,  during  a  period  of  120  days  on  a  clay  gravel 
road  leading  from  ."Alexandria  to  Camp  Humphreys,  Vir- 
ginia, which  was  subjected  to  an  average  daily  traffic  of  some 
230  heavy  motor  trucks,  the  cost  for  maintenance  amounted 
to  approximately  $10,000  per  mile.  Because  of  this  enor- 
mous expense  the  construction  of  a  new  type  of  road  be- 
came necessary. 

In  connection  with  this  road  it  is  of  interest  to  note  that 
prior  to  its  maintenance  as  a  gravel  road,  it  had  served  a.s 
a  6-in  foundation  for  a  dense  bituminous  concrete  pave- 
ment 2  in.  thick.  This  pavement  bad  successfully  passed  a 
year  of  ordinary  country  and  pleasure  traffic  carrying  a 
large  ntmiber  of  louring  cars  between  Washington  and  Mt. 
^'ernon.  In  the  spring  of  1918,  it  was  suddenly  subjected 
to  an  average  traffic  of  over  200  heavy  motor  trucks  a  day 
and  within  a  comparatively  few  weeks  was  absolutely 
ruined,  due  to  failure  of  the  foundation  during  the  thawing 
out  period.  An  extension  of  this  road  in  the  city  of  Alex- 
andria consists  of  a  number  of  sections  of  very  carefully 
constructed  bitimiinous  macadam  laid  some  years  ago  upon 
a    concrete    base.      Although    subjected    to    the    same    heavy 
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Bitumlnout  Surfaces  as  Temporary  Method  of  Preserving 
Macadam  Road.  -lUtiiminoiis  siirfucas  on  properly  con- 
struoleil  niui-iutitm  roadH  subjected  to  heavy  motor  truck 
iraltW'  nmy,  ns  n  rule,  be  lunintnlned  In  lociilKlos  north  of 
lht>  (rust  lino  with  less  expense  and  bettor  results  than  on 
Kravel  ruadii  under  the  same  conditions.  Such  surfaces, 
under  heavy  motor  truck  iralDc,  cannot  be  considered  as 
et-onunilcH|  from  the  ordinary  sland|)oint,  but  may  prove  the 
moat  alllclent  temporary  method  of  preserving  the  extst- 
InK  road  until  money  Is  available  fi>r  reconstruction.  It  is 
believed,  however,  that  under  these  conditions  bituminous 
nurfuoes  will  not  oven  prove  elflcicnt  unless  constantly  main- 
tnlned  by  n  patrol  system  operating  throughout  the  year. 
Malnlennnco  by  the  nurean  of  Public  Ronds  of  experi- 
mental bituminous  surfaces  on  the  UocUvllle  Pike,  Mary- 
land, which  Is  a  macadam  road,  have  demonstrated  that  such 
stirfaccs  constructed  with  suitable  tar  and  oil  products  are 
efllclent  under  reasonably  heavy  tralllc.  provided  the  patrol 
system  of  maintenance  Is  followed.  If  such  a  system  had 
not  been  in  use  durlni;  the  past  year  when  from  28  traffic 
counts  an  average  of  13,">  motor  drays,  816  motor  pleasure 
vehicles,  and  61  horse-drawn  vehicles  per  day  passed  over 
the  road,  it  would  frotn  all  indicatious  have  been  com- 
pletely destroyed. 

Efficiency  of  Bituminous  Macadam  Under  Heavy  Traffic. 
— With  regard  to  the  eflicicncy  of  bituminous  macadam  under 
heavy  motor  truck  traflic.  there  are  a  number  of  points  to 
be  considered.  In  general,  bitimiinous  macadam  has  not 
been  thought  to  be  efficient  for  such  traffic  but,  on  the  other 
hand.  It  has  almost  Invariably  been  placed  upon  a  broken 
stone  or  gravel  base.  Results  obtained  in  the  city  of  Alex- 
andria, which  have  previously  been  mentioned,  indicate  that 
If  properly  constructed  and  laid  upon  a  concrete  base  the 
bituminous   macadam   may   prove   quite   satisfactory. 

Aside  from  character  of  foundation,  it  is  believed  that 
sufficient  attention  has  not  In  general  been  paid  to  the  im- 
portant details  of  bituminous  maca(iam  construction  so  as  to 
obtain  best  results.  Too  frequently  the  coarse  stone  is  not 
sufficiently  compacted  before  the  first  application  of  bitumi- 
nous material  is  made  and  later  uniform  compaction  is  ex- 
tremely difficult,  if  not  impossible  to  secure.  Rutting  the 
road  with  certain  types  of  distributors  just  prior  to  appli- 
cation of  the  material  is  a  common  cause  of  lack  of  uni- 
formity in  competition,  and  a  strong  tendency  to  distribute 
faster  than  the  road  can  be  satisfactorily  compacted  and 
finished  by  a  single  roller  is  another.  Best  results  from  this 
type  of  road  which  have  come  under  the  writer's  notice 
have  been  secured  by  the  hand-pouring  method,  although 
this  method  is  considered  antiquated  by  many  engineers. 
WTiere  the  first  application  upon  the  thoroughly  compacted 
coarse  stone  is  made  diagonally  across  the  center  line  of 
the  road  and  the  second  pouring  or  seal  coat  is  made  in  a 
direction  diagonally  across  the  first,  with  proper  attention 
to  uniformity  of  distribution  it  is  possible  to  secure  a  very 
excellent  pavement,  as  has  been  repeatedly  demonstrated 
by  Mr.  E.  C.  Dunn,  City  Engineer  of  Alexandria,  Va. 

The  efficiency  of  bituminous  concrete,  sheet  asphalt  and 
asphalt  block  pavements  under  city  traffic  is  so  well  under- 
stood as  to  require  little  comment  in  this  paper.  If  laid 
upon  suitable  concrete  foundations  there  is  no  reason  to 
suppose  that  the  results  given  by  these  pavements  in  city 
construction  will  not  be  duplicated  on  county  and  state 
highways  subjected  to  heavy  motor  truck  traffic.  If  the 
foundation  is  inadequate  to  support  the  load,  the  pavement 
is  bound  to  fail  but,  as  previously  pointed  out,  failure  can- 
not then  be  considered  a  measure  of  efficiency  of  the  pave- 
ment proper. 

Bituminous  Materials  and  Their  Use. — With  regard  to 
materials  of  construction  a  few  comments  may  not  be  out 
of  place,  as  the  efficiency  of  a  bituminous  surface  or  bi- 
tuminous pavement  depends  not  only  upon  its  method  of 
construction  but  of  what  materials  it  is  composed. 

In  general,  the  author's  observation  and  experience  has 
been  that  the  most  efficient  bituminous  carpets  are  con- 
structed with  the  heaviest  grade  of  bituminous  material 
which  It  is  possible  to  apply  and  make  adhere  uniformly  to 


the  road  surface.  For  cold  surface  treatment  this  will  de- 
inaiul  ellher  a  cutback  asphalt,  a  heavy  asphaltic  oil  with 
specific  viscosity  of  80  to  120  at  2.'>''  C.  containing  an  ap- 
preciable amount  of  volatile  material  that  will  evaporate 
after  application  and  leave  practically  an  asphalt  mat 
residue,  or  the  most  viscous  refined  tar  product  that  can 
be  applied  cold.  For  the  latter  a  specific  viscosity  as  high 
MS  2r.  to  :!5  nt  40°  C.  should  be  used  if  climatic  conditions 
will  permit,  W'liile  on  old  macadam  roads  it  is  advisable 
to  keep  iho  thickness  of  cari)ct  under  %  in.,  on  certain  types 
of  .soft  gravel  it  nuiy  be  of  greater  thickness  provided  a  hard 
and  tough  coarse  aggregate  cover  of  suflicient  size  to  force 
Into  the  old  gravel  surface  by  rolling  is  used.  For  clay- 
gravel  or  sand-claygravel  roads  north  of  the  frost  line  it  is 
believed  that  for  maintenance  under  heavy  truck  traffic 
light  superficial  treatment  with  bituminous  materials  applied 
cold  will  i)rove  more  efficient  than  the  construction  of  a 
bituminous  carpel,  although  neither  will  be  adequate  to 
carry  the  road   through   winter. 

With  regard  to  bituminous  macadam  and  coarse  aggregate 
bituminous  concrete,  there  is  little  to  sugge.st  in  connec- 
tion w'ith  the  grades  of  bituminous  materials  ordinarily 
used.  It  is  believed,  however,  that  even  in  the  northern 
United  States  the  use  of  an  asphalt  cement  softer  than  120 
penetration  or  a  refined  tar  of  less  than  120  seconds  float 
test  at  .'iO'  C.  for  bituminous  macadam  is  inadvisable  if 
modern  heavy  motor  traffic  is  to  be  sustained.  It  is  also 
believed  that  more  attention  should  be  given  to  specifying 
and  securing  a  uniform  size,  and  grading  within  reasonable 
limits,  of  coarse  stone  for  bituminous  macadam  in  order  to 
promote  uniformity  in  the  penetration  of  the  bituminous  ma- 
terial as  it  is  applied  and  to  produce  a  surface  that  will 
wear  as  uniformly  as  possible.  Such  specifications  should 
be  based  upon  tests  made  with  laboratory  screens  and  should 
at  least  cover  the  permissible  percentage  retained  on  the 
maximum  and  passing  the  minimum  diameter  of  screens 
selected,  as  well  as  the  percentage  limits  required  to  pass 
or  be  retained  upon  an  intermediate  screen. 

In  connection  with  sheet  asphalt  and  the  fine  aggregate 
bituminous  concretes  the  tendency  to  use  harder  grades  of 
asphalt  cement  than  heretofore  used  may  prove  advisable 
for  very  heavy  traffic  conditions.  It  is  quite  possible,  how- 
ever, that  better  results  may  be  secured  by  a  reduction  in 
the  compacted  thickness  of  such  pavements  with  a  corre- 
sponding increase  in  thickness  of  binder  courses  where  one 
is  commonly  used.  For  fine  aggregate  bituminous  concretes 
which  are  commonly  laid  without  a  binder  course,  the  in- 
troduction of  such  a  course  not  less  than  1%  in.  thick  may 
prove  advisable  with  a  reduction  in  thickness  of  wearing 
course  to  not  more  than  1%  in.  Provided  the  binder  course 
is  properly  constructed  such  practice  should  tend  to  pro- 
duce a  pavement  less  susceptible  to  displacement  under 
heavy  motor  truck  traffic.  In  any  event  it  is  believed  that 
even  more  attention  should  be  paid  to  aggregate  grading 
than  heretofore  in  order  to  produce  most  satisfactory  re- 
sults. 

The  resistance  to  displacement  of  compacted  Bituminous 
aggregates,  containing  particles  from  %  in.  in  diameter 
down  and  consisting  largely  of  sand,  is  mainly  dependent 
upon  grading  of  the  mineral  aggregate  and  hardness  of  the 
bituminous  cement.  When,  however,  the  particles  become 
very  small  and  possess  absorptive  or  colloidal  properties 
neither  grading  nor  consistency  of  the  cementing  medium 
are  such  important  considerations.  Very  large  surface  con- 
tact and  high  frictional  resistance  then  becomes  the  prime 
factors.  Thus,  a  fine  mastic  composed  of  limestone  dust  or 
clay  and  a  very  soft  asphalt  cement  may  exhibit  even  greater 
resistance  to  displacement  than  a  graded  sand  aggregate 
mixed  with  much  harder  asphalt  cement.  The  former  type 
is  exemplified  by  certain  finely  pulverized  bituminous  lime- 
stones. Use  of  the  latter  has  but  recently  passed  the  experi- 
mental stage.  It  is  quite  possible,  however,  that  future  de- 
velopments will  establish  such  extremely  fine  bituminous  ag- 
gregates as  being  highly  efficient  under  heavy  motor  truck 
traffic  for  both  the  sheet  and  block  type  of  construction. 
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$32,000,000  River  and  Harbor  Bill  Passed.— Enactment  of 
the  ?32,000,000  rivers  and  harbors  appropriation  bill  provid- 
ing for  75  new  projects  was  completed  Feb.  26  with  the 
adoption  of  the  conference  report  in  the  senate  without  a 
record  vote.     The  measure  now  goes  to  the  president. 
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Results    and    Lessons    from    First 
Year  of  State  Highway  Main- 
tenance in  Wisconsin 

In  l!il8  the  Wisconsin  Highway  Commission  began  main- 
taining 3.000  miles  of  state  truclv  higiiway  by  the  patrol 
system,  supplemented  in  a  majority  of  counties  by  gang 
maintenance,  the  latter  work  being  performed  by  small 
gangs  doing  heavy  blade  grader  work,  scarifying  gravel  or 
macadam  roads  and  reshaping  them,  resurfacing  gravel  or 
stone  macadam  roads,  applying  surface  treatments,  etc. 
The  results  obtained  and  the  lessons  learned  from  this  first 
year  of  state  maintenance  are  outlined  by  Mr.  .J.  T.  Douag- 
hey.  Maintenance  Engineer  of  the  Commission,  in  the  recently 
issued  report  of  the  Commission,  to  which  we  are  indebted 
for  the  matter  that  follows. 

Conditions  of  System  May  1,  1918. — As  early  in  the  spring 
of  1918  as  weather  conditions  permitted,  the  Commission's 
division  engineers  made  a  condition  survey  of  the  entire 
trunk  system,  showing  by  miles  and  tenths  of  miles  the 
type  of  road  and  its  condition.  Changes  in  type  and  con- 
dition are  shown  on  a  progress  chart  in  the  main  office  as 
reported  from  time  to  time  by  the  division  engineers.  This 
survey    showed    the   5,000    miles    divided   as    follows; 

Miles  good.  .Miles  poor. 

Earth   roads   :;.S6:;  1»2 

Gravel  roads  1.001  12i, 

llacadani  roads  5T;i  102 

Concrete  road.s  lis  3 

Other  hiKh  type  roads 12 

4,067  ■.!:(:: 

Roads  placed  in  the  "good  class'  were  those  that  could 
be  maintained  in  a  satisfactory  condition  by  ordinary  patrol 
maintenance  methods.  Those  in  the  "poor  class"  required 
heavy  blade  grader  work,  drainage,  resurfacing,  or  scarify- 
ing before  the  patrolman  could  maintain  them  in  a  satis- 
factory manner. 

The  survey  showed  9.904  culverts  on  the  system,  of  which 
1,164  were  wood,  1,050  stone,  3,550  steel,  and  4,140  concrete. 
It  also  showed  2.568  bridges  on  the  system,  324  of  which 
were  wood,  199  stone,  1,035  steel,  and  393  concrete. 

Results  Obtained. — The  aim  was  to  get  as  many  miles  of 
the  poor  converted  into  good  during  the  season  of  1918  as 
was  possible,  as  it  was  appreciated  full  well  that  the  patrol- 
men would  gradually  change  the  good  to  excellent,  but  could 
not  materially  change  the  poor  to  good  without  help. 

At  the  close  of  the  maintenance  season,  Dec.  1,  1918,  the 
following  improvement  of  the  System  had  been  accom- 
plished by  gang  maintenance:  Heavy  blade  grader  work, 
625  miles;  scarifying  and  reshaping  stone  and  gravel  sur- 
faces. 150  miles;  resurfacing  stone  and  gravel,  135  miles; 
placing  a  temporary  surface  of  clay  or  gravel,  100  miles; 
covering  bad  sandy  sections  with  hay  or  straw,  20  miles; 
bituminous  surface  treated,  250  miles;  covering  badly  worn 
macadam  roads  with  a  light  application  of  sand  or  loam, 
25  miles. 

The  gang  maintenance  work  this  first  season  resulted 
in  changing  325  miles  of  the  poor  roads  reported  May  1, 
1918.  to  good,  at  a  cost  of  approximately  $200  per  mile,  and 
in  leaving  them  in  such  condition  that  they  can  be  main- 
tained in  the  future  by  ordinary  patrol  maintenance  methods. 

Patrol  Maintenance. — There  was  employed  on  the  system 
a  total  of  56(1  patrolmen.  Of  this  number,  125  quit  or  were 
discharged  during  the  season.  In  nearly  all  cases  the  va- 
cancies have  been  filled.  Each  patrolman  was  given  a  rating 
at  the  close  of  the  season,  based  upon  the  improvement 
made  in  his  section,  rather  than  upon  the  actual  condition 
of  the  section.  There  were  173  patrolmen  in  the  excellent 
class;  204  in  the  good  class;  108  in  the  fair  class;  and  75 
in  the  poor  class.  This  shows  that  those  in  the  excellent 
and  good  class,  or  67  per  cent,  are  really  making  good  and 
these  are  the  men  we  wish  to  employ  again  next  season 
Those  in  the  fair  class,  or  20  per  cent,  have  possibilities  of 
making  good  if  coached  properly.  Those  in  the  poor  class, 
OT  13  per  cent,  will  not  be  employed  another  season.  On 
the  whole,  it  is  believed  that  the  patrolmen  have  done  won- 
derfully well.  Many  of  them  have  had  no  previous  experi- 
ence in  road  construction  or  maintenance,  and  it  has  been 
foimd   that    invariably   they   wanted   instructions   and    advice 


from  the  county  highway  commissioner  and  the  commis- 
sion to  even  a  greater  degree  than  it  was  possible  to  give 
it  to  them. 

Cost  of  Maintenance. — The  total  state  trunk  highway  main- 
tenance funds  allotted  to  the  counties  for  the  season  end- 
ing Dec.  :U,  1918.  amounted  to  $1,008,336.  In  addition  to  this, 
many  counties  made  further  appropriations  for  the  main- 
tenance of  the  trunk  system.  These  two  funds  amounted 
in  all  to  well  over  $1,200,000. 

The  cost  of  the  patrol  maintenance  of  the  state  trimk 
system  was  approximately  $600,000  or  $120  per  mile  for  the 
entire  season.  This  amount  covers  the  monthly  salaries  of 
the  560  patrolmen,  the  cost  of  extra  labor  on  patrol  work, 
and  the  supplies  and  repairs  used  by  the  patrolmen.  The 
balance  of  $600,000  covers  the  cost  of  the  gang  maintenance 
work,  previously  described,  and  the  unexpected  balances  that 
remain   to   the   cridt  of   a  few   counties. 

Ideas  Successfully  Put  In  Operation  and  Lessons  Learned 
in  1918. — A  good  earth  road  may  be  had  for  from  $100  to 
$300  per  mile  by  the  use  of  a  heavy  blade  grader  and  large 
tractor. 

Width  and  smoothness  of  surface  are  of  more  importance 
than  easy  grades. 

Where  a  patrol  maintenance  system  is  in  operation,  no 
road  should  have  more  than  a  4  to  6-in.  crown  for  a  24-ft. 
shoulder   to   shoulder  roadway. 

.\n  application  of  2  to  3  in.  of  sandy  gravel,  not  larger 
than  1  in.  in  size,  on  the  surface  of  a  clay  road  will  give  ex- 
cellent results.  Small  stock  piles  should  be  deposited  along 
the  road  for  the  patrolman's  use  in  strengthening  the  weak 
places.  Ruts  will  occur,  but  persistent  light  grading  or  plan- 
ing will  surely  result  in  an  excellent  and  cheap  temporary 
surface. 

What  is  ordinarily  termed  "sand  roads"  can  be  converted 
into  a  very  satisfactory  road  to  travel  by  light  grading,  con- 
sisting of  moving  in  the  unused  top  6  in.  of  soil  to  the  cen- 
ter for  a  wearing  surface  and  keeping  the  surface  smooth 
with  a  grader  or  planer.  The  bad  sand  requires  a  mixture 
of  clay  if  available.  If  not,  a  covering  of  cedar  shavings, 
marsh  hay,  straw,  fine  brush  or  weeds. 

The  patrol  sections  should  not  exceed  8  miles  in  length 
for  team  patrol  and  the  patrolman  should  live  on  his  sec- 
tion and  near  the  center  of  it.  It  would  be  economy  for 
counties  to  build  a  shack  for  each  patrolman  near  the  cen- 
ter of  the  section.  The  saving  of  his  time  would  repay  the 
cost  of  the  shack  in  two  seasons. 

The  best  single  tool  for  the  patrolman's  use  in  keeping 
the  road  surface  smooth  is  the  four-wheeled,  two-horse  road 
grader.     Next  is  the  road  planer. 

A  wavy,  uneven  gravel  road  can  be  scarified  and  reshaped 
with  a  grader  at  a  cost  of  from  $50  to  $75  per  mile,  and 
thereby  converted  into  an  excellent  road  to  travel.  If  new 
material  is  required  it  should  be  of  a  size  that  will  pass  a 
1-in.  ring. 

A  9-ft.  gravel  or  macadam  road  can  be  scarified  and 
widened  to  a  16-ft.  width  by  covering  the  old  surface  and 
3'^  ft.  of  each  shoulder  with  from  2  to  3  in.  of  fine  gravel. 
By  the  persistent  use  of  the  light  grader  or  planer,  the  sur- 
face can  be  compacted  without  the  use  of  a  roller. 

A  9-ft.  macadam  road  can  be  successfully  widened  to  a 
16-ft.  width  by  resurfacing  with  2  or  3  in.  of  stone,  extend- 
ing the!  stone  over  3%  ft.  of  each  shoulder  and  binding  the 
new  material  with  bitumen.  It  properly  constructed,  the  3- 
in.  depth  of  stone  on  the  shoulder  will  amply  care  for  reas- 
son.ibly  heavy  traffic. 

A  badly  worn  macadam  surface  can  be  maintained  cheaper 
by  the  application  of  about  2  in.  of  sand  and  result  in  a  more 
satisfactory  road  to  travel  than  if  surface  treated.  It  must 
be  gone  over  frequently  with  the  road  grader  or  planer. 

No  road  should  receive  a  bituminous  surface  treatment 
except  where  the  surface  is  smooth  and  clean,  and  where 
used,  the  bitumen  should  be  of  a  quality  and  of  a  sufficient 
quantity  to  penetrate  the  road  surface  thoroughly.  Holes 
appearing  in  the  surface  should  be  patched  immediately  by 
the  patrolman.  It  is  a  waste  of  funds  to  apply  surface  treat- 
ments and  not  use  an  absorbent  of  stone  chips,  pea  gravel, 
or  torpedo  sand.  The  surface  treatment  of  roads  taking 
care  of  heavy  traffic,  that  have  been  previously  treated, 
should  be  continued,  provided  (hat  they  have  been  properly 
maintained. 
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Road  Biiildinji  With  Industrial 
Railway^ 

Il\    K     IV    MASON, 
The  (-oiulltloii!)  nocessury   for  ihe  successful  operation  of 
nn   InduMirlnl   railway    In   highway    construction    are   ns    fol- 
low*: 

Ktrsl.  fairly  lovol  country.  Wo  haul  30  cur  trains  over 
KrudoK  up  to  3  per  cent  auil  have  worked  over  a  1.000ft. 
hill  of  5.1  per  cent  by  cuttluR  the  train  in  three  parts  at  the 
fool:  in  other  cases  we  have  used  a  roller  to  tow  up.  hut 
many  .such  hills  would  make  it  out  of  the  q\iestion.  If  the 
hills  wore  not  too  fretjuent  other  iiower  could  be  provided. 
Second,  sutllclent  and  continuous  supply  of  material  As 
such  an  outfit  will  handle  a  larKe  dally  volume  (at  S  trips 
per  day  300  yd.)  and  as  it  requires  a  considerable  crew  to 
keep  the  work  luoviuK.  H  will  not  pay  if  there  is  much  de- 
lay in  the  delivery  of  road  material,  or  if  Ihe  londing  facili- 
ties are  inadequate.  I  am  consideriuK  the  question  of  stock 
piling  some  material  In  order  to  keep  Koius  when  deliveries 
are  delayed,  but  this  presents  the  further  problem  of  load- 
ing from  the  stock  pile.  Our  loader  could  not  be  utilized 
and  ani^ther  rlR  would  have  to  be  provided. 

Third,  a  considerable  mileage  to  be  constructed  from 
one  set-up  to  avoid  the  expense  of  numerous  moves.  We 
flgtire  on  at  least  S  miles  at  one  setup.  4  miles  each  way. 
If  the  road  Is  continuous  and  the  move  is  only  from  the 
end  of  n  completed  section  to  a  point  4  miles  beyond,  the 
moving  cost  will  be  a  minmum.  but  if  the  outfit  has  to  be 
moved  to  a  distance,  the  cost  is  heavy.  Our  maximum  haul 
so  far  has  been  4  miles  as  we  have  been  fortunate' in  hav- 
ing our  work  along  the  railroad  with  frequent  stations.  Our 
outfit  consists  of  a  30-HP.  locomotive  with  underslung  tank, 
60  IVs-yd.  side  dump  steel  cars.  1  tracklaying  car.  1  hand 
car  and  4  miles  of  24-in.  gage  portable  track  with  curves 
and  switches.  The  track  is  30-ft.  rail  made  up  in  15-ft.  sec- 
tions with  7  steel  ties  to  the  section. 

The  outfit  cost  about  $16,000.  We  depreciate  10  per  cent 
on  all  the  machinery,  but  only  5  per  cent  on  the  track  as. 
at  the  end  of  10  years  the  salvage  value  will  be  at  least 
half  the  first  cost.  It  is  also  evident  that  there  will  be  con- 
siderable value  in  the  rest  of  the  outfit  at  the  end  of  the 
10-year  period.  It  is  now  5  years  old  and  practically  as  good 
as  new. 

Tracklaying  is  one  of  the  large  items  in  operating  and  this 
■will  var>-  considerably  according  to  the  character  of  the 
soil.  In  swamp  sections  where  the  shoulders  have  not  much 
stability  it  is  necessary  to  shim  up  frequently  to  keep  the 
track  in  safe  condition,  but  on  a  firm  soil  such  as  sand  or 
gravel,  it  does  noi  need   much   attention   after  laying.     Our 
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making  a  trip,  should  admit  of  an  average  of  10  trips  per 
day  on  a  haul  up  to  4  miles — 2  miles  average  haul — and  we 
have  made  this  at  times,  but  various  delays,  principally  in 
Ihe  delivery  of  stone,  have  combined  to  cut  the  average  down 
to  8  trips.  1  think  the  train  should  average  6  trips  on  a 
haul  up  to  8  miles  as  Ihe  delays  in  unloading  and  at  the 
loader  would  be  less  and  It  would  only  mean  an  average  of 
48  miles  i)er  day  actual  running.  At  this  rate,  hauling  47 
tons  per  trip  would  equal  28::  tons  per  day.  Speed  of  train 
Is  S  to  10  miles  per  hour  and  lime  of  unloading  10  to  15 
minutes.  Time  of  loading  is  about  %  hour,  but  of  course 
this  does  not  delay  the  train.  At  times  when  our  stone  sup- 
ply was  sutliclent  we  have  averaged  over  400  yd.  per  day, 
or  a(  Ihe  rate  of  a  mile  of  road  built  in  6  days. 

The  following  costs  are  an  average  of  3  years.  1!»14,  1915 
and  1916.  and  cover  about  20  miles  of  16-ft.  macadam  con- 
struclion: 

I  Per  cu.  vd. 

'I'r.uUliiyliv.;     J0.0.f)8 

KnKln.or    02!> 

nrakt'man 013 

Watchman   010 

t'"uoi  oin 

Oil.  grease  and  waste > 002 

Repairs   oin 

\fovlnfr     025 


Total   operating    $0,155 

Depreclnlion    0o5 

Intero;it     03."> 

Total  lia'.ilinK   $0,245 

Coin  ]n-r  >';»r(I  mile    *0.1225 

To.st  j)cr  ton  mile    $olotlR 

Delivering  the  stone  on  the  road  as  above  affords  an  op- 
portunity of  keeping  the  other  construction  costs  at  a  mini- 
ni'im.  Loading  with  an  elevator  is  about  the  cheapest 
method  and  spreading  the  stone  with  a  road  machine  is 
cheaper  than  by  hand  and  planes  the  road  at  the  same  time, 
avoiding  minor  inequalities  which  so  often  occur.  Rollers 
and   sjjrinklers  are  kept  up  to  their  full  capacity. 

The  other  costs  of  the  macadam  construction  follow: 

I'er  cu.  yd. 

l-oaciilii,'     $0,070 

SineacliliK     160 

.SiJiinl-IiiiB    06.") 

llOlIiilK     210 


H?-uliiig  as  al)0\*t^ 


$0,505 
.     .245 


Total $0,750 


Mudshell  in  place,  per  ou.   yd 

Clearing  and  srubbing,  per  acre 

Scarifylnsr.  per  mile  .'  ] .' 

Re-scariiyin?.  per  mile 

T'nclassitied  excavation,  per  cu.  yd '.'.'.'.'.'.'.'.'.'.[ 

Gravel,  l.st  Ki  mile  haul,  including  placing,  per  ctj!  yd. . 

Placmp  Rrai-el  surfacing,  per  cu.  yd 

Hravel.  additional  "4   mile  haul,  per  cu.  yd 

Oradf-r  wcrk.   S-niuIe.   ner  mile    " ' 

Grader  work,  5-muIe,  per  mile  ,, 

Concrete  pavement,  per  sq.  yd []] 

Furnishinrr  l.ridce  labor,  per  hour 

Extra  labor,    per  hour   

Extra  teaniy,  per  hour  .'.'.'.'..'. 


Contract  Prices  in  Texas  State  Highway 
Work 

The  accompanying  tabulation  shows  the  unit  contract 
prices  on  state  highway  work  at  several  lettings  held  last 
December  and  .January  by  Texas  counties: 

Culberson  Gonzales  Harris  Falls 

County.  County,  County.  Countv, 

Jan.  15.  Jan.  15.  Dec.  23.  Jan.  2. 


]2r..OO' 


$20.00= 

o;24- 

.GO" 

.W-' 

.12"' 

390.00'" 

325.00-' 

3.502= 

$60.00= 


0.2.;5'i 
.46'= 
.IS''- 
09'" 


$?oo.oo- 

IrtO.On« 
0.40'' 


S.35== 


$0.24" 
.62'^ 


.10'" 
310.00™ 


.75=* 
.40=^ 
.80=« 


,^  .Ouantitie?:     >R.600  cu.   yd.     =130  acre.'.     »44   acres.     «5.5   miles. 
"1..10  cu.  yd.     "198  cu.   yd      '=46.102  cu.  vd.     ''1.710  cu.  vd.     "19S  cu 
"S.91  miles.     ="0.37  miles.     ='33.41  miles.     =10.1.'!0  sq.  vd.  "  =»18.485  sq 


ri.G9  miles.  =5.69  miles.  '7.38^  cu.  vd.  8172.610  cu.  vd.  »614  cu.  vd 
yd.  1=46.102  cu.  yd.  «4.315  cu.  yd.  "203.455  cu.  yd.  "8,161  cu.  vd. 
•d      =<250  hours.    ='''20n  hours.     =»200  hours. 


cost   has   varied  from   $100  to   $150  per  mile,   with   an   aver- 
age of  about  $132. 

When  the  outfit  is  also  used  for  grading  it  cuts  the  track- 
laying  cost  as  the  track  is  then  in  position  for  the  stone 
■work.  During  a  move  and  while  the  macadam  ■work  is  on 
the  short  haul,  some  of  the  cars  and  track  can  be  spared 
for  grading  without  delaying  the  other  work,  using  a  team 
to  haul  the  train.  Especially  in  soft  sections  it  is  very  use- 
ful and  in  heavy  cuts,  working  with  a  small  shovel  it  shows 
great  economy.  The  fact  that  the  outfit  has  to  be  there 
anyway  should  be  considered  as  it  involves  no  transporta- 
tion to  and  from  the  job. 

Hauling  30  car  trains  and  loading  one  while  the  other  is 


'From   a  ppper  presented   last   week   at   the   Road   School   of   the 
Tniversity  of  Michioian. 
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War  Increased  Cost  of  California  Highway  Construction  40 
to  60  Per  Cent. — The  Calit'ornia  Highway  Commission  in  its 
report  submitted  to  the  Governor  on  Feb.  15  estimates  that 
the  war  caused  an  increase  in  cost  of  highway  construction 
of  40  to  60  per  cent  over  the  estimate  of  1915.  on  which  the 
$15,000,000  bond  issue  was  based.  Approximately  $7,884,000 
of  the  second  issue  of  bonds  remain  to  be  sold.  Of  this 
amount  $3,000,000  must  be  reserved  for  construction  of  lat- 
eral roads,  the  report  said,  and  it  is  probable  the  obligations 
already  incurred  will  require  at  least  $2,750,000  for  their  ful- 
fillment, so  that  little  more  than  $2,000,000  remains  for  new- 
work.  The  report  showed  that  in  the  biennial  period  ending 
June  30.  1918.  a  total  of  354.53  miles  of  road  had  been  con- 
structed, making  a  total  of  1617.40  miles  of  state  highway 
built  in  California.  These  figures  did  not  include  unaccepted 
contracts  for  highways  aggregating  349.37  miles  in  length. 
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Suggestions  for  Inspectors  on 

County  Road  and  Bridge 

Construction 

Useful  suggestions  for  the  inspection  of  concrete  worlv  in 
road  and  bridge  construction  were  given  by  Mr.  C.  R.  Wey- 
nioutli.  Acting  Division  Engineer  of  the  Wisconsin  Highway 
roniniission.  in  a  paper  presented  at  the  recent  Road  School 
of  the  Commission.    An  abstract  of  the  paper  follows: 

Simple  Test  of  Clay  and  Silt  In  Fine  Aggregate.—One  of 
the  important  essentials  in  concrete  work  is  the  obtaining 
of  proper  materials.  There  are  one  or  two  very  simple  tests 
that  can  be  made  in  the  field  that  help  establish  reasonably 
well  what  grades  of  material  are  about  to  be  or  are  being 
used  on  any  job. 

A  simple  test  for  the  presence  of  clay  and  silt  in  the  fine 
aggregate  or  sand,  consists  in  filling  a  fairly  large,  tall  bot- 
tle about  one-half  full  of  sand,  about  three-quarters  full  of 
water,  shaking  the  contents  up  well  and  allowing  them  to 
settle  for  an  hour  or  so. 

The  results  can  be  easily  computed  by  measuring  the  num- 
ber of  inches  of  clean  sand  left  and  the  amount  of  clay  and 
silt  that  rests  on  the  top  of  the  sand. 

The  Wisconsin  concrete  specifications  are  emphatic  on  the 
subject  of  clean  sand.  The  presence  of  clay  and  silt  in 
amounts  over  5  per  cent  of  the  total  mass  is  sufficient  for 
rejection  of  the  sand.  In  some  simple  tests  of  this  sort  made 
last  summer  in  division  No.  2,  carload  after  carload  of  sand 
from  high-class  commercial  washing  plants  was  discovered 
to  have  as  high  as  12  per  cent  of  dirt  present.  Since  this 
method  does  not  reveal  all  the  silt  present,  as  part  of  the 
silt  still  clings  to  the  sand  after  the  shaking,  there  was  prob- 
ably more  than  12  per  cent  actually  present. 

It  is  a  common  habit  to  take  up  a  handful  of  sand  and  look 
it  over,  call  it  good  and  pass  along.  It  is  surprising  how  one 
can  be  fooled  on  the  presence  of  dirt  in  the  sand.  Lumps  of 
sand  or  a  crust  formed  on  the  sand  piles  that  have  just 
dried  out  after  a  rain  or  a  shower  are  a  complete  giveaway 
on  the  presence  of  clay  binder  in  large  amounts— well  over 
5  per  cent. 

The  clay  in  the  sand  will  form  into  balls  in  the  mixer  and. 
if  being  used  in  a  pavement,  will  later  be  found  floating  on 
the  surface  of  the  wet  concrete — to  form  a  hole  later  on 
under  traffic.  With  the  roller  and  belt  finish,  these  are  not 
readily  discovered.  An  excess  of  silt  contained  in  the  sand, 
although  it  may  not  affect  the  strength  of  the  concrete,  has 
a  tendency  to  rise  to  the  surface,  resulting  in  a  scaling  of 
the  top. 

Test  for  Organic  Impurities  in  Sand, — There  is  still  another 
factor  in  sand  or  fine  aggregate  to  be  considered.  Some 
sands  contain  organic  impurities;  that  is,  chemical  proper- 
ties that,  when  released,  affect  the  chemical  action  of  the 
cement  and  hinder  the  setting  up  of  the  concrete.  The  field 
test  for  this  is  as  follows: 

Fill  a  12-ounce  graduated  prescription  bottle  to  the  41/2- 
ounce  mark  with  the  sand.  Add  a  3  per  cent  solution  of 
sodium  hydroxide  until  the  volume  of  the  sand  and  solution 
after  shaking  amounts  to  7  ounces.  Shake  it  thoroughly  and 
let  it  starul  over  night. 

If  the  clear  liquid  just  over  the  sand  and  silt  is  colorless  or 
has  a  light  yellow  color,  there  are  no  harmful  organic  im- 
purities present.  If  there  are,  there  will  be  a  dark  colored 
solution  obtained,  ranging  from  dark  red  to  black,  and  the 
sand  should  be  rejected  unless  a  mortar  strength  test  can 
be  made  and  found  satisfactory. 

Classifying  Stone  Aggregates.— In  using  stone  screenings 
for  the  fine  aggregates,  there  is  likely  to  be  present  a  large 
arnount  of  dust.  An  inspector  is  justified  in  objecting  stren- 
uuously  to  this,  as  the  dust  makes  proper  mixing  difficult  and. 
therefore,  reduces  the  strength  of  the  concrete.  The  coarse 
aggregates  that  appear  on  our  concrete  jobs  are  generally 
easy  to  classify  at  once  as  suitable  or  unsuitable.  The  in- 
spector should  watch  to  see  that  all  intermediate  sizes  are 
present  in  the  coarse  aggregates. 

An  inspector  should  be  watching  for  errors  in  the  plan 
furnished  him  for  the  work  and  should  not  let  errors  get  by. 
An  inspector  who  allows  work  to  be  done  with  a  feature  that 
looks  wrong  and  is  wrong  anywhere  about  it  and  then  ex- 
cuses himself  by  saying  that  the  plan  called  for  it  in  that 
way.  is  a  poor  specimen  of  an  inspector. 

Form    Work    and    Thickness    of    Concrete    Paving, — Inspec- 
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tors,  in  general,  do  not  i)ay  enough  attention  to  form  work 
tor  concrete.  In  the  iiaving  work,  for  example,  most  of  the 
t;-in.  wooden  forms  used  in  the  state  last  season,  if  subjected 
to  close  scrutiny,  would  turn  out  to  be  nearer  5%  in.  than 
0  in.  liigh.  This  is  partly  due  to  the  scant  measurement  in 
the  lumber  yards,  but  is  ahso  the  result  of  long  use  and  much 
scraping  of  dried  concrete  from  them. 

An  inspector  should  see  to  it  that  concrete  is  going  in  6 
in.  deep  at  the  edge  of  pavement  and  8  in.  in  the  middle  of 
whatever  depth  is  called  for.  One  of  the  hardest  things  an 
inspector  has  had  to  do  in  the  past  was  to  get  this  same  6- 
in.  dimension  at  the  edge  and  8  in.  in  the  middle  of  actual 
concrete  in  any  paving  job  with  an  honest  or  a  dishonest  con- 
tractor. If,  through  carelessness  of  an  inspector  or  through 
some  trickery,  a  dishonest  contractor  is  able  to  get  away 
with  even  1.4.  in.  less  thickness  in  the  concrete  pavement 
than  called  for.  it  means  a  large  profit. 

It  is  interesting  to  see  what  even  1/2  in.  in  thickness 
amounts  to  on  a  day's  run  in  materials  saved.  This  I/2  in. 
represent  1/14  of  the  total  amount  of  material  that  .should 
be  placed.  In  a  day's  run  of  400  sq.  yd.,  which  is  a  small  run, 
there  are  saved  5  cu.  yd.  of  stone,  approximately,  and  3  cu, 
yd.  of  sand.  This  stone  and  sand  by  the  time  it  is  delivered 
on  the  road  will  cost  a  contractor  about  $1.50  per  cu.  yd.  at 
least,  and  this  totals  a  saving  of  about  $12.  If  he  can  get  by 
with  1  in.  less,  it  means  $230  extra  profit.  Inspection  will 
liny  the  inspector's  salary  about  twice  over. 

Some  form-men  make  a  practice  of  blocking  up  fuiuis  by 
placing  stones  from  the  coarse  aggregate  under  them.  Thk? 
looks  to  a  casual  observer  as  a  reasonable  performance,  as 
on  the  dry  hard  subgrade  the  forms  api)ear  well  blocked  up. 
The  inspector  is  satisfied  also  that  a  full  thickness  is  being 
obtained. 

However.  :ifter  the  concrele  is  ijoured.  the  subgrade  be- 
comes thoroughly  wet.  the  strike  board  comes  along  and  in 
the  process  of  tamping  the  concrete  with  it  the  forms  are 
forced  down,  as  the  stones  used  to  block  up  the  forms  set- 
tle into  the  soft  wet  subgrade  readily.  This  is  a  camou- 
flaged method  of  getting  a  1/2  in.  less  right  along  and  fool- 
ins  an  inspector  nicely. 

Wooden  wedges  or  strips  of  board  should  be  used  if  the 
forms  must  be  raised  as  they  are  larger  and  do  not  sink  in 
so  readily. 

Amount  of  Water  in  the  Concrete.— Perhaps  the  one  thing 
that  causes  as  much  unpleasantness  between  an  inspector 
and  a  contractor  as  any  other  thing  is  the  question  of  the 
proper  amount  of  wetness  in  I'oncrete. 

Nearly  all  the  old  spout  mixers  had  the  spouts  so  arranged 
that  concrete  had  to  be  mixed  wet  to  get  it  to  run  down 
the  spout.  The  old  idea  was  to  get  plenty  of  water  rather 
than  too  little.  These  mixers  were  built  low,  with  a  rather 
long  spout  and  slight  gradient.  New  spout  mixers  are  get- 
ting away  from  this  and  the  boom  mixers,  of  course,  never 
liave  bothered  in  this  feature. 

The  men  behind  a  mixer  lik,e  to  have  the  concrete  wet;  it 
makes  so  much  less  work  for  them.  The  man  operating  the 
mixer  is  continually  urged  by  these  men  to  give  the  concrete 
more  water.  He  has  to  be  a  good  fellow  and  let  them  have 
it  wet  accordingly.  An  inspector  is  up  against  this  psycho- 
logical feature  and  it  is  one  thing  that  gets  on  an  inspec- 
tors nerves— to  have  to  be  continually  keeping  after  the 
mixer  operator  on  this  feature.  Consequently,  it  becomes  a 
touchy  subject  all  around.  Bui  these  sloppy  mixes  cannot 
be  tolerated,  with  the  concrete  splashing  over  the  forms  and 
soaking  up  the  subgrade  so  that  forms  are  spreading.  The 
concrete  is  also  seriously  affected  as  a  wearing  surface. 

Curing  the  Concrete, — There  is  written  into  tlie  Wiscon- 
sin specifications  the  requirement  that  after  a  concrete  road- 
way has  been  finished  it  shall  be  constantly  and  thoroughly 
wet  night  and  morning  for  two  weeks.  A  contractor  when  he 
bids  for  a  job  knows  thai  this  feature  is  in  thfui;  at  least, 
the  contractors  surely  should  know  it  by  now. 

Why  is  it  that  it  is  so  hard  for  an  inspector  to  get  this 
watering  done?  Even  the  inspectors  have  a  tendency  to- 
question  the  need  of  it  and  lake  it  as  a  feature  that  can  be 
neglected.  Concrete  thai  has  been  poured  and  not  prop- 
erly wet  afterward  for  at  least  a  reasonable  time  in  warm 
weather  will  have  a  permanently  bleached-out  appearance, 
with  no  life  or  temper  in  it.  and  generally  the  surface  shot 
full  of  small  ijocalled  check  cracks.  .\  little  shower  in  the 
night  is  taken  as  an  excuse  to  not  wet  for  the  day. 

The  most  serious  period  of  neglect   in  this  curing  of  the 
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Kiitiiii'fiiiip  ntirl  Couiiacfitif)  fur  Mairli  .">.  /.''/.''. 


ii 
tnapoctor 


-     •    j^iitunluy   iiiKlil   ami   Momliiy   uioru- 

ilu'  mixor  is  not  oponilod  on  Sun- 

..(it  llki>  this  In  wium  woallior:     An 

homo  over  Sunday.     If  he  Is  con- 

„  ,  ,,,,,, a  from  «he  oontraitor  before  leav- 

,1  that  ho  will  wot  tlown  tho  concioto  on  Sun- 

tliiv  .in>i  ...».•■  ..ver  tho  Saturday  run  of  Brecn  concrete.  The 
lontru.tor  honosllv  tries  In  .ioiuo  cases  to  (jot  the  work  done 

o,  „  ;       '  f:\T  as  onsaKlns  n  couple  of  men  who  soy 

,l,^y  .  M  Sund:iy  to  come  out  ami  do  It.     These 

moil.  "n..  ,..•■">■-■'  so  faithfully,  get  sidetracked  into  some 
noiirby  saloon  or  something  else  happens  to  their  good  Inten- 
tions. ,    «    ,     .1 

The  iBspoctor  comes  out  Motulay  mornluK  and  fluds  the 
work  Ju.st  beinp  done.  Then  occurs  enough  of  a  llsht  over 
the  matter  so  that  perhaps  the  followhiK  Sunday  the  work  Is 
done,  nut  every  two  or  throe  Sundays,  however,  it  Is  not 
done  and  much  poorly  cured  concrete  results. 


Method  of   Preventing  Erosion  of 
Road   Ditches 

Uy  K.  1-.  M.XKTIN. 
I>l«:rli.-t  KncliiciT.  I'op.-  ("ouiuy.  Miiinosctn. 
We  have  In  I'opo  county  a  number  of  long  grades  of  from 
5  to  8  per  cent  along  which  we  must  carry  the  drainage  tor 
considerable  distance—in  an  extreme  case  as  far  as  3,000  ft. 
-  -before  belnp  able  to  get  rid  of  the  water.  In  addition  in 
several  Instances  we  must  also  take  care  of  side  runs  which 
are  steep  and  will  often  bring  in  a  large  How  of  water.  To 
pave  these  ditches  is  very  expensive  and  not  very  satisfac- 
tory. Bars,  drops,  or  breakers  were  tried  but  there  was  too 
much  trouble  with  the  water  washing  around  them  or  under 
them.     In   most   of  these   cases   we  also   have   a   soil   which 
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Opening  of  Manhole  io 
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Detail    Sl<etch    of    Manhole. 

seems  to  wash  very  easy.  It  is  composed  of  from  20  to  60 
per  cent  fine  clay  and  the  balance  fine  sand,  locally  called 
flour  sand.  The  percentage  of  clay  to  sand  is  very  indefinite 
and  the  same  cut  may  have  all  the  varying  mixtures. 

To  avoid  this  extreme  wash  we  have  laid  lines  of  second 
grade  sewer  tile  with  concrete  intakes  at  intervals  up  the 
ditch  line.  Wherever  we  have  had  a  side  run  a  regular  catch 
basin  has  been  provided  with  a  concrete  man  hole  and  suffi- 
cient length  of  wing  walls  to  prevent  any  chance  of  the  water 
cutting   around. 

Owing  to  the  grade  on  which  these  tile  are  laid — 3  to  8  per 
cent — a  tile  12  in.  in  diameter  has  been  found  to  be  sufficient 
in  most  cases.  It  has  been  found  advisable  to  cement  all 
joints  when  laying  the  tile  and  to  build  a  concrete  headwall 
at  the  outlet.  After  every  storm  the  maintenance  man  goes 
pver  the  ditch  line  and  does  what  repairing  he  finds  neces- 
sary and  also  cleans  up  the  outlet. 

By  using  this  method  of  taking  care  of  the  drainage  a 
much  narrower  ditch  can  be  used  with  a  consequent  reduc- 
tion in  the  yardage  of  dirt  removed  for  a  given  width  of  road 
bed  and  slope  to  the  bank. 

A  rousrh  sketch  of  a  manhole  as  used  in  one  yase  is  shown. 
In  this  case  the  manhole  was  built  and  tile  laid  after  a  very 
had  washout  had  occurred,  hence  the  depth  of  the  tile. 


Results  of  Wisconsin  Experiment 

in  Covering  Sand  Roads  With 

Hay-Tar  Mat 

In  October,  1917,  the  Wisconsin  Highway  Commission  con- 
structed an  experimental  highway  for  the  purpose  of  deter- 
mining the  advantages  of  covering  sand  roads  with  hay  and 
hay  and  tar  mats.  Twelve  sections  were  buill.  On  six  of 
them  tar  and  marsh  hay  were  used  together.  On  the  other 
sections  marsh  hay  or  rye  straw  covered  with  a  thin  layer  of 
snnd  was  put  down.  The  methods  of  construction  were  de- 
scribed by  Mr.  H.  J.  Knelling,  assistant  engineer  of  the  com- 
mission, in  the  Nov.  7, 1917,  Issue  of  Engineering  and  Contract- 
ing. The  sections  were  inspected  at  various  times  during 
1918.  the  last  inspection  being  made  in  the  fall  after  the  road 
had  been  in  service  for  12  months.  The  results  of  this  ex- 
periment are  summarized  as  follows  in  the  recently  issued 
biennial  report  of  the  commission: 

The  untreated  hay  was  destroyed  largely  because  it  rotted 
and  not  especially  because  it  wore  out. 

The  untreated  hay  with  sand  on  it  enabled  the  treated 
layer  to  be  placed  much  more  uniformly  and  wilhout  the 
formation  of  ruts,  but  the  first  layer  of  hay  was  of  no  especial 
lasting  benefit  to  the  road. 

That  the  method  of  applying  the  tar  was  not  satisfactory. 
The  running  of  a  heavy  oiler  over  the  layer  ot  hay  formed 
large  ruts  in  the  sand  beneath,  which  could  not  be  removed. 
Some  better  method  should  be  devised  if  this  type  of  road  is 
to  be  constructed. 

Owing  to  the  draft  of  traffic  the  hills  became  bunched 
somewhat  easier  than  the  flats. 

Where  such  a  road  was  to  be  maintained  the  second  and 
following  years  treatments  could  be  much  less  in  vohime  as 
to  both  hay  and  tar  than  the  original  experiment. 

The  treated  sections  are  several  times  the  life  of  the  un- 
treated sections,  just  how  much  cannot  be  stated. 

There  was  very  little  difference  in  the  results  with  hay 
and  straw.  This  was  rather  surprising  as  it  was  anticipated 
that  the  hay  would-be  much  more  satisfactory  than  rye  straw. 
It  was  determined  that  the  mere  adding  of  sand  to  an  un-, 
treated  application  of  hay  or  straw  greatly  increased  its  life, 
and  it  was  felt  that  this  discovery  alone  was  worth  the  price 
of  the  entire  experiment,  as  many  sections  in  the  state  have 
been  merely  placing  hay  on  the  road  and  by  adding  the  sand 
they  could  easily  double  the  life  of  the  hay. 

The  cost  of  the  experiment  was  ?7  for  rye  straw  purchased 
at  $6  per  ton;  $156  for  marsh  hay  purchased  at  $8  per  ton 
delivered  on  the  road.  The  cost  of  the  teams  was  ?216,  the 
cost  of  tar  $322,  making  a  total  of  $701  for  the  construction  of 
4,977  sq.  yd.,  which  were  treated  with  tar  to  the  extent  of 
from  one-half  to  somewhat  over  a  gallon  per  square  yard 
and  of  1,900  sq.  yd.  w^hich  did  not  receive  any  tar  treatment. 
The  cost  of  the  tar  was  then  6i^  ct.  per  gallon. 

The  Commission  did  not  maintain  the  road  in  a  first-class 
manner  during  1918  because  it  felt  that  it  was  obtaining  the 
Information  it  desired.  The  engineers  of  the  Commission 
are  satisfied  that  this  type  of  road  can  be  built  and  give  sat-' 
isfaction  to  the  traveling  public.  The  cost,  of  course,  will 
vary  very  largely  as  the  cost  of  the  tar  varies,  as  it  is  the 
largest  element  entering  into  the  cost.  When  built  on  a 
large  scale,  many  of  the  items  could  be  very  materially  re- 
duced as  the  work  could  be  better  organized  and  it  is  possible 
for  a  large  crew  to  build  a  long  section  ot  road  per  day. 

The  Commission  does  not  recommend  this  type  of  road  ex- 
cepting where  it  is  impossible  to  obtain  any  local  clay  or 
gravel.  At  the  present  time  in  some  places  a  mile  of  9  ft. 
road  treated  in  the  best  manner  above  described  would  cost 
about  $1,000  per  mile.  This  might  be  justified  where  no 
other  material  could  be  obtained,  but  the  Commission  feels 
that  this  money  could  be  more  economlcaly  expended  if  used 
for  the  placing  of  clay  or  gravel  if  the  same  he  available 
within  a  distance  of  several  miles. 

The  Commission  is  satisfied  that  in  extreme  conditions  this 
type  of  road  can  be  economically  built  and  maintained  tor 
light  traffic,  but  would  not  recommend  it  for  a  road  carrying 
any  large  amount  of  heavy  truck  or  wagon  traffic. 


(66) 


Lur/Dicrniiff  dii/l  C  oiitractinf/  for  March  5,  1919. 


-'49 


The  Relation  of  Street  Systems  to 
Highways   Outside   of   Ur- 
ban District 

The  need  of  suitable  counectious  between  the  primary 
street  systems  of  a  city  and  the  chief  highways  traversing 
the  immediate  surroundings  of  the  city  w'as  pointed  out  by 
Mr.  Nelson  P.  Lewis,  Chief  Engineer,  Board  of  Estimate  and 
Apportionment,  Xew  York  City,  in  a  paper  presented  last 
week  at  the  convention  of  the  American  Road  Builders'  Asso- 
ciation.    An  abstract  of  the  paper  follows: 

The  interest  of  the  city,  the  county  and  the  state  is  still 
largely  confined  to  the  system  of  streets  or  roads  under  the 
jurisdiction  or  control  of  these  several  units,  and  they  have 
not  been  regarded  as  one  great  system  of  vital  interest  to  all 
the  people. 

Rural  highways  connecting  more  or  less  important  centers 
of  population  are  generally  much  older  than  any  part  of  city 
street  systems  except  those  in  the  oldest  parts  of  the  towns, 
while  the  outer  and  newer  parts  have  been  much  more  re- 
cently planned.  It  might  have  been  assumed  that  the  traffic 
between  these  centers  of  population  would  continue  to  follow 
thesi  old  routes,  and  yet  how  often  it  is  found  that  they  are 
reached  only  through  streets  of  minor  importance,  often 
shabby  and  unattractive,  not  infrequently  by  means  of  awk- 
ward and  obscure  offsets,  so  that  the  dominant  feeling  is  one 
of  relief  in  leaving  them  or  of  e.xtreme  unpleasantness  in  en- 
tering them.  The  same  experiences  are  likely  to  await  the 
tourist  in  approaching  or  leaving  the  smaller  town  or  satellite 
city. 

On  the  other  hand,  when  a  county  or  state  road  system  is 
being  improved,  even  when  the  roads  selected  for  improve- 
ment lead  directly  to  well  established  city  streets  of  adequate 
width,  and  where  the  further  expansion  of  the  city  is  quite 
certain  to  follow  along  this  trunk  highway,  an  increase  in  the 
width  of  such  road  as  it  approaches  the  city,  the  improve- 
ment of  its  alignment  and  grades,  special  attention  to  its 
cross-section  and  drainage,  the  planting  of  trees  and  a  little 
more  care  given  to  the  road-side  would  be  of  incalculable 
benefit  and  involve  little  additional  cost,  vvhile  it  might  save 
much  expense  for  future  widening  and  much  annoyance 
through  traffic  congestion.  Of  course  this  requires  vision,  a 
quality  all  too  rare,  and  it  may  even  involve  the  diversion  of 
traffic  through  by-passes  about  already  existing  centers. 

The  value  of  a  trunk  line  highway  Is  generally  in  propor- 
tion to  Its  length,  provided  it  is  well  improved  throughout, 
and  the  value  to  the  public  of  its  improvements  depends  in  no 
small  degree  upon  the  promptness  with  which  the  entire  im- 
provement is  carried  out,  so  that  it  may  be  made  available 
for  modern  traffic  for  its  entire  distance.  There  are  cases 
where  an  important  state  highway  has  been  improved  for 
long  distances  on  both  sides  of  a  town  and  up  to  its  corporate 
limits,  but  the  town  is  not  disposed  to  undertake  a  similar 
improvement  of  the  portion  of  the  road  within  its  limits.  The 
state  may  have  the  right  to,  and  in  equity  it  should,  bear  a 
certain  portion  of  the  expense,  this  portion  depending  upon 
the  width  at  which  it  is  to  be  improved  through  the  town  as 
compared  with  the  width  of  the  part  outside  of  the  town,  but 
there  may  be  no  way  of  compelling  the  town  to  do  its  part. 
The  result  may  be  a  delay  of  years  in  the  realization  of  the 
benefit  which  would  result  from  the  complete  improvement  of 
the  road,  the  annoyance  and  expense  of  reducing  speed  or 
load  to  adapt  them  to  the  bad  condition  of  the  road  within 
the  town  or  a  detour  around  it  if  one  is  available.  Such  a 
detour,  where  a  road  is  under  construction  or  repair,  is  ac- 
cepted philosophically  as  it  holds  out  a  promise  of  better  con- 
ditions in  the  near  future,  but  when  due  to  the  deliberate  un- 
willingness of  the  town  to  put  its  part  of  the  road  in  as  good 
condition  as  the  adjoining  rural  sections  it  gives  rise  to  some 
unkind  thoughts  and  words  as  to  the  inditference  and  back- 
wardness of  the  community  which  is  responsible  for  the  con- 
ditions. 

And  yet  there  is  often  much  to  be  said  in  extenuation  of 
the  attitude  of  the  town  or  small  city  which  does  not 
promptly  undertake  its  share  of  the  work.  It  may  be  a  com- 
munity where  real  estate  values  are  low,  where  there  are  few 
if  any,  industries  contributing  to  traffic  which  uses  the  road 
and  few  who  would  use  it  for  pleasure,  where  there  are  no 
natural  attractions  to  induce  the  tourist  to  stop,  where  there 


is  not  even  an  inn  which  one  would  be  tempted  to  do  other 
than  avoid.  The  taxpayers  of  such  a  town  think  it  unjust, 
and  not  unnaturally,  that  they  should  be  called  upon  to  pro- 
vide a  good  road  for  what  to  them  appears  to  be  alien  traffic, 
leaving  nothing  in  its  wake  but  a  cloud  of  dust  or  a  smell  of 
gasoline.  Such  conditions  present  a  serious  problem  in  the 
development  of  a  complete  state  or  national  improved  road 
system. 

It  is  probable  that  many  of  the  state  highway  laws  provide 
for  a  determination  of  the  proportions  of  the  expense  of  im- 
proving such  a  link  in  its  road  system  which  should  be  borne 
by  the  state  and  the  town,  such  proportions  depending  upon 
the  additional  width  or  the  more  costly  type  of  the  road 
through  the  town,  but  there  may  be  no  means  of  securing 
prompt  action  by  the  town  authorities  in  providing  its  share 
of  the  funds.  Such  laws,  where  they  exist,  are  necessarily 
uniform  and  inelastic;  but  even  this  is  better  than  would  be 
the  practice  of  enacting  special  laws  to  fit  each  case.  This 
would  result  in  endless  log  rolling,  unfair  compromise  and 
grave  abuse.  It  is  difficult,  if  not  impossible,  to  standardize 
where  conditions  are  quite  different. 

Prompt  improvement  of  the  entire  trunk  highway  is  the 
object  to  be  sought.  The  state  should  be  able  to  secure  this 
result,  but  without  injustice  to  communities  where  the  im- 
position of  the  share  of  the  cost  determined  by  statute  would 
involve  serious  hardship.  It  would  seem  as  though  the  power 
to  carry  out  such  improvement  at  the  time  other  section.-i  of 
the  road  are  improved  should  be  vested  in  the  state,  which 
would  become  responsible  for  payment  for  the  work  in  the 
first  instance,  and  that  the  town  should  be  obliged  to  con- 
tribute such  share  as  may  be  designated  by  law.  provided  the 
law  so  specifies,  with  the  right  of  appeal  to  some  high  judicial 
body  which  would  have  the  power  either  to  decrease  or  in- 
crease the  proportion  fixed  by  statute,  the  decision  in  each 
case  to  be  reached  after  careful  consideration  of  all  the  cir- 
cumstances, including  population,  the  assessed  value  of  real 
estate  in  the  town,  its  existing  debt  and  tax  budget  in  rela- 
tion thereto,  the  amount  of  traffic  originating  in  the  town,  the 
need  of  other  improvements,  the  width  of  its  streets  in  pro- 
portion to  their  traffic  and  probably  other  factors  which 
would  be  essential  to  a  fair  determination  of  the  issue. 

This  suggestion  may  be  somewhat  crude,  but  it  is  put  tor- 
ward  in  the  belief  that  the  conditions  which  it  is  designed  to 
meet  are  a  serious  obstacle  to  the  prompt  realization  of  a 
complete  scheme  of  state  and  national  highw'ay  improvement, 
and  also  in  the  belief  that  the  value  of  such  a  system  is  de- 
pendent in  no  small  degree  upon  the  promptness  with  which 
it  can  be  wholly  completed.  It  will  probably  be  found  that 
the  cases  where  a  town  has  obstinately  and  persistently  re- 
fused to  do  its  share  of  the  improvement  of  a  trunk  highway 
passing  through  it  are  comparatively  rare,  and  that  they  are 
quite  generally  ready  to  pay  not  only  for  the  extra  width  hut 
also  for  the  improved  type  of  surface  deemed  suitable. 

Where  a  state  contains  a  large  city,  the  population  of  which 
is  a  very  large  proportion  of  that  of  tlie  state  and  the  as- 
sessed value  of  the  real  estate  in  which,  and  consequently  its 
contribution  to  the  expenses  of  the  state,  is  more  than  that 
of  all  the  rest  of  the  state,  as  is  conspicuously  the  case  in 
New  York  and  Rhode  Island,  and  where  none  of  the  state 
funds  for  road  improvement  are  expended  within  the  city 
limits  there  is  likely  to  be  a  certain  degree  of  resentment  on 
the  part  of  the  city  at  what  it  deems  an  injustice,  especially 
if  the  city  receives  no  part  of  the  receipts  from  automobile 
licenses  or  registration  fees.  While  this  feeling  may  be  jus- 
tified it  must  be  remembered  that  a  very  large  proportion  of 
the  vehicles  using  the  state  highways  come  from  the  cities, 
while  few  of  those  in  the  rural  districts  are  tempted  to  go  to 
the  crowded  city  streets  for  pleasure  riding  or  are  compelled 
to  do  so  for  business  reasons.  This  is  conspicuously  triie  as 
to  the  heavy  motor  vehicles  wh^ch  result  in  the  greatest  wear 
upon  road  surfaces,  the  great  majority  of  which  are  engaged 
in  delivering  goods  from  the  large  cities,  wiiere  they  are 
manufactured,  to  outlying  towns,  and  which  probably  will 
soon  be  engaged  in  a  vastly  increased  inter-city  and  inter- 
state traffic. 

There  has  been  too  much  of  a  disposition  in  the  past  to  con- 
sider city,  county  and  state  highw^ay  systems  as  if  they  were 
three  separate  and  distinct  things,  while  we  will  not  satisfac- 
torily solve  the  problem  confronting  us  until  we  think  in 
larger  terms  and  realize  that  they  are  only  parts,  under  dif- 
ferent jurisdictions,  of  a  great  national  enterprise  worthy  of 
the  best  efforts  and  enthusiastic  support  of  every  one  of  us. 
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Pavement  Guarantees* 

:u  \  I.  v.  or  tliti  liM'^.iu -•.  «iili  Willi  li  ihi'  ii'iiiis  (iiiaruiitee 
n\.  iiite  nrv  olloii  u|i|>llf(l  to  piivliiR  cuiKnicIs,  your 

Ci  11  iliitcUKitliiK  lilt'  siil>Jt>t°t  UMtilKiifd  t»  it.  wishes  to 

iii.iKt-  cU>ar  Ihul  l<  tH<ll<>v<>A  ttit>  two  tfiins  should  bt>  rt>i;nr(lpd 
iiit  .■iciNirulc  itnU  dislliicl  niitl  ihut  thf  Kuiiniiitoe  |>i>rlo(l  should 
not  bf  lonK'T  than  ihi'  rvnsoiinMi'  llfo  of  (he  puveiueiU  with- 
out repairs,  oxcvpt  thos»>  roiuli-ri'd  necossm^-  by  renson  of 
il(<tecllvi<  malorlwU  or  workiiutiiship  or  both.  This  ts  in  uc- 
(-urU  with  nuiuorous  oourt  decisions  In  connection  with  as- 
sessment work  and  utiloniitlli-ally  settles  the  Quostlon  of  leKiil- 
ily  and  »l  the  siinie  time  clearly  Indicates  the  ninximum  pe- 
riod which  ithould  U"  called  for  in  a  nuaruntee.  Your  coai- 
nilttet>  reroniinends  that  the  maxiinuni  period  should  be  fixed 
u(  5  yeam 

The  dntw backs  and  defects  In  the  guarantee  system  are 
too  well  known  to  require  elaborate  discussion  In  this  report, 
hut  it  is  a  fact  that  present  inspection  systems  have  been  de- 
vised and  carried  out  with  n  view  to  pnivldiuf;  reasonable 
(but  not  absolute)  security.  haviUK  in  mind  the  certain  or 
unrtTtaln  amount  of  additional  protection  accruing  from  the 
Euarnntee  clause  inserted  in  almost  nil  paving  contracts.  If 
this  is  In  he  abolished  the  inspection  must  be  nuule  more 
rl«id  and  therefore  costly,  and  the  lines  must  be  drawn  more 
llRhtly  than  heretofore  both  as  to  materials  and  workman- 
ship 

Kngllneerlng  i.--  not  an  exact  science  insofar  that  in  all 
cases  a  certain  factor  of  safety  must  be  employed  and  there 
Is  no  such  thing  as  a  hair  line  division  between  good  and  bad. 
When  the  results  are  guaranteed,  even  though  the  guarantee 
Is  far  from  perfect,  it  Is  human  to  require  a  somewhat  lower 
factor  of  safety  than  would  otherwise  be  insisted  on.  Where 
the  contractor  assumes  no  responsibility  for  his  finished 
work,  the  inducement  to  slight  it  and  thereby  save  money,  is 
greatly  increased  and  the  inspecting  force  must  be  still  more 
competent,  vigilant  and  trustworthy  than  would  otherwise  be 
necessary. 

The  cost  of  a  guarantee  bond  to  the  average  contractor 
does  not  exceed  1  per  cent  of  the  total  cost  of  the  contract. 
On  a  pavement  costing  $3.00  per  square  yard  this  would 
amount  to  3c  per  square  yard,  which  would  barely  cover  the 
increased  cost  of  inspection  above  described  without  taking 
info  consideration  at  all  the  increased  bidding  price  likely  to 
result  from  increased  severity  of  inspection. 

Assuming  that  the  guarantee  is  only  for  the  normal  life  of 
a  pavement  without  repairs,  there  exists  no  legitimate  reason 
for  the  contractor  to  increase  his  construction  bid  by  more 
than  the  cost  of  his  bond.  As  between  a  reliable  and  estab- 
lished contractor  and  one  who  is  lacking  -in  experience,  re- 
sources and  equipment,  it  is  easier  and  cheaper  for  the  re- 
liable contractor  to  secure  his  bond  and  this  can  only  be  re- 
garded as  a  legitimate  advantage  to  him.  As  a  general  rule. 
he  will  favor  a  guarantee  bond. 

Your  committee  believes  that  notwithstanding  its  admitted 
defects,  the  guarantee  clause  serves  an  effective  purpose  and 
in  the  light  of  experience  is  economically  justified. 

We  do  not  believe  that  a  uniform  length  of  guarantee  for 
all  pavements  or  for  the  same  pavement  under  varying  traffic 
conditions  is  logical  or  justifiable.  Certain  pavements  are 
composed  of  blocks  which  in  themselves  have  a  very  long  life 
and  but  little  variation  is  to  be  looked  for  in  the  blocks  them- 
selves. Defects  which  would  develop  would  be  almost  wholly 
defects  of  workmanship  and  2  years  should  be  the  maximum 
period  required  to  make  this  evident,  and  therefore,  the  guar- 
antee should  be  limited  to  that  time.  Other  pavements  are 
composed  of  blocks  which  vary  very  greatly  in  hardness  and 
resistance  to  wear,  and  for  this  type  we  would  advocate  a 
guarantee  period  for  the  full  life  expectancy  of  the  pavement 
without  repair,  as  it  is  obviously  impossible  to  test  every 
block  used  in  it.  Where  a  pavetaent  ultimately  fails  through 
the  abrasion  or  disintegration  of  the  pavement  itself  and  is 
liable  to  prematurely  disintegrate  through  improper  mate- 
rials, or  mixing,  or  proportions,  we  believe  that  owing  to  the 
great  difficulty  of  absolutely  preventing  these  errors  by  in- 
spection, the  pavement  should  be  guaranteed  for  its  full  life 
expectancy  without  repairs,  and  this  can  be  reasonably  varied 
to  meet  different  traffic  conditions. 
TVe    believe    that    the    guarantee    clause    should    be    fairly 

^■From  a  committee  report,  submitted  Feb.  28  at  the  annual 
convLTition  of  the  American  Road  Builders'  Association.  The  roni- 
in-.tteeconsisted  of  V.  P.  Smith,  chairman:  F.  J.  Hill.  C  M  Pinck- 
ncy,  B.  H.  Wait  and  T   J.  Wasser 


worded  so  as  not  to  impose  upon  the  coulraclor  responsibility 
for  conditions  arising  after  the  completion  of  the  pavement 
and  over  which  he  had  no  control,  and  as  covering  these 
points  would  recommend  for  consideration  the  form  adopted 
by  the  Association  for  Slandardizing  Specillcations  at  New 
Orleans  In  January,  1912.  It  should  also  clearly  set  forth  and 
be  agreed  to  by  the  contractor  that  he  accepts  the  guarantee 
as  being  wlihlu  the  reasonable  life  cx|)i>itancy  of  the  pave- 
ment without  repairs. 

In  northern  latitudes  if  the  pavement  is  completed  and  ac- 
cepted betweei\  Nov.  1st  and  May  l.Mh.  the  guarantee  period 
should  be  extended  so  that  it  will  expire  on  the  first  of  June 
first  following  in  order  to  insure  weather  conditions  being 
such  as  to  permit  of  thorough  examination  and  the  making 
of  all  necessary  repairs  before  the  final  taking  over  of  the 
pavement  by  the  city.  This  provision  may  be  omitted  when 
climatic  conditions  render  it  obviously  unnecessary. 

Owing  to  the  admitted  defects  and  short  comings  of  guar- 
antees covered  1)\  surety  bonds  alone  and  the  frequent  diffi- 
culty experienced  by  cities  in  having  even  those  repairs  due 
to  poor  workmanship  and  materials  made  on  tinio.  we  believe 
that  the  bond  should  be  supplemented  by  a  cash  retainer, 
legal  interest  being  allowed  to  the  contractor  on  the  amount 
retained. 

For  new  construction  involvin.g  grading,  foiuidation  and 
wearing  surface  we  would  recommend  that  10  per  cent  of  the 
aggregate  cost  of  these  items  be  retained. 

For  resurfacing  on  an  old  foundation  we  would  recommend 
a  retainer  of  20  per  cent. 

In  the  case  of  a  2year  guarantee  the  whole  of  the  retained 
moneys  should  be  payable  at  its  expiration  and  not  before. 
In  the  case  of  a  5-year  guarantee,  one-fourth  of  the  retained 
moneys  should  be  payable  two  years  after  the  completion  of 
the  pavement  and  the  balance  in  three  equal  annual  install- 
ments. The  date  when  payments  of  retained  moneys  become 
due  shall  be  governed  by  the  clause  previously  recommended 
for  pavements  completed  and  accepted  between  Nov.  1st  and 
May  15th.  If  the  contractor,  having  received  30  days'  notice, 
fails  to  make  and  complete  the  ordered  repairs  at  the  time 
any  annual  installment  (or  the  whole  amount)  of  the  retained 
moneys  becomes  due.  he  shall  forfeit  to  the  city  the  total 
amount  then  due  unless  he  shall  have  obtained  in  writing 
from  the  engineer  an  extension  of  the  time,  when  the  same 
provision  shall  apply  at  the  expiration  of  the  extension  pe- 
riod. 


Handling  Bulk  Cement  in  Concrete  Road 

Work 

In  constructing  21,400  sq.  yds.  of  concrete  pavement  in 
Milwaukee  County,  Wisconsin,  last  season,  the  contractors, 
Schoonmaker  &  Winding,  Wauwautosa,  Wis.,  employed  bulk 
cement.  The  cement  was  shoveled  from  cars  into  dump 
wagons.  These  wagons  were  stand- 
ard equipment  except  for  the  side- 
boards, and  had  a  loose  bottom 
with  rear  drop  gate.  One  man,  as- 
sisted by  the  teamsters,  was  em- 
ployed in  loading.  It  was  found 
tliat  two  men  could  unload  a  box 
car  of  usual  capacity  in  10  hours. 
The  cement  was  delivered  on  the 
job  by  the  wagon  and  unloaded 
either  by  dumping  into  boxes  near 
the  mixer  by  dropping  the  gate  in 
the  bottom  of  the  wagon,  or  by 
means  of  the  hoppered  chute  shown 
in  the  illustration.  The  chute  was 
hung  on  the  side  of  the  wagon  and  the  cement  slioveled  into 
the  hopper  at  the  top  and  released  into  the  lower  compart- 
ment and  in  turn  into  a  wheelbarrow  placed  to  receive  it.  by 
manipulating,  as  necessary,  the  slides.  The  contractors  con- 
sidered the  chute  method  the  best.  The  losses  in  handling 
the  bulk  cement  were  practically  negligible. 


Wyoming  to  Vote  on  Bond  Issue  for  Highways. — The  Gov- 
ernor of  Wyoniing  has  signed  a  bill  authorizing  a  special  state 
election  for  a  vote  on  the  proposition  to  create  a  state  debt 
and  to  provide  for  the  issuance  of  state  highway  bonds.  If 
the  issue  is  carried  at  the  election,  about  $6,000,000  of  Federal 
and  state  funds  will  be  available  for  highway  improvement 
work  in  Wyoming.  * 
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Suggested    Methods  of   Financing 
Pavement  Maintenance 

Thi^  need  lor  new  legislation  to  permit  the  adequate 
financing  of  pavement  maintenance  in  Illinois  cities  was  point- 
ed out  by  Mr.  F.  C.  Lohman.  City  Engineer  of  Champaign,  111., 
in  a  paper  presented  at  the  recent  annual  meeting  of  the  Illi- 
nois Society  of  Engineers.  We  quote  from  the  paper  as  fol- 
lows: 

The  subject  of  financing  road  and  pavement  maintenance 
has  not  received  the  consideration  from  engineers  to  which 
it  is  entitled,  compared  with  the  attention  given  new  con- 
struction. It  is  comparatively  easy  to  secure  funds  for  new 
construction  under  our  present  laws  in  this  state,  but  it  is  not 
easy  to  secure  funds  for  maintenance.  At  present  in  city 
work  we  are  depending  on  only  two  sources  of  income;  first, 
appropriation  from  general  taxes  and  second  (in  some  few 
communities,  not  all),  the  levenue  from  a  vehicle  license 
ordinance;  and  it  will  not  be  until  some  otlier  and  more  ade- 
quate methods  of  financing  are  obtained  that  it  will  be  pos- 
sible to  see  the  results  in  maintenance  that  are  not  only  de- 
sirable but  necessary. 

Most  of  us  are  famiTiar  with  the  results  obtained  under  the 
first  method;  that  is  appropriation  from  general  taxes.  In 
fact  nothing  has  been  done.  All  of  our  cities  have  miles  of 
pavement  in  poor  condition  due  to  this  method  of  financing 
maintenance. 

It  is  argued  by  some  that  all  maintenance  cost  should  be 
paid  by  the  user  of  the  street.  I  believe  that  traffic  should 
bear  some  portion  of  the  cost  but  I  also  believe  that  an 
analysis  of  the  causes  for  maintenance  work  would  substan- 
tiate the  statement  that  the  general  public,  the  property 
owner,  or  both,  should  bear  a  large  proportion  of  the  cost. 

Maintenance  work  may  be  divided  into  three  classes; 

First;  That  made  necessary  by  faulty  construction,  the 
cost  of  which  might  properly  be  charged  to  the  general  public 
or  the  abutting  property. 

Second:  That  made  necessary  by  the  action  of  the  ele- 
ments which  might  also  be  charged  to  the  property  or  the 
public. 

Third:  That  made  necessary  by  the  action  of  traffic  and 
which  obviously  is  chargeable  to  the  user  of  the  street. 

The  proportion  that  each  should  bear  is  hard  to  determine, 
and  therefore  it  is  difficult  to  arrive  at  a  just  and  proper 
method  of  securing  funds.  Assuming  that  traffic  can  be 
made  to  pay  its  just  share  by  the  operation  of  a  vehicle 
license  ordinance  there  appears  to  be  three  available  ways 
of  obtaining  the  additional  fimds  necessary,  each  of  which 
require  some  new  legislation  in  addition  to  our  present  laws. 
First:  By  increasing  the  amount  allowed  to  be  levied  for  gen- 
eral municipal  funds.  Second:  By  amending  the  local  im- 
provement act  so  that  a  fund  may  be  provided  when  the  as- 
sessment is  spread.  Third:  By  levying  a  special  tax  for 
maintenance  work  separate  from  our  general  taxes  and  in 
addition  to  the  amount  now  allowed  by  law  to  be  levied. 

Whatever  the  method  adopted  of  increasing  funds  for  main- 
tenance. I  believe  that  it  should,  first,  insure  the  using  of  the 
money  for  one  purpose  only;  second,  that  the  amount  of 
money  available  be  sufficient  to  cover  the  full  needs  of  the 
community.  The  method  of  determining  these  needs  to  be 
based  upon  scientific  principles,  i.  e.,  upon  the  yardage  and 
kind  of  paved  streets;  and  third,  that  it  should  be  elastic 
enough  to  cover  future  expansion  of  cities  along  this  line. 

The  first  method  (that  of  increasing  the  general  taxes) 
stated  above  would  fail  to  comply  w-ith  any  of  these  require- 
ments in  that  the  money  could  not  be  set  aside  by  law  for 
special  purposes  and  the  same  conditions  existing  at  present 
would  still  prevail;  therefore  sufficient  funds  w-ould  not  be  set 
apart  to  serve  the  needs  of  maintenance  and  consequently 
scientific  methods  could  not  be  employed  to  determine  the 
amount  and  distribution  of  money  required. 

The  second  method  (the  amending  of  the  local  improve- 
ment act)  would  fulfill  all  conditions.  It  would  be  elastic, 
specific,  and  scientific  principles  could  be  employed  but  it 
would  have  the  disadvantages  of  conflicting  with  the  idea  that 
most  people  have,  that  when  a  pavement  is  once  constructed 
the  public  should  care  for  it.  It  would  also  increase  the  cost 
of  the  improvement  to  such  an  extent  as  to  retard  much 
needed  developments. 

The  third  method  (a  special  or  additional  tax)  would  fulfill 
all  conditions  and  have  none  of  the  objections  of  the  first  two 
methods   and   in  addition   it   would   be   the  easiest  to  obtain 


from  the  legislature.  From  what  I  can  learn  this  legislature 
is  more  apt  to  provide  funds  in  this  manner  than  any  other, 
because  the  need  is  usually  apparent  and  the  amount  not  ex- 
cessive. Hence.  I  believe  that  this  method  is  the  most  desir- 
able and  that  the  engineers  of  the  state  should  take  some 
concerted  action  to  secure  legislation  along  this  line. 

I  wish  to  recommend  that  this  society  at  this  meeting  take 
some  definite  action  towards  presenting  this  matter  to  the 
legislature  during  the  present  session. 


Methods  of  Snow^   Removal  from 
Highways 

The  insistent  demands  of  modern  traffic  have  made  neces- 
sary the  removel  of  snow  from  the  surface  of  highways  in 
industrial  and  commercial  areas.  Efficient  methods  of  keep- 
ing these  highways  open  in  winter  w-ere  outlined  by  Charles 
.1.  Bennett.  State  Highway  Commissioner  of  Connecticut,  in 
a  report  submitted  Feb.  28  at  the  annual  convention  of  the 
American  Road  Builders'  Association. 

In  order  to  make  a  study  of  snow  removal,  the  general 
conditions  which  govern  the  amount  and  character  of  the 
snow  to  be  removed  must  be  carefully  considered.  These 
may  be  classed  as  follows: 

Geographical  Location  of  the  Section. — This  determines 
the  amount  of  annual  snowfall,  and  the  approximate  great- 
est fall  per  storm  which  must  be  taken  care  of;  also  the  usual 
moisture  content,  which  is  a  large  factor  in  determining  the 
amount  of  equipment  needed.  In  defining  this  general  class 
further,  for  convenience  we  may  consider  three  sub-divisions: 

(A)  Locations  where  the  total  depth  of  any  one  storm  is 
not  over  9  in.,  and  the  total  snow  fall  not  over  3  ft. 

(B)  Locations  where  the  total  depth  of  any  one  storm  is 
not  over  18  in.,  and  the  total  snowfall  not  over  6  ft. 

(C)  Any  location  where  conditions  are  more  severe. 
Local  Conditions. — These  are  the  usual  cause  of  excessive 

accumulations  of  snow  at  any  given  point.  The  general  di- 
rection of  the  road,  combined  with  the  prevailing  direction 
from  which  the  snow  drives,  causes  much  difference  in  the 
depth  of  snow  to  be  removed.  A  side-hill  location,  or  loca- 
tion of  a  road  in  a  cut,  will  cause  the  accumulation  of  snow 
in  the  traveled  path.  Stone  walls,  fences  and  untrimmed 
brush  hedges  which  may  run  along  the  roadway,  form  the 
most  usual  cause  of  drifts.  A  study  should  be  made  with  the 
purpose  of  eliminating,  as  far  as  possible,  any  special  ac- 
cumulation from  these  causes.  Hedges  may  be  trimmed,  walls 
removed,  and  snow  fences  installed.  This  work,  properly 
carried  out.  will  eliminate  the  formation  of  many  drifts.  If 
nothing  can  be  done  to  prevent  the  formation  of  drifts,  special 
efforts  should  be  made  to  handle  this  accumulation  locally, 
without  leaving  it  to  the  equipment  which  handles  (he  bulk 
of  the  work. 

The  removal  of  snow  in  particularly  congested  districts, 
such  as  city  streets,  is  a  special  problem  which  requires  an 
entirely  different  equipment  from  the  general  snow  removal 
on  highways.  Under  these  conditions  special  studies  should 
be  made  of  local  conditions,  as  the  bulk  of  the  snow  has  to 
be  picked  up  and  moved  away  from  the  streets  themselves. 

The  location  on  the  travel-way  of  the  trolley  tracks,  from 
which  the  traction  companies  remove  the  snow  by  plows, 
necessitates  about  double  the  amount  of  snow  removal  from 
the  remaining  portion  of  the  road  surface.  This  usually  oc- 
curs in  thickly  populated  districts,  but  often  occurs  on  inter- 
urban  lines  between  towns.  Equipment  necessary  to  handle 
this  class  of  work  will  have  to  be  about  double  that  of  the 
ordinary  work.  Arrangements  should  be  made  to  have  extra 
equipment  at  these  points  to  assist  the  regular  snow  removal 
equipment,  so  that  it  will  travel  at  approximately  the  same 
rate  of  speed  as  if  the  trolley  tracks  were  not  there;  similar 
to  the  local  arrangements  made  where  drifts  cannot  be  pre- 
vented. If  this  is  done,  the  problem  is  simplified  and  re- 
solves itself  into  the  selection  of  equipment  suitable  to  han- 
dle the  greatest  average  fall  in  any  one  storm,  for  the  sec- 
tion in  question. 

Classification  of  Roads  for  Snow  Removal  Purposes. — After 
determining  the  amount  and  character  of  snow  liable  to  oc- 
cur, it  is  then  necessary  to  classify  the  roads  as  to  the  speed 
at  which  the  work  must  be  handled:  the  amount  of  snow  lo 
be  left  on  the  road,  and  the  width  to  which  the  snow  should 
be  removed,  so  that  the  prevailing  class  of  traffic  may  use  the 
highway  with  safety.  For  this  purpose  there  are.  roughly, 
three  chisses  into  which  the  roads  may  be  divided: 
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jch  i-iirry  hoavy  motor  vehicle  traftlo. 
.•h  i'«rr>   ft  smnll  porcontnK  '  of  motor  vohlclea 
uii'i  .1  I  iTK"  I'.ri'enluKO  i>f  liorse-tlmwu  iratllc. 

:-  TliiMic  which  carry  ii  iiosMIkIIiI«<  amount  of  motor  tralllc. 
tht>  ilfl.iv  to  which  shmilil  iioi  cause  serious  hardships. 

fn<l>>r  (he  tlmt  class,  iho  snow  must  he  removed  as  rapidly 

'••  from  the  complete  width  of  (he  roadway  surface. 

i-ondltions  In  this  class  of  road  are  almost  always 

bik.l       I'Uey  usually  run  (hrouKh  fairly  well  huiltup  sections. 

where  snow  fences  are  not  practicable,  and  where  under  the 

nii'it   severe  conditions  some  snow  must   he   moved.     Under 

i!;.  •..'   conditions,  any  snow   which   must  be   moved   clear  of 

the   roadway   should  he  handled   by  a  local  orKanlzatlon,  al- 

Inwinir   the   reKUlar  equlpiuent   to   proceed   with    their    work. 

•aid  bo  limited  to  taking  care  of  the  free  passage 

\\w.  .-iecond  class  the  snow  need  not.  necessarily,  be  com- 
i  ■  :>  removed,  and  the  speed  necessary  for  the  first  class 
nii'd  not  b«>  maintained.  About  4-ln.  depth  of  snow  can  be 
left  on  the  road  to  take  care  of  the  horse-drawn  tralllc.  and 
the  width  should  be  •iulllcient  for  the  safe  passase  of  vehicles, 
with  the  possible  exception  of  deep  drifts,  where  the  removal 
to  this  width  would  cause  an  unnecessary  expense. 

In  the  third  class:  The  roads  in  outlying  districts  where 
auto  trafllc  Is  small,  simply  enough  work  may  be  done  to  al- 
low the  passage  of  the  usual  class  of  traflic.  which  would 
mean  (hat   the  roads  should  only  be  broken  open. 

Selection  of  Snow  Removal  Equipment. — In  selecting  the 
eQulpnient  to  be  used,  it  is  necessary  to  bear  in  mind  the 
general  classifications,  as  well  as  the  classifications  accord- 
ing to  trafllc.  In  general  Class  A,  which  includes  storms 
up  to  9  In.  in  depth,  it  has  been  found  that  the  use  of  a  plow 
attached  to  the  front  of  a  motor  truck  will  operate  to  ad- 
vantage, and  is  almost  absolutely  necessary  where  speed  ia 
the  deciding  factor,  as  on  the  roads  carrying  a  heavy  auto 
traffic.  These  tnicks  may  be  also  used  to  supplement  the 
equipment  used  on  the  secondary  roads,  should  they  not  be 
sufficiently  clear  by  the  time  the  main  roads  are  finished. 
Road  machines  and  plows  operated  with  horses  may  be  suc- 
cessfully used  on  the  secondary  roads,  supplemented  as 
above,  by  trucks. 

The  remaining  class  of  roads  carry  little  motor  traffic,  and 
it  is  usually  sufficient  to  open  up  the  drifts  so  that  sleighs 
may  be  safely  used.  This  may  be  done  with  teams  and  a 
bob  sled  or  drag. 

In  general.  Class  B,  which  includes  storms  up  to  18  in.  in 
depth,  the  use  of  motor  trucks  with  plows  is  usually  satis- 
factory, provided  enough  equipment  is  at  hand  and  the  work 
is  carried  on  continuously  with  speed  enough  to  keep  ahead 
of  the  storm.  High  powered  tractors  may  be  used  with  V- 
shaped  plows  or  rotary  plows.  On  the  secondary  roads  in 
this  general  section,  snow  rollers  may  be  used  to  good  ad- 
vantage, and  the  outlying  roads  may  be  taken  care  of,  as 
under  the  first  general  head. 

Under  the  more  severe  conditions  where  the  storms  of 
more  than  18  in.  are  liable  to  occur,  the  removal  of  snow 
is  a  difficult  problem,  and  should  only  be  undertaken  where 
it  is  absolutely  necessary.  In  these  locations  removal  by 
hand  is  practically  the  only  successful  method,  and  consid- 
erable snow  must  be  moved  from  the  roadway  proper,  as  in 
the  case  of  the  removal  of  snow  from  city  streets.  Snow- 
rollers  should  be  used  upon  the  secondary-  roads,  and  in  the 
outlying  sections  the  roads  simply  broken  open. 

General  Conclusions. — First,  prevent  the  excessive  accumu- 
lation of  snow-  wherever  possible  by  the  use  of  snow  fences 
and  the  removal  of  the  natural  causes  of  these  accumula- 
tions. Second,  wherever  speed  is  essential  and  enough 
equipment  can  be  provided  to  keep  ahead  of  the  storm,  plows 
attached  to  the  front  of  motor  trucks  have  proved  the  most 
efficient  method  of  removing  snow.  These  must  be  supple- 
mented by  local  assistance  w-herever  drifts  and  excessive  ac- 
cumulations cannot  be  prevented,  and  wherever  snow  must 
actually  be  moved  away.  Third:  Wherever  speed  is  not  so 
essential  and  the  depth  of  snowfall  is  not  too  great,  road 
machines  and  plows  drawn  by  horses  or  tractors  are  satis- 
factory. Fourth:  Wherever  the  fall  is  great  the  snow  may 
be  rolled  in  the  outlying  districts,  and  must  be  removed  from 
the  roadway  in  thickly  settled  sections  where  hand  methods 
are  the  only  satisfactory  solution. 

It  must  always  be  kept  in  mind  that  on  main  traveled  roads 
snow  must  be  removed  to  the  road  surface  and  for  the  full 
w-idth;    on   secondary  roads   four  inches  may   safely   be  left. 


and  single  width  traffic  allowed  in  deep  drifts.  On  the  rural 
roads  it  nmy  be  satisfactory  to  simply  break  oul  the  drifts 
and  nuike  It  possible  to  use  sleighs  by  rolling.  If  necessary. 
Lastly,  after  traffic  has  been  properly  provided  for,  water- 
ways should  be  opened  up  and  enough  of  the  snow  pushed 
away  from  the  sides  of  the  road  to  prevent  any  hindrance 
to   Iho   proper  removal  of  the  next  snowfall. 


Wagon  (]amps  on  County  Road  Work 

Wagon  camps  are  successfully  employed  by  the  Road 
Commissioners  of  tiogebic  County,  Michigan,  as  a  part  of 
their  road  building  and  maintenance  outfits.  Kach  outfit 
consists  of  a  tractor,  two  camp  wagons  and  one  small  truck, 


Camp   Wagon   of  Gogebic  County    Road   Commissioners. 


Elevation   of    Frame    and    Ground    Plan    of   Camp    Wagon. 

the  latter  being  used  for  hauling  fuel  and  supplies.  One 
camp  wagon  is  fitted  out  as  shown  in  the  drawing.  The 
other  wagon  serves  for  a  sleeping  camp.  By  suspending 
single  steel  bunks  on  either  side  of  the  car  and  placing  one 
double  deck  double  bunk  in  one  end.  sleeping  accommoda- 
tions can  be  provided  for  12  men.  The  tractor  is  used  for 
hauling  light  graders  on  maintenance  work  en  gravel  roads, 
for  distributing  gravel  for  grading  and  for  other  purposes. 
C.  F.  Winkler  is  Engineer  for  the  County  Road  Commission. 


Surveyor-Draftsman  Examination. — The  U.  S.  Civil  Serv- 
ice Commission  is  holding  an  open  competitive  examination 
for  surveyor  draftsmen.  Entrance  salaries  range  from  $1,200 
to  11,500  per  year.  The  U.  S.  Bureau  of  Public  Roads  and 
the  Forest  Service  are  making  appointments  from  this  exam- 
ination. Competitors  will  not  be  required  to  report  for  ex- 
amination at  any  place,  but  will  be  rated  on  the  following 
subjects,  which  will  have  the  relative  weights  indicated,  on 
a  scale  of  100:  (1)  General  education,  10;  (2)  Technical 
education  and  experience  in  plane,  topographic,  and  United 
States  land  surveying,  50;  (3)  Drawing  and  lettering  (from 
specimens   furnished   by   the   Commission),   40. 


(70) 


Engineer'wg  mid  Couirarting  for  Marcli  5,  1919. 
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The  Relation  of  Highways  to  Rail- 
ways and  Waterways* 

By    GEO.    H.    FRIDE. 

I'Tcsidfiit  Heavj-  Haulage  Co.,  Xew  Yorlc. 
Thi  mil  cona;estion  in  the  last  two  years  forced  an  extra- 
ordinary volume  of  freight  on  the  highways,  both  long  and 
short  hauls.  Highway  transportation  possesses  many  ad- 
vantages in  that  it  is  more  rapid,  positively  under  the  con- 
trol of  the  shipper,  eliminates  damage  through  rehandling. 
exceedin.gly  flexible,  and  for  these  reasons  has  been  emi- 
nently satisfactory  in  almost  every  instance.  So  much  was 
this  the  case  during  the  war  that  many  of  those  who  became 
familiar  with  highway  transportation  were  convinced  that 
except  for  unusually  long  hauls  on  high  classification  mate- 
rial and  shorter  hauls  on  very  low  classification  material, 
freight  would  be  very  largely  diverted  from  the  railroads  and 
the  waterways  to  the  highways.  This  assumption  was  incor- 
rect in  many  instances  because  it  did  not  take  into  account 
the  great  difference  in  the  cost  of  the  two  methods  of  trans- 
portation. 

It  has  been  my  opinion  that  under  certain  conditions,  motor 
trucks  can  be  used  to  haul  certain  varieties  of  freight  within 
a  radius  of  100  miles,  but  beyond  that  radius  it  would  be  im- 
possible to  haul  commodities  unless  speed  of  delivery  instead 
of  cost  was  the  determining  factor.  There  has  been  a  great 
deal  of  open  and  latent  enmity  and  opposition  on  the  part  of 
rail  and  water  carriers  to  the  development  of  highway  trans- 
portation in  the  past,  but  this  viewpoint  has  been  changing 
in  the  last  18  months  as  the  different  forms  of  transportation 
became  more  .generally  understood. 

Amazing  as  it  may  seem,  it  was  not  until  competition  be- 
tween the  railroads  was  eliminated  that  their  investigations 
developed  that  a  very  large  volume  of  their  short-haul  freight 
was  handled  at  a  very  heavy  financial  loss  to  the  railroads, 
and  this  condition  stUl  persisted  even  after  the  rate  increases 
last  year.  Those  interested  in  the  operation  of  railroads 
completely  changed  their  attitude  when  they  realized  the  fore- 
going truth,  together  with  the  fact  that  highway  transporta- 
tion even  under  most  advantageous  and  exceptional  condi- 
tions can  only  compete  successfully  on  an  even  basis  with 
railroads,  in  a  100-mile  radius,  and  in  Liost  instances  in  a 
radius  not  exceeding  one-third  of  that. 

This  change  in  attitude  has  produced  a  desire  for  co-opera- 
tion between  railroad  companies  and  highway  transportation. 
with  the  view  to  diverting  to  highway  transportation  that 
freight,  which  can  be  handled  within  the  scope  just  men- 
tioned. With  this  new  vision  of  highways  transportation  the 
railroad  interests  began  to  see  possibilities  of  si  ill  further 
co-operation.  There  are  many  regions  in  this  country,  par- 
ticularly in  the  west,  which  are  supplied  with  latitudinal  rail- 
ways passing  through  their  states,  but  ill-supplied  with  stub- 
end  feeder  lines.  The  Railroad  Administration  early  in  its 
incumbency  discontinued  the  policy  of  building  stub-end  lines 
unless  these  lines  were  productive  of  sufficient  local  traffic 
to  permit  profitable  operation.  The  residents  of  these  locali- 
ties were  very  much  embarrassed  in  some  instances,  as  they 
had  raised  crops  on  the  promise  of  the  railroads  to  build 
stub-end  lines.  They  appealed  to  the  Food  Administration 
and  the  solution  of  their  difficulty  was  found  in  highway  trans- 
portation, which  moved  their  crops  to  the  nearest  available 
railway  station,  in  some  instances,  distances  over  .50  miles. 

I  doubt  whether  a  policy  of  building  stub-end  feeders  will 
ever  return  to  its  former  practice,  which  frequently  was 
abused,  but  rather  I  think  highv/ay  transportation  will  build 
up  traffic  in  virgin  territory,  and  when  the  traffic  Is  suffi- 
ciently dense  to  .iustify  profitable  operation,  then  and  then 
only  will  the  stub-end  lines  be  built. 

It  would,  perhaps,  be  of  great  interest  to  realize  how  utter- 
ly dependent  on  highway  transportation  is  rail  and  water 
trarfsportation.  Take  as  an  example  the  Port  of  New  York: 
With  the  single  exception  of  that  material  which  is  loaded 
on  ships  for  export  or  coastwise  water  traffic,  every  pound 
of  freight  which  comes  into  New  York  is  transported  over 
the  highways  after  it  reaches  New  Y''ork.  Presume  that  ow- 
ing to  a  blockade  of  the  streets  this  highway  traffic  was  com- 
pletely interrupted  for  a  week;  in  less  than  this  time  the 
terminals  in  New  York  would  be  so  congested  with  cars  of 
undelivered  freight  that  they  would  practically  block  the  cars 
loaded   with   export   freight.     Presume   this   happened   at   all 


ports  along  the  Atlantic  Coast,  in  approximately  less  than  a 
week's  time  all  freight  would  cease  to  move  anywhere  east 
(if  the  Mississippi,  because  the  blockade  would  reach  even 
those  transfer' points  remote  from  the  coast.  The  same  thing 
applies  to  rail  transportation. 

Again,  a  huge  amount  of  the  freight  transported  by  the 
rail  and  water  lines  is  agricultural  and  farm  products.  If, 
owing  to  a  complete  blockade  of  the  highways  in  the  ag- 
ricultural regions,  no  freight  movements  were  made,  com- 
paratively little  freight  would  be  moved  by  the  rail  and  water 
carriers  because  it  would  not  be  presented  to  them  for  trans- 
portation. In  other  words,  there  is  no  reason  for  conflict  be- 
tween highway  transportation  and  rail  and  water  transpor- 
tation On  the  contraiT,  there  should  be  the  strongest  co- 
operation, because  while  it  is  possible  that  highway  trans- 
portation might  survive  without  either  of  the  other  forms 
of  transportation,  it  is  manifestly  impossible  for  either  rail 
or  water  transportation  to  exist  without  highway  transpor- 
tation. 


Wood 


Street  Railway  Track  Paving   with 
Blocks 

In  connection  with  the  paving  of  Dorr  St.  at  Toledo,  C, 
with  Kreolite  lug  wood  block,  «ome  10,000  lin.  ft.  of  street 
car  track  were  put  down.  About  .3,000  lin.  ft.  of  the  ear  tracks 
were  laid  with  a  7-in.  concrete  base  upon  which  were  placed 
Rx.SxT  untreated  oak  ties  on  2%-ft.  centers.  One  hundred-pound 
A,  R.  E.  A.  rails  were  used  on  this  work.  Upon  this  concrete 
base  and  under  the  ties  was  tamped  Z  in.  of  crushed  stone. 


/         "•I'it 


1 00*  T- Rail 


^    Concrete 


*From  a  paper  presented  Feb,   2S  at  the  ICth  Annual  Com  tut  ion 
of   Ihfc  American  Road  Builders'   Association. 


Top   View:   Old    Standard    Rail    Block:    Lower:    New    Rail    Block. 

After  thoroughly  tamping  the  stone,  an  additional  6-in.  con- 
crete foundation  was  laid,  which  was  given  a  smooth  finish 
and  a  coating  of  pitch,  directly  upon  which  were  placed  3^4- 
in.  Kreolite  lug  wood  blocks,  the  wearing  surface  of  the 
blocks  coming  %  va.-  below  the  inside  of  the  head  of  the  rail 
and  "ti  in.  below  the  outside  of  the  head  of  the  rail.  About 
'4  in.  of  dry  sand  was  then  applied  as  a  filler  to  act  as  a  dam 
to  prevent  the  pitch  from  floating  the  blocks,  and  the  balance 
of  the  interstices  completely  filled  with  pitch. 

An  unusual  feature  of  this  construction  was  that  instead 
of  crowning  the  wearing  surface  between  the  rails  and  be- 
tween the  tracks,  as  usual,  the  finished  roadway  was  con- 
caved ■■>,!  in.  to  permit  the  water  to  run  more  readily  away 
from  the  rails  to  the  center  of  the  tracks  or  dummy. 

The  remaining  6,600  ft.  of  tracks  was  laid  with  steel  ties 
as  manufactured  by  the  International  Steel  Tie  Co.  of  Cleve- 
lond,  O.  Six  steel  ties  yere  placed  to  every  rail  in  the  tracks 
and  the  ties  electrically  welded  to  the  rail.  The  bolts  were 
all  spotted  at  the  nut  to  avoid  working  of  the  joints.  The 
track  was  then  placed  in  an  IS-in.  concrete  foundation,  fin- 
ished smooth  and  the  blocks  laid  as  above  described. 

On  this  section   of  track  .3,400   ft.   were   laid  with   the  old 
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;  f  .t  of  double  track  were  Inid  with  Kreollte 

lit  I.   These  rail  blocks,  stntos  Kreollte  News. 

•o  Klve  very  excellent   results  on  the  outside  of 

mil  and  on   both   rails  of  the  dummy.  In  avoid- 


inc  the  possible  working  up  of  the  blocks  alongside  the  rail. 

Winslow  Road    Planer 

A  n>«d  pinner  de.'^lKiicd  tor  rciiuniiiK  waves  nnd  luinips  on 
rural  roads  Is  shown  In  the  accompanying  sketch.  The  pinner 
«loes  the  w  — '      '    ■   ' ■■"     -'-lit  lop  drag  and   packer  all  at 


and  within  the  time  now  provided  by  law  lor  appeals  from 
the  nndlngs.  rtocislons  or  judgments  of  board  of  county  com- 
missioners." 


No  rnise  in  Freight  Rates  for  Road  Materials  Contemplated. 

The  nivlsloa  of  Tublic  Works  and  (.'oust ruction  Ucnolopment 
of  the  U.  S.  Oepannient  of  Labor  has  imiiounced  that  the  re- 
cent rumors  of  a  horizontal  Increase  of  lio  i)er  cent  in  freight 
rales  for  sand,  slag,  gravel  nnd  crushed  stone  were  without 
I'oundation.  The  Railroad  Administration  has  assured  the 
Division  that  no  such  raise  is  contemplated  at  the  present 
time. 

$200,000,000  More  for  Federal  Aid  Roads.  -The  Post  Office 
a|>propniiiinii  liill  ciUTying  $:;(i(i.()(iu,iiO(i  lor  Federal  aid  for 
hiuliways  li:is  been  passed  by  tlie  Senate.  Under  the  bill  the 
maximum  payments  which  the  Government  can  make  per 
mile  is  increased  from  the  .$1(1. (MMi  in  the  (iriKinal  Federal  aid 
bill  to  $20,000. 
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Winslow   Road   Planer 


the  same  time.  This  device  is  being  used  to  a  large  extent 
by  various  counties  in  North  t'arolina.  It  is  too  heavy  for  a 
team  to  pull  and  consequently  is  drawn  by  a  tractor.  The 
planer  was  designed  by  D.  H.  Winslow.  State  Maintenance 
Engineer.  North  Carolina  Highway  Commission. 


Cost  of  Road  Work  in  Wisconsin.— The  following  figures. 
abstracted  from  the  recently  issued  4th  Biennial  Report  of 
the  Wisconsin  Highway  Commission,  show  the  average  unit 
costs  of  various  kinds  of  construction  in  the  several  coun- 
ties in  1914.  1915,  1916  and  1917: 

1914.         191i).         1916.         1917. 

Ex<a%-atlon.  per  cu.  yd $ft.3.=i        $0.34        %0.K        $0.38 

Concrete  in  culverts,  per  cu.  yd S.43  8.08  9.21         10.73 

'.""rushed  stone  macadam,  per  sq.  yd..     .54  .53  .57  .68 

Crushed  (Travel  macadam,  per  sq.  yd..     .35  .38  .39  .53 

C-mient  concrete,  per  sq.  yd 1.25  1.17  1.44  1.64 

Cuatd  rail,  per  lin.  ft 18  .20  .27  .28 

Pennsylvania  Will  Spend  $125,000,000  for  Road  Work.— 
Over  $1.=)UOO,000  has  been  promised  the  State  Highway  De- 
partment by  Pennsylvania  Counties,  to  be  used  with  state 
funds  in  the  construction  of  roads  connecting  Pennsyl- 
vania's Primary  Road  System,  the  entire  cost  of  which  is 
to  be  borne  by  the  commonwealth.  The  State  Highway  De- 
partment proposed  building  550  to  600  miles  of  road  before 
the  winter  of  1919  begins.  Contracts  will  be  let  for  many 
sections  within  45  days.  In  four  years  it  will  spend  ?125,- 
000,000  for  better  roads. 


Highway  Contractors'  Relief  Bill. — A  bill  is  before  the  senate 
of  Indiana  for  the  relief  of  contractors  engaged  in  highway 
construction,  who  suffered  losses  from  increased  prices  of 
labor  and  material  due  to  the  war.  The  measure  provides 
that  in  the  case  of  contracts  entered  into  prior  to  March  13. 
1918,  the  county  commissioners  may.  on  petition,  hold  a  duly 
advertised  hearing.  Section  4  of  the  bill  describes  the  re- 
lief that  may  be  given,  as  follows:  "Upon  a  hearing  of  such 
petition,  such  board  of  commissioners  may  grant  such  relief 
to  the  petitioner  from  further  performance  of  the  contract 
as  they  may  deem  proper  and  necessary  and  may  pay  for  the 
work  and  labor  done,  and  materials  furnished  for  that  part 
of  the  contract  which  has  been  completed,  at  the  contract 
price.  Nothing  in  this  act  shall  be  construed  to  mean  that 
contractors  shall  be  allowed  relief  from  loss  sustained  on  the 
part  of  the  contract  completed.  Any  person  being  aggrieved 
Tiy  the  decision  of  such  board  of  commissioners  may  appeal 
therefrom  to  the  circuit  court  of  such  county  in  the  manner. 


Personals 


Paving 


B.    L.    Crozier    lias    tieen    appointed    assistant    engineer, 
< 'omniission.   f)l    H.-iUiniore.    Md. 

Capt.  Steuart  Purcell  has  been  appointed  division  engineer  in 
iliarge  of  hii-'h\va\.s   ol    the   city   of    Eialtimore.    Md. 

Alfred  M.  Barrett,  KlushinK.  N.  Y.,  has  been  appointed  suporin- 
lercii-iii   of  liiKhwav.s  for  Queens  County.  New  York. 

Capt.  Charles  A.  French,  construction  division.  XJ.  S.  A.,  has 
resumed  his  duties  as  city  I'ngrineer  of  Laconia.  N.  H. 

W.  A.  Fosdick,  of  Mason,  Mich.,  has  been  appointed  superin- 
tendent of  fountv  roads  of  Ingham  County,  Michigan. 

E.  E.  Sands  has  resigned  as  city  engineer  of  Houston,  Tex., 
Hid   will  eiit;ai;i-   in  private  practice  in  New  Yorli  City. 

Henry  J.  Bush,  formerly  county  surveyor  of  Imperial  County. 
California,  h:>s  been  appointed  city  engineer  of  Holtville,  Cal. 

Lt.  Julian  Montgomery,  V.  S.  A.,  has  received  his  discharge  from 
the  service  and  lias  leturned  to  the  Texas  Highway  Department  as 
division  eligineer. 

George  W.  Borden  has  resigned  as  county  engineer  of  Klicketat 
rountv.  \Vashin8ton.  to  become  construction  engineer  for  Trout 
Lake  Improvement  District  No.  1,  organized  to  construct  a  con- 
crete road. 

LeRoy  K.  Sherman,  con.-ulting  civil  engine'er  of  Chicago,  has 
been  appointed  director  of  the  V.  S.  Bureau  of  Industrial  Housing 
and  Transportation  at  AVashington.  D.  C.  The  work  involves  the 
completion  or  salvaging  material  of  27  w'ar  housmg  prciects. 

Rollin  J.  Windrow  has  resigned  as  city  engineer  of  Waco,  Tex., 
and  will  engage  in  contracting.  Mr.  Windrow,  with  J.  B.  Barle  and 
.1.  S.  Harrison,  have  formed  the  Windrow  Construction  Co..  which 
will  specialize  on  highway  and  road  construction  and  paving,  as 
well  as  general  construction  work.  Offices  hAve  been  opened  in 
the  Amicable  Bldg.,  Waco. 


Obituaries 


la.,    died    Feb.    I.t, 


Rich,    .-1    contractor    of    Marquoketa. 

contractor    of    Lansing.    Mich.,    died    Feb.    21, 


F.     D 

aged  55. 

V,    D,    Minnis 
aged  41. 

Charles  F.  Robbins,  a  retired  contractor  of  Dayton,  O..  died 
Feb.    21.   aged  Sn. 

Furman  Baker,  contractor,  and  former  street  commissioner  of 
Topeka,   Kan.,  died  recently,  aged  72. 

Robert  K.  Black,  who  assisted  in  the  building  of  the  first  sec- 
tion of  the  elev\ted  railroad  in  New  York  City  and  who  was  for 
manv  years  roadmaster  of  Manhattan's  elevated  system,  died  Feb. 
2X  at  liis  home  in  Scarsdale.     He  was  82  years  old. 


Industrial  Notes 

The  Sterling  Wheelbarrow  Co.,  of  Milwaukee.  Wis.,  is  preparing 
to  more  completely  serve  the  requirements  of  its  customers  by  a 
large  addition  to  its  plant.  This  new  addition  will  contain  as 
much  lloor  space  as  their  present  plant  now  occupies. 

The  Chain  Belt  Co.,  Milwaukee.  Wis.,  held  its  annual  convention 
of  salesmen  and  sales  representatives  on  Feb.  17,  IS  and  19.  The 
.■onvention  brought  together  the  company's  sales  representatives 
from  all  parts  of  the  country  and  from  60  to  90  people  were  in 
attendance  at  all  times.  The  program  whicli  was  held  in  the 
new  Milwaukee  Athletic  Club,  consisted  of  papers  by  both  mem- 
bers of  the  company  and  the  sales  representatives,  visits  to  the 
various  plants  of  the  Chain  Belt  Co.  and  demonstrations  of  con- 
crete mixers. 
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Why  Engineering  Societies  Should 

Endorse  Meritorious  Public 

Works  Projects 

Engineering  societies  have  not  hitherto  considered  it  to 
be  one  of  their  regular  functions  to  advise  the  public  as 
to  appropriations  for  public  works.  Lacking  such  advice, 
and  ov.ing  to  the  economic  ignorance  or  indifference  of  legis- 
lators and  city  councils,  there  has  never  been  an  adequate 
annual  expenditure  for  waterworks,  sewers,  streets,  roads, 
etc. 

Ancient  laws  have  also  operated  to  restrict  public  works, 
yet  engineering  societies  have  seldom  taken  any  steps  to 
amend  such  laws.  However,  not  the  failure  to  secure  ra- 
tional laws,  but  the  failure  to  support  rational  appropria- 
tions for  public  works,  is  what  we  wish  to  call  attention  to 
in   this  brief  editorial. 

Times  without  number  civil  engineers  have  made  expen- 
sive surveys  and  plans  for  public  works  projects,  and  have 
recommended  construction,  only  to  see  their  advice  ignored 
by  legislative  bodies.  Yet  if  engineering  societies  had  en- 
dorsed those  projects  and  had  campaigned  for  them,  there 
is  little  doubt  that,  in  most  instances,  their  efforts  would 
have  been  fruitful. 

In  a  paper  on  flood  control,  presented  18  months  ago  be- 
fore the  American  Society  of  (Mvil  Engineers,  the  late  H 
M.  Chittenden  said: 

"The  bete  noire  of  the  whole  problem  (of  flood  control) 
will  be  found  in  n-.aking  the  public  fund  available  with 
promptness  and  certainty — unless  indeed  an  entirely  new 
system   is  devised  for  the   public   financing  of  such  projects. 


When  a  competent  body  of  experts,  designated  tor  the  pur- 
pose, has  reported  that  a  project  is  feasible  and  deservin.i? 
of  prompt  development,  and  has  set  forth  in  detail  the 
grounds  on  which  its  findings  are  based,  there  ought  to  be 
confldeuce  enough  in  its  recommendations  to  receive  the 
full  support  of  Congress  or  legislatures.  It  is  known  only 
too  well,  however,  that  hitherto  this  is  far  from  having  been 
the  case,  and  it  is  to  be  feared  that,  in  this  broader  field 
of  co-operation,  traditional  methods  of  delay  will  cause 
energetic  co-operating  interests  to  throw  up  their  hands  in 
despair.  Say  what  we  will,  this  is  one  of  the  drawbacks 
of  our  form  of  government,  and  the  public  expert  can  never 
be  sure  of  putting  through  a  project  until  he  has  satisfied 
many  whose  interests  therein  do  not  relate  to  its  merits  at 
all.  It  is  in  these  and  similar  intangible,  yet  very  real, 
obstacles,  arising  wholly  from  human  wrong-headedness, 
selflshness.  and  short-sightedness,  that  the  problem  which 
we  have  been  discussing  will  encounter  its  greatest  ditti- 
culties." 

Engineering  societies,  both  local  and  national,  should 
have  committees  to  investigate  public  works  projects.  A 
favorable  report  by  such  a  committee  should  be  given  pub- 
licity, and  the  society  should  then  actively  engage  in  secur- 
ing the  necessary  appropriation.  To  this  end  the  assist- 
ance of  chambers  of  commerce  and  other  public-spirited  or- 
.ganizations  should  be  enlisted. 

Capital  flows  readily  into  jirivate  enterprises  because  of 
the  profits  that  capitalists  seek.  Capital  has  to  be  dragged 
into  public  works  because  little  of  the  profit  (at  best  only 
4  to  C,  per  cent  on  the  investment)  goes  to  the  investor. 
Unless  citizens  who  are  directly  interested  in  securing  .tii 
improvement  take  action  to  secure  an  appropriation,  no  ac- 
tive effort  is  n^jide  in  its  behalf,  save  by  public-spirited  indi- 
viduals or  orgaViizations.  Surely  engineering  societies  should 
be  as  public  spirited  as  chambers  of  commerce  and  should 
work  in  behalf  of  meritorious   public  appropriations. 
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The   "Smoke  Nuisance"  and  How 

It    Can    Be    IJiminated    by 

('ivil  luijjineers 

.\ii    uvn<i(>^<-j    i>n    .III    Ki»i|-iliiuui\    .-.Iliw.-.    Ills    luilKs   to    liO    por- 

fpcil)    wliiio.     A   KtniiUr   Hiirvty   of   ihi«   Intorlor  of  a   ilfuil 

adult   Mho  hnn  r«ii|(li><l   loiii;   lu  ii  cKy   disi-luHCN   Iuiiks  (liiii 

rnnci'  ull  tli«  way   froiu   IlKhi   miilutto  to  Afrliiui   bluckness. 

I.uiiit*  net  like  (litera  «nil   miiovc  from  tlu>  air  Mint   passes 

thruueh   them   ■   lnrKi<   pfrvfiitnit)'   of   tho   solid    piirtlcles   in 

•hi"  »oot  and  dust.     There  can  be  no  doubt  that  tlio 

-    hurden   of  such  dirt  In   tho  Uinss  tonds  not   only 

their  ability   to  purify   tho   blood   but   renders   tlio 

••  st.^foptlblo  to  the  attacks  of  microbes.     C'erlnin 

II   l^   i-.'.w   iiion  who  »ork  habitually  in  a  dusty  utmosphero, 

nolabiy    stonecutters    and    miners,    contract    tubero\ilosis    at 

an  alarminic  rale. 

Thanks  ;o  rlrll  enirineers  most  nt  our  cities  have  clean 
»atrr.  .Mils'  our  cities  also  wait  for  enirineers  to  kIvc  them 
clean  .AlrT  Clean  water — water  free  from  bacterio — accounts 
.'or  our  toMpnratlve  freedom  from  typhoid.  I'lean  air  will 
Alnillarlv  eliminate  mo«t  of  the  iliseases  of  Uie  respiratory 
ormms. 

i^n  every   "'mote  that   dances  in  a  sunbeam"   there  rides 
•  ..:'.v     ,    .i'-.ase    nerin       The   dust    particles    sent    flying    by 

.■••'■■  I-s    or    pusts  of  wind  are  so  many  Infinitesimal 

oKinlt-'ises  cirryinp  lends  of  passengers  who  wish  to  be  put 
>tt  In  some  wnrni  no«e.  throat  or  lunj;  where  f'ey  may  mnl- 
•Ipiv  And  the  sjime  holds  true  of  every  particle  of  soot 
'hat  oscaprs  nnburned  from  a  "-hininey. 

To  the  man  who  knows  this  much  of  science,  dirty  streets 
•ind  sooty  n\r  are  more  danjierous  than  all  the  murderers  at 
larite  in  nil  tho  world.  But  to  th-j  average  person  stieet  dust 
I'ld  snioUe  arc  nothing  more  t>ian  unsightly  and  disagree- 
able ol)jr'ri>  In  the  city  of  Chicago  to  take  only  one  of 
several  examples — countless  chimneys  and  hundreds  of  lo- 
comotives .ire  daily  spewing  the  air  with  soot  throughout 
the  winter  months.  Let  a  person  wash  and  wipe  his  nostrils 
••lean  before  breakfast,  and  if  he  will  wipe  them  an  hour 
or  two  later  he  « ill  discolor  his  handkerchief  with  big.  black 
blotches.  The9!e  blotches  are  the  soot  that  is  sifted  out 
iiy  ihe  fine  hairs  in  the  nostrils.  But  in  bis  lungs  are  worse 
bloTches  fr-im  the  soot  taat  they  have  sifted  out.  People 
prow  old  and  .lie  fast  enoueh  in  the  purest  of  air.  Such  a 
smoke-laden  atmosphere  strikes  years  from  the  calendar  of 
the  average  life  Yet  the  average  person  does  not  know 
it.  and  goes  as  complacently  to  an  earlier  death  as  do  the 
cattle  to  the  slaughter  pen. 

The  air  of  every  city  can  be  made  pure  by  being  kept 
pure,  and  it  is  the  function  of  engineers  to  bring  this  about. 
Not  only  is  it  their  function  to  keep  city  air  pure,  but  it  is 
peculiarly  their  duty  to  arouse  the  public  to  authorizing 
them  to  apply  th'^ir  knowiedge. 

As  for  the  dust  on  city  streets  the  remedy  is  simple. 
Street  sweeping  and  flushing  under  the  managerial  direc- 
tion of  civil  engineers — not  of  politicians — completely  and 
economically  solves  the  problem.  As  for  the  soot  in  city 
air,  tho  remedy  is  equally  simple,  but  it  is  more  expensive. 
The  price  of  hard  coal  has  risen  to  an  almost  prohibitive 
level.  Smoke  ordinances  are.  at  least,  only  palliatives. 
There  can  be  no  complete  solution  of  the  smoke  problem  so 
long  as  a  multitude  of  furnaces  burn  coal.  Central  iieating 
and  power  stations  must  be  built  if  the  smoke  problem  is 
fc  be  solved. 

As  Steinmetz  recently  said,  it  is  an.  economic  crime  to 
burn  coal  for  heating  without  at  the  same  time  extracting 
energy  for  power.  Obvio'isly  this  "crime"  must  continue 
so  long  as  each  building  has  its  own  individual  furnace.  Lo- 
cated in  different  parts  of  a  large  city  there  should  be  large 
power  and  neating  stations.  Powdered  coal  should  be  burned 
in  these  central  stations,  not  only  because  it  yields  almost 
no  soot,  but  because  a  greater  amount  of  energy  can  thus 
be  extracted  from  the  fuel.  The  steam  generated  by  this 
coal  should  be  used  to  drive  turbogenerators,  thus  produc- 
ing electric  power,  and  the  exhaust  steam  should  then  be 
carried  throngh  underground  pipes  to  the  buildings  for  heat- 
ing purposes.  • 
■  Xo  railway  steam  locomotives,  other  than  those  burning 
powdered  coal,  should  be  permitted  to  operate  in  a  large 
city.     It  is  not  necessary  to  electrify  all   the  railway   lines 


111  ordi'i'  lo  secure  freedom  ironi  locomotixo  sumlic.  It  the 
public  In  such  cities  as  Chicago  and  Pittsburgh  knew  that 
loconi'^tiVcs  burning  powdered  coal  liave  already  been  op- 
erated econou'tcall>  and  with  almost  complete  freedom 
from  soot,  they  would  not  endure  another  year  of  smoke 
cliiuds   from   railway   yards. 

To  the  civil  eiigiucer  there  is  nolhinn  novel  in  central 
lieatin;;  plants.  Many  cities  have  them.  The  llejiartment 
of  the  Interior  has  Just  issued  a  21-piigo  pHinphlet.  Tech- 
nical Paper  Iftl,  on  Central  Station  Heating.  Kngineers  in- 
terested in  public  welfare,  even  if  not  directly  interested 
In  heating  and  steam  power  problems,  will  do  well  lo  se- 
cure this  pamphlet.  Kngineerlng  societies  might  well  as- 
sume the  duty  of  educating  the  public  to  an  appreciation 
of  the  fact  that  "tho  smoke  nuisance"  can  be  abated  at  a 
reasonable  cost   and   with  ultimate  economy   lo  all. 

Klsewhere  In  this  Issue  we  quote  some  interesting  data 
from  this  paper  on  Central  Station   Heating. 


The  Unfairness  of  NewiYork'City 

in  Its  Relations  M^  ith"|Water 

Companies 

Although  New  York  State  has  two  public  service  com- 
missions, neither  private  water  companies  nor  municipal 
plants  have  thus  far  been  brought  under  their  jurisdiction. 
This  has  led  to  a  peculiarly  anomalous  situation  in  New 
York  City  where  the  city  charter  gives  the  municipal  water 
commissioner  the  power  to  regulate  the  rates  of  water  com- 
])anies. 

Nev,'  York  City  owns  a  water  plant  that  has  cost  .$300,000,- 
000  and  furnishes  lio  gal.  per  capita  per  day  to  5,000,000 
people.  Yet  there  are  Ave  water  companies  operating  in 
one-quarter  of  the  city's  area  and  serving  400,000  people. 

In  a  paper  read  before  the  New  England  Water  Works 
Association  by  Delos  F.  Wilcox,  an  outline  was  given  of 
the  city's  policy  as  to  the  regulation  of  the  rates  charged 
ijy  the  five  companies.  If  any  one  wishes  to  see  a  good 
example  of  the  unfairness  that  automatically  results  when 
the  rates  of  a  public  utility  company  are  regulated  by  city 
officials,  let  him  read  Mr.  Wilcox's  paper.  Mr.  Wilcox  is 
a  tnan  ot  high  ideals,  yet  it  is  evident  that  he  has  been 
unabl3  to  escape  bias  in  favor  of  his  employer,  the  city  of 
New  York.     For  example,  he  says: 

"The  city  has  no  desire  to  destroy  the  companies'  legiti- 
m:ite  investments,  and  for  that  reason  prefers  not  to  enter 
the  territories  served  by  them  and  parallel  their  mains  for 
the  purpose  of  competing  with  them.  But  the  city  takes 
the  position  that  its  enormous  expenditures  for  the  pur- 
pose of  introducing  an  abundant  supply  of  water  into  the 
metropolitan  area  have  actually  and  properly  had  the  effect 
of  depreciating  the  value  ot  the  companies'  plants  taken 
as  a  whole,  by  rendering  portions  of  them  obsolete  or 
nearly  so." 

Accordingly  'n  valuing  the  property  of  a  water  company 
the  city  makes  heavy  deductions  for  depreciation  due  to  ob- 
solfnce,  which  obsolence  is  attributable  mainly  to  the  fact 
that  the  city  itself  has  built  a  large  plant  and  has  surplus 
water  to  sell!  This  reasoning  is  quite  on  all  fours  with 
that,  of  a  big  railway  company  that  is  prepared  to  invade 
the  te-ritory  of  a  small  railway  company,  and  offers  to  pay 
the  small  company  a  greatly  depreciated  price  for  its  prop- 
erty. 

In  answer  to  a  query  by  Mr.  H.  F.  Dunham  as  to  "what 
"P^jcial  features  tend  to  make  the  lite  of  these  water  com- 
paiiies  so  short,''  Mr.  Wilcox  replied: 

"There  are  no  reservoirs  or  large  conduits  which  con- 
stitute so  large  a  portion  of  the  property  In  some  water 
plants  and  which  are  very  long-lived.  The  mains  tend  to 
be  smaller  than  the  requirements  of  the  city's  future  de- 
•.n.^nd;  therefore  there  is  a  more  rapid  depreciation  on  ac- 
."ov.nt  of  obsolescence  in  the  distribution  system  than  would 
otherwise  be  the  case.  The  pumping  plant  and  the  wells 
ire  ?hort-lived  properties,  anyway,  and  they  are  also  sub- 
ject to  depreciation  by  obsolescence  because  ot  this  great 
change  that  is  coming  over  the  water-supply  situation  in 
New  York  through  tlie  development  by  the  city  of  the  large 
additional  supplies  which  will  inevitably,  sooner  or  later, 
make  tMse  portions  of  the  private  companies'  plants  obso- 
lete, whether  or  not  fhey  are  purchased." 
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Yet  rn  one  part  of  his  paper  Mr.  Wilcox  said: 

"We  toolv  ihe  position,  ttierefore,  tliat  the  danger  of  com- 
petition sliould  have,  it  anything,  the  opposite  effect  upon 
the  rate  of  return  to  be  allowed,  since  the  first  duty  of  the 
regulating  authority,  from  the  point  of  view  of  the  interest 
of  the  corporation  whose  rates  are  being  fixed,  is  to  protect 
the  investment.  We  believe  that  the  best  way  to  protect 
the  investment,  under  the  circumstances  prevailing  in  these 
cases,  is  to  keep  the  rate  of  return  down  close  to  the  mini- 
mum that  will  cover  the  cost  of  securing  money;  for  in  this 
way  charees  can  be  reduced  or  service  improved  and  the 
dangers  of  competition  minimized,  with  a  resultant  increase 
in  the  safety  of  the  investment  and  the  dependability  of  the 
revenues  from  operation." 

Note  that  Mr.  Wilcox  here  admits  that  the  "investment 
should  be  protected,"  but  that,  as  above  quoted,  he  virtually 
removes  the  protection  when  he  depreciates  the  property 
heavily  because  of  "obsolescence"  attributable  to  the  city's 
own  action  in  building  a  large  water  plant. 

As  a  matter  of  justice  there  is  obviously  no  defense  for 
such  reasoning.  As  a  matter  of  logic  the  reasoning  itself 
is  sophistical.  The  sophistry  lies  in  confounding  "cost"  and 
"value."  A  company's  "cost"  is  its  investment,  aud  if  this 
is  to  be  protected,  as  Mr.  Wilcox  concedes,  then  no  consid- 
eration whatever  should  be  given  to  any  depreciation  of  it» 
plant  caused  by  the  existence  of  the  city's  plant,  such  de- 
preciation being  purely  a  matter  of  competiti\e  value.  Thi' 
general  question  has  been  briefly  discussed  in  these  col- 
umns before,  and  it  is  given  a  long  discussion  in  the  recently 
published  Handbook  of  Mecl'anical  and  Electrical  Cost  Data 
by  Gillette  and  Dana. 

\Ve  have  touched  upon  only  instances  of  unfairness  to- 
ward the  private  water  companies  in  New  York  City,  and 
must  refer  the  reader  to  Mr.  Wilcox's  original,  paper  for 
other   examples. 

Why  is  it  that  public  employes  often  act  with  so  much 
greater  harshness  in  their  official  treatment  of  corporations 
than  they  act  in  their  private  dealings  with  their  fellow- 
men?  Does  the  word  'corporation"  serve  as  a  screen  behind 
which  they  can  not  see  the  same  sort  of  fellowmen  that  they 
meet   in  daily  lite? 


Is  a   New 


Form   of    Government 
Desirable? 


methods  of  busiUL-ss  curporntions  we  may  liope  to  .see  an 
approach  to  corporation  efficiency.  In  place  ot  several  hun- 
dred ('oii.i;ressmen  there  should  be  one  small  board  of  Fed- 
eral Government  directors.  Reporting  to  this  board,  and 
selected  by  it,  should  be  the  President  of  the  United  States. 
In  short,  the  city  commission-manager  form  oi  Govern- 
ment, which  is  modeled  after  the  administrative  organiza- 
tion of  a  stock  company,  is  also  the  form  that  should  he 
•  idoiited  tor  Federal  and  state  governments. 

Cost   of   Removing   Old   Wooden    Roof  of 
Reservoir  and  Building  New  One 

In  till-  latter  part  of  I'.tlT  the  Water  Department  of  Pasa- 
dena, C;\\.,  removed  an  old  wooden  roof  from  its  Villa  St. 
reservoir.  This  roof  covered  an  area  of  o.T  acres.  It  was 
built  in  1899.  The  cost  ot  salvaging  this  roof  and  erectint; 
,1  new  wooden  covering  are  given  in  the  last  annual  report 
of  the    Department. 

The  roof  was  02-5x495  tt.  aud  contained  23l.«Sl  ft.  B..M.  of 
huuber.  The  total  cost  of  removing  aud  salvagin,°  the  ma- 
tei-ials   was  .$781,  detailed   as   follows: 


When  c(,ntrast  is  made  between  the  administration  of 
governmental  affairs  and  the  administration  of  stock  com- 
panies, a  striking  difference  is  seen.  But  it  is  not  the  cus- 
tom to  make  such  contrasts.  We  are  prone  to  think  that 
governmental  administration  must  of  necessity  be  cumber- 
some and  wasteful.  We  look  upon  our  Federal  and  state 
legisl-itures  as  a  necessary  part  of  a  democratic  govern- 
ment, but  are  they?  The  Saturday  Evening  Post  recently 
said : 

"In  three  weeks  the  Peace  Conference  accomplished  more 
in  the  direction  of  disposimr  of  the  great  problems  before 
it  than  Congress,  for  example,  would  have  accomplished  in 
six  months. 

"In  view  of  the  number,  size  and  complexity  of  the  prob- 
lems it  may  be  doubted  that  Congress  would  have  got  that 
far  along  in  a  year. 

"That  is  because  affairs  at  Paris  were  in  the  hands  of  a 
few  men  with  great  power  and  great  responsibility.  A  dozen 
men  sitting  round  a  table  with  free,  open,  brisk  interchange 
of  oiiiniou  and  information  could  easily  do  all  the  work  of 
an  ordinary  session  ot  Congress  in  GO  days— and  do  it  better, 
it  they  were  the  right  men. 

"The  traditional  democratic  method— a  big  assembly  with 
a  public  gallery  on  one  side  and  a  press  gallery  on  the  other 
— is  a  monstrously  slow,  cumbrous  machine  for  the  dispatch 
of  public  business.  There  are  times  like  this  present  win- 
ter, when  it  seems  a  coming  question  whether  Congress 
will  not  break  down  and  have  to  be  supplanted  by  a  body 
that  can  dispose  of  the  work  before  it  in  reasonable  time 
Democracy  fairly  began  in  mass  meeting  like  the  New  Eng- 
land town  meeting.  Nowadays  it  has  to  work  through  dele- 
gates. By  and  large,  its  present  idea  is  that  a  hundred 
delegates  are  better  than  ten.  It  may  have  to  reverse  that 
idea." 

In  other  words,  when  the  nation  adopts  the  aduiinistrative 
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Thi    valtie  of  the  materials  recovered  was: 


rirulien     and     split      luiill^ef     solil     a.-; 

truck    load.    l:i.rtt;:i    ft 

.^er\-ieeal'l»-   luniber  sold  at   $:i  and   .$1 
l.unitiei    taken  into  stock,  82,17  1   ft  . . 


kindling     at     $2.50     per 
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S21 


Total    \  alue  ot   lumber   recovered *-!J?;'' 

Pipe  iiosts  sold   (:i.:i73  ft.   2-in.  screw   pil>e) .ij;" 

Appraised  value  of  hardware  cloth  T2.33-t  sq.   fl.   at  3  ct  > .  . . . ^ 

Total    $2.31S 

The  new  root  is  the  same  size  as  the  old  one.  Us  details 
are  as  follows:  Rooting,  1  in.  x  S  in.,  1  in.  x  lo  in.,  and  1 
Ml.  X  12  in.  R.  W'.  boards;  joists,  2  in.  x  S  in.  (;.  P.  Hj  ft. 
long  spaced  4ti  ft.  c.  to  c.  twest  tier  2  in.  x  In  in.— 2()  ft..  4 
;t.  c.  to  c).  Girders,  2  2  in.  x  12  in.  O.  P.— IS-  ft.  long 
spiked  together,  spaced  15  ft.  9  in.  c.  to  c.  Posts,  C  in.  x  6 
in  R.  W.  IS  ft.  and  20  ft.  long  with  t;  in.  x  U  in.  x  I!  ft.  R. 
■ft.',  corbels  Work  was  begun  on  Jan.  8,  1918,  and  was  com- 
jileted   March   9.   191S.     The  detailed   costs   were   as   follows: 
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Baltimore  Adopts  Feodinj^  Method 
for  (iarbaj^e  Disposal 

Italtlmorv.  Mil,  wtlh  »ii  art-u  of  so^  hqiiuiv  lullos  iiiul 
:\n  PSTln-nt'-t  r'^!'<il!>tiou  of  720.000,  Is  the  larRest  rily  In  this 
r  has  «.lo|it<'d  the  hop  fotHliiiK  method  of 
ii;o.  On  Poi-,  -I  hiht  the  city  awiiriled  a 
v^ntrart  lur  unrimKe  disposal  t)y  feedltlt;.  Tho  conlrail 
covent  the  prrlod  comnioni-lnis  May  1.  1919,  and  ondInK  I>t'iv 
;i.  ir;:;.  aad  -.imlor  It  the  contractor  will  ))iiy  tho  city  an 
iinnunl  »uni  of  approstlmatoly  $:;i,f>00.  narglnK  and  toxvluK 
contii  to  tho  city  will  rtnluro  this  by  |ir..00O.  leavhiK  an  an- 
nun!  net  nn-'m  to  the  ni\inlclpallty  of  JIC.SOO.  The  condl- 
tloni  of  .n;raci  ar"  oiilllntMl  hy  Mr.  Walter  K.  Lee. 

Water  1"  ■<   Haltln(or<\   In  the  otllclal  Journ.U  of  the 

city,   from   which   the   matter   followinK   is  abstracted. 

Til.,  .iiv  .if  njililinere  for  over  :;  years  made  extensive 
t'xhaustlve  Investigations  on  tlie  methods  of 
;.  . ,  .  ..il  which  were  best  suited  to  the  local  condi- 
tions, and  Mr.  lA'e  in  a  report  of  Jan.  2S,  191S.  to  Mayor 
JanieK  11.  Preston,  recommended  that  garbage  be  disposed 
c.f  by  rotJuctlon  In  one  central  plant,  ashes  by  lilling  ravines, 
low  manihes  and  swampy  ground  along  the  water-front  for 
recl.tiDMtion  of  land,  and  rubbish  by  incineration  of  the 
combustible  portions,  except  the  recoverable  merchandise 
articles,  in  three  municipal  incinerators. 

Early  Garbage  Disposal  Methods  of  Baltimore. — The  his- 
tory of  carbage  disposal  in  the  city  of  Baltimore  has  been 
succetslxely  diiniplni;  on  ground,  reduction  and  finally  feed- 
ing From  1SS2  until  1901  the  garbage  was  barged  to  a 
point  C  miles  below  the  city  by  a  contractor  and  there  spread 
over  the  ground  as  a  farm  fertilizer. 

A  contract  for  10  years  was  awarded  to  the  Baltimore  San- 
itary Contracting  Co.  commencing  Oct.  20.  1902.  at  an  annual 
payment  to  the  contractor  of  $1-17. :i00.  tor  the  collection,  re- 
moval and  disposal  of  garbage  and  a  reduction  plant  was 
erected  in  the  heart  of  the  city  near  the  water-front,  to  which 

the  collection  carts  of  the  contractor  made  a  direct  haul. 

« 

Complaints  on  tl.e  non-collection  of  refuse  became  so 
numerous  and  objections  to  the  odors  from  tho  reduction 
plant  were  so  strong,  that  the  city  terminated  the  contract 
on  Jan.  1.  190S.  and  purchased  the  collection  equipment  and 
reduction  plant  from  the  contractor  at  the  price  of  $372,888 
and  placed  directly  under  the  Commissioner  of  Street  Clean- 
ing the  collection  and  removal  of  garbage  from   residences. 

A  second  reduction  contract  was  awarded  in  1908  to  the 
Southern  Products  Co.  for  lo  years,  terminating  Dec.  31. 
1917.  at  an  annual  payment  to  the  contractor  of  approxi- 
mately $7.5.000.  The  reduction  machinery  was  leased  from 
the  city  at  an  annual  rental  of  $10,000.  At  the  expiration 
of  this  contract  it  was  extended  for  a  period  of  one  year 
until  Dec.  31.  191S.  under  which  extension  no  rental  was 
paid  for  the  use  of  the  cit; 's  machinery,  so  that  the  cost  of 
disposal  in  effect  amounted  to  $8.5,000. 

New  Specifications  of  City  for  Garbage  Disposal. — The 
specifications  recently  issued  by  the  city  contemplated  in  the 
disposal  of  garbage: 

1.  That  the  garbage  should  be  utilized  in  some  way  to  re- 
cover the  values  contained  in  it.  either  by  the  production 
of  grease  and  tankage  or  by  increasing  the  weig'H  of  hogs. 

2.  That  the  method  of  disposal  should  be  sanitary  in  all 
respects  and  not  liable  as  a  nuisance. 

3.  That  payment  per  ton  be  made  to  the  city  for  all 
garbage  delivered  to  the  contractor. 

The  first  .specifications  for  disposal  by  reduction  in  furth- 
erance of  the  recommendation  of  Jan.  28,  were  advertised 
in  March  and  opened  on  April  17.  1918.  It  asked  for  propo- 
sals offering  a  lump  sum  payment  year  by  year  to  the  city 
under  an  11-year  contract  and  obligated  the  city  to  deliver 
to  th-^  contractor  all  garbage  produced  from  all  sources 
within  the  city  of  Baltimore. 

The  specifications  defined  garbage  as  being  every  accumu- 
lation o'  animal,  fruit  or  vegetable  food  waste,  containing 
not  more  than  5  per  cent  by  weight  of  other  refuse,  generated 
by  or  res-lilting  from  the  decay,  deterioration.,  storage,  prep- 
aration or  handling  of  animal  or  vegetable  matter  in  any 
place  or  at  any  point  where  food  is  prepared  for  human  con- 
sumption,  including  all  kitchen  and   dining-room  refuse. 

The  contractor  was  required  to  receive  the  garbage  at 
The   water-front  (limping  stations   provided   by   the   city  and 


convey  II  on  his  own  scows  and  by  his  own  power  to  the 
site  of  the  reduction  plant. 

The  specitlcHtlons  specified  that  the  garbage  should  be 
handled  and  disposed  of  '.inder  a  "closed"  system  of  reduc- 
tion so  as  lo  prevent  the  emission  of  offensive  odors  of  any 
kind  whlb"  being  handled,  treated  or  niliued.  and  that  the 
process,  machiueiy  and  apparatus  be  thoroughly  sanitary  In 
effect  and  the  plant  be  so  conducted  as  not  to  cause  condi- 
tions which  would  be  detrimental  lo  the  public  health  or 
comfort,  or   in   any   way   constitute   a    jiublic   nuisance. 

.■Ml  gases  carrying  odors  which  were  produced  or  resulted 
from  the  operation  of  the  process,  machinery  or  equipment 
used,  were  to  be  confined  and  before  being  liberated  to  the 
atmosphere  were  to  be  thoroughly  deodorized.  All  water 
fiowiiig    fi-oiii    the    plant    was    lo    In     imitTensive.     free     from 
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Feeding   Station   at   Garbage   Disposal   Site. 

r.uisance  or  any  matter  dangerous  to  the  public  tiealth  or 
to  the  oyster  beds  in  the  Chesapeake  Bay  or  its  tributaries. 

Results  of  Calls  for  Bids.— Under  the  first  specification  a 
flat  offer  ol  3.'i  ct.  per  ton  was  received  which  would  employ 
the  Cobwell  process  of  reduction,  but  the  city  was  unable 
to  secure  the  approval  of  the  Capital  Issues  Committee  on 
I  he  necessary  stock  issue  for  the  erection  of  a  plant  of  350 
tons  per  day  capacity,  and  the  bid  was  subsequently  re- 
lease?^. 

.\  second  spe^'ification  was  advertised  on  Oct.  2  and  opened 
Oct.  10.  I!il7.  under  which  the  city  obligated  itself  to  do 
the  same  things  as  m  the  previous  specifications  and  asked 
for  alternate  proposals  on  disposal  by  reduction  or  disposal 
by  feeding.  The  reduction  contract  was  for  16  years  and 
offered  the  prospective  bidders,  without  charge,  the  use  of 
niachinery  which  the  city  owned  in  the  existing  plant  for 
re-erection  and  operation  in  a  temporary  plant  until  the  end 
of  the  war.  after  which  a  permanent  plant  was  to  be  erected, 
rhc  contract  for  feeding  was  for  i,  years.  No  bids  were  re- 
ceived  under  either  reduction  or  feeding. 

A  third  specification  was  advertised  on  Dec.  6  and  opened 
Dec.  18.  1918.  Under  this  specification  the  city  undertook 
the  delivery  of  garbage  from  the  water-front  stations  to  the 
contractor's  disposal  site,  as  the  city  realized  that  the  col- 
lection and  removal  of  garbage  fro,m  its  water-front  dump- 
ing stations  was  simply  an  extension  of  the  collection  and 
removal  from  the  residences,  and  a  matter  in  which  the 
contractor  has  no  primary  interest  The  towing  of  garbage 
was  a  proper  function  for  the  city  to  undertake,  the  pub- 
lic at  large  is  not  always  satisfied  with  the  way  in  which 
the  work  is  done,  but  when  done  by  the  city  the  public  al- 
v.'ays  has  the  proper  remedy  for  getting  a  quick  and  ade- 
quate response  to  its  complaints  on  the  accumulation  and 
non-removal  of  garbage  from  the  water-front  stations. 

An  Act  of  the  Maryland  Legislature  prohibits  the  erection 
of  a  garbage  reduction  plant  within  a  9-mile  radius  of  Laza- 
retto Light,  a  shore  light  in  Baltimore  Harbor,  and  conse- 
quently any  possible  site  for  such  a  plant  would  involve  a 
barging  distance  of  10  miles  from  the  water-front  dumping 
station  in  the  city  and  4  hours  of  towing  either  way. 

Alternate  proposals  were  again  asked  on  disposal  by  re- 
duction or  by  feeding.  The  term  for  reduction  was  IG  years 
and  a  flat  price  per  ton  was  requested  with  an  adjustment, 
to   be   stated   by   the   bidder,   in   cents   per   ton   for  every   up- 
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FJiu/nieernir/  and  (.'oHtiHcting  for  March   1:'.  1919. 


23'» 


■ward  or  downward  liuctuation   in  the  market  \aliie  of  grease  by   a   spreader  from   the   rear   end   of  the   Irani,   after   which 

from  a   basic  price  of  8  ct.  per  pound,  as  the  city  felt  that  the  gates  will  be  opened  and  each  lot  ot  hogs  allowed  to  enter 

it  should  share  this  risk  with  the  contractor  so  that  all  ele-  on  the  concrete  feeding  floors  to  eat  the  garbage. 

ments   of   gambling   in    making   a    bid   should    be   entirely   re- 

moved. 

The  term  for  feeding  was  .5  years,  commencing  May  1.  CoSt  of  WatCf  Maill  ConstrUCtion  at  Los 
1919,    and    bids    were    requested   on   an    annual    flat    payment  Anrtol 

to  the  city  for  each  ton  of  garbage  delivered  to  the  feeding  /\ngeieS 

site.  Owing  to  war  conditions  the  tonnage  of  cast  iron  pipe  laid 

No    bids    were   received    under   disposal    by    reduction,   and  *'*  'he  fiscal  year  1917-18  by  the  Construction   Department  of 

one   bid   was   received   under  disposal   by   feeding.     The   con-  ^^^  ^"^  Angeles  Water  Works  was  the  smallest  of  any  year 

tractor  operating  the   present   reduction   plant   made   no   for-  '^  the  history  of  the  nepartment.     Only  1,4:55  tons  were  laid 

mal  offer.  as  against   -l.u:!!;   tons   for  the  year  preceding  and   G,42(i   tons 

Terms  of  Feeding  Contract,— A  contract  was  awarded  on  '°''  'he  year  IHl.i-Ki.  Of  this  tonnage,  approximately  two- 
Dec.  21,  IHIS,  for  disposal  by  feeding  and  the  price  to  be  thirds  was  in  4  and  G-in.  sizes.  The  tonnage  represents  a 
paid  to  the  city  tor  each  ton  of  garbage  delivered  is  ?>Vz  lootage  of  7.i,T9ii  ft.  or  14.30  miles,  laid  at  a  total  expendi- 
times  the  price  per  pound  of  live  killing  hogs  on  the  Chi-  '"■'^  of  $10:!,4G4.  In  1915-lG  the  average  cost  of  cast  iron 
cago  market,  as  determined  by  averaging  the  top  prices  for  P'Pe  laid,  including  resurfacing  costs  was  $50.93;  in  191G-17 
each  month.  The  scales  for  weighing  the  garbage  are  lo-  t^'s  had  increas'ed  to  $Gii.GO  per  ton  and  for  the  year  end- 
cated  at  the  feeding  site  and  all  garbage  is  drained  before  '"8  J"'>'  !•  1'*'*.  t'le  charges  had  mounted  to  $72.10  per  ton. 
weighing.  At  the  opening  of  the  new   fiscal   year  the  quoted  price  of 

Until   May  1,   1919,  at   which  time  the   piggery   shall   take»  P'P^  f"  board  cars  Los  Angeles  was  $77.60.     The  following 

the  full  quantity  of  garbage  produced,  the  city  of  Baltimore  figures  from  the  last  annual  report  of  Thos.  Brooks,  Assist- 

with  its  own  forces  will  temporarily  dispose  of  its  garbage  ant    Superintendent,  shows    the    cost  of  laying  4-in.  and  6-in. 

by  burying  it  in  shallow  trenches  18  in.  deep  and  5  ft.  wide,  cast   iron    pipe   in    G    months'   periods   from   July   1,    1911,   to 

in  which  the  garbage  is  placed  12  in    thick  and  covered  with  J'^'ly  !•  1918: 

G  in.  ot  sandy  soil.     There  will  be  17,000  lin.  ft.  required  to  '•  months  per- 

accommodate   this   temporary   disposal   of   garbage   until    the  T'lrniTJ/un^  'of  pipe'         'of  labor    Average      Total  cost 

piggery  is  in  operation.     The  cost  of  the  temporary  disposal  'M.   1018.  Tear.        per  ton.    _    per  foot,    per  foot.        per  ton. 

is  85  ct.  a  ton  against  a  former  cost  of  $1.0G  per  ton  under        ,  ,,,,.  sc'-'i^'^'^'^:,,  i,<,c-         »a  r,, 

Induction,  the  towing  cost  being  included  in  lioth  figures.  2 r:ii2  :;:i.sn  .oii:j5  .54S  .ii.'46 

The  city  will  provide  good  primary  separation  and  to  de-  \'.V.V.'.'.'..'.\'.'.'.    Jaii  ijial  '1144  'bos  ^s'b^ 

liver  the  garbage  in  as  fresh  a  condition  as  possible  to  the  s '...'.'..'.    iftiii  32.42  !i07  isss  5i!io 

feeding  site,  with  not  less  than  four  deliveries  per  week  in  - ,'!l!i  Hf;  42?  -^M  i^-~' 

summer  and  three  deliveries  per  week  in  winter.  >< iki.t  :!0.17  .145  .620  57. is 

The  Swine   Farm.— The  IGO-acre  farm,  on  which  the  feed-  .il ]'i]i        .    'iHl  .Jf^  :626  57:68 

ing   operations   will    be   conducted,   is   almost   level   and   has  11 I9lfi  38.40  .161  .741  68.33 

sandy  soil,  insuring  good  drainage,  with  considerable  water  }j|; j^l^  ||-^§  ^I^  -^0"  74.42 

through  an  e.^tensive  shore  line.     Scrub  pine,  chestnut  and  11 litis  75.17  !i73  i!it  losisi 

oak   timber  affords   protection   from   the  summer  heat.     The  ,  ,„,,  o.^ri^*^^' 

r  .  ,   I,      .,         -^  ,  ,  J      ^  J tnil  .■Jl.GO  .13.J  .775  43  98 

farm  is  owned  by  the  city  and   .vas  purcha£ed  at  an  average  2 uiii'  :i3.7l  .127  .782  49.43 

price  of  $140  per  acre.    It  is  situated  on  a  point  on  the  oppo-  ',' Yln'r;  -il'fls  '159-        1    'sVk  l}'it 

site  side  of  the  tributary  of  the  Chesapeake  Bay  on   which  .'j '.'.....'.'.'.'.     lin:!  :ii!2'4  !i6"4°  ,822  49!34 

the    existing    garbage    reduction    plant    is    located    and    this  1' |;'|tj  ;jt-24  .170  .836  50.18 

proximity    to   a    plant    which    has    been    operating    11    years  s'.'.'.'.'.'.'.'.'.'.l'.'.'.    isjs  asieo  !i60  .'799  48^01 

without  any  formal  complaint  or  restraint  will  insure  a  like  ,? JSH'  ilJ'SiJ  ■Hi  •?!*  52.71 

„  .,  .  1" liilb  33.72  il71  .941  56.54 

operation  of  the  piggery.  11 1916  34.65  .182  .977  58.71 

The    specifications   require    that    the   piggery   shall   be   op-  ^3 1917  40.ll  .212  l.07  64.23 

.    erated    subject    to    the    general    and    local    public    laws    and  u. ... .'.'.'.'.'.'.'.'.'.    1918  44!;i2  .'242  ^26  75.'23 

under  the  supervision  of  such  veterinarian  and  sanitary  ofR-  u  will   be  noted  from   the   table   that   the  increased  labor 

cers  of  the  county  and  state  as  have  proper  jurisdiction.  cost,  as   might  be  expected,  keeps  pace  with  the  increasing 

The  city  will   also   employ   a  veterinarian  who  shall   have  cost  ot  material.     The  day  wage  has  been  raised  from  $2  25 

continual  supervision   and   inspection   over   the   work   ot  the  to   $2.50    to   $2.75   and    $3,    bat   while   wages   have    been    in- 

piggery.  creased,  the  efficiency  shows  a  decrease  of  possibly  one-third 

The  garbage  which  is  unfit  for  feeding  or  not  consumed  fi-om  old  standards.  Foremen  with  gangs  of  less  than  half 
shall  be  removed  from  the  feeding  platforms,  which  shall  the  normal  number,  and  many  small  instead  of  long  straight- 
he  cleaned  at  least  once  a  day,  and  disposed  of  by  the  con-  ^way  jobs  also  show  their  effect  on  unit  costs  which  in  the 
tractor  through  sale  or  by  plowing  under  the  soil.  last  year  reached   the  maximum. 

Method  of  Operation  of  Farm. — It  is  estimated  that  15,000  ^ 

hous  w^iU  he  required  to  accommodate  the  maximum  amount  leakage  From  New  Mains.-During  the  year  ending  March 

ot    garbage   produced    during   the   summer    peak   and    it   will  ^3^3     ^^^    B^^^^    „j    ^^^^^    Commissioners    of    Hartford 

probably   represent    the    larges     piggery    in    the    world,    and  „^^^,^  ,^^^         ^^^^^  ^^  ^„  important  sections  of  new 

Baltimore  wil    be  the  largest  city  of  the  united  States  which  ^^^.^^   ,^5^,    ;„    j,^^   distribution    system.     In   all   23    sections 

h«  adopted  this  method  for  its  disposal  ot  garbage^  ^.^^^  (3^,^,,  ^^  j,,,  ,^         ,  ^  .^^^^  pressure,  the   results 

\oung  shoats,  vaccinated  with  cholera  serum,  will  be  pur-  up;„„  as  follows 
chased   in  the  open  market  and  shipped  to  the  feeding  sta-  '  "  '  L,eika"e   ••  11 

tlon.  where  approximately  100  animals  will  be  placed  in  feed-  '      24  ho'ur.s.  '^   '^"^' 

ing  lots,  70  ft.  by  250  ft.  in  size.  Size.  ^™f^'-  Results.  Per  lin.   I't.       Per  inch 

%      ^  ;,   \.  1      .3     ,    «  ii.  -x    .  X    .L,  tn.  Ft.  lead  joint.       mile  pipe. 

Garbage   will   be    unloaded    from    the    city  s    scows   at   the  1;  809 1  f.werage  0.41  53 

feeding  site  by  the  contractor,   by  the  use  of  a  locomotive  j§  ■.;■.'.;■.'.'.;;'.;;      s'.om  !■  !  Ma.ximum  0  99  l-'o 

crane  with  a  grab  bucket  of  one  yard  capacity.  13  ..........[.[      4!6,")l  j  | 

The  garbage  will  be  dropped  into  steel  rocker  doubleside  -*'  l-^° '  I  Minimum  0  0 

dump  cars  of  10-yd.  capacity  each  on  an  adjacent  track  and  The  total   lengths  tested  equaled  19,953  ft.  and   the  average 

hauled   by   an   oil-burning   locomotive   directly   down    a   lane  cost    per   foot    was    $0.0035.     The    maximum    unit    cost    was 

between    the   feeding   lots,    as    shown    on    the    accompanying  $0.0152  for  a  section  231  ft.  in  length  and  the  minimum  unit 

map.  cost  was   $o.0011   for  a  section  4.200   ft.   long. 

The  end  of  the  feeding  lots  adjacent  to  the  railroad  will  

have  a  monolithic  concrete  feeding  floor  from  which  the  ani-  Special   Water   Rates  for  War  Gardens. — To  increase  war 

mals  are  excluded  by  wide  gates  when  the  garbage  is  being  gardening  the  water  department  of  Pasadena,  Cal.,  allowed 

dumped  from  the  rockerside  dump  cars.  a  special  vegetable  garden  rate  of  4  ct.  per  100  cu.  ft.  during 

When  the  train  has  traveled  to  the  full  length  of  its  trip,  the  past  two  seasons.     In  1918.  1874  consumers  look  advan- 

the  garbage  will  he  spread  on  the  return  trip  to  the  wharf  tage  of  this  rate 
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New  Enj^laiul  Rainfall  RecDrds* 

IIASTINOS. 

■.,.■•■.      I'limliililK''.    .Mi>!>-- 

on«   iMiiiiiiiai:.'    ii>    I"    Kimu'd    by   huvtiig   k»k1i>K   sinitous 

•  ly  short  illHtuiifPS  npnrt  wovilU  bi'  to  check 

.'d  ui  titbpr  stuilons  iinj  i-orroct  any  viirlii- 

i;,.;.    ,.  ..r  III  lhi>  KiiKliiK  iliu'  to  spociiil  or  uii- 

.,,  ,„i   ,  'Uilltlons  ill   thf   wiiior  »\wA.  such  us 

.s   lo  liirjn-  hillM.   iiioiintalus.  or   wiitor  sur- 

..(    i>r*vulllng   wtiiils,   etc.     As    the   iiinount 

.,j  ii   uiuy   lK>  oxpi'tlt'il   10   tiiU  OH  u   ttlvt'ii  district 

I,  ,  ,.uiy  biiBis  upon  whult  iu>s  viiluos  us  ii  power  or 

^„.  ,,|-  o»n  be  fornuMl.  ii   lollows  that   it  is  dosirii- 

j,!,.  ho  very  b<'»l  diitn  that  lan  lie  obtained  on  tluil 

vital  poUil. 

K   mnv  !«»  thought  thnt  with  so  nuiny  rain  gages  already 
,c(  lally  in  enslorn  New  ICnglnnd,  it  would  be  easy 

,0  I  urate   and    reluible   data    for   almost    any    loca- 

tion 111  that  section,  but  any  one  not  familiar  with  the  sub- 
ject will  be  surprised  and  puiiled  at  the  wide  variation  in 
the  results  obtained  al  loiailons  not  far  apart,  which  often 
rendem  .iny  close  estimates  impossible.  As  illustrating  this 
fuel,  the  following  table  has  been  prepared  showing  the  aver- 
.>lie  rainfall  at  vario\is  stations  for  a  4n  year  period  ending 
J91J.  and  also  the  niinfall  for  the  exceptionally  dry  years  of 
ISSO  and  l^s:;.  which  for  son.e  purposes  it  might  be  desired 
to  use.  Manchester.  N.  H..  and  Providence,  R.  I.,  are  only 
:iho>!t   So  niles  npnrt  In  a  straight  line: 

.Vvorage 

yearly 

1         ■  ._n.  rainfall. 

1S;4-191S 

(4rt  years). 


.1S.2: 
3S.SS 
42.01 
43.36 
43.4<i 
44.26 
46.65 
47.20 


Rainfall 
for  voar 
ISSC. 
27.30 
35.2s 
35.28 
31.73 
35.22 
37.87 
40.06 
41.29 


Rainfall 
for   year 

isSs. 

31.47 
39.84 
39.84 
29.32 
32.65 
31.95 
43.51 
39.54 


•  .   H:ir\arti  Collece. 
.nil.   S«<ll>ury   River 

...  «    ,  ..^lonl  

rrovlrtrnci^.    K.    I 

From  this  table,  it  will  be  seen  that  even  for  a  long  term 
period  the  average  amount  of  rainfall  at  the  points  named 
varies  greatly,  the  extreme  variation  being  8.9o  in.  or  about 
23  per  cent,  whilt/for  the  dry  year  of  1880,  the  extreme  varia- 
tion is  13.99  in.,  or  over  50  per  cent.  From  this  it  will  be 
seen  that  anyone  altemptins;  to  design  a  water  power  or 
a  water  supply  system  for  a  water  shed  at  all  remote  from 
a  long  established  rain  l^fge  must  unavoidably  make  his  es- 
timates upon  data  which  have  a  large  element  of  uncertainty 
In  the  makeup. 

It  has  been  stated  by  some  writers  that  a  rainfall  record 
of  from  35  to  10  years  makes  that  record  fairly  reliable  as 
a  basis  of  estimates  for  the  expected  average  yield  or  a 
watershed.  While  this  may  be  true  in  an  ordinary  period, 
an  examination  of  :he  rainfall  records  of  the  last  40  years 
of  the  Sudbury  River  water.shed.  and  others  which  have 
commonly  been  used  in  tnis  vicinity,  shows  that  a  marked 
change  in  the  amount  of  rainfall  has  occurred  during  the 
last  15  years  of  that  period  and  that  while  the  average  for 
the  41  years  since  the  Sudbury  River  records  were  begun 
is  44.6C  in.,  the  average  for  the  period  1904  to  1918  (15  years) 
is   only   40.97   in. 

The  Stony  Brook  rainfall  record  of  the  Cambridge  Water 
Works  in  Waltham.  Mass..  shows  a  similar  change.  While 
the  average  rainfall  for  the  entire  period  of  29  years  the 
gage  has  been  established— 1890  to  1918— is  41.53  in.,  the 
average  for  the  period  19o4  to  1918  (15  years)  is  38.75  in. 
These  last  are  remarkably  low  average  rates  for  so  long  a 
period  and  there  seems  to  be  but  one  period  of  that  length 
of  time  with  so  low  a  rainfall  record  in  this  vicinity.  This 
is  in  the  Cambridge  record  of  Prof.  A.  Winthrop  from  1760 
to  1775  where  the  average  rainfall  is  shown  as  37.38  in. 

Still  further,  the  record  of  the  yield  or  run  off  for  both 
these  areas  shows  a  corresponding  persistent  decrease. 
While  the  average  run  off  from  the  Sudbury  River  area  for 
the  44  years  is  20.54  in.,  the  average  run  off  for  the  last 
15  years  is  15.85  in.  On  the  Stony  Brook  area,  the  average 
run  off  for  the  29  years  is  17.81  in.,  and  the  average  run  off 
for  the  last  15  years  is  only  15.70  in. 

If  these  records  are  analyzed  by  percentages,  the  inter- 
psting  fact  is  shown  that  in  the  dry  periods,  the  proportion 


.« 


or  percentage  of  run  off  to  rainfall  is  less  than  that  in  the 
wci  periods,  Thus  for  the  wet  period  In  the  Sudbury  River 
area  I87.'i  to  I'.iu:;,  the  runoff  was  49.3  per  cent  of  the  rain- 
fall, while  for  ll'o  dry  period,  UK14  to  1918.  it  was  only  38. V 
per  cent,  while  for  Ihc  exceptionally  dry  year.  1883.  it  was 
;tl.l  per  cent,  and  for  the  year  1911,  it  was  2S.1  jier  cent. 
Similarly  on  the  Stony  Hrook  area,  for  the  wot  period.  1890 
111  I90:t,  the  run  off  was  42.9  per  cent  of  the  rainfall,  and  for 
the  dry  iiorlod.  1904  to  1918,  It  was  40.5  per  cent,  and  tor  the 
vear  I9iu.  it  was  only  t~.\  per  cent  of  the  rainfall.  In  other 
words.  :i  diminished  rainfall  gives  not  only  a  diniini.shed 
run-olf.  liMt  a  diminished  proportion  of  runoff.  From  these 
facts,  it  is  evident  that  it  may  not  he  sate  to  draw  conclu- 
sions even  from  a  40-year  record,  without  a  careful  study  of 
Ihc  records  of  other  places  and  other  periods  that  proper  al- 
lowance )»ay  be  nuide  for  abnormal  resulls  whicli  may  have 
been  obtained. 

There  is  another  rallier  curious  fact  shown  in  the  records 
for  the  year  1909  which  may  be  noted.  While  the  rainfall 
for  this  year  is  about  (i  in,  more  than  for  either  the  years 
1908,  or  1910,  the  run-off  for  1909  is  about  ^l.-'id  in.  less  than 
*or  the  year  1908,  The  Stony  Brook  record  shows  the  same 
peculiar  result — a  lessened  runoff  in  a  year  of  increased 
rainfall.  The  explanation  of  this  anomaly  may  be  that  the 
underground  storage  had  become  .«o  depleiod  by  the  con- 
tinued drought  of  a  number  of  years  that  the  increased  rain- 
fall for  the  one  year  failed  to  restore  the  deficiency  in  this 
storage  and  so  caused  a  lessened  run-off  for  that  year, 

A  very  important  and  interesting  question  may  be  raised 
just  here.  Will  the  diminished  rainfall  as  noted  during  the 
last  15  years  be  pornianent  or  will  the  rale  "come  back 
to  its  old  level?  While  no  definite  or  authoritative  answer 
can  be  given  to  this  query,  two  things  should  be  remembered 
in  this  connection.  No  permanent  marked  changes  ever 
take  place  in  the  processes  of  nature  without  adequate  cause. 
No  such  adequate  cause  is  apparent  by  which  the  rainfall 
of  this  section  could  be  permanently  diminished,  and  again, 
in  the  past  marked  changes  have  occurred  in  meteorological 
conditions,  cold  wintars,  hot  summers,  wot  and  dry  seasons — 
some  continuing  for  considerable  lengths  of  time,  hut  in- 
evitably the  balance  has  been  restored  and  the  general  mean 
of  conditions  re-established.  Even  if  the  period  of  low  rain- 
fall given  in  Prof,  Winthrop's  somewhat  fragmentary  rec- 
ords be  taken  as  reliable  as  showing  the  entire  rainfall  for 
that  period,  the  records  of  other  observers  for  following 
years  show  ths  amount  of  rainfall  to  be  well  up  to  or  above 
the  average. 

It  is  rather  a  curious  fact  that  taking  a  long  term  of  years, 
the  average  rainfall  for  each  month  differs  but  little,  the 
rainfall  of  the  so-called  "dry  months"  being  on  the  average 
but  little  less  than  that  of  the  wet  months.  The  greatly  in- 
creased evaporation  during  the  hot  mouths,  together  with 
the  demands  of  growing  vegetation,  etc..  makes  the  rain- 
fall seem  much  less  than  it  really  is  and  results  in  a  greatly 
decriased  runoff  during  those  months,  as  the  evaporation 
fn>iu  TOiids,  brooks,  reservoirs,  etc,  amounts  to  over  39  in. 
during  ti  average  year,  it  will  be  seen  that  the  presence, 
of  iar,<re  water  surfaces  in  a  water  shed  may  have  an  im- 
portant bearing  on  the  amount  of  run-off  to  be  expected 
from  it. 

The  distribution  of  the  rainfall  during  the  year  has  an  im- 
portant bearing  on  the  amount  of  the  yield  or  run-off.  It  the 
rainfall  is  largely  during  the  season  when  the  ground  is 
frozen,  a  much  larger  run-off  may  be  expected  than  if  it 
occurred  during  the  hot  months,  when  the  gro\ind  is  dry 
and  the  evaporation  rapid. 


Cost  of  IVleter  Repairs  at  Los  Angeles. — During  the  year 
.July  1.  1917,  to  June  30,  1918,  the  meter  and  service  depart- 
ment of  Los  Angeles  repaired  7,248  water  meters  at  an  aver- 
age cost  of  $1  67  per  meter.  The  average  cost  of  repairing 
meters   of  various  sizes  was   as  follows: 

No,  of  meters. 


).767. 

491. 
220. 
19S. 
201, 


•.^bstr.Tft  of  a   ].r-Tx-r  presented   at   the  February  meeting:  of  the 
New  KrisUincl  tVaf ••I'works  .Vssociation. 


ISP. 

IS. 

1, 


Average 

Pize.s, 

cost 

In, 

per  meter. 

■•^ 

$1.4r> 

% 

1,54 

1 

1.79 

I'/i 

2,79 

9 

4  19 

3 

2.18 

4 

3,S8 

6 

14.84 

8 

4.95 
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Conditions  of  Stability  and   Sug- 
gested  Design  for    Wooden 
Uam  Built  on  Sand 

la  eonnectiou  with  its  stream  regulation  worlf  the  Quebec 
Streams  Commission  was  uuthorized  to  construct  a  storage 
dam  at  the  head  of  the  Kiver  Jacques-Cartier  in  the  province 
ot  Quebec.  At  the  only  possible  site  for  a  dam  the  river 
is  approximately  120  ft.  wide  and  4  to  5  ft.  deep  at  average 
water  and  probably  7  or  8  ft.  deep  at  high  water.  The  mate- 
rial upon  which  the  dam  would  rest  is  a  rather  firm  sand 
very  permeable  and  soaked  with  water  even  at  1  ft.  above 
water  level.  In  view  of  the  bad  foundation  conditions,  the 
commission  called  upon  Mr.  Arthur  Surveyor,  consulting 
engineer,  Montreal,  to  investigate  and  report  on  the  possi- 
bility of  constructing  a  wooden  dam  on  sand  to  store  up 
water  to  a  ma.ximum  depth  of  23  ft.  Mr.  Surveyor's  conclu- 
sions are  printed  in  the  recently  issued  annual  report  of 
the  commission  from  which  the  matter  following  is  ab- 
stracted : 

The  most  important  conditions  which  must  be  fullilled  to 
assure  the  stability  of  a  dam  built  on  sand  are,  to  prevent 
the  flow  of  water  through  the  body  of  sand  on  which  the 
dam  rests  and  to  protect  against  erosion  the  bed  of  the 
river  immediately  below.  It  is  practically  impossible  to 
stop  the  flow  of  water  through  the  body  of  sand,  but  the 
path  of  the  water  underneath  the  bed  may  be  so  lengthened 
and  its  passage  so  obstructed  that  the  velocity  of  flow 
can  never  be  sufficiently  high  to  move  sand  grains.  If 
these  conditions  are  met  the  foundation  will  be  permanent, 
but  if  a  stream,  of  even  infinite  size,  should  move  with 
sufficient  velocity  to  carry  with  it  any  of  the  particules  of 
•sand  the  size  of  the  stream  would  increase  and  in  a  short 
time  the  whole  structure  would  be  undermined.  It  is  evident 
that  the  length  of  the  path  which  it  will  be  necessary  to 
force  the  water  to  follow  in  order  to  prevent  the  undermining 
of  the  foundations  varies  according  to  the  depth  of  storage 
and  according  to  the  nature  and  to  the  greater  or  smaller 
permeability  of  the  foundations.  The  length  of  this  path  is 
therefore  always  a  multiple  of  the  height  of  storage  and 
varies  according  to  a  "percolation  factor"  which  changes  with 
the  nature  of  the  foundations.  Only  one  engineer,  Mr.  W.  C. 
Bligh,  of  Toronto,  formerly  of  the  Department  of  Public 
Works  of  India,  has  given  values  of  this  percolation  factor. 

Percolation 

Nature   of   foundations.  factor. 
Very   fine   sand   and   silt,   ot   which   60  per   cent   passes 

tlirougn  a  sieve  of  100  meshes  per  linear  incli IS 

Fine  ."sand,  SO  per  cent  of  which  nasses  through  a  sieve 

ot  75  meshet-.  per  linear   inch 15 

Coarse  sand   - 12 

Sand  and  gravfel ■  ■  ■  •  'J 

Bouldei's  and  gravel 4  to  C 

It  becomes  apparent,  in  examining  these  factors,  tliat  they 
entail  very  important  lengths  of  base  if  the  depth  of  storage 
of  the  dam  is  at  all  important.  For  instance  in  our  case,  if 
we  adopt  a  percolation  factor  of  12,  which  corresponds  to 
Mr.  Bligh's  coarse  sand,  we  would  have  to  provide  a  base 
of  27C  ft.  in  length.  It  is  possible,  however,  to  reduce  this 
length  of  base  by  means  of  sheet  piling  placed  usually  at 
the  upstream  end  ot  the  dam  and  by  means  of  a  fore-apron, 
also   placed   upstream,  and  resting  on   the   bed   of  the  river. 

When  sheet  piling  is  placed  at  the  upstream  end  of  the 
dam  it  must  be  absolutely  waterti.t;ht  and  in  calculating  the 
length  of  percolation  it  can  be  taken  as  equal  to  a  length 
twice  its  depth.  Besides,  it  decreases  considerably  the 
underpressure  on  the  base.  On  the  contrary  the  row  of 
sheet  piling  placed  at  the  down  stream  toe  of  the  dam.  if 
watertight,  increase  the  underpressure  on  the  base  and  on 
this  account  is  generally  made  loose  and  placed  at  some 
distance  downstream  from  the  toe  of  the  dam.  Then,  the 
usefulness  consists  particularly  in  preventing  the  displace- 
ment of  the  sand  grains  by  water  and  in  reducing  the  dan- 
gers of  undermining.  These  facts  have,  recently,  been  dem- 
onstrated in  a  series  of  tests  made  in  the  United  States  by 
•f  B.  T..  Coleman  and  reported  in  the  transactions  of  the 
American   Society  of  Civil  Engineers  in  December,  ir)l."i. 

The  rear-apron  lias  the  advantage  of  reducing  the  length 
of  the  base  proper  .and  of  decreasing  the  under-pressure  on 
the  base.  It  is  sufficient  if  this  apron  be  impervious  and  it 
can  advantageously  be  formed,  by  a  layer  of  clay  of  about 
3   ft.  thick;    in  our  case,  however,  as  there   is  no  clay  near 


the  dam  site,  it  would  be  more  economical  to  build  a  re- 
.inforced  concrete  slab  of  about  ij  in.  thick. 

In  the  United  States  it  is  considered  that  the  percolation 
factors  rec-ommended  by  Mi'.  Bligh  give  exaggerated  lengths 
of  percolation,  in  Feliruary,  l:)1.5.  Captain  w'.  A.  Mitchell, 
of  the  American  Engineers  Corps,  in  an  article,  "Percolatioa 
and  Upward  Pressure  of  Water,"  which  sums  up  all  the 
tests  and  observations  up  to  date,  has  the  following  regard- 
ing  the   suggestions   made   by   Mr.   Bligh; 

"These  designs  (of  Mr.  liligh]  are  certainly  safe  enough." 
and  tarther  in  his  conclusion.  Captain  Mitchell  added;  "Per- 
colation factors  for  safety  against  blowout  have  been  as- 
sumed by  Mr.  Bligh,  but  he  does  not  say  on  what  they  are 
based.  Presumably  they  are  based  on  the  fact  that  smaller 
factors  were  present  in  dams  that  failed,  but  this  is  not 
entirely  conclusive,  for  in  some  cases  it  was  evident  that 
other  causes  contributed  to  the  failure  of  the  dams." 

It  is  also  possible  to  find  in  a  paper  by  Mr.  C.  Koenlg, 
entitled,  "Dams  on  Sand  Foundations."  (Transactions  of 
American  Society  of  Civil  Engineers'  1911),  and  in  the  dis- 
cussion by  Mr.  C.  E.  P.  Cmith  following  this  paper,  data 
w'lich  differ  from  those  given  by  Mr.  Bligh.  The  following 
table  indicates  the  dimensions  it  would  be'  necessary  to 
adopt  for  the  different  parts  of  our  dam  according  to  these 
three    engineers: 

liength   in 
feet  of  up- 

Names.                            .  .'itream  sheet  Rear-  Dam  and 

piling.  apron.  fore-apion. 

\V.   C.  Bligh 41                          110  83 

C.  Koenig 28  None  54 

C.  B.  P.  Smith 37  None  65 

This  table  sums  up  very  well  the  differences  of  opinion  on 
the  subject  and  the  difficulty  for  any  designer  to  arrive 
at  a  definite  conclusion.  There  are  very  few  dams  con- 
structed on  sand  and  with  a  storage  height  of  23  ft.  The 
weirs  described  by  Mr.  Bligh  and  built  in  India  had  very 
seldom  more  than  12  ft.  in  height.  In  the  United  States 
are  to  be  found  a  few  examples  of  hydraulic  structures  rest- 
ing on  sand;  for  instance  at  Prairie  du  Sac,  Wis.,  the 
Wisconsin  river  is  completely  dammed  by  the  hydro-electric 
l)0\ver  house  and  by  the  dam  of  the  Wisconsin  River  Power 
Co.,  which  rests  on  a  stratum  of  sand  of  more  than  50  ft.  in 
depth.  The  power  house  has  a  length  of  3G9  ft.  and  the 
dam  more  than  1000  ft.  The  dam  is  in  reinforced  concrete 
and  built  on  piles;  the  crest  of  the  weir  is  16  ft.  above  the 
bed  of  the  river  but  it  is  raised  by'  means  of  movable  gates 
of  the  Tainter  type  to  a  maximum  storage  height  of  30  ft. 
above  the  bed  of  the  river.  This  dam  is  provided  up- 
stream with  a  row  of  steel  sheet  piling  .50  feet  in  length:  the 
dam  and  the  fore-apron  have  a  total  length  of  90  ft.;  and 
at  the  end  of  this  apron  is  another  row  of  steel  piling  of  30 
ft.  in  length,  and  the  bed  of  the  river  is  further  protected 
against  undermining  by  a  stone  filling  of  20  ft.  in  width 
and  resting  on  a  brush  mattress  placed  15  ft.  below  the  bed 
of  the  river.  This  dam  was  built  during  the  winter  and 
finished  in  January,  1915.  It  has  stood  up  against  floods 
which  have  covered  the  crest  of  the  weir  by  4  or  5  ft. 
Careful  observations  made  have  failed  to  reveal  either 
important  settling  of  the  construction  or  undermining  of  the 
stone  filling  at  the  foot  of  the  dam.  The  length  of  perco- 
lation of  water  in  this  dam  is  272  ft.,  which  would  cor- 
respond  to   a   percolation   factor  of  nine. 

The  dams  undertaken  by  the  American  Goveiiiment  on 
the  Ohio  river  in  order  to  create  a  9-ft.  navigation  are 
particularly  interesting.  The  project  embraces  the  con- 
struction of  53  dams  and  locks  at  a  cost  of  .$17,000,000.  All 
locks  and  dams  built  above  Louisville,  rest  on  rock  or  on 
gravel,  but  below  Louisville,  rock  has  only  been  found  at 
three  dam  sites  out  of  thirteen;  at  other  sites  the  bed 
changes    according    to    the    different    stages    of    the    river. 

Many  of  the  dams  of  the  Ohio  river,  notably  Xos.  9,  12 
and  IG.  are  built  on  gravel,  but  rock  is  generally  found 
about  20  ft.  underneath  the  surface  and  the  structures  rest 
on  piles  driven  to  the  rock.  All  these  dams  are  of  the 
movable  type  and  are  provided  with  chanoine  wickets  of 
varying  heights.  The  dam  No.  12  has  a  maximum  storage 
of  T^  ft.  It  is  formed  by  a  concrete  slab  5  ft.  thick  and  35  ft. 
in  width,  with  a  chanoine  wicket  of  IS  ft.  on  top.  This  dam 
is  built  on  piles  driven  to  the  rock.  The  gravel  foundations 
are  protected  upstream  by  a  row  of  sheet  piles.  10  in.  thick 
and  downstream  by  a  crib  2.S  ft.  wide  and  V>  ft.  high,  and 
cohered  by  a  wooden  apron  of  10  in.  thickness.  The  crib 
(55) 
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,,.  Results  of  Application  of  Chlora- 

.....:a  tlio  dftm  and  tho  locks  of  the  SI.  Charles  river         fiilii^i  I>»-x'k.r-.^'>oo  *-,^  /^.-.*-«K:  11   /I7  ^     _        \ 

at  Queboc  ar«  built  on  sand.  '"'"^    i  TOteSS  tO  Catsklll  (EsopilS) 

0«scHptlon  of  the  proposed   d»m.     Tho  Unm   8iiKKP!*te(l   Is  Watd  of    NcW  Yofk   CltV* 

a  woodi-ii  oni«   n-slJuK   upon   i>   rt'lnfori-od   oonoroto   slab,     ll  ru  \  v  ■    ^ 

Is  20  fi.  Iilirh  and  has  lM>i>n  lalculatod  to  carry  an  overllow  •    ''''*»-^l\^  ^-  HALIC, 

of  3  ft      A  roiu-roto  i-iil  off  \vull   of   :.   ft.   lu  depth   Is   located  Ul'i'i'lo''    "f    I.abornloilcs     Depiirtnioiu    Water    Supply,    Oas    and 

,      .      ,       J             ,            .,  ,            ,,         .       ,  l!.l<>ctrlcity,  Jscw  York  Cltv. 

at    (111'   upAtrcaiu  end   of   tho  dnni:     from   this   wall   extend  ,,,,       ,,          . 

,(....!  ^h.o^   P.l...  rt^chint  ;t7  ft.  I.olow  tho  bod  of  tho  river.  "'"  ^-'Horamino  process  consists  in  combining  bleach  with 

t  ,                   r   tho  dniu   Is  a  reinforced  concrete  apron  of  60  """""""«  .J"si    before   applyuiK    to   the    water    treated.     The 

t,                   I,       Immodlatelv    downstream    from    the    dam    Is  '••^■'"-  '""    '«    very    snnplo.    the    two    combining    to    form    am- 

pl:,...:  ..  ■.^.^^v.■h  s.iaped  concrete  apron  which  forms  a  water-  '""""""   •'>  I'"^l;l"'l»^'  «»'!   l>me  hydrate.     The  former  is  un- 

cuxhlon    to   absorb   tho   shocks   of   falling    water.     The   dam  "","';    ""''    """^'soes    intoniiolecular    change,    losing    water 

i.«  also  provided  with  a  stop  log  regulaUng  sluice  and  a  log  •'""  '»'"""K  cHloramine.     The  reaction  is  as  follows: 

side      Tho   portion   of   tho   dam    located   outside   the    bed   of         ^  _   __  xtu  ^u "         - 

the  rlvor  Is  similar,   but   the   length  of  the  sheet   piles  and  -^nutlH  .:    NH,OW +  2H,0+ CaC:+CaO-H, 

tho  width  of  the  apron  vary  a.'cording  to  the  height  of  the  "'^'■''■''       ^"""O"'"         Chloramine 

water  abo\o   tho   relnforccil   concrete   apron.     As    the   crest  '"    i'"s    theoretical    action    the    ratio     by    weight     of    am- 

of  this  part  of  the  dam  Is  at  elevation  123  ft.  or  3  ft.  above  '"onla   to  chlorine   Is  1:4.     The  chemicals  must  be   in  very 

tho  hishost   proposed   waters,  and  as  the  total  discharge  of  'liluto  solution  to  correctly  react.     We  used  a  2%   per  cent 

tho  rlvor  should  (low  over  the  crest  of  the  dam  and  through  solution    of   bleach,    0.S75   per   cent   available   chlorine   on    a 

the  sluice,  the  concrete  apron  provided  to  absorb  the  vibra-  •'»  Per  cent  basis,  and  0.22  per  cent  dilution  of  ammonia.  NH,. 

tlons  has  boon  replaced  by  a  reinforced  concrete  slab  loaded  '^^^  formation  of  chloramine  is  indicated  by  a  much  stronger 

with   loose   stones.  '■'6®  chlorine  test  in  the  water  treated,  either  by  orthotolidin 

Tho  dam   proper  is  very   light   and   could  not  by   its  own  """  ^^  starch-iodide  reaction,  than  with  bleach  alone. 

weight  resist  to  the  water  thrust.     The  weight  of  the  water  Other   reactions    may    be   written    with   diflorent   ratios   of 

Itself,   on   account   of   the   slope   of   the    upstream   apron,    is  ammonia    to  chlorine,  but  judging  from  our  experience,  are 

iifillied   to   resist   overturning.     The   tendency   to   sliding   is  incorrect    to    use.      For    example,    the    ratio    N1I,:CI::I:2    as 

counter-balanced  by  the  fact  that  the  dam   is  bolted  to  the  follows: 

concrete  slab  and   that  this  slab   Is  maintained   in   place  on  >                   XH.CI 

account  of  Its   weight,  on  account  of  the  water  on   the  up-  CaOCl. -(- 2    NHhOH= i- H,0  +  NH.Cl  +  CaOiH. 

stream  apron,  and  on  account  of  its  connection  to  the  sheet  Chloramine 

piling.      The    pressure    transmitted    by    the    dam    is    spread  This  reaction   has  been  used  at   Denver,  Colo.,  and  would 

over  the   bed  of  the  river  by  the   reinforced   concrete   slab.  natiirally  be  the  first  to  be  considered,  but  it  actually  wastes 

The  upstream  sheet  piles  are  of  steel  rather  than   of  wood  one-half   the   ammonia   in   forming   ammonium   chloride,   and 

because  It   is  absolutely  necessary   that  the   cut-off   wall   so  as  ammonia  costs  four  times  as  much  as  bleach  the  amount 

constituted  be  made  water-tight  in  order  to  avoid  excessive  of  ammonia  becomes  a  very  important  item. 

upward  pressures  against   the  base  of  the  dam.     It   is   also  Again   certain    laboratory   experiments   by    Race   indicated 

to  secure  the  watertightness  of  this  base  and  to  avoid   the  etjual  bacterial  efliciency  for  a  ratio  of  XH,:C1::1:8.     As  it 

carrying  av>ay  of  sand  that  the  dam  ha";  been   placed  on  a  seemed  possible  that  such  a  ratio  might  indicate  the  forma- 

reinforced   concrete   slab   instead   of   on   a    wooden   mattress  tion  of  a  dichloramine.  it  was  tried,  but  our  results  indicate 

as  is  done  in  ceitain  cases.     To  build  this  slab  under  good  that  the  reaction   products  are  a  mixture  of  chloramine  and 

conditions   it   will   be  necessary   to  unwater  the   bed   of  the  bleach.      The    desired    reaction,    if    it    formed    dichloramine, 

river,  so  that  two  cofferdams  have  been  provided,  one  above  would  be  as  follows: 

and  the  other  below  the  dam  and  also  a  temporary  wooden  NHCl; 

flume  to  allow  for  the  normal  discharge  from  the  lake  once  -    CaOCl.+  XHOH^ ^  H.O  +  CaCl- -f  CaOH. 

the  floods   have  passed.     These  two   cofferdams  are  formed  Dichloramine 

by  cribs  protected  by  a  row  of  sheet  piling.     Once  the  struc-  (Unknown) 

ture  is  finished  the  cribs  will  be  taken  away,  but  the  sheet  With   excess   ammonia   and   particularly   with   strong   solu- 

piling  will  be  left  in  place  and  would  contribute,  particularly  tions   the   reactions   take   other   directions,   as   mentioned   by 

the    downstream    row.    to    prevent    the    displacement    of    the  Hace.    with    the   formation   of   nitrogen    gas   and   ammonium 

sand.  chloride,  as  follow^s: 

The  estimated   cost  of  such   a   dam   is   as   follows:  N.                      ?,  NH4C1 

Unit  3  XH.CI  -^  2  NH.'i= ^— -I 

Items.  prices.        Totals.  "      i,.,.  .  .  ,  ,      . , 

'"oncrete  without  forms.  1.S74  cu.  yd $20.00       S  27,480  JNitrogen        Ammonium  chlonde 

ronrrote   in   piers.   244   cu.   yd 22.00  5.3fi^  or  hydrazine  hydrochloride  thus' 

Concrete  in  cut-off  walls.  570  cu.  vd 21.00  11.070  "  ^    -,■,  . 

.^teel  bars  for  reinforcement,  95.000  lb 10  9,500  X,H,HC1 

Steel  sheet  pillnps,  ISO  ton 195.00  35,100  XH.CI  +  NH.  := 

Timber.   1«6  B.   M .'iS.OO  ."i.SlO  '  ,,,.,,,, 

I. COS"  stone  fillinR.  1.000  cu.  vd 2.50  2,500  hydrazine  hydrochloride 

Karth  e.Tcayation.  7.200  cu.  yd 7.5      _M00  o„Hng    warm    weather    we    made    a   few   analyses    of   the 

$113.12^  original    solution    of   ammonia   and    of   bleach    as    compared 

Cofferdam,  temporary  diversion,  unwaterinc ■     15.0°"  with   the  liquid  just  after  mixing  and  found  a  loss  of  avail- 

$128,000  able  chlorine  of  about  20  per  cent.     This  was  probably  due 

Contractor  s   profits  and   continsencle.. ■     ^5.000  to  reactions  such  as  the  above.     With  excess  of  chlorine  the 

,     ^        ,.      ■  ,  .„„„  $153.oon  reactions    will   not    go    as   above   but   form   nitrogen    gas   or 

Telephone  Ime:  .10  m.les  at  $200 ■      ^^n  nitrogen    trichloride,    a   very   explosive   oil.    The   latter   reac- 

$1511.000       tion  may  be  simply  written  as  follows: 
Knslneerinc  10.000  XCl- 

Total  cost   SlfiO.OOO  XH.-'-Cl,  = -  +  3  HCI 

Nitrogen  trichloride 

Increased  Costs  of  Waterworks  Labor  &  Materials.— In  the  .7'^'.^   probably   explains   the  failure,  as   given   by  Race,   of 

recently  issued  report  of  the  Bureau  of  Water  Commissioners  '"'"'■pe  sas  to  react  with  ammonia  to  form  chloramine.    The 

of  Hartford.  Conn.,  for  the  year  ending  March  1.   1918.  the  '■•^^^♦'""   ^""1''   seem  very  simple  as  follows: 

increase  in  prices  of  materials  and  labor  that  have  occurred  NH.Cl 

in  the  last  two  years  in  that  citv  is  noted  as  follows:  ^   '   CI,  =                           ]-  HCI 

Per  cent  -                                     Chloramine 

Wase  of  o^dinarj- laborer '"."tf"'  .^"^  ^^"^   formation   of  acid   apparently  must   be   prevented. 

\yage  of  sl-tiled  laborer '.'.    28  ^'^  '^sd   intended   to  experiment  with  chlorination   of  water 

I'ost  of  cast  iron  pipe 165  ■ 

Co^t  of  !?.eter- ^2S  -t-  '^""^  .?■  ^^P/'',  Presented   at   the  Februarj-  meeting  of  the   Xew 

I.  ost  oi  meter .^   40  York  section  of  the  Ameri.-an  Waterworks  As.sociation 
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with    gas    and    later   adding    aiiniiniua,    but    liavc    nut    as    yet 
tried  it  out. 

The  application  of  the  thloramine  process  at  Phoenicia 
involved  merely  separating  one  tank  from  the  others  and  con- 
necting it  to  a  new  weir  box.  The  two  solutions  were  then 
brought  together  at  once  and  passed  through  the  pipe  into 
the  stream.  The  reaction  forms  lime  hydrate  which  clogs- 
the  pipe,  causing  frequent  cleaning.  This  trouble  may  be 
•iiniinished,  as  su.ggested  by  Race,  by  adding  additional  flush 
water  with  the  solutions. 

A  drum  (approximately  TOO  lb.),  of  bleach  was  added  to  a 
tank  of  water  at  a  time  and  churned  by  a  paddle  containing 
cross  cleats  until  well  mixed,  as  power  was  not  availahle. 

The. plant  was  under  close  laboratory  control.  Analyses 
were  made  of  each  tank  of  bleach  solution  at  beginning,  mid- 
dle and  end  of  run,  and  similarly  of  the  ammonia  solution. 
The  available  chlorine  was  determined  by  the  iodometric 
method  (potassium  iodide  and  acetic  acid)  and  the  amount 
of  ammonia  by  titration  with  sulphuric  acid  using  azolitmin 
a.-^  indicator  The  results  were  charted  each  week,  as  shown 
in  Fig.  1. 

Very  little  trouble  was  experienced  in  making  uniform 
solutions  of  ammonia,  but  owing  to  improper  facilities  the 
bleach  valuos  showed  considerable  variation  at  times.  The 
average  theoretical   chlorine  applied  on  a  3.5  per  cent  basis 


that   it.  increase  in  fixed  chlorine.     The  latter  seemed   to  give 
the  more  consistent  results. 

Comparison  of  the  increase  in  fixed  chlorine  with  the  the- 
oretical chlorine  applied  for  the  year  1318  gives  an  aver- 
age of  .128  ppm.  against  .108  ppm.  Out  of  300  analyses  IOC 
agreed  with  the  theory,  94  were  above  the  theory  and  ioo 
were  below  the  theory.  There  was  no  definite  relationship 
of  these  fluctuations  with  the  ratios  of  ammonia  to  chlorine, 
l)Ut  there  was  a  seasonable  relationship  probably  due  to 
variation  in  stream  flow  as  evidenced  by  a  low  or  high  abso- 
lute amount  of  chlorides  present  in  the  water.  Thus  in  the 
months  of  April  to  September  there  were  twice  as  many 
analyses  below  the  theory  as  above  and  during  the  months 
January  to  March  and  October  to  December,  the  reverse 
was  true.     The  following  table  illustrates  the  above: 


T.MlI.t:    I.  -(;■  :)MP.\RISON'  OF   AN.M.YTIfW  L    WITH    -l-lll 

iCAi^  CHLonixE  .xT^piji^:), 


Samples: 

Siimnn:-!-    Coinciding. 

Winter   40 

66 
Total    


IlKT- 


amples: 

Samples: 

.Aliove 

Below 

tlieoix'. 

theory. 

30 

77 

64 

23 

106 


100 


The  above  fiiatter  has  been  studied  in  considerable  detail 
since  the  results  obtained  by  care  in  the  determination  of 
increase  in  fixed  chlorine  by  analyses  seems  to  warrant  fu- 
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for  the  year  IIUS  was  ii.lns  ijpm..  whereas  corrected  for  an- 
ahses  of  tank  solution  the  average  chlorine  was  0.10:i  ppm. 
During  Tf)  per  cent  of  the  time  the  maximum  variation  was 
less  than  -t:  30  per  cent  of  the  theory.  Likewise  during  .SO 
per  cent  of  the  time  the  maximum  variation  of  ammonia 
from  the  theory  was  less  than  it  20  per  cent. 

Daily  analyses  were  made  of  the  stream  before  and  after 
chlorination.  the  latter  saiuples  being  taken  about  one-half 
mile  below  the  plant.  This  point  was  decided  upon  after  a 
series  of  results  at  different  distances  down  to  two  luiles. 
These  samples  were  analyzed  physically,  bacteriologicallv 
and  for  free  and  fixed  chlorine.  In  order  to  make  the  last 
determination  as  accurate  as  possible  the  quantity  of  water 
evaporated  for  analysis  was  increased  to  .500  cc.  early  in  Feb- 
ruary and  to  1,000  cc.  early  in  .June.  A  chart  of  all  these 
results  indicates  a  proliable  error  of  rt  .03  ppm.  with  the  lat- 
ter quantity  evaporated. 

The  increase  in  fixed  chlorine  thus  gave  a  good  indica- 
tion of  the  amount  of  chlorine  applied  to  the  sample  whose 
bacteriological  character  was  determined.  In  fact,  usually, 
the  free  chlorine  and  bacteriological  results  varied  with  the 
increase  in  fixed  chlorine.  Considerable  stud.v  was  made  of 
this  point  since  these  analytical  results  varied  with  the  in- 
crease in  fixed  chlorine.  Considerable  study  was  made  of 
this  point  since  these  analytical  results  varied  greatly  from 
the  theoretical.  It  is  probable  that  such  differences  are  ex- 
plained by  variation  and  strength  of  bleach  solution,  varia- 
tion in  feed,  variation  in  estimated  flow  of  stream  and  varia- 
tion in  admixture  of  chemical  solution  with  the  stream.  Re- 
sults have  therefore  been  averaged  both  by  theoretical 
chlorine  applied  and  by  chlorine  as  determined  by  analysis: 


tiire  altention.  It  is  more  important  lliau  the  presence  of 
free  chlorine  since  bacteriological  results  appear  to  be  ob- 
tained even  when  no  fiee  chlorine  is  left  in  the  water  treated. 

During  the  early  part  of  the  work  bacteriological  satnples 
were  sent  to  Brooklyn,  but  from  the  first  of  June  these  re- 
sults were  obtained  at  our  new  Catskill  laboratory.  Despite 
delay  in  transit  of  samples,  comparison  of  results  obtained 
at  the  two  laboratories  has  shown  that  many  of  the  Brook- 
lyn results  are  sufficiently  reliable,  particularly  with  regard 
to  B.  coli,  to  be  included  in  the  averages.  In  many  cases  the 
relative  number  of  such  samples  is  too  small  to  greatly  affect 
the  results. 

The  results  obtained  at  the  Brooklyn  laboratory  appear 
to  be  reasonably  comparable.  Noteworthy  are  the  results 
obtained  as  to  B,  coli  removal.  93  per  cent,  with  such  small 
dosage  of  chlorine  as  0.0.5  ppm.  when  feeding  bleach  alone 
and  0.035  ppm.  when  chloramine,  ratio  NH:('1::1:4.  The 
results  with  1:8  ratio  were  decidedly  inferior. 

Figure  2  shows  the  results  for  B.  coli  removal  obtained 
with  various  amounts  of  chlorine  applied.  With  bleach  very 
little  or  no  chlorine  is  residual  in  the  water,  whereas  with 
chloramine.  ratio  1:4,  the  residual  free  chlorine  (determined 
within  a  few  hours  by  orthotolidin)  increases  practically 
proportionately  to  the  increase  in  fixed  chlorine:  that  is, 
chlorine  applied.  AVith  ratio  1:8  the  increase  in  free  chlorine 
is  approximately  one-half  that  obtained  with  ratio  1:4.  These 
freo  chlorine  results  indicate  the  actual  formation  of  chlora- 
mine in  those  treatments  when  ammonia  was  applied  and 
also  indicate  that  with  ratio  1:8  the  result  was  a  mixture  of 
chloramine  and   bleach. 

The   query   has   frequently    been   raised   as  to  difference  of 
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Table  II  is  extremely  interesting  The  amount  of  residual 
(rec  chlorine  is  the  same  for  all  temperatures,  an  average 
of  .05;!  ppm..  in  fact  10  results  out  of  20  tests  are  .03  ppm. 
Ukewise  the  percentage  bacterial  ami  B.  coli  removal  is 
similar  at  all  temperatures.  The  conclusion  is  inevitable 
that  the  actual  work  performed  is  the  same  no  matter  what 
the  temperature  It  is  also  obvious,  however,  that  B.  coli 
•s  present  in  certain  quantities  in  the  treated  water  in  the 
■summer  periods,  out  this  is  due  to  the  fact  that  pollution  is 
greater  in  the  untreated  water  in  the  same  period.  To  re- 
n;ove  this  B.  coli  would  require  the  application  of  a  greater 
dose  of  chlorine,  but  only  because  the  raw  water  was  worse 
and  contained  more  B.  coli  and  not  because  of  any  tempera- 
ture diflerences.  It  may  also  be  true  that  it  at  any  time 
of  year  the  water  should  be  more  highly  colored,  more  tur- 
bid, or  contain  more  organic  matter,  more  chlorine  might  be 
required,  but  temperature  would  not  appear  to  be  the  reason. 

Similar  result^!  are  obtained  it  we  tabulate  the  results 
with  bleach  alone,  but  there  is  no  necessity  for  unduly  bur- 
dening this  paper  with  tables. 

On  several  occasions  while  treating  witii  chloramine  the 
water  was  turbid,  as  Esopus  Creek  is  apt  to  be.  Usually  th» 
turbidity  was  low,  only  two  or  three  ppm..  and  unfortunately 
such  occasions  did  not  occur  during  use  of  bleach  alone.  As 
chloramine  is  stated  to  be  less  affected  by  turbidity,  the 
results  for  chloramine  are  shown  in  Table  III.  It  will  be 
noted  from  this  that  percentage  results  were  good  although 
several   turbidities   were   considerable. 

It  maj    be  said  in  closing  that  the   results   for  IG   months 


up  to  and  including  Feb.  1,  i;ii;i.  have  been  included  in  this 
study,  and  that  not  until  the  Hnal  averages,  obtained  within 
a  week,  did  it  appear  that  the  chloramine  gave  no  greater 
oniciency  than  bleach  alone.  That  such  excellent  results 
were  obtained  with  such  suiiiU  doses  of  chlorine  was  a  com- 
plete surprise  to  the  writer  and  can  only  be  explained  by 
the  character  of  the  water  treated  which  is  practically  free 
from  organic  mutter,  extremely  low  in  mineral  content  and 
usually  colorless  and  free  from  turbidity  in  the  absence  of 
storms.  Ouring  storms  the  water  is  very  muddy  and  the 
How  is  beyond  the  capacity  of  the  plant  to  treat.  Table  I\' 
shows  average  analyses  of  Esopus  Creek  for  the  year  1918, 
previous  to  chlorination. 

TARMO    IV.— A\KKAi;i5   ANAL.YSES    OF    ESOPUS    CREEK    FOR 
TIIIO    VEAU    1918,   BEFORE   CHLORINATION. 

Tuiblillty  ippni.  silica)    fi 

Color  ippni.  platinum)    .• 6 

I  iilor    Iv-f  e 

.Mbuniinold  ammonia,   total   ippm.   nltrogei) 029 

.MbuinliioUl   nmnioiila.   suspended   (ppm.   nltrosen) Oil 

.Mbuinlnold   ammonia,    solution    (ppm.   nitrogen) 018 

Free  ammonia  i  i>pm.   nltrosen) 004 

NItrllo  IPP"'.  nitrosen)    002 

Nitrate   (ppm.    nitrosen) 08 

Total  solids,   ppm 37 

l>oss  on  iRnlllon.  ppm 9 

Fixed  solids,  ppm 2S 

Chlorine,  ppm l.,S 

Hardness    I  ppm.   calcium   carbonate) 14 

.Mknllnlty  (ppm.  calcium  carbonate) *. 9 

Iror..    ppm 20 

Bacteria  per  cc.  37°  C Ill 

B.  coll  in:   O.Clcc.   % 17 

O.lcc.     % 26 

l.Occ.     % 6(5 

lO.Occ.      % 97 


Waterways 

We  acknowied.ge  recf'ipt  of  a  pamphlet  reporting  the  pro- 
ceedings of  a  waterway  convention.  One  speaker,  having 
spent  years  studying  the  subject  and  being  copiously  forti- 
fied with  engineers'  opinions,  statistics  of  freight  movement. 
.and  the  like,  is  sure  the  proposed  canal  will  be  of  immense 
benefit  to  the  city  and  to  that  entire  region.  Another 
speaker,  who  has  likewise  given  the  sub.iect  diligent  study 
and  is  also  liberally  supplied  with  citations  and  statistics,  is 
equally  sure  the  canal  will  be  a  sheer  waste  of  money  and 
energy,  never  doing  anybody  any  real  good. 

That  particular  region,  as  it  happens,  has  been  discussing 
that  particular  canal  for  25  years.  So  far  as  we  can  see  it 
is  no  nearer  a  decision  about  it — to  build  it  or  to  drop  it — 
than  it  was  a  quarter  of  a  century  ago.  Probably  there  are 
.^JO  canal  projects  or  waterway-improvement  projects  in  about 
the  same  state.  As  a  matter  of  fact,  the  whole  subject  of 
inland  waterways  is  in  pretty  much  that  state. 

The  country  makes  no  decision  about  it — makes  no  ap- 
prpach  to  setting  up  a  national  policy  based  on  compre- 
hensive scientific  study. 

There  has  been  twenty  years  of  discussion  all  over  the 
country,  but  the  subject  is  as  much  up  in  tlie  air  now  as  it 
was  in  the  beginning.  We  are  as  far  as  ever  from  having 
an  authoritative  body  of  experience  and  opinion  by  which 
any  given  iiroject  can  be  judged  intelligently  and  a  fairly 
satisfactory  conclusion  reached  about  it. 

We  are  making  no  tangible  progress  in  that  direction.  We 
can  make  no  real  progress  until  the  Federal  Government 
takes  up  the  subject  seriously,  with  an  organization  and  a 
body  of  experts  capable  of  leading  toward  an  intelligent  na- 
tional policy.  Mostly  we  just  sit  round  and  talk  more  or 
less  aimlessly. 

If  the  effort  now  expended  on  many  detached  schemes 
were  directed  to  getting  a  permanent  expert  waterways 
commission  better  progress  might  be  expected. — Saturday 
Evening  Post. 


TABLE  UI.— TREATMENT  OF  TURBID  WATER  "mTH  CHLORAMINE. 


Turbid-  .Available  chlorine  applied. 

itv.                                                          Ratio.  Theory.  Analyt. 

ppm.  Lab.                                        NHnrCl.  PPin.  ppm. 

6  Cat 1:4             0.15  0.15 

S  Cat 1:4            0.15  0.25 

S  Cat 1:4             0.15  0.05 

10  '^at 1:4             0.15  0.40 

12  ITos.*     ■    1:S  0.05  

11  Car 1:4             0.05  0.20 

IS  Cai 1:4            0.10  0.05 

2-  Cat 1:<;  0.15 

?,n  Pros.*     1:1             0.07  0  07 

ill"  Pros.'     1:4            0.03  0.05 

'^?t-vtTal  day,^  in   iran.=  it. 
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Central  Station  Heating:   Its  Econ- 
omic Features  With  Reference 
to  Community   Service 

An  interesting  discussion  of  tlie  possible  ecionumies  that 
may  be  effected  tlirough  the  wider  use  of  central  heating  is 
given  by  Mr.  John  C.  White  in  Technical  Paper  191,  issued 
recently  by  the  IT.  S.  Department  of  the  Interior.  Extracts 
from  the  paper  follow: 

Engineering  attention,  technical  and  commercial,  has  been 
occupied  with  the  procuring  of  a  mechanical  horsepower 
or  kilowatt  hour  at  the  switchboard  for  the  least  possible 
evaporated  cost,  regardless  of  the  waste  of  heat  not  ac- 
counted for  at  that  point.  The  limit  of  attainment  in  this 
direction  seems  now  to  have  been  rea,ched,  and  yet,  with 
units  of  the  highest  type  and  largest  capacity,  little  more 
than  15  per  cent  of  the  heat  of  the  fuel  can  be  converted 
into  ii  salable  product  as  power  in  the  form  of  electric  en- 
ergy. Many  installations  do  not  deliver  more  than  G  per 
cent  -if  the  energy  of  the  fuel  as  a  commercial  product.  A 
method  that  promises  at  once  to  increase  greatly  the  com- 
munity value  of  such  stations  in  the  use  of  coal  is  certainly 
worthy  of  consideration.  This  gain  can  be  had  by  combining 
with   steam   power   plants   a   central-station   heating   system. 

Central-station  heating  affords  an  opportunity  for  a  great 
saving  in  the  total  fuel  consumed  by  a  community,  at  the 
same  time  for  furnishing  electric  energy  in  greater  quantity 
and  at  a  less  cost  than  otherwise.  To  make  such  service  a 
?uccess,  however,  some  important  factors  must  be  consid- 
ered and  better  methods  and  designs  must  be  worked  out. 
In  the  late  seventies  the  first  central-station  heating  plant 
was  put  in  service  at  Lockport,  N.  Y.  Since  that  time  many 
others  have  been  installed  with  varying  degrees  of  success. 
Much  has  been  done  in  the  development  of  methods,  the 
perfection  of  devices,  and  the  working  out  of  rate  schedules 
and  other  commercial  problems.  In  certain  directions  a 
great  deal  of  room  for  improvement  remains. 

Early  Rates  and  Costs. — As  regards  selling  steam  on  the 
basis  of  square  foot  or  radiation,  it  is  interesting  to  note 
that  although  many  of  the  early  companies  charged  a  rate 
of  only  20  ct.  a  square  toot  for  a  season  of  7  to  8  months, 
the  fuel  cost  of  energizing  such  radiation  for  a  period  of 
only  6  months  (180  24-hour  days)  with  an  over-all  efficiency 
of  50  per  cent  in  generation  and  transmission,  steam  at 
atmospheric  pressure  and  a  room  temperature  of  70°  F. 
would  be  from  10  ct.  to  15  ct.  with  coal  at  .$1  a  ton.  As  few 
places  get  their  coal  at  that  price,  it  is  easy  to  see  why 
these  heating  companies  failed.  Many  electric  companies 
claim  a  cost  of  less  than  1  ct.  per  kilowatt  hour  at  the 
switchboard;  the  public,  however,  except  a  few  large  con- 
sumers, pays  three  to  ten  times  that  amount  for  what  it 
uses.  Steam  heating  can  never  carry  such  an  excess  as  that, 
but  there  must  be  a  margin  for  operation,  distribution,  over- 
head costs,  and  profit.  An  attempt  will  be  made  in  the 
following  analysis  to  determine  what  difference  exists  be- 
tw'een  the  cost  of  central-station  service  and  of  private 
heating  to  cover  those  items. 

It  has  been  shown  above  that  the  average  fuel  cost  of 
supplying  radiation  under  the  conditions  named  will  be 
about  10  ct.  to  15  ct.  a  square  foot  for  a  season  of  8  months 
with  coal  at  Jl  a  ton.  The  cost  can  be  readily  computed 
with  coal  at  any  other  price. 

These  differences  represent  charges  against  dirt,  smoke 
and  excess  labor.  Taking  Illinois  coal  at  $1  a  ton  with  a 
heat  value  of  12,000  B.  t.  u.  and  19  per  cent  average  efficiency, 
the  cost  of  energizing  a  square  foot  of  radiation  for  ISO  24- 
hr.ur  da\s  will  be  slightly  higl'.er  than  for  the  central  station 
mentioned  above,  at  which  the  overall  efficiency  of  genera- 
tion and  distribution  was  taken  at  5€  per  cent.  The  fuel  costs 
for  the  heat  are  therefore  about  the  same,  whether  fur- 
nished by  the  private  plant  or  from  a  central  station  with 
the  same  coal  at  the  same  price. 

However,  there  are  these  differences:  The  central  sta- 
tion can  work  at  a  higher  sustained  efficiency,  it  can  pro- 
duce electric  current  as  a  by-product,  with  only  a  small 
loss  of  heat  generated,  and  it  eliminates  all  of  the  ob.iec- 
tionable  features  of  a  priVate  plant. 

Value  of  Central-Station  Service. — The  development  of 
equipment  and  methods  of  operation  in  the  boiler  room  of 
the  modern  power  plant  leave  little  to  be  accomplished  there. 


.Soft  I'oal  may  be  had  under  contract  in  Wisconsin  at  prices 
ranging  from  ii'lJiO  to  $3.50  a  ton  on  track.  It  can  be  burned 
at  an  overall  efhciency  of  more  than  70  per  cent  and  the  prod- 
uct is  heat  >vith  steam  as  the  medium  of  transmission.  Served 
in  this  manner  through  a  distribution  system,  the  lieat  has 
a  value  equivalent  to  the  total  cost  of  all  items  included  in 
the  operation  of  a  private  plant  plus  a  considerable  allow- 
ance for  greater  convenience  and  perfect  cleanliness,  and 
it  should  be  so  estimated  in  all  corhputations  on  which  costs 
and  rates  are  based.  Whether  or  not  it  is  exhaust  steam 
in  whole  or  in  part  has  no  bearing  on  the  case:  any  al- 
lowance in  that  direction  should  affect  the  price  of  current 
and  not  the  cost  or  the  value  of  the  steam.  The  steam  should 
be  considered  the  prime  requisite,  with  any  output  of  inci- 
dentally derived  current  as  the  by-product:  it  will  then 
stand  or  fall  on  its  own  merits,  which  is  the  only  substantial 
measurement  of  its  value. 

Price  of  Cleanliness. — As  regards  the  generation  and  trans- 
mission costs  and  margins,  with  coal  at  $3  a  .ton  and  an 
overall  efficiency  in  the  plant  of  70  per  cent,  the  steam  can 
he  delivered  at  a  fuel  cost  of  approximately  30  ct.  a  square 
foot  of  radiation  served.  This  allows  20  per  cent  for  lo.-;s 
in  transmission,  a  figure  considerably  higher  than  that  found 
in  practice,  as  evidenced  by  a  report  in  Bulletin  4ti  of  the 
Bureau  of  Mines,  where  this  loss  is  given  at  4  to  12  per  cent. 
The  same  coal  will  cost  the  private  user  about  $4  a  ton 
delivered  at  his  premises,  and  his  fuel  cost  for  the  same 
amount  of  heat  will  therefore  be  not  less  than  40  ct.  But 
he  still  has  the  smoke,  dirt,  and  labor  inseparable  from  the 
use  of  soft  coal  in  such  equipment  as  he  uses.  How  much 
is  the  elimination  of  these  objectionable  items  worth?  Based 
on  the  relative  costs  of  the  soft  coal  and  those  substitutes 
— anthracite  and'  coke — which  most  nearly  accomplish  the 
desired  end,  so  far  as  smoke  and  dirt  are  concerned,  it  is 
worth  from  100  to  150  per  cent  more  than  the  estimated 
cost  of  the  heat  as  computed  at  40  ct.,  making  the  real 
value  SO  ct  to  $1.20  a  square  fool  a  season.  These  values 
may  seem  high,  hut  when  the  economy  that  is  practiced  in 
the  use  of  hard  coal  at  $8  to  $9  per  ton  is  considered,  they 
are  probably  not  far  from  correct.  Storm  windows  are  in 
evidence  at  the  first  frost,  ventilation  is  sacrificed,  and  no 
space  is  heated  that  is  not  absolutely  needed. 

Comparison  of  Costs  of  Service  From  Private  Plant  and 
Central  Station.  -The  use  of  the  fuels  of  higher  grade  elim- 
inate.'^ nearly  all  of  the  smoke,  part  of  the  dirt,  and  some 
of  the  labor;  but  it  is  still  necessary  to  provide  and  main- 
tain a  furnace  and  furnace  room,  and  coal  storage,  to  buy 
<oa'.,  haul  out  ashes,  and  do  the  firing  and  cleaning.  These 
items  may  be  estimated  to  cost  approximately  50  per  cent 
of  the  value  of  the  soft  coal  burned.  Assuming  that  the 
investment  is  already  made  in  the  private  plant,  we  can 
make  no  charge  against  that  except  for  repairs;  these  can 
be  neglected,  as  can  also  any  charge  for  space  occupied  by 
equipment,  coal,  or  ashes.  Adding  the  50  per  cent,  or  2ii 
ct  a  square  foot  as  determined  above,  to  each  of  the  costs 
for  the  various  fuels,  gives  us  rates  of  CO  cents,  $1,  and 
SI. 40,  respectively,  for  Illinois  coal,  anthracite,  and  coke. 

The  central  station  can  deliver  the  heat  for  a  fuel  cost  of 
311  ct.,  thus  leaving  margins  of  30  ct.,  70  ct..  and  .?1.10  to 
co\er  labor,  maintenance,  overhead  charges,  transmissions, 
and  profits.  In  addition  the  station  has  eliminated  every 
objectionable  feature  of  the  service  and  made  it  a  con- 
venience instead  of  a  nuisance.  It  is  a  fact  worthy  of 
note  that  central-station  heating  plants  are  most  numerous 
where  coal  is  abundant  and  cheap,  as  in  Pennsyh  ania.  (Ihio, 
Indiana,  and  Illinois.  This  confirms  the  deduftions  to  be 
made  from  the  precedin.g  statements,  namely,  that  the  elim- 
ination of  the  smoke,  dirt,  and  disagreealile  labor  are  of 
more  value  in  some  cases  than  the  fuel  cost  of  the  heat.  In 
the  localities  cited  this  elimination  is  essentially  what  the 
consumer  is  paying  for.  The  fuel  is  so  convenient  and  cheap 
that  the  central  station  can  offer  no  inducements  in  the  way 
of  economy  and  must  make  its  campaign  for  consumers 
on  the  basis  of  better  service  and  the  elimination  of  all 
objectionable    features. 

Another  Method  of  Computing  Costs. — If  the  problem  be 
viewed  from  another  angle,  the  cost  of  evaporating  a  given 
(luantity  of  water  in  the  large  public-service  plant  as  against 
llie  small  private  plant  may  furnish  a  better  basis  for  com- 
parison. With  Illinois  coal  at  $1  a  ton  the  fuel  cost  of 
evaporating  1.000  lbs.  of  water  (generating  1,000  lbs.  of 
steaml.  should  not  exceed  7  ct.,  and  in  a  well-designed  and 
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-  t  plant  nmy  bo  ad  low  as  C  ol.  Tho  otlior 
thin  IlKurf  to  about  10  ot..  uml  with  ooul 
ill  |;  .1  loii  i;u'  loiul  lOHt  will  bo  ubout  Ju  Cl.  Th<'  priviito 
con^tvimer  can  not  o\i«poruto  tho  wntor  any  nioro  olioaiily. 
tin  on  with  ooal  at  Iho  same  prico,  iind  as  ho  will  havo  to 
i>»y  moro  for  hU  coal,  tho  cost  to  him  of  evaporation  will 
b«  nion«  ^^lrlhormoro.  when  he  only  requires  a  little 
ho.i'.  hl«  elHcloncle8  drop  very  low  anil  his  losses  are  cor- 
ro^pondlnicly    Kront. 

In  the  former  esllniuto  of  the  cost  of  supplying  1  s<|,  (t. 
of  radiation  tor  ISO  days,  a  rate  of  emission  ot  2.5.  B.  t.  u. 
p«>r  snuaro  fiwt  of  surface  and  per  doKroo  difference  of  tem- 
perature per  hour  was  used.  This  rale  shows  that  l.'iOO.OdU 
B.  t-  u.  will  be  rtHjulred  to  energUe  1  sq.  ft.  of  radiation 
for  tho  1Si>day  period.  In  ovaporatinK  1.0lH>  lbs.  of  water 
there  will  be  a  heat  transfer  of  approximately  1,000.000 
H.  t.  u..  at  a  cost  of  Ij  cl.  with  coal  at  fi  per  ton.  Krom 
theiie  rlKurvs  It  evidently  will  cost  3S  to  10  ct.  to  evaporate 
tho  water  for  each  square  foot  of  radiation  supplied.  To 
this  tlKuro  must  bo  added  all  investment,  operation,  and 
other  charm's  on  tho  plant  and  distribution  system.  These 
can  only  be  approxlnialod  in  a  general  estimate,  but  they  will 
probably  equal  the  fuel  cost,  thus  bringing  the  total  up  to 
T:.  ct.  or  SO  ct  a  square  foot  a  season.  The  reader  should 
bear  In  mind  that  In  tho  coniputations  made  on  the  quantity 
of  heat  omitted  the  radiation  was  assumed  to  be  active 
for  the  entire  period.  This  will  not  necessarily  hold  in 
practice,  and  less  heut  will  be  required  than  the  amount 
charged  in  thU  discussion.  It  makes  little  difference,  how- 
ever, as  the  lessening  will  be  of  about  the  same  amount 
whether  the  radiation  system  is  heated  privately  or  from  a 
public-service  main. 

Rates  for  Steam.— From  schedules  of  rates  in  2S  cities 
of  25.000  to  10.000  inhabitants,  covering  many  ot  the  Middle 
States  and  ranging  in  latitude  from  Jliehigan  and  New  York 
to  Georgia  and  Alabama,  the  highest  minimum  is  $1..50  per 
l.OOO  lbs.  of  steam  at  Peoria.  III.,  and  the  lowest  for  maxi- 
mum consumption  is  $0.3105.  at  St.  Joseph.  Mo.  The  lowest 
minimum  consumption  rate  is  54  ct.  at  Penn  Van  and 
Geneva.  N.  Y..  and  the  rate  at  these  points  for  maximum 
consumption  is  46.35  ct.  The  average  minimum  and  maxi- 
mum rates  for  the  28  cities,  on  quantities  of  4,000  lbs.  or  less 
and  300.000  lbs.  or  more  per  month,  are  70.40  ct.  and  45.33 
ct.  respectively. 

Although  a  study  of  these  rates  shows  an  entire  lack  of 
uniformity  in  the  methods  ot  their  deduction,  the  averages 
given  confirm  in  general  the  costs  established  herein  for 
furnishing  l.OOO  lbs.  of  steam.  In  about  half  of  the  schedules 
mentioned  there  is  a  demand  charge  of  $3  a  month  minimum 
on  all  buildings  having  a  capacity  of  25,000  cu.  ft.  of  space 
ur  less,  and  of  12  ct.  per  l.Odo  cu.  ft.  on  all  buildings  having 
more  than  25.000  cu.  ft. 

Economy  in  Use  of  Steam. — From  the  foregoing  statement 
it  is  evident  that  economy  in  the  use  ot  steam  from  a  central 
station  is  just  as  important  as  in  the  use  of  the  coal  burned 
privately.  Will  the  consumer  practice  such  economy?  Under 
meter  rates  it  may  be  assumed  he  will;  under  flat  rates  he 
will   not. 

The  quantity  of  heat  necessary  to  supply  1  sq.  ft.  of  ra- 
diation for  a  season  is  probably  less  than  the  estimate  already 
given  in  this  paper.  Although  the  heating  season  is  one  to 
two  months  longer  than  the  period  named,  there  are  many 
days  in  the  early  fall  and  late  spring  when  little  or  no  heat 
is  required.  At  such  times  the  consumer  can  reduce  his 
active  radiation  to  any  amount  desired  with  less  trouble 
than  he  can  allow  his  fire  to  go  out  and  be  rekindled.  He 
can  also  have  a  little  heat  in  the  morning  and  shut  it  off 
for  the  rest  of  the  day  if  he  desires.  A  proper  demand 
charge  will  protect  the  central  station  at  such  times.  The 
station  has  a  decided  advantage  also,  in  that  the  boiler 
capacity  in  service  can  be  adjusted  to  the  load  and  maxi- 
mum efficiency  can  thus  be  maintained. 

As  with  some  electric  schedules,  many  rates  for  steam 
throw  a  burden  on  the  small  consumer  by  forcing  him  to 
help  pay  for  the  large  consumer's  service.  In  the  case  of 
steam  no  consumer  should  be  given  service  for  less  than 
a  profitable  rate.  In  rates  for  electric  service  there  is  some 
justification  for  the  apparent  discrimination  as  between 
the  large  and  the  small  consumers.  The  former  may  make 
their  heaviest  demands  at  times  when  the  load  is  otherwise 
small  and  thus  increase  the  station  load  factor.  In  a  central- 
-: alien  steam  plant  the  load  varies  little  during  the  entire 


day;  tho  dommuls  lor  stciiiu  go  up  ami  iici»n  witli  changes 
ot  wind  and  omporature.  Such  <iiangos  aro  gradvuil  and 
give  ample  lime  for  controlling  tho  operation  ot  tho  plant 
so  that  the  highest  possible  economy  can  be  realized.  Haily 
peaks  are  almost  negli>;ible. 

Exhaust  Steam.  Thus  far  oxhausi  steam  has  not  been 
consldorod.  l)ocau<o  there  is  no  dilTerence  between  It  and 
live  steam  ut  ti>e  same  pressure,  and  any  exhaust  steam  that 
may  become  available  for  distribution  costs  just  as  much 
and  It  Is  worth  just  as  much  for  heating  as  though  a  part 
ot  Its  original  energy  had  not  been  converted  into  useful 
work.  In  a  combined  plant  Ilu-  product  resulting  from  such 
ooi'.veision  usually  electric  current  should  he  considered 
i;io   I.  >''puiil  ■■<  t 

Where  the  healim;  load  i.-^  larm>  enough  to  cntiroly  sub- 
•nerge  the  power  load,  there  will  be  no  peaks  in  the  boiler 
room  through  variations  in  the  latter.  The  power  require- 
ments may  vary  from  zero  to  maximum  and  the  firemen  will 
not  know  unless  some  one  tells  them  or  they  consult  the  rec- 
ords. When  the  engines  are  exhausting  their  maximum  into 
the  heating  system,  the  reducing  valves  will  automatically 
out  the  supply  of  live  steam  to  the  required  amount;  when 
the  power  load  is  a  minimum  they  will  open  and  supply  live 
steam  to  meet  the  requirements. 

Correlation  of  Loads. — The  relations  ot  loads  have  au  im- 
iionant  tiearing  on  the  subject  of  central-station  heating. 
When  the  heating  load  is  made  large  enough  to  give  con- 
stant conditions  in  the  boiler  room,  the  efficiency  there  Is 
decidedly  increased  and  the  power  output  becomes  a  mat- 
ter of  secondary  importance  as  far  as  cost  of  operation  is 
concerned.  Although  for  commercial  reasons,  the  keeping 
of  the  station  load  factor  for  power  as  high  as  possible  is 
desirable,  peaks  and  variations  of  any  magnitude  within 
the  rang-^  of  the  boiler  capacity  can  be  handled  with  a  min- 
imum of  trouble  and  expense. 

Tho  early  efforts — and.  perhaps,  those  of  the  present — 
sought  to  adjust  the  loads  in  a  combined  power  and  heat- 
ing plant  so  that  the  exhaust  steam,  considered  as  a  by- 
product, would  do  the  greater  part  of  the  heating,  as  much 
live  steam  as  might  be  necessary  being  introduced  in  se- 
vere weather.  In  the  average  central  station  such  adjust- 
ment is  practically  impossible  because  of  the  wide  varia- 
tions in  the  power  of  requirements  during  the  day  and  the 
comparative  uniformity  of  the  heating  load.  In  consequence, 
.some  exhaust  steam  is  wasted  during  part  of  the  day  and 
considerable  live  steam  is  required  at  other  times.  This 
procedure  leads  to  the  establishment  of  heating-service 
rates  that  are  too  low.  and  it  is  wrong  in  principle  for  the 
reason  that  it  discounts  the  value  of  exhaust  steam.  For- 
tunately, is  some  of  the  successful  plants  the  heating  load 
crept  up  until  a  favorable  relation  existed  and,  had  the  rates 
been  equitable,  a  much  better  showing  could  have  been 
made.  Where  the  service  is  good  it  is  not  difficult  to  book 
all  of  the  business,  or  a  satisfactory  part  of  it.  along  the 
mains.  The  central  station  that  can  supply  both  heat  and 
current  stands  a  much  better  chance  of  displacing  the  iso- 
lated plant  than  the  one  that  can  bid  for  the  current  only. 

In  cities  of  medium  size  the  same  boiler  capacity  that  can 
supply  three  or  four  blocks  with  current  will  heat  only 
about  one.  This  fact  should  make  it  comparatively  easy 
to  take  on  a  suitable  heating  load  within  easy  distance  of 
the  plant  where  the  latter  is  situated  favorably  with  regard 
to  the  district  served.  By  a  suitable  heating  load  is  meant 
one  in  which  the  power  ceases  to  be  a  factor  so  far  as  the 
boiler  requirements  are  concerned.  As  regards  steam  that 
has  passed  from  a  higher  to  a  lower  pressure  by  doing  useful 
work  in  an  engine,  ii  is  in  a  way  analogous  to  water  that  is 
used  tor  irrigation,  navigation,  or  any  other  purpose  after 
it  has  driven  the  wheels  ot  a  power  plant.  The  quantity  ot 
water  remains  the  same,  and  if  it  still  has  sufficient  head 
or  depth  it  will  irrigate  as  much  land  or  float  as  large  a 
boat.  The  steam,  after  it  has  passed  the  engines,  will  do 
nearly  as  much  heating  as  it  would  before.  The  curren 
generated  may  vary  from  zero  to  maximum,  with  only  a 
trifiirg  increase  in  the  quantity  of  fuel  required. 

For  this  reason  the  steam  should  be  considered  the  prime 
requisite  and  anv  current  produced  should  be  considered 
the  by-product.  The  latter  will  be  cheapened  somewhat  by 
the  process  and  a  correspondingly  greater  number  of  people 
will  be  benefited  by  the  combination.  Also,  the  fuel  will 
be  utilized  more  efficiently. 

Hot  Wat^r  as   Heating   Medium. — Steam  is  mo^t  generally 


(60) 


Knijineering  and  Contracting  for  March  12,  1919. 


267 


used  as  the  medium  for  con\eyiug  the  heat  to  the  consum- 
ers, although  hot  water  has  its  advocates,  and  in  some  ways 
it  has  advantages.  Where  hot-water  radiation  has  already 
been  installed  it  is  a  simple  matter  to  put  in  a  small  heater 
and  use  the  steam  (or  heating  the  water  instead  o£  heating 
it  directly  by  a  coal  fire.  Nearly  any  kind  o£  steam  or  hot- 
water  system  that  a  consumer  may  have  can  be  satisfactorily 
operated  from  the  central  station  mains  by  using  the  neces- 
.sary  devices  for  pressure  regulation  and  control.  All  instal- 
lations should  have  therniostatic  regulation  if  the  best  econ- 
omy is  to  be  maintained. 

Good  Engineering  Necessary.  The  design,  materials  of 
coustructiou.  and  the  methods  of  operation  of  district  steam- 
heating  plants  require  careful  consideration  by  competent 
engineers  to  insure  the  success  of  each  installation.  Gen- 
erally, the  pipe  lines  have  been  iron  or  steel  pipe,  several 
times  heavier  and  stronger  than  necessary  for  the  pressure 
carried  but  tailing  rapidly  by  corrosion.  It  is  a  false  econ- 
omy to  use  material  not  permanently  resistant  to  destruc- 
tive agents.  The  pipe  is  only  one  item  of  the  underground 
expense,  and  means  should  be  devised  of  making  it  durable. 
The  best  is  the  cheapest  where  a  long  life  with  low  main- 
tenance cost  i';  necessary  to  success. 

The  practice  has  been  to  lay  the  mains  in  the  streets  or 
alleys.  This  is  desirable  wherever  possible.  However,  in 
mine  and  mill  work  the  mains  are  frequently  carried  con- 
siderable distances  overhead.  Tunnels  are  convenient,  but 
their  cost  is  generally  prohibitive  except  in  the  largest 
■cities.  Our  city  planning  should  include  better  provision 
for  underground  services  than  is  to  be  had  at  present.  The 
streets  are  practically  the  same  in  width  and  surface  ar- 
rangement that  they  were  50  years  ago,  when  gas  and  water 
were  the  only  utilities  requiring  space;  at  present  there  are 
■some  six  or  more  besides  the  sewers,  and  the  number  will 
jncrase. 

Recommendations. — Based  on  the  foregoing  discussion  it 
■would  appear  advantageous   to — 

Select  plant  locations  favorable  to  the  district  to  bo 
-served. 

Adopt  more  permanent  construction  materials  and  im- 
proved designs. 

Submerge  the  power  load  entirely  at  all  times  during  the 
cheating  season. 

Put  all  consumers  on  meter  rates  with  an  equitable  de- 
Tuand  charge. 

Rnn  compound  engines,  or  exhaust  the  turbines  tandem 
to  simple  engines  during  the  summer  months. 


Results  of   a  Water    Waste  Survey  at 
Buffalo,  N.  Y. 

Water  consumption  at  Buffalo,  N.  Y.,  was  reduced  from 
350  gal.  per  capita  to  2G0  gal.  per  capita  as  the  consequence 
<o£  a  water  waste  survey.  This  result  was  obtained  when 
iess  than  60  per  cent  of  the  city  had  been  covered  by  the 
survey.  The  actual  saving  was  approximately  53,000,000 
.•gal.  daily.  Of  this  amount  about  10,000,000  gal.  was  due  to 
underground  leakage  actually  located  and  stopped,  none  of 
which  appeared  on  the  surface.  The  remaining  reduction 
-\vas  accomplished  by  systematic  house-to-house  inspections, 
jiiade  in  connection  with  pitometer  district  gagings. 

In  organizing  the  work,  the  city  was  laid  out  Into  10  sec- 
tions; each  section  was  divided  into  6  to  10  districts.  The 
■water  was  measured  by  the  pitometer  in  each  district,  and 
irom  the  legitimate  uses  and  other  conditions  in  the  dis- 
trict, it  was  determined  whether  or  not  a  reasonable  amount 
■was  supplied.  The  -work  was  started  with  eight  inspectors, 
.and  was  done  under  the  supervision  of  one  engineer.  Dur- 
ing the  past  summer  40  inspectors  were  on  the  job,  tour 
gangs  in  the  day  and  two  gangs  at  night,  and  four  engi- 
-neers  in  charge  of  the  work. 

Underground  leakage  amounting  to  10,000,000  gal,  a  day 
was  due  principally  to  leaking  services.  There  were  found 
89  corporation  cocks  leaking  badly,  about  90  per  cent  of 
them  being  "unfinished  supplies."  On  one  block  the  leak- 
age amounted  to  150,000  gal.  a  day  from  nine  unfinished 
•supplies.  Another  cause  was  blown  joints;  there  were 
found  21  blown  joints  and  10  broken  mains.  The  broken 
mains  were  the  biggest  source  of  loss  per  leak,  states  Mr. 
lEgbert  D.  Case  in  the  March  .Journal  of  the  American 
"Waterworks  Association,  to  which  we  are  indebted  for  the 
above  note. 


Control  of  Sewage  Filter  Fly  by 
Flooding  Filter  Bed 

Drowning  has  proved  an  effective  measure  to  kill  the 
myriads  of  small  mothlike  flies  in  sewage  sprinkling  filters 
at  Plainfiekl,  N.  J.,  states  Charles  Stewart  Beckwith,  assist- 
ant entomologist.  New  Jersey  State  Agricultural  Experiment 
Station,  in  "New  Jersey  Municipalities. '  Slight  changes  in 
construction  plans  and  management  of  plants  only  are 
necessary   to   provide  adequate   treatment. 

In  studying  the  hauits  of  the  flies  it  was  determined  that 
the  breeding  continues  throughout  the  entire  season.  Dur- 
ing the  cold  months  they  are  present  in  the  larva  land  pupal 
stages,  emerging  with  the  coming  of  warm  weather.  The 
abundance  of  the  flies  during  the  warm  season  seems  to  be 
correlated  with  the  thickness  of  the  film  on  the  stones  of 
the  filter.  A  thick  film  means  more  flies  and  a  thin  fllm, 
fewer  flies.  The  thick  film  of  late  spring  gives  rise  to  a 
tremendous  brood.  After  the  film  has  broken  down  and 
sluffed  off  the  number  is  greatly  reduced.  Again  with  the 
thickening  of  the  film  in  late  summer,  the  flies  become 
abundant. 

The  study  demonstrated  that  the  control  of  the  pest  by  the 
destruction  of  the  adults  was  impracticable,  and  that  the 
attack  must  be  made  during  the  immature  stages.  The 
study  also'  showed  that  in  the  larval  and  pupal  stages  the 
organisms  live  imbedded  in  the  film  and  that  during  both 
stages  they  thrust  their  breathing  tubes  through  this  film 
to  obtain  atmospheric  air.  The  problem  of  control  was  thus 
resolved  into  one  of  finding  an  agent  which  would  destroy 
the  larvae  and  pupae  and  not  injure  seriously  the  film 
on  which  the  efliiciency  of  the  filter  bed  depends.  A  large 
number  of  chemicals  were  tried.  Any  of  these,  when  used 
in   sutticient  strength  to  kill  the  fly,  also  damaged  the  film. 

In  holding  over  samples  of  sewage  filter  fllm,  Dr.  T.  J. 
Headlee  unthinkingly  covered  them  with  water.  •  When  he 
examined  the  material  the  following  day  he  found  larvae 
and  p;ipae  dead,  although  other  parts  of  the  film  seemed 
normal.  This  accidental  observation,  when  correlated  with 
the  fact  that  the  breathing  tubes  of  maggots  and  pupae 
project  through  the  film  in  such  a  way  as  to  obtain  atmos- 
pheric air,  led  to  suspicion  that  the  species  could  be  con- 
trolled by  drowning.  The  following  table  is  the  compiled 
result  of  three  sets  of  experiments: 


Length    of 

time 

Condition  of  lar- 

Hooded. 

hr. 

vae  and  oupae. 

Condition  of  film. 

16 

Alive 

Alive* 

18 

Alive 

Alive 

22 

95%  dead 

AJive- 

24 

Dead 

Alive 

32 

Dead 

Alive 

36 

Dead 

Slight  putrefaction 

48 

Dead 

Putrefaction 

"Organisms  which  largely  compose  the  film  alive. 

It  thus  seemed  that  submergence  for  24  hours  destroyed 
100  per  cent  of  the  larvae  and  pupae.  To  make  the  matter 
more  certain  one-fourth  of  the  Plainfield  sprinkling  filter, 
amounting  to  a  little  less  than  %  acre,  was  submerged  for 
a  period  of  24  hours  with  ordinary  sewage  water  as  it  came 
from  the  dosing  tank.  At  the  end  of  this  period  the  water 
was  released  and  many  samples  were  taken.  Enormous 
numbers  of  larvae  and  pupae  came  out  with  the  water,  and 
not  one  could  be  found  that  was  alive. 

The  sprinkling  sewage  filter  beds  at  Plainfield  have  con- 
crete containing  walls  with  two  outlet  chambers  leading 
across  it.  A  permanent  fixture  permitting  quick  flooding 
was  arranged  by  plo'wing  a  weir  furnished  with  a  gate  across 
the  lower  end  of  each  outlet.  During  191S,  no  serious  brood 
of  flies  escaped  from  the  filter  bed,  although  during  parts 
of  the  summer  it  was  flooded  every  ten  days.  The  sprinkling 
sewage  filter  fly  can  be  controlled  practically  as  well  as 
experimentally  by  flooding  the  filter  bed  with  sewage  water 
for  a   period   of  24   hours. 


Steam  Thawing  Outfit  for  Sewers  and  Catchbaslns. — Steam 
from  a  portable  boiler  was  used  successfully  last  winter  by 
the  Public  Works  Department  of  Scranton,  Pa.,  for  thaw- 
in.g  sewers  and  catchbasins.  The  outfit  consists  of  a  small 
boiler  fitted  with  a  firebox  grate  and  mounted  on  three  legs. 
Soft  coal  is  used  as  a  fuel.  The  steam  is  directed  into  the 
ice  through  a  ■'''4 -in.  rubber  garden  hose  having  an  iron  pipe 
nipple  nozzle  drawn  to  a  %-in.  opening.  In  one  instance  a 
10-in.  sewer,  G  ft.  underground,  frozen  solid  for  a  distance 
of  about  12  ft.,  was  thawed  in  8  hours  in  zero  weather. 
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iiialviiiK  ;i  iniuiuiilly  air  tight  steel  enclosed  chamber.  The 
upstroani  leaf  consists  of  18-in.  plate  and  angle  girders 
spaood  1'  ft.  \»  in.  centers  with  space  between  girders  en- 
tirely tilled  with  timbers  bolted  to  the  girders  making  a  solid 
continuous  leaf  of  steel  and  timber.  The  idler  is  a  timber 
leaf  made  up  of  12-ln.  x  Vl-in.  timbers  covered  over  with  Va- 
in, skin  plates  and  having  Sin.  diameter  rollers  at  Its  up- 
stream cud  which  move  upon  the  flanges  of  the  upstream 
leaf  girders.  Each  link  is  made  up  of  two  ;!.x3x%  angles 
riveted  together  with  bent  plate  link  straps.  Cross  sections 
showing  the  construction  of  the  upstream  and  downstream 
leaves,  and   idler  are  shown  in   Kig.   1. 

Hinges    of    upstream    and    downstream    leaves    are    of   the 
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Fig.   1 — Sections  of   Members  of    Island    Lake    Log    Gate. 

Stance  as  a  waste  gate.  These  installations  are  described 
by  Mr.  Donald  C.  May  in  a  recent  issue  of  The  Michigan 
Technique,  to  which  w  e  are  indebted  for  the  matter  follow- 
ing. 

Lang  Gate  Regulates  Flow  for  Log  Sluicing. — The  first 
installation  was  in  connection  with  Island  Lake  storage  dam 
of  the  Great  Northern  Power  Co.,  near  Duluth,  Minn.  One 
of  the  requirements  of  this  development  was  a  log  sluice 
capable  of  sluicing  within  a  period  of  two  or  three  days  the 
entire  output  of  a  season's  logging  operations.  After  con- 
siderable study,  a  Lang  gale  was  decided  upon  as  capable 
of  satisfactorily  discharging  the  required  volume  of  water 
necessary  for  log  sluicing  operations  under  the  varying 
conditions  of  pond  water  elevation. 

The  gate  has  a  width  of  30  ft.,  length  center  to  center 
of  pins  of  57  ft.  and  a  variation  in  crest  level  of  20  ft.  No 
attempt  was  made  to  make  the  gate  absolutely  water  tight 
at  its  side  edges  as  a  certain  amount  of  leakage  was  con- 
sidered advisable  to  aid  in  preventing  the  accumulation  of 
ice  during  the  winter  months. 

The  downstream  leaf  is  of  cellular  steel  construction  con- 
sisting of  20-in.  plate  and  angle  girders  spaced  2  ft.  %  in. 
center   to    center   with    Vi-in.    cover   plates   top   and    bottom. 
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Fig.   2 — Section    Through    Outlet    Valve. 

ordinary  bridge  pin  type  with  bronze  bushings  in  pin  bear- 
ing plates.  Curved  plates  attached  to  the  girders  near  the 
hinges  of  curvature  at  the  center  of  the  pin  and  passing  in 
close  proximity  to  the  curved  surfaces  of  pedestal  castings 
for  all  positions  of  the  gate  effectually  prevent  leakage  of 
any  consequence  at  the  hinges. 

A  timber  side  closure,  shown  in  Fig.  1.  prevents  undue 
leakage  at  the  sides  of  the  downstream  leaf  and  the  up- 
stream leaf  and  idler  tisibers  have  a  small  clearance  at  the 
wall  for  the  same  purpose.  The  hinge  connection  of  the 
idler  to  the  downstream  leaf  depends  for  its  water-tightness 
upon  the  small  clearance  allowed  between  individual  hinges. 
Such  leakage  as  occurs  into  the  chamber  of  the  downstream 
leaf  itself  drains  out  between  the  girders  through  drain 
holes  placed   between   pedestal   castings. 

The  operation  of  the  gate  is  controlled  by  the  difference 
in  head  between  the  pond  and  the  gate  chamber,  no  auxil- 
iary power  being  required  for  its  operation  under  any  con- 
ditions of  pond  water  elevation.  A  24-in.  cast  iron  pipe  con 
nects  the  pond  to  the  inner  chamber  and  a  gate  valve  con- 
trols the  admission  of  water.  The  outlet  valve  consists  of  a 
hollow  cylindrical  steel  tube  of  30  in.  internal  diameter  with 
its  bottom  edge  seating  against  a  casting  in  the  valve  well 
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"When  the  gate  is  in  the  closed  position.  The  top  of  the 
cylinder  in  the  closed  position  is  at  the  same  elevation  as 
the  crest  of  the  gate  in  its  up  position  so  that  in  case  of  the 
pond  rising  above  this  elevation  the  water  from  the  inner 
chamber  would  discharge  over  the  top  of  the  cylindrical 
tube  and  down  through  its  interior,  thus  automatically  help- 
ing to  relieve  additional  stress  in  the  gate  due  to  unusual 
floods.  When  the  outlet  gate  is  open,  the  cylindrical  tube 
is  raised  from  its  seat  against  the  conical  casting  and  the 
water  is  discharged  into  the  annular  space  between  the  con- 
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Fig.   3 — Sections   of    Geddes   Waste    Gates. 

•duit  walls  and  the  bottom  of  the  tube.  Fig  2  shows  a  sec- 
tion through  the  outlet  valve. 

When  the  gate  is  in  its  up  position  the  links  connecting 
the  upstream  leaf  to  the  downstream  leaf  are  practically 
in  straight  tension  and  prevent  the  gate  from  rising  to  a 
higher  elevation  regardless  of  pond  water  elevation.  In  the 
down  position  the  upstream  leaf  rests  upon  timber  pillow 
blocks  and  the  downstream  leaf  rests  upon  the  recumbent 
upstream  leaf,  buffer  blocks  attached  to  the  downstream  leaf 
separating  the  two  leaves. 

Since  its  installation  in  1914,  this  gate  has  given  satisfac- 
tory service  and  shows  little  apparent  signs  of  depreciation. 
The  gate  responds  readily  to  the  operation  of  the  valves 
and  a  very  delicate  degree  of  adjustment  is  obtainable. 

Lang  Gate  Used  as  Waste  Gate. — More  recently  upon  the 
Huron  River,  Michigan,  at  the  newly  completed  Geddes 
Plant  of  the  Detroit  Edison  Co.,  two  Lang  gates  have  been 
installed  in  lieu  of  the  more  usual  fainter  gates  or  other 
waste  gates.  These  gates  have  a  combined  capacity  at 
high  water  of  about  9,000  cu.  ft.  per  second,  and  each  is  l'4 
ft.  wide,  30  ft.  long  center  to  center  of  pins  and  has  an  11-ft. 
variation  in  crest  level. 

Their  construction  is  similar  in  a  general  way  to  that  of 
the  Island  Lake  gate  described  above,  although  sizes  of 
members  and  spacing  of  girders  is  necessarily  different. 
Fig.  2  shows  a  section  through  the  upstream  and  down- 
stream leaves  and  the  idler.  The  upstream  leaf  has  a  timber 
decking  rather  than  having  the  space  between  girders  tilled 
with  timbers  as  at  Island  Lake,  and  the  closure  at  sidewalks 
is  considerably  difl'erent. 

The  idler  has  no  rollers  at  its  upstream  end  but  a  6.\()X% 
cap  angle  which  slides  upon  track  plates  on  the  timber  deck- 
ing of  the" upstream  leaf. 

The  downstream  leaf  in  its  normal  up  position  was  made 
absolutely  watertight  at  the  side  wall  by  the  use  of  belt- 
ing engaging  the  hack  of  a  channel  set  into  the  wall  with  its 
downstream  edge  projecting  out  about  %  in.  from  the  wall 
face.     The  belting  is  pressed  tight  against  the  channel'teck 


as  the  gate  rises  to  the  up  po.-^iiion.  Leakage  at  the  down- 
stream hinge  was  prevented  by  calking  with  lead  wool,  and 
filling  with  babbitt  to  close  up  the  small  openings  near  the 
shaft  and  end  girder  connections.  Leakage  into  the  hol- 
low chamber  of  the  downstream  leaf  itself  drains  out  into 
the  tail  race  through  drain  holes  between  hinge  pedestals. 
Leakage  along  the  sides  of  the  upstream  leaf  and  idler, 
from  the  pond  into  the  gate  chamber  is  sufficient  normally 
to  make  the  need  of  an  inlet  valve  unnecessary,  although 
one  has  been  provided  for  emergency  purposes.  A  24-ia. 
motor  operated  gate  valve  controlled  from  the  power  house 
serves  as  an  outlet  for  the  water  in  the  gate  chamber. 

An  arm  keyed  to  an  extension  of  the  downstream  leaf 
shaft  actuates  a  rod  carrying  a  pointer  in  front  of  a  scale 
which  indicates  the  elevation  of  the  gate  crest  for  any  posi- 
tion of  the  gate. 

Provision  has  been  made  to  use  compressed  air  as  an  aid 
in  lifting  the  gate  in  the  down  position,  although  this  will 
not  be  necessary  unless  unforeseen  conditions  should  occur. 
Steam  pipes  have  also  been  placed  in  the  sidewalls  along 
the  edges  of  the  downstream  leaf  in  order  that  if  the  gate 
should  become  frozen  in  place  it  could  be  thawed  out  by  the 
use  of  the  steam. 

The  gate  normally  will  not  be  affected  by  minor  fluctua- 
tions in  the  pond,  and  will  stand  in  its  up  position  until  the 
pond  has  fallen  3  or  4  ft.  below  the  crest  elevation. 

This  gate  has  been  successfully  operated  through  a  period 
of  about  six  months  and  can  be  said  to  be  absolutely  ■water- 
tight. 

Features  of  Lang  Gates. — In  the  position  of  the  gate  (Fig. 
4)  it  will  be  apparent  that  the  downstream  leaf  and  links 
will  be  subjected  to  the  greatest  stress,  neglecting  ice  con- 
ditions, as  the  full  head  of  water  in  the  pond  will  be  ef- 
fective in  holding  up  the  gate,  by  its  pressure  against  the 
downstream  leaf. 

The  links  and  upstream  leaf  will  be  practically  in  straight 
tension  while  the  idler  will  be  subjected  to  little  if  any 
stress.  (The  density  of  the  upstream  leaf  with  its  timber 
decking — and  of  the  idler  is  approximately  equal  to  1).  When 
in  the  down  position  (Fig.  .5)  with  water  passing  over  it 
the   gate   is   raised   by   admitting   water   to   the   inner   cham- 


^«f_  ) 


FIfls.    4,   5    and    6. 

her,  thus  making  the  pressure  head  insidr  the  chamber  equal 
to  that  of  the  pond.  The  buoyancy  of  the  downstream  leaf 
is  effective  in  raising  the  gate  and  the  construction  of  the 
link  is  such  that  the  downstream  leaf  may  rise  by  itself  4 
or  5  ft.  before  pulling  upon  the  link  to  raise  the  upstream 
leaf  with  it.  There  will  be  a  considerable  fall  in  the  water 
surface  through  the  wasteway  when  the  gate  is  down  and 
discharging   water  so  that  the  admission  of  water  from  the 
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l>onJ  wiU  :i(t',!:illy  t-reaiv  «  iliffpri'iu'p  of  hemi  between  (lie 
j„,  ho   wiitt'i-  over   the  giite   which   will   be 

t,f  ;i>;  the  ffiite.     In  the  ilown  position  with 

n..  wnlor  in  tht-  ruio  chamber  unci  water  iinssinK  over  the 
t'liie,  the  Idlor  nuil  iipstreajn  leuf  will  bo  subjected  to  con- 
sidemblo  stress  due  to  bendinK- 

\>   the  K.ilo  moves  from  the  up  position  to  the  down  po- 

'm-  angle  between  the  Idler  and  the  upstream  loaf  in 

•r.in  n'-nrly  0"  to  a  maximum  of  about  2i>'  and  then 

hes  again.    This  angle  becomes  a  maximum 

..t  >uo\vn  as   the  "critical   position"  where   the 

llii  u  angh"  of  '-'i''   with  the  upstream  leaf,  and  the 

s;»,.  pass  this  point  if  the  friction  angle  of  the  idler 

at  this  point  of  coninct  with  the  upstream  leaf  is  too  great. 

Duty    of   Water  for  Deciduous 
Orchards 

In  connection  with  its  studies  for  an  irrigation  project  In 
Victor  Vnlloy.  I'allfonila,  the  Mojnve  River  Commission,  con- 
^Istlni:  of  W.  P.  McClure,  slate  engineer  of  California;  J.  A. 
Sourwine.  engineer  of  San  Hornardino  County,  California, 
and  C.  E.  Tait.  senior  Irrigation  engineer.  I'nited  States 
Offlce  of  Public  Roads,  collected  a  considerable  amount  of 
inforniation  on  the  amount  of  water  required  for  irrigatini; 
deciduous  fruits.  The  following  is  extracted  from  the  report 
of  the  commission: 

In  order  to  arrive  at  a  proper  duty  of  water  for  deciduous 
fruits,  data  were  obtained  on  the  use  of  water  on  all  orchards 
in  Victor  Valley,  where  the  amount  applied  was  measured 
or  where  records  of  value  were  kept.  Data  were  also  secured 
on  orchards  in  other  sections  of  southern  California  where 
somewhat  similar  conditions  obtain. 

Information  was  obtained  regarding  55  orchards  of  various 
ages,  representing  a  combined  area  of  1,278  acres.  The 
averaee  amount  of  water  applied  to  these  orc5-ards  was 
(•.PS  acre  foot  per  acre.  The  results  of  the  inquiry  segregating 
the  trees  under  .i  years  of  age.  and  over  5  years  ot  age 
are  summarized  in  Tables  I  and  II: 

TABLE   I.— St.M.MAKV    KOR    ORCHARDS   UNDER   5   YEARS    OF 

AGU. 

Numb-?r  oC  Total  Total  Acre  feel 

I,ocalitv.                               orchards,  acres,  acre  feet,  per  aor- 

Mojavo  River  bottom 1  6  11. 8S  1.98 

East  Jfesn 7  4S0  426.76  .89 

\V«  St  Mesa 6  195  59.50  .31 

T-urerre  V.illev S  fiS  5!1.8R  .88 

Tncairn 1  10  3.60  36 

.>»an   Timoteo  Canvon 0  0  0  

Ferris  Vallev .-!  30  20.40  .68 

Beaumont  2  18  7.20  .40 

Bannirs  0  0  0 

Totals  and    ivcratre 23  SOT  5S9.;'!  .73 

TABLE  II.— SUMSFARY  FOR  ORCHARDS  OVER  5  VKAKS  OF 

AGE. 

Xumbcr  of  Total  Total  Acre  feet 

Localilv.                                  orchards,  acres,  acre  feet,  per  acre. 

Mojave  River  liottom 1  I.t  38.25  S.55 

East  Mesa   1  30  171.60  5.72 

West  Mesa  5  70  71.34  1.02 

Lucerne  Valley 0  0  0            

Vucaipa   3  29  61.61  2.12 

San  Titnetco  Canvon 2  35  14.40  .41 

Perris  Valley    0  0  0             

Beaumont  10  154  58.35  .38 

Bannir.sr  8  138  248.03  1.80 

Totals  and  averages 30  471  663.58  1.41 

The  average  used  on  23  orchards  representing  807  acres 
of  trees  under  .5  years  is  .73  acre-foot  per  acre  and  the 
average  for  30  orchards  representing  471  acres  in  trees  over 
5  years  is  1.41  acre-feet  per  acre.  This  latter  group  includes 
an  orchard  in  the  river  bottom  at  Ore  Grand,  tract  No.  1. 
and  the  Victor  Ranch  on  the  first  bench,  tract  No.  3,  which 
are  not  representative  of  conditions  on  the  mesas  and  for 
which  the  duty  of  water  is  excessively  low.  Eliminating 
these  the  average  for  the  orchards  over  5  years  of  age  with 
a  combined  area  of  426  acres  is  1.07  acre-feet  per  acre. 
Most  of  the  orchards   in   Victor  Valley  appear  to  have  had 


Insutllcienl    watci-   for   vigorous   f;n)wtli   ami    inndiictiiin. 

The  results  for  the  individually  owned  orchards  are  sup- 
idemented  by  ligures  on  the  gross  duty  of  water  for  the 
areas  served  by  several  irrigation  systems  delivering  water 
princii)ally  for  deciduous  fruit  trees  as  given  by  Table  111. 
The  ligules.  except  for  the  Hanning  Water  Co..  .are  from 
measurements.  The  duty  for  the  Ilcaumont  Land  &  Water 
Co.  Is  for  1013,  and  that  for  the  Lake  Hemet  Water  Co. 
is  an  average  of  several  seasons.  The  duty  for  the  other 
systems  is  for  lOlC. 

The  Vucalpu  Co.  delivers  to  orchards  of  all  ages  and 
the  water  supply  has  been  adequate.  Although  the  pre- 
cipitation at  Beaumont  is  high  the  amount  given  for  the 
system  is  considered  insufficient  lor  the  locality.  The  duty 
for  the  natining  Co.  is  based  on  the  amount  of  water  avail- 
able for  use,  11  second-feet,  for  six  months.  The  amount 
actually  used  may  have  been  less.  This  company  has  H 
plentiful  supply  and  it  is  probable  that  more  water  is  used 
llian  is  necessary.  Most  of  the  Hemet  orchards  are  decid- 
uous but  some  are  in  citrus  fruits.  The  trees  at  Palmdale 
are  young  and  more  water  should  be  used  when  they  become 
ntature.  Only  about  200  acres  of  the  total  area  given  for  the 
Little  Uock  district  were  of  full  bearing  age  in  1»1G  and  the 
amount  used  in  this  district  should  increase  in  the  future. 

The  average  amount  of  water  ajiplied  under  these  irriga- 
tion systems  is  .80  acre-foot  per  acre  and  the  average  total, 
including  rainfall,  is  1.80  acre-feet  per  acre.  To  give  the 
equivalent  of  this  latter  amount  in  Victor  Valley  it  would 
be  necessary  to  apply  L3C  feet  of  irrigation  water  assuming 
an  average  rainfall  of  ..5   ft.  per  annum. 


Meter  Yokes 

-■V  simple  and  con\.Miient  meter  yoke  that  does  not  require 
an  expert  to  install  has  been  brought  out  by  the  McNutt 
Meter  Box  Co.,  Box  E-3.  Brazil,  Tnd.  The  method  of  installa- 
tion is  as  follows:  Cut  nut  lor  0-in.  centers,  cut  risers  so  as  to 

bring  dial  of  meter  to  about  4 
in.  below  lid  of  cover,  jcrew  on 
tlie  elbows  for  yoke,  line  them 
with  the  eye.  place  meter  and 
yoke  with  gaskets  in  place,  turn 
hand  wheel  reasonably  tight, 
turn  on  water,  if  there  is  a  leak 
turn  your  pipes  slightly  witli 
wrench  so  as  to  remedy  leak. 
The  yoke  is  furnished  with 
leather  gaskets  ready  to  in- 
stall. The  .same  firm  also  has 
brought  out  a  meter  yoke  for 
basement  installations  where 
it  is  desired  to  place  the  meter  on  the  vertical  pipe.  This 
yoke  will  take  any  standard  %-in.  meter  or  a  %  meter  with 
%-in.  spuds.  'It  has  no  screw  connections  in  any  way.  Cut 
out  2  in.  of  pipe,  to  read  ends,  screw  on  the  ells,  and  the 
meter  is  ready  to  set. 


U.  S.  Employment  Service  Opens  New  Offices  for  Its  Pro- 
fessonal  Section. — The  United  States  Employment  Service 
has  further  extended  the  scope  of  its  work  by  the  establish- 
ment of  two  new  zone  offices  of  the  Professional  and  Special 
Section,  in  Philadelphia  and  Boston,  and  it  plans  to  establish 
other  offices  of  this  section  in  the  near  future.  The  new 
zone  ofiices  are  in  addition  to  the  two  main  offices  at  New- 
York  and  Chicago,  and  will  serve  the  particular  zones  in 
which  they  are  located.  Employers  requiring  the  services 
of  educated  and  experienced  men,  are  asked  to  state  definitely 
th  nature  of  the  positions  available,  to  the  nearest  of  the 
following  V.  S.  Employment  Service  Professional  and  Special 
Section  offices.  New  York  office,  TO  E.  42d  St.:  Chicago.  62 
K.  Adams  St.:  Philadelphia.  1518  Walnut  St.:  Boston,  16 
Tremont  St. 


TABLK   in.— DFTY    i  iF    WATER   FOR   DECIDUOUS    ORCHARDS   UNDER  IRRIGATION  SYSTEMS. 

Irrigation  system.  Kind  of  trees. 

Yucajpa  Water  Co..  No.  1 '  ■  iile=.  cherries,  etc 

Beaumor  r  T^and  &  Water  Co ^ticre'lqpeous  deciduous    

Banning  Water  Co '"i-''''Ua!ieous  deciduous    

Lake  Hemrt   Water  Co Deciduous  and  citrus 

Palmdale  W  iter  Co Pears    

Kittle  Hock  Cr'^ek  Irrigation  District Pears    


Rainfall 

Irrigation 

Total  watei 

.\cres. 

in  feet. 

in  feet. 

in  feet. 

2,051 

1.50 

.53 

2.03 

1,065 

1.56 

.12 

1.7S 

2.700 

1.10 

1.47 

2.57 

5,600 

1.00 

1.10 

2.10 

200 

.50 

.75 

1.25 

1.500 

.60 

.85 

1.45 

Avf'iag'e 
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.80 


1.86 
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General  Factors  Affecting  the  Cost 

of  Constructing  Hydro  Electric 

Development 

The  Public  Utilities  Coniniissiun  of  .Maine,  during  the  past 
season,  conducted  a  special  investigation  of  water  power 
and  water  storage  matters  in  that  state.  In  connection  with 
this  work  the  commission  employed  Mr.  H.  K.  Barrows, 
Consulting  Engineer,  Boston,  Mass.,  to  report  upon  the  cost 
of  development  of  water  powers  and  of  electrical  energy. 
The  matter  following  is  extracted  from  Mr.  Barrow's  re- 
port. 

The  first  cost  of  a  hydro-electric  plant  is  likely  to  be 
greater  per  horsepower  than  that  of  the  steam  electric 
plant,  although  with  favorable  natural  opportunities  for 
water  power  development  this  may  not  be  true. 

The  manner  in  which  a  water  power  is  developed,  as  well 
as  its  cost,  depends  largely  upon  what  may  be  called  "the 
natural  conditions."  such  as  the  amount  of  fall  in  the  river, 
its  degree  of  concentration,  the  size  of  the  river  or  amount 
of  water  available  for  power,  the  availability  of  good  foun- 
dations for  a  dam  and  the  character  of  the  topography  ad- 
jacent to  the  river,  with  particular  reference  to  the  econom- 
ical location  of  canals  and  penstocks. 

Where  fall  is  well  concentrated  and  conditions  of  flowage 
permit,  the  simplest  and  most  economical  method  of  devel- 
opment is  to  build  a  dam  with  the  power  house  at  one  end 
(or  sometimes  in  the  dam  itself),  simply  utilizing  the  fall 
developed  by  the  dam.  For  heads  up  to  the  vicinity  of  30 
ft.  such  development  can  be  made  with  the  turbin'es  placed 
in  open  wheel  pits.  Above  this  amount  of  head  the  cost  of 
the  bulkhead  walls  is  likely  to  be  such  that  a  more  econom- 
ical development  is  made  by  bringing  the  water  through 
•  short  penstocks  (or  pipes  under  pressure)  to  the  wheels. 
Frequently  natural  conditions  are  such  that  it  is  more  eco- 
nomical to  carry  the  water  in  a  canal  or  closed  penstock 
for  some  distance  along  the  river  below  the  dam,  rather  than 
to  obtain  the  full  fall  by  means  of  the  dam.  This  is  likely  to 
be  the  case  where  there  are  limitations  to  the  height  of  the 
dam  on  account  of  resulting  damage  due  to  flowage. 

Whether  or  not  such  development  will  be  made  by  means 
of  a  canal  or  penstock  depends  largely  upon  the  size  of  the 
river,  viz.,  the  amount  of  water  to  be  carried.  For  a  large 
stream  (perhaps  for  quantities  of  flow  in  excess  of  500  or 
t)00  cu.  ft.  per  second)  it  is  usually  more  economical  to  use 
a  canal,  for  the  necessary  size  of  penstock  required- increases 
quite  rapidly  with  the  quantity  of  water  to  be  carried  and 
the  cost  of  very  large  penstocks  is  relatively  much  greater 
than   for  smaller  ones. 

With  large  rivers,  however,  it  is  often  desirable  on  ac- 
count of  the  topography  of  the  river  banks  to  carry  the 
water  the  greater  part  of  the  distance  in  a  canal  with  small 
slope,  and  then  for  a  short  distance  in  penstocks  (usually 
one  for  each  wheel  unit)  which  drop  rapidly  from  the  canal 
level  at  its  end  or  "fore  bay"  to  the  wheel  units  at  the  level 
of  the  power  house. 

The  main  features  of  a  hydro-electric  development  may 
therefore  be  divided  into  (1)  Dam.  (2)  Waterways — either 
canal,  penstock  or  a  combination  of  these.  (3)  The  power 
house,  including  its  foundations  and  tailrace.  (4)  The 
equipment,  which  may  be  further  sub-divided  into  hydraulic 
and  electrical. 

Obviously  the  general  items  which  will  most  affect  the 
cost  of  a  water  power  development  are  those  of  the  dam 
and  v;aterways.  Where  natural  conditions  are  such  that 
these  features  of  the  development  ran  be  made  at  low  cost, 
the  resulting  total  cost  of  development  will  be  low.  as  in 
general  the  other  features  (power  house  and  equipment) 
will  vary  in  cost  within  a  comparatively  narrow  range. 

Cost  of  Hydro-Electric  Developments  in  the  State  of 
Maine. — The  average  total  cost  per  horsepower  of  plants 
at  developed  sites  on  si.\  rivers  in  the  state  of  Maine,  is 
about  $114  per  horsepower,  w-hich  is  the  roughly  estimated 
reconstruction  cost  of  hydro-electric  plants  at  the  various 
sites  where  power  has  been  developed  (at  many  of  which  of 
course  the  power  is  now  being  used  for  other  purposes). 
This  estimated  cost  is  for  a  development  based  on  the  flow 
available  60  per  cent  of  the  time,  after  regulation,  with  100 
per  cent  load  factor. 

The    cost    per    horsepower    of   a    hydro-electric    plant    will 


vary  materially  with  the  basis  for  power  considered,  as  well 
as  with  the  point  in  the  development  up  to  which  costs  are 
included. 

The  estimate  made  of  the  cost  of  constructing  plants  at 
undeveloped  power  sites  on  six  rivers  in  Maine  show  an 
average  cost  for  the  four  principal  rivers  of  $99  per  horse- 
power on  the  same  general  basis  as  that  previously  stated. 
The  average  cost  of  all  plants— both  developed  and  unde- 
veloped— is  $107  per  horsepower. 

The  cost  of  individual  plants  will  vary  very  greatly  from 
these  figures— from  about  $C0  per  horsepower  as  a  minimum 
up  to  $250  or  more  w-here  sites  are  not  especially  good  or 
conditions  of  development  difficult!  These  are  normal  or 
pre-war  costs.  Present  costs  would  be  probably  more  than 
double  these  figures. 

Effect  of  Load  Factor  on  Cost  of  Development. — We  may 
logically  include  the  cost  of  dam  (including  land  and  water 
rights)  and  waterways  (and  perhaps  of  power  house  founda- 
tion and  tailrace,  if  these  are  features  of  importance  or  of 
unusual  construction)  in  an  item  which  may  be  called  "Con- 
Ftruction  cost"  and  which  reflects  particularly  the  relatiMe 
advantage  or  disadvantage  of  the  power  site.  The  remain- 
ing costs,  which  may  be  called  "Power  House  and  Equip- 
ment," will  obviously  vary  almost  directly  with  the  extent 
to  which  development  is  made,  or  more  particularly  the 
load  factor  for  which  the  plant  is  designed. 

Tc  indicate  the  general  extent  to  which  load  factor  af- 
fects the  first  cost  of  plant,  Table  I  has  been  prepared: 

T..\BLE   I— EFFECT  OF  LOAD  FACTOR   ON  COST  OF  HYDRO- 
ELECTRIC PL.VN'TS. 
Ccst  of  plant  to  deliver  1  HP.  on  wheel  Shaft 

with  different   load  factors.  Per   cent   increase   in 

,— KNici     load     factor—,.         S0%         .50%         30%  cost  over  that  for 

I'^iilip.                                          U  F.        L..V.       L.  P.  100%    L.  F 

nndPH.    Other     Total        Total       Total     Total  80%       50%       30% 

etc.          cost.      cost.          cost.         co.st.      cost.  L.  F       Li  F       L  F 

(t)             (2)             (3)           (4)             (5)             1-6)  (7)           (S)'         (9)' 

■?!'!             $2111             $250          $260           .$290            $343  4.0          ]  (!  0          37  3 

10      160      20('     210     240     21)3  5  0    "O  0    46'5 

-5     I'T,             200     206     225     25S  3.1    12  5    29'l 

30       70      100     lOS      130      170  S.fl    30.0    70'0 

-■>              35      60     66      .S5     lis  in. 4    n.(i    07  2 

-'"       40       60      65      SO     107  S.3    33.3    77I7 

In  the  foregoing  table  the  two  approximate  extremes  in 
cost  of  development  in  the  state  of  Maine  have  been  as- 
sumed, with  the  usual  variation  in  cost  of  equipment  and 
power  house.  In  a  general  way  a  power  development  which 
costs  $200  to  $250  per  horsepower  to  develop  is  likely  to  be 
on  a  large  stream  tending  to  a  moderate  or  low  head  devel- 
opment, under  which  condition  the  cost  of  equipment  and 
power  hcupe  is  likely  to  be  at  a  maximum,  as  well  as  the 
features  of  construction.  For  this  case,  therefore,  the  range 
in  cost  of  equipment  and  power  house  has  been  taken  from 
$25  to  $40  per  wheel  horsepower. 

Similarly,  a  low  cost  of  development  at  $G0  per  horse- 
power is  likely  to  be  a  high  head  development,  with  usually 
a  moderate  amount  of  water.  This  tends  toward  lower  cost 
of  equipment  and  power  house,  and  the  range  here  has 
been  assumed  from  $20  to  $25  per  horsepower  on  the  basis 
of  100  per  cent  load  factor. 

The  relative  costs  of  such  plants  with  varying  load  fac- 
tors are  given  in  columns  4  to  G.  inclusive,  of  Table  I,  and 
in  columns  7  to  9,  inclusive,  the  per  cent  increase  in  cost 
over  that  for  a  load  factor  of  100  per  cent.  It  will  be  noted 
that  for  the  upper  limit  in  cost  of  development  of  $250  per 
horsepower,  the  per  cent  increase  in  total  cost  due  to  the 
load  factor  being  other  than  100  per  cent  with  a  30  per  cent 
'oad  factor.  With  the  low  cost  plant  assumed  at  $C0  per 
horsepower  this  increase  in  cost  is  about  10  per  cent  for  an. 
so  per  cent  load  factor  and  80  per  cent  to  100  per  cent  for 
a  30  per  cent  load  factor. 

The  cost  per  horsepower  of  wheel  capacity  of  hydro-elec- 
tric plants  will  be  less  as  the  load  factor  decreases,  as  the 
increase  in  cost  of  plant  with  lower  load  factor  is  offset  by 
the  greater  relative  increase  in  wheel  capacity. 

The  variation  in  total  cost  with  load  factor  is.  as  would 
be  expected,  much  greater  where  the  cost  of  the  plant  is  low, 
as  the  variable  factor  of  cost  of  equipment  and  power  house 
is  a  much  greater  percentage  of  the  total  cost. 

With  a  load  factor  of  from  50  to  60  per  cent,  which  may  be 
expected  for  condUions  in  the  state  of  Maine,  the  cost  of 
plant  may  therefore  be  increased  from  about  13  per  cent 
to  40  per  cent  over  that  for  a  load  factor  of  100  per  cent. 

Cost  of  Water  Rights. — The  cost  of  water  rights  (Includ- 
ing usua'ly  land   required   for  development)   must  of  coursft 
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Oppnitinjt  cliarses.  the  principal  items  of  which  are  *rages 
nni.  repairs,  are  low.  These  will  naturally  vary  materially 
with  the  capacity  of  the  station  and  with  load  factor.  They 
will  usuallv  be  0.1  ct.  or  less  per  k.  w.  hour  of  power  deliv- 
ered at  the  switchboard  for  good  sized  hydro-electric  plants 
with  a  load  factor  of  ap|)roxiniately  .'lO  per  cent. 

Assuming  annual  fixed  charges  at  10  per  cent,  their  cost 
per  k.  \v.  hour  for  24-hour  3(!.S-day  power  has  been  computed 
in  the  following  table,  using  the  range  in  first  cost  and  load 
factors  as  given  in  the  previous  table: 

KI.\!:D     CH.^RG1•:S     '-ok     HYDRO-ELIOrTRIC     PLANTS     WITH 
VARYING  COST  OF  PI^u^XT  AND   LOAD  FACTOR. 
Cost  of  plant  per  HP.  Fixed  charges  in  cants  per  kw.  hr. 

Cost  of  of  output  ot  switchboard. 

Total  eiieipnient        , I.o.id    factor ^ 

••ost.  and  HP.  100%  S0<^  hO'T,  30% 

»wo  ti<\  aAX  n.t.i  0.4S  o.sfi 

yoo  40  0.33  0.:;">  0.40  0.4S 

^00  25  0.33  0.34  0.37  0.43 

100  SO  O.IG  OlS  0.21  0  28 

<0  25  0.10  fl.ll  0.14  0  19 

«0  20  0.10  0.11  0.13  O.IS 

The  above  represents  the  chief  item  of  cost  of  hydro-elec- 
tric power  at  the  switchboard.  The  remaining  item  of  op- 
erating cost,  as  previously  noted,  will  not  usually  exceed 
O.IO  ct.  per  k.  w.  hour.  It  will  be  less  with  large  plants 
and  high  load  factors  and  greater  for  the  converse  of  this 
situation. 

A  hydro-electric  plant  ou  the  rivers  considered  would  not 
deliver  its  full  output  tor  40  per  cent  of  the  average  year. 
The  9.i  per  cent  or  primary  output  is  from  70  to  SO  per  cent 
Tit  the  full  output  on  these  rivers,  with  the  suggested  storage 
regulation,  so  that  oniv  about  .j  per  cent  less  tha  nthe  full 
output  would  result,  for  the  average  year.  Making  this 
slight  deduction  and  keeping  in  mind  "jO  to  GO  per  cent  load 
factor,  as  was  assumed  for  future  steam  plants,  it  is  evi- 
dent that  hydroelectric  power  can  be  delivered  at  the 
switchboard  for  from  about  O.2.")  ct.  to  O.CO  ct.  per  k.  w.  hour, 
for  the  range  ol  cost  of  developments  found  on  the  rivers 
discussed   in   this  report. 

Cost  of  Transmission  Lines. — Much  progress  has  been 
made  in  perfecting  power  transmission  and  lines  over  200 
miles  in  length  with  a  voltage  of  150  000  are  now  in  use. 
The  longest  line  at  present  in  this  country,  near  Los  Angeles, 
is  about  240  miles  long. 

The  following  discussion  upon  transmission  lines,  with 
table  of  estimated  costs  for  different  lengths  of  line,  ca- 
"a.-ity.  voltage,  etc..  has  been  prepared  by  Piofessor  Ralph 
O.  Hi'dson  of  the  Massachusetts  Institute  of  Technology, 
nn  export  on  this  subject. 

An  economic  study  of  transmission  lines  tor  the  state  of 
Maine  indicates  the  superiority  of  the  steel  tower  line  over 
any  other  type  of  construction  and  the^estimates  presented 
are  therefore  ha^ed  upon  steel  tower  construction.  A  com- 
narison  rf  steol  tower  lines  and  wooden  pole  lines  for  long 
distance  high-tension  heavy  power  feeders  reveals  little 
difference  in  the  first  cost.  It  may  be  said  that  the  first 
ro.^i  in   Pit'  er  f'a?p  will  be  practically  the  same. 


The  wooden  pole  line  Is  naturally  associated  with  many 
sources  of  interruption.  The  average  liic  of  unireated  cedar 
iir  chustiiul  poles  Is  14  years,  and  when  located  in  marsli.v 
ground  such  'poles  must  sometimes  be  replaced  in  less  than 
four  years.  It  the  poles  are  impregnated  with  iireservatives 
such  a  creosote,  the  life  may  be  lengthened  to  ;!0  years, 
but  such  preservation  materially  increases  the  cost  ot  the 
poles  and  certain  soils  have  been  found  to  be  highly  ab- 
sorptive of  the  preservative  materials. 

The  steel  tower  line  while  costing  no  mure  than  the 
wooden  pole  Hue  under  heavy  power  conditions  and  attended 
by  a  smaller  imilntenance  charge,  possesses  many  other  dis- 
tinctive advantages.  The  life  of  a  steel  lower  of  the  wind- 
mill type  under  proper  maintenance  is  seldom  less  than  50 
years.  There  will,  therefore,  be  less  cause  of  interruption 
of  service  by  reason  of  replacements.  It  the  towers  are 
painted  every  three  years  they  will  williHtand  all  climatic 
causes  for  deterioration  tor  a  considerable  period  and  are  in- 
vulnerable lo  every  other  cause,  including  forest  tires.  Steel 
tower.^  are  furlliermore  unaffected  by  an  ordinary  stroke  of 
lightning,  while  wooden  poles  are  usually  shattered.  This 
point  is  of  exceptional  importance  in  its  bearing  upon  the 
continuity  of  the  power  service,  since  the  steel  tower  not 
only  withstands  strokes  of  lightning  but  serves  to  conduct 
the  lightning  to  ground  and  thereby  affords  considerable 
protection   to  the  transiiii.ssion   line  itself. 

The  character  of  steel  tower  construction  makes  possible 
the  use  of  longer  spans  than  are  practicable  with  the  wood- 
on  poles.  The  length  of  span  employed  in  steel  tower  con- 
struction ranges  from  400  to  800  ft.,  while  with  wooden  pole 
construction  the  length  of  span  rarely  exceeds  200  ft.  Among 
the  many  advantages  of  the  long  span  transmission  line  is 
the  smaller  number  of  insulators  required  in  comparison 
with  the  short  span  lines. 

In  estimating  the  cost  of  the  various  transmission  lines.  • 
a  size  of  line  wire  was  determined  in  each  case  which  would 
give  a  minimum  annual  cost  of  operating  the  line;  that  is. 
the  interest,  depreciatiim  and  tax  charge  per  year  was  made 
equal  to  the  annual  cost  of  the  electric  energy  lost  in  the 
line  wires,  In  all  the  calculations  leading  to  the  finalT  esti- 
mates pre-war  costs   were  assumed   throughout. 

The  line  voltage  suggested  for  eachi  ot  the  typical  trans- 
mission lines  is  high  enough  to  make  the  power  lost  in 
transmission  comparatively  small.  Among  all  the  cases 
cited  in  the  estimates  of  lirst  cost  the  power  lost  in  heat- 
ing the  conductors  will  range  from  2  to  4  per  cent  ot  the 
total  power  transmitted  In  most  of  the  lines  the  total  cost 
will  be  divided  betw'een  the  cost  of  conductors  and  the  cost 
of  the  towers,  including  erection  and  right  ot  way.  In  the 
case  of  short  low-power  lines  the  total  cost  may  be  di- 
vided in  the  proportion  of  two-thirds  for  the  towers  and 
one-third  for  the  conductors,  while  in  the  case  of  short  high- 
power  lines  employing  a  single  line  of  towers  the  total  cost 
may  be  divided  in  the  proportion  of  one-third  for  the  towers 
and   two-thirds   tor  the   conductors. 

Owing  to  the  many  advantages  possessed  by  the  sus- 
pension type  of  insultor  in  high-tension  service  all  estimates 
have  been  based  upon  the  employment  ot  that  kind  ot  in- 
sulator 

In  the  following  tables  are  given  the  estimated  cost  of 
steel  tower  transmission  lines  per  mile  for  different  lengths, 
capacities  and  voltages:  also  cost  ot  river  crossings  and 
annual  operating  costs  of  transmission  lines.  A  load  factor 
from  40  to  ,iO  per  cent  has  been  assumed  in  the  computation 
of  this  table: 

ESTIMATED  COST  OF  TRANSMISSIOX  LIXES. 

Caoacity  Number        Number     Total  cost 

Distance         of  line'  T^iiie  of  tower       of  wires  per 

(miles).  (kw.)  voltage.  lines.        per  tower.        mile 

2s  5.000  Bfi.oon  1  6  S  3, son 

2.")  in. 000  en.onn  l  e  s  ono 

2.T  20. ono  efi.nnn  i  «  7  nnn 

■^0  10,000         fiG.onn  1  G  .i.ono 

•50  25, nnn  oe.noo  2  6  10. ono 

50  sn.nnn         inn. nnn  2  6  14  oon 

75  .in.noii         inn.ono  2  g  14'ono 

To  100. oon        150. nno  2  r  20.000 

100  ino.onn        150.000  2  6  20,000 

COST  OF  RIVER  CROSSINGS. 

Canacity                              Number       Number  Total 

I  ength          of  line             L,ine           of  tower       of  wir^.o  cost  per 

ifeet).             'kw.l           voltaee.           lines.        per  tower,  crossing, 

500     20.000    GG.nno     1       g     $  2  000 

i.flon     r.n.noo    inn. oon     2        r      ig  000 

3.000     no  000    ion. nnn     2        g      7o!ooo 

.\XXf.\T,    OPERATING    COST    OF    TR.VNSMISSION-  LINES. 

(Per  cent    ot   capital    invested.) 

Interest 7 
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c^SiS°'^aint^n>Liu:^i^u6\;.;.e^:::'::/:.:y^::::::-.:  il  Meter  Practices  of  the  Hackensack 

'''                                          -^  Water  Company* 

Cost    of    Transmitting    Power. — In    the    following    table    is  '                    Dv    ij.    W.    KKh.NL'H. 

given  the  total  cost,  cost  per  kilowatt  transmitted  and  the  an-  jesting    Meters.     When    water   meters   are    lirsl   purcliused 

nual  cost  per  kilowatt  hour  for  the   different  lines  assumed  |,j.   ^y^^   aackensack   Water   Co.   a  record   of   test  is   required 

by   Professor  Hudson:  f,.o,u   [Vg  manufacturer  of  the    V2-.   '%-.   1-  and   2-in.   si^es  as 

KSTnr.xTEl)  co.ST  OF  I^OWKR  TR.AXSMISSIOX.  follows:    a  lu  cu.  ft.  test  on  full  flow,  a  lu  cu.  tt.  test  on  a 

Canital  cost  Vs-i".  Stream,  and  a  0.1  cu.  ft.  test  on  a  l/i!2-in.  stream.     The 

-_                   _  ;                          "'per  kw.        Cost  per  kw.  complete   test  for  a   3-in.   meter  is   a   10   cu.   ft,   test  on   full 

Total            transmitted          hr.  (with  a                ,,,            ,-j     ,      j            ,,   ;        stream     a    1i)    cii     ft     rest    nn 

■Length           Capaoitv            capital            (50%  L.  F.        annual  cost  """'    ''    "'    '  "•    "■    ^*^^^   ""     '•»'"•    siieam,    a    in    cu.    II.    lest   OU 

of  line,           of  line,            cost  ot            and  5%          25%  of  first  '/s-in.  stream,  and  a  o.l  cu.  ft.  test  on  1/lG-in.  stream.     The 

miles.               kw^^           ^  "sf>,Cio          '°^|f •••              ''ofo'  complete   test   for  a    1-in.   meter  is  a  100  cu.  ft.   test  on  fuU 

2'.                 10,000               t2'i,bno               26                    0.08  flow,  a  loo  cu.   ft.   test  on   1-in.  stream,  a  10  cu.   ft,   test  on 

|5                 20.000               V^-f^^f^              II                    S:?i  V4-in.  stream,  and  a  10  cu.  ft.   test  on   Vg-in.  stream.     For  a 

.">o                 2,i',ooo               Sooiooo               42     '               0.12  ti-in.  meter  the  tests  are  a  100  cu.  ft.  test  on  full  flow,  a  100 

Sg                 ll'lll            loso'coo              44                    oil!  ^'"-  '''■  ^^^^  ""1  I"'"-  stream,  a  10  cu.  ft.  test  on  Vi-in.  stream, 

7.5                loolooo             I'.^oo'.noo               ?,2               •   '  0.09  and  a  10  cu.  ft.  test  on  5/32-in.  stream.     For  an  8-in.  meter 

i»o               100.000            2.000.000               42                    0.12  ^-^^  tgsjs  are  a  100  cu  ft.  test  on  full  flow,  a  100  cu.  tt.  test 

The  above  table  shows  that  power  transmission  at  a  cost  on  4-in.  stream,  a  100  cu.  ft.  test  on  2-in.  stream,  a  100  cu.  ft. 

of  about  0.10  ct.  per  kilowatt  hour  or  less  is  readily  obtain-  test  on  1-in.  stream,  and  a   100  cu.  ft.  test  on  i/i-in.  stream. 

able.     Also  that  power  to  be  transmitted  most  economically  The    records    of   all    tests   include    the    change   gears   used 

over  long  distances  must  be   in  large  amounts.     Thus,  with  with  each  and  every  meter.     Before  the   %-.   %■  or  1-in.  go 

a  .50-niile  line  the  cost  per  kilowatt  hour  with  a  line  of  50,-  into  service,  a  separate  test  is  made  by  the  water  comiwiny, 

000   k.w.  capacity  is  only  about   one-half  that  where  the  ca-  and    no   meters   of   these   sizes    are   installed    which    do   not 

pacify   is   t)i;t  10,000   k.w,  show   an   inaccuracy   of   from   1   to    2    per   cent   against    the 

„     ^      .    -^              „                      r,,,                           »■      ,.  J          ,^  water    company.      The    %-,    %-    and    1-in.    meters    are    also 

Cost   of   Storage    Reservoirs. — The   average   estimated   cost  ,  ■     ^   j  .               ^                               ^     .   .,- 

...                                                 .        .            .      ,,   .  subjected  to  a  water  pressure   test  ol  .i.dii  pounds  per  square 

ot  constructing  storage  reservoirs  upon  si.x  rivers  in  Maine  r^   ,                      „       t      , 

^   ».,.,           ,  .  ,7^  ,.,.            «»      «     .                       w           1  inch   by   means  of  a  hand   pump. 

is  about  ?33  per  1,000,000  cu.  ft.  of  storage  capacity— a  low  ,,•.*,.                ■      ,    ■ 

■  •  ,         ,a    \      iT.                    .1      <■           1,1                 .      ■»  In    making   tests   otten    required   by   customers    because   ot 

figure    which   reflects   the   unusually    favorable   opportunities  ,.,,.,,,         »                        ■ ,      -,               .■„.., 

,        .              ,       ,             ^  i     1,     .       J   .     »,  •       ,.  .  high  bills,  such  meters  are  considered  accurate  it  tests  show 

for  storage  development  to  be  found  in  this  state.  .,          ^     \         ,^,  ,      ,,                 .     ■.,_ 

„.                     ^,       _                     i    n-          1           1       J      1            1  them   to   be   withm   2   ner   cent  either  way. 

Storage   on   the   Presumpscot   River   has   already   been   de-  ,„.           ^u        .■     ,      »u   ..   i.                ^           ,      • 

,         1   ^,           .          ,     ,              .      -  »i/^-n            1  .....  n,i.i  rhe   author   teels    that  he   cannot   emphasize   too   strongly 

veloped   and   the  extremely  low   cost  of  |10.i9   per  l.ouu.OOU  ,,       .           .              «   *     *■                ^  ,,        ,,         ^            ,  .'''-'""&'■' 

r      „             ■.     ,        ,                ,             -1 ,     V,     1,              i       *  the   importance   ot   testing   caretullv  all   meters   which   have 

cu    ft.  of  capacitv  has  been  made  possible  by  the  great  nat-  ,           /               ,,.                ."          .       ■,               ■•"=  °      ""-" 

,     ^             ,     :,...         .  o,  u          T    1  been   trozen.      His   e.xperience   has    been   m    scores   of   cases 

ural  storage   facilities  of  Sebago  Lake.  .,    ^    ii        ,           ,,       ,,                 ■      .u          ^ 

that    the    disc    chambers    or,    in    the    rotarv    piston    type    of 

The  following  data  shows  the   cost  for   storage   reservoirs  ]„eters,  the  top  head  of  bottom  plate,  or  possibly  both  parts, 

in  other  localities:                                                                       ^  were  so  badly  sprung  that  merely  replacing  the  bottom  cast- 

,                                                •    Purpose                     Capacity,    per'  *"S  does  not  restore  accurate  registration.     It  is  agreed  that 

of                              mil,         mil.  because  a  meter  freezes  this  does  not  belittle  it  in  any  way, 

Uctervoir.                    co.NSTin-CTED      ^°''^'        '"'  "'     '"'  "'  fi't^ough  it  may  cost  more  to  repair  some  makes  than  others. 

^ziscohos,  Maine  .''.'...   'power    $1,000,000        :>..;oo    $    ]0&  '^'^*   ""^''e   is    no   good    reason    why    meters    can   not    be   pro- 

Ripogenus.  Maine  Power        1,000,000      2S.000          40  tected    from    frost    and    freezing    is    almost    invariably    due 

Somerset.  Deerfiekl  R..  X'crmout     Power            SOO.OOO         2.675          251'  *„    ]„„i,    „f    consideraf ion    or    neelieence     in    either    nf    which 

Indian  River.  New  York Power             s:i,55b        4.460           1:1  ^"    '"  **    "^    cousiueiaucn    oi    negligence,    m    eitnei    01    wnicn 

Wachusett.  Mass •           11,021. .'!5:!       s,7fi0      i,2su  cases  the  expense  of  repairs  should  be  borne  by  the  owner 

Ashokan.   X.   y •            12,6119.775      16.0:10         792  of  the   premises. 

KSTIiSIATED.  Meter    Setting. — All    meters    used    in    connection    with    the 

Portage.  Genesee  R.,   New  York     Power         4,520.000       11,250          4o2  Hackensack    svstem    are    owned    and     kent    in    renaii-    hv    tlia 

Sacandapa    X    Y Power        4.500.000      2:j,ooo         15.0  nacKeusai  k    s\  stem    die    owneu    ana    Kepi    m    repaii     Dy    ine 

Oxhow.  Rariuette.  X.  V Power        1.745,000      15,000         n>.  company,    except    in    cases    of    misuse    or    freezing,    when    a 

H:rViiyi^t%%.^^Zr^ll'k■sr     ¥Ztr          "moS       silloo        1';;  deposit  is  required  to  cover  the  cost  of  repairs.     After  this 

Black  Lake,  do Power          ."iSo.ooo       6,000          ri;  cost  is  known   the  balance  is   returned  to  the  owner  of  the 

Eel  \Yeir  Rapids,   do Power            150.500       11.000            II  premises. 

Prior  to   .Ian.   1,   191S,   applications   for   service   were   made 

Cost  of  Operation  and   Maintenance  of  Storage   Reservoirs.  ijy    about    200    plumbers    licensed    by    the    water    company. 

—The   cost   of   operation   ot   storage   includes    the    wages    of  _4,ter  the  service   main   was  installed   and   the   building   was 

men  employed  in  operating  gates  and  in  general  supervision,  ,.pady  for  occupancy,  the  meter  was  delivered  to  the  plumber 

ordinary    repairs    and    the    cost    of    keeping    records    of    the  .^^j    ^pj   j^y    ^jm.      Since    Jan.    1.    1918,    the    water    company 

height  of  reservoir,  flow  from  reservoir,  etc..  which  required  ,,aj,  ^een  setting  all  meters  and  the  plumbers  no  lonser  have 

some  engineering  supervision.     The  total  annual  cost  would  anvthing  to  do  with  this  part  of  the  work.     When  the  meter 

include   also,    c^i  course,    items   covering   interest   on    invest-  jg  ggt,  a  shut-off  cock  is  placed  on  each  side  of  it  and  a  check 

ment,  taxes  and  insurance.  valve  is  also  located  on  the  house  side  of  the  meter,  which 

The  principal  item  of  first  cost  is  usually  that  of  the  dam,  acts   as   a  protection   to   the   meter  as   well   as   a   protection 

and   with   permanent   concrete   construction    the   rate   of   de-  to  the  property  of  the  owner,   should   a  break  occur  in  the 

preciation    is    low.      The    fixed    charges,    including    interest,  street  main. 

depreciation,    taxes    and    insurance,    would    be    about    9    per  ,        Only  a  small  percentage  of  the  meters  are  set   in   outside 

cent  per  year,  and  usually  a  further  allowance  of  1  per  cent  meter  boxes,  and   such  settings  are  confined  almost  entirely 

would  cover  charges  for  operation  and  maintenance.  to    manufacturing    plants    and    private    fire    lines.      .Suitable 

Through  the   courtesy  of   Mr.   Walter  H.   Sawyer,   data   in  concrete   boxes   are   required   for   such   outside   settings,  and 

regard  to  the  cost  of  operation  and  maintenance  of  storage  ''""'t  at  the  expense  of  the  api)licant. 

reservoirs  on  the  upper  Androscoggin  River  have  been  fur-  i"  manufacturing  plants,  where  the  use  of  water  is  largo 
nished.  In  the  case  of  the  Rangeley  Lake  system,  with  a  and  "ft-^n  lasts  for  the  full  2!  hours,  the  company  has  found 
total  storage  of  about  18,5  billion  cubic  feet,  operating  ex-  it  advantageous,  both  to  the  consumer  and  itself,  to  install 
ponses  and  repairs  for  the  period  1902-1913,  inclusive,  aver-  the  meters  in  batteries,  which,  of  course,  adds  to  the  ex- 
age  a  little  under  $10,000  per  year  or  about  r,2  ct,  per  million  pense.  but  enables  examinations,  repairs  or  changes  to  be 
cubic  feet  of  storage  capacity.  Since  191!  additional  stor-  made  without  interruption  to  the  service, 
age  capacitv  afforded  by  the  Aziscohos  dam  has  been  utilized.  Meter  Reading.— All  meters  on  the  system,  of  which  there 
Furthermore,  the  dam  at  Pontocook  has  also  been  used  tor  are  about  4r.,000  in  use.  are  read. and  hilled  quarterly,  except 
storage  regulation.  The  total  storage  capacitv  in  use  in  ^^i""*  300  in  sizes  between  1%  and  10  in.,  which  are  read 
these"  two  years  has  been  about  2S.3  billion  cubic  feet,  and  »nd  billed  monthly.  Meters  re-isi  --ig  more  than  2.5,000 
the  average  cost  per  million  cubic  feet  for  these  two  years  -J^^^,  ,,  p..,j,,.r  ^oad  Dec.  20  '.cforc  th.-  .\>w  York  Section  of  the 
was  about  i^i    ct.  American  AVntorworks  Association. 

(67) 


274 


l^Hiiineeriiiff  oiid  Contiactin/j  for  Mtiicli   I -J.  .I'.nn. 


III. 

Vh; 
With   an> 


cu.  n  p<T  month  aw  included  In  tho  muutlily  survey.  All 
meient  In  tli»«  monthlv  survoy  nro  road  on  the  last  day  of  tho 
month,  provided  it  does  not  fall  on  Sunday  or  a  holiday,  in 
which  event  reudlnK*  are  made  on  the  followinR  day. 

In  readhiK  the  iiimrterly  meters,  the  districts  are  divided 
into  block  lUid  workUiK  numbers.  Kach  Inspector's  territory 
covers  Bl>out  8500  meters,  and  he  reads,  on  an  nvertiKe,  about 
it:,  ineteni  per  day.  Tho  nuarterly  readhiKS  besin  on  tho 
rlrst  day  of  the  last  month  in  the  quarter,  and  must  be  com- 
ple'ed    not    Inter    than    the    iOlh. 

starts  out  with  about  2i>0  cards  on  which  read- 
iored.  and  each  card,  by  usInR  both  sides,  pro- 
.  h  quarterly  readings  for  n  period  of  four  years. 
are  turned  in  analn  In  the  afternoon,  together 
and  all  complaints,  such  as  meters  not  working. 
broken  glasses,  meters  leaking,  etc..  all  of  which  receive 
attention  on  the  following  day.  I'rinted  cards  are  also 
mailed  on  the  day  following  the  reading  to  all  customers 
\vh<re  the  meter  shows  an  Increased  or  unusual  consumption. 
The  reading  cards  are  then  used  in  making  out  the  quarterly 
bills. 

By  repenting  this  operation  each  day  during  the  reading 
period  It  is  plain  that  on  the  day  following  the  last  reading 
day.  all  defective-reading  meters  have  been  changed,  that 
the  many  various  small  complaints  have  been  attended  to. 
that  the  bills  have  been  made  out,  and  there  has  been  ample 
time  for  comparisons,  checking,  etc..  before  the  end  of  the 
mouth  During  recent  years  the  company  has  not  failed 
in  getting  Into  the  mail  during  the  last  day  of  the  quarter 
the  entire  survey  bills,  which  are  then  in  the  hands  of  its 
customers  on  the  flrst  day  of  the  following  quarter. 

Collection  of  Bills,  etc.— Promptly  after  the  bills  reach 
the  customers,  payments  begin  to  come  in.  and  an  accurate 
record  and  report  of  collections  is  made  by  each  district 
office  and  tabulated  at  the  main  office,  showing  each  morn- 
ing the  sum  of  money  collected  in  each  district  and  its  per- 
centage relation  to  the  survey. 

In  following  any  such  plan,  an  excellent  opportunity  is 
afforded  for  comparing  the  work  of  the  various  collectors. 

During  recent  years  the  records  show  that  about  65  per 
cent  of  the  total  surveys  are  collected  during  the  first  30 
days,  and  from  2G  to  30  per  cent  during  the  second  30  day 
period. 

Maintenance  of  Meters. — For  many  years  the  Hackensack 
Water  Co.  has  been  following  the  practice  initiated  in  the 
early  nineties  of  removing  for  test  and  a  general  going  over, 
the  various  sizes  of  meters  after  having  registered  a  fixed 
quantity  of  water  and  regardless  of  the  length  ot  time  re- 
quired to  reach  these  quantities.  The  practical  result  is 
that  every  meter  installed  on  the  system  comes  into  the  shop 
at  about  uniform  intervals  for  a  general  overhauling.  After 
examination,  repair,  test  and  painting,  the  meter  is  returned 
to  stock  and  is  ready  for  another  period  of  use.  Following 
this  practice,  a  very  small  percentage  of  meters  breaks 
down,  and  the  author  is  sure  that  a  higher  degree  ot  effi- 
ciency is  maintained  between  the  intervals  of  fixed  regis- 
tration. 

For  more  than  20  years  the  company  kept  up  its  original 
plan  of  making  these  changes,  as  follows:  Change  all  %-in. 
meters  after  registering  100,000  cu.  ft.;  change  all  %-in. 
meters  after  registering  250,000  cu.  ft.;  change  all  1-in. 
meters  after  registering  500,000  cu.  ft.;  change  all  2-in.  me- 
ters after  registering  2,000.000  cu.  ft.  In  sizes  above  %-in. 
records  were  kept  of  all  examinations,  including  examina- 
tions of  intermediates,  and  changes  were  made  when  it  was 
deemed    necessary. 

All  such  changes  are  now  made  under  the  rules,  regu- 
lations and  recommendations  of  the  Board  of  Public  Utility 
Commissioners  for  the  state  of  New  Jersey,  w^hich  are  as 
follows:  Change  %-in.  meters  each  10  years,  or  after  regis- 
tering 750,000  cu.  ft.;  change  %-in.  meters  each  8  years,  or 
after  registering  1,000.000  cu.  ft.;  change  1-in.  meters  each 
6  years,  or  after  registering  2.000,000  cu.  ft.:  change  all 
meters  larger  than  1-in.  each  4  years. 

All  w  irk  in  connection  with  the  testing,  repair  or  main- 
tenance of  the  meters  is  performed  in  the  water  company's 
shop,  which  is  complete  with  up-to-date  tools  and  modern 
testing  equipment,  and  seven  or  eight  men  are  steadily 
engaged  on   tliis  work. 


Mosquito  Control  in  Ponds  by 
Means  of  Fishes 

Karly  in  H'l.s  the  I  S.  i'(iiiiiiussii)n<'i'  of  Kislieries.  in  re- 
sponse to  a  request  Iroiu  the  l",  S.  Public  Hi-altli  Service 
lor  an  Ichthyologist,  detailed .  Samuel  V.  Ilildebrand  to  co- 
opi-iate  wltli  the  puiilic  health  authorities  of  the  extra  can- 
tomnent  zone  ot  Camp  Hancock,  .\ugusta,  (5a.,  in  an  anti- 
malarial campaign.  The  duty  assigned  to  Mr.  Ilildebrand 
was  an  aivesligalion  of  the  effectiveness  of  fishes  as  eradi- 
cators  ol  the  aquatic  stages  of  the  mosquito,  and  the  con- 
duct of  such  operations  as  would  promise  secure  "tlsh  con- 
trol" in  many  ponds  and  small  lakes  'where  control  by  oil- 
ing was  impracticable.  The  top  minnow  (Ciambusia  altinis) 
was  selected  I'or  the  tests  and  the  investigation  was  con- 
fined almost  wholly  to  the  determination  of  the  practical 
value  of  this  fish  in  anti-malarial  work.  The  results  ol  the 
investigation  have  been  set  forth  by  Mr.  Hildebrand  in  a 
preliminary  report  to  the  V.  S.  Commissiont^r  ot  Fisheries, 
from    which   llie   following  notes   are   ahslracted. 

The  top  minnow  was  selected  tol'  the  tests  because:  first, 
it  seeks  its  food  at  the  surface,  which  appeared  to  make  it 
especially  suitable  for  ai;Li-niosquito  work;  second,  it  lives 
and  thrives  under  a  large  variety  of  conditions  and  es- 
pecially in  water  suitable  for  the  support  of  mosquito  larvae; 
third,  it  proved  to  be  quite  common  in  the  extra-canton- 
meiu  zone  and  adjacent  territory;  fourth,  it  is  very  prolific; 
and  liftli.  its  usefulness  in  destroying  mosciuito  larvae  in 
aquaria  ami  fountains  was  already  known. 

Means  and  Methods  Employed  in  Stocking  Ponds  with 
Fish. — Minnows  for  stocking  ponds  were  secured  mainly 
from  two  sources;  first,  from  swamps  within  the  protected 
area  which  were  being  drained;  and  second,  from  waters 
outside  of  the  extra-cantonment  zone,  from  places  where 
minnows  did  not  appear  to  be  needed.  Large  numbers  of 
minnows  were  secured  from  these  sources  and  placed  in 
ponds  where  few  or  none  were  present. 

One  pond,  about  100x30  ft.,  with  an  average  depth  of  about 
3  ft.,  was  used  as  a  "hatchery. "  This  pond  has  a  very  muddy 
bottom  and  it  supports  much  alga  and  several  attached 
plants.  All  fish  were  removed  from  this  pond.  About  3,0{)0 
female  Gambusia  were  placed  in  the  larger  compartment. 
No  record  was  kept  of  the  number  of  males  which  were 
introduced,  as  this  is  relatively  unimportant,  but  there  were 
probably  not  more  than  10  to  each  100  females.  The  pur- 
po:se  of  dividing  the  pond  into  two  compartments,  using  a 
Vt-in.  wire  screen  for  a  portion  of  the  partition,  was  to  give 
the  young  fish  an  opportunity  to  migrate  to  that  section  of 
the  pond  wliere  they  could  not  be  followed  by  the  adults. 
This  was  thought  advantageous,  because  of  the  cannibalis- 
tic habit  of  Gambusia.  The  %-in.  mesh,  however,  proved 
to  !ie  a  little  too  large  and  some  of  the  adults  succeeded  in 
getting  through  it.  The  reproduction  in  this  hatchery, 
nevertheless,  exceeded  all  expectations.  This  pond,  being 
conveniently  situated,  furnished  a  ready  supply  ot  top  min- 
nows for  aquaria,  fountains,  pools,  and  wells,  wherever 
they  were  found  to  be  needed  or  as  requests  for  them  were 
received. 

A  very  useful  net  for  collecting  top  minnows  is  a  small 
bobbinet  seine.  The  one  used  was  about  12  ft.  long  and  3 
ft.  deep.  Such  a  net  if  made  ot  a  good  grade  of  netting,  is 
light  and  durable,  and  it  can  be  quickly  and  easily  handled. 
A  dipnet,  also  made  of  bobbinet.  was  used  to  some  advantage 
in  places  where  there  was  so  much  vegetation  that  a  seine 
could  not  be  operated. 

Results  Obtained  from  Introducing  Minnows  into  Mos- 
quito Braeding  Places. — On  April  1.  mosquito  larvae  ot  the 
Culex  type  were  found  in  a  ditch,  in  several  pools  and  in  a 
large  pond.  These  waters  were  all  free  of  debris  and  vege- 
tation. The  pond  had  steep  shores  and  it  was  very  clean. 
It  was  one  of  the  newer  brickyard  ponds  and  no  fish  were 
present.  All  of  these  places,  being  close  together,  were 
stocked  with  Gambusia  at  the  same  time.  Only  G  fish  were 
placed  in  each  of  the  pools  which  were  about  10  to  12  ft. 
long,  about  2  ft.  wide,  and  very  shallow.  Each  pool  sup- 
ported thousands  of  mosquito  larvae,  hut  in  about  two  weeks 
they  were  made  entirely  free  of  wrigglers  by  the  fish  and 
remained  so  until  they  became  dry  later  in  the  season.  The 
presence  ot  comparatively  few  skins  showed  that  not  many 
of  the  larvae  reached  the  adult  stage.  The  ditch  referred  to 
was    approximately    30    ft.    Ions    and    1    ft.    wide.      Mosquito 
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larvae  were  especially  abundant  in  it.  About  2Uli  top  min- 
nows were  placed  there  and  in  two  weeks  it  was  completely 
free  of  wrigglers.  .Vfosquito  larvae  were  seen  only  along 
the  shore  of  the  big  pond.  It  was  at  first  stocked  with  about 
1,500  Gambusia,  but  later  several  thousand  more  were 
added.  The  larvae  in  this  pond,  too,  disappeared  in  about 
two  weeks  from  the  time  the  first  fish  were  introduced  and 
none  were  again  seen  until  September.  By  that  time  the 
shores  had  become  overgrown  with  vegetation  which  fur- 
nished protection  for  Anopheles  larvae  against  fish.  This 
vegetation  was  cut  and  the  shores  were  raked.  A  large 
school  of  top  minnows  followed  the  workmen,  destroying 
the  immature  mosquito  and  other  insects  as  quickly  as 
their  hiding  places  were  destroyed. 

It  was  possible,  in  several  instances,  to  connect  ditches 
and  swamps  which  were  thickly  infested  with  mosquito 
larvae  with  ponds  that  were  well  supplied  with  top  min- 
nows. Wherever  this  was  done,  large  numbers  of  fish  en- 
tered these  waters  and  destroyed  the  mosiiuito  larvae  in  a 
surprisingly  short  time. 

For  the  purpose  of  comparison  and  as  furt'er  evidence  of 
the  value  of  Gambusia  in  controlling  mosquito  breeding  two 
other  small  ponds  are  worthy  of  mention.  These  ponds  are 
situated  at  the  intersection  of  the  tracks  of  the  Georgia 
Central  and  the  Belt  Line  railroads  and  they  are  of  about 
equal  size.  The  top  minnow  had  reached  one  of  the  ponds 
from  an  unknown  source,  and  it  was  entirely  free  of  mos- 
quito larvae.  The  other  was  without  fish  and  mosquitoes 
were  breeding  in  it  in  abundance.  The  inference,  in  the 
absence  of  any  evidence  to  the  contrary,  of  course  is  that 
the  top  minnows  destroyed  the  mosquito  larvae  in  the  first 
poiKl. 

During  the  later  part  of  October  two  new  brickyard  ponds 
were  found  to  be  breeding  large  numbers  of  mosquito  larvae. 
The  ponds  had  become  supplied  with  some  vegetation,  but 
the  mosquito  larvae  were  not  confined  to  these  hiding  places, 
but  were  quite  generally  distributed  over  the  ponds,  and 
could  be  seen  in  perfectly  clear  water.  Anopheles  larvae 
previously  had  been  noticed  only  once  away  from  all  protec- 
tion, and  then  as  now  in  a  pond  not  stocked  with  fish.  On 
Oct.  23  about  ].ono  Gambusia  were  placed  in  one  pond  and 
the  other  was  left  as  a  control.  On  Oct.  26  no  pronounced 
reduction  in  the  number  of  larvae  in  the  pond  which  had 
been  stocked  was  noticeable.  On  Oct.  29,  however,  a  re- 
markable decrease  was  evident,  only  a  few  larvae  being 
left,  and  these  were  found  in  vegetation.  At  the  end  of  this 
time  the  immature  mosquitoes  in  the  other  pond,  (control) 
were  as  abundant  as  ever. 

Many  similar  experiments  and  observations  could  be  men- 
tioned but  as  the  results  for  all  were  nearly  identical  it  is 
not  advantageous  to  do  so.  It  then  may  be  stated  that  wher- 
ever mosquitoes  were  breeding  prolifically  Gambusia  was 
not  present,  but  if  introduced  mosquito  breeding  was  elim- 
inated or  at  least  greatly  reduced.  Wherever  the  com- 
plete elimination  of  mosquito  larvae  did  not  result,  if  suffi- 
cient top  minnows  were  present,  the  immature  mosquitoes 
were  so  protected  by  vegetation  or  debris  that  they  could 
not  be  detected  or  reached  by  the  fish. 

Aquatic  Plants  and  Mosquito  ControT.-  It  is  evident  from 
the  study  of  plants  in  relation  to  mosquito  control  by  means 
of  fish,  that  it  is  highly  desirable  to  remove  those  plants 
having  leaves  just  below  tl:e  surface  of  the  water,  from 
ponds,  and  to  treat  algae  in  such  a  way  as  to  make  them 
useless  as  protectors  of  mosquitoes.  The  presence  of  these 
plants  was  by  far  the  most  important  obstacle  to  be  over- 
come in  securing  mosquito  control  in  the  many  ponds  in  the 
extra-cantonment  zone  of  Camp  Hancock.  A  rather  con- 
stant vigilance  is  necessary  in  order  to  keep  a  large  series  of 
ponds  free  of  such  plants,  but  it  is  not  very  difficult  work 
or  usually  very  expensive,  for  two  laborers,  provided  with 
hoes,  rakes  and  knapsacks,  spray  can,  and  some  oil,  can  take 
care  of  quite  a  number  of  ponds  during  the  course  of  a  sea- 
son. In  badly  infested  ponds  it  is  occasionally  advantageous 
to  cut  the  vegetation  with  a  patented  device,  known  on  the 
market   as   submarine   saw. 

Conclusions. — Gambusia  affinis  is  especially  suitable  for 
anti-mosquito  work  because:  (a)  It  seeks  its  food  at  the 
surface;  (b)  it  is  very  prolific:  (c)  it  gives  birth  to  well 
developed  young,  therefore  requiring  no  special  environment 
for  depositing  and  hatching  the  eggs:  fd)  it  lives  and  thrives 
under  a   large   variety   of  conditions   and   frequents  areas  es- 


pecially suitable  for  the  support  of  mosquito  larvae;  (e)  it 
usually  lives  and  multiplies  in  ponds  stocked  with  predaceous 
fishes,  providing  it  has  very  shallow  water  for  refuge. 

Plants  which  have  slightly  submerged  leaves  and  stems 
or  which  form  floating  masses  are  the  chief  sources  of  pro- 
tection for  mosquito  larvae  against  the  top  minnow.  Such 
plants  should  be  removed  from  the  water  or  treated  in  such 
a  way  as  to  make  them  uninhabitable  for  the  immature  mos- 
quito 

Mosquitoes  may  breed  in  water  so  badly  polluted  that 
Gambusia   is    almost   instantly   killed   thereby. 

Gambusia  affinis  is  of  great  value  in  anti-mosquito  work. 
It  eliminates  the  wriggler  completely  from  ponds  which  are 
fairly  free  of  protective  vegetation  and  debris.  If  tnuch  pro- 
tection is  furnished  by  vegetation  and  debris  the  immature 
mosquito  is  not  entirely  eliminated,  but  the  ntimber  reach- 
ing the  adult  stage  is  greatly  reduced. 

The  number  of  top  minnows  necessary  in  a  body  of  water 
in  order  to  secure  mosquito  control  depends  largely  upon 
the  conditions  which  prevail  with  respect  to  places  of  pro- 
tection, i,  e,,  a  much  smaller  number  of  Gambusia  is  neces- 
sary, if  the  water  is  fairly  free  of  hiding  places  for  mos- 
quito larvae  against  fish,  than  if  the  reverse  Is  true. 


Factors  Requiring  Special  Consid- 
eration in  Hydraulic  Fill  Dam 
Construction* 

By  C.  E.  GRUNSKY. 

The  hydraulic  fill  dams  already  in  use  sufficiently  demon- 
strate that  the  construction  of  dams  by  the  hydraulic  fill 
method  has  merit.  Such  accidents  as  happened  to  the 
Xecaxa  dam  in  1909  and  to  the  Calaveras  dam  in  March, 
1918,  should  not  he  allowed  to  discredit  the  method.  They 
serve,  however,  in  giving  some  deflniteness  to  the  limita- 
tions to  which  t':e  method  is  subject  and  to  the  precau- 
tions which  must  be  taken  to  insure  a  safe  structure.  The 
fact  that  in  both  of  these  cases  the  tops  of  these  dams  were 
at  heights  of  1.50  to  200  feet,  when  the  slides  occurred,  may 
be  accepted,  moreover,  as  good  evidence  that  the  construc- 
tion of  high  dams  by  this  method  is  feasible.  Probably 
in  neither  of  these  cases  would  there  have  been  any  failure 
if  the  progress  of  erection  had  been  slower,  if  more  time 
had  been  allowed  for  the  unwatering  of  the  material  of 
which  the  dams  were  being  built. 

It  is  obvious  to  any  engineer  who  has  reflected  on  the 
problems  connected  with  the  serviceability  of  earth  dams 
that  the  presence  of  a  certain  amount  of  finely  divided 
material,  of  which  clay  is  typical,  is  essential  as  a  com- 
ponent part  of  the  finished  earth  embankment  and  that 
the  ideal  disposition  of  this  material  would  be  throughout 
the  mass  of  structure  with  preponderance  at  points  near 
the  up-stream  face  so  that  any  moisture  that  may  penetrate 
through  the  upstream  portion  of  the  structure  will  find 
less  and  less  resistance  to  its  passage  as  it  approaches  the 
down-stream  face. 

The  ideal  is  more  readily  obtainable  when  the  method  of 
construction  is  dry  fill  than  when  it  is  hydraulic  fill.  The 
hydraulic  fill  method  ot  construction  requires  that  provision 
be  made  to  confine  the  water  with  which  material  is  floated 
into  place  long  enough  to  let  this  material  settle.  There 
must  conseq,uently  be  barriers  erected  which  will  poml  the 
water  on   top  of  the   dam. 

The  ordinary  practice  is  to  place  these  barriers  along  the 
up-stream  and  down-stream  edges  of  the  top  of  the  dam 
and  let  the  sluiced  material  be  discharged  along  these  bar- 
rier.s.  The  coarse  material  will  by  this  process  be  dropped 
nearest  to  the  upstream  and  down-stream  faces  of  the 
dam  and  the  finest,  ultimately  densest  material  will  be 
crowded  to  the  center.  In  the  extreme  case  in  which  there 
is  scarcity  of  fine  material  it  may  be  advisable  to  deliver 
only  along  the  down  stream  barrier  in  order  that  the  finest 
material  niay  be  crowded  as  far  toward  the  up-stream  face 
as  possible,  thereby  establishing  the  condition  of  greatest 
density  up-stream  and  greatest  perviousness  near  the  down- 
stream face.  From  this  condition  to  the  other  extreme  ot 
excessive  amounts  of  clay  there  may  be  all  manner  of 
gradation.";. 


'■From    a   paper   presented    Vicforc    ihc    S;iti    Frani'i.sco    Section    ot 
tile   .VnieTKan   Society  of  rivil    l';iii;iin'<T.s. 
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111?-    iiif    ni: '•    iii,4ti-Mai    iU«frt'    is    iit    iiu*    *.iu> 
i>  Is  («<nai'iti>isl\    lo   ils  iiiolsttiro  conimits.  aail 

V  r.  iiiuiti  siMiil  Huuid  lor  u  Ions  iliue,  tho  more  im- 

|..  s  to  (liiiik  thr  »iuiie  with   brDud   liiirriors  oC  llriii 

molt  '  i  lf»H  tu>rvli.u'!<  iiiiitcrliil.  unil  lu  iillow  uiii|)lt<  tiiue 
for  ilriiiiam-  This  rioiiilremoui  miimully  U«u<ls  to  ii  con- 
rf>n(r(ilu>ii  of  lhi<  cinypy  iniitcrlalii  «t  or  near  tlii-  ciMitral 
««'i-U.iii  ol  iho  tlnni  which  !«  botiiR  icuistnicti'd  by  the  hy- 
dra ili.  lUl  tiii.i-i>»s  ami  Is  apt  to  afi'fnl\ial«'  tho  oliniinatiou 
I'f  (.Mirst'  iiinterlnl  from  iht'  ohiy.  parlU-ularly  hi  the  liroail 
I.  1^  of  (ho  dam  wherv  Ihi*   points  of  iHschnrKO  are 

r.i  ly    from    Iho    rentor    than    at    hlijlior    olovaiioiis 

w  :  haa  loHR   width. 

■   of   ilay    In    tho   borrow   pit  or,   rathor,   the 
I':  :    .'lay    in    uudoMirablo    umo'inl,    will    compel    the 

ox  -Booii    JndKmont    In    tho    direction    of    the    work 

CO  ih.it  without  sacrllico  of  iinporvloii.snDS8  the  pocliotinR  of 
niniuto!)  of  matorial  which  will  roinuin  somi-liiinid  loo  long 
may  bo  Avoided.  The  direction  of  work  in  s\icli  a  case 
relttlori  not  alone  to  a  proper  disposal  of  the  sluiced  material 
on  tho  L'niwinK  ombankment.  but  also  to  a  selection  in  the 
pit  of  thill   which  Is   best   suited   for  use  at  each  successive 

imperviousness  of  an  earth  dam  is  not 
un  I'.-.-ii.ual  attribute.  Wo  can  readily  imagine  a  dam. 
for  example,  constructed  of  material  graded  from  coarse  to 
flne  but  without  clay  in  which  the  fine  material  in  \veU  com- 
pacted mass  is  near  enough  to  the  upstreom  face  and  far 
enough  t."om  the  downstream  face  that  it  not  only  suffi- 
ciently checks  the  movement  of  moisture  through  the  struc- 
ture but  also  gets  adequate  support  from  the  coarser  mate- 
rial. Such  a  dam.  on  a  suitable  foundation,  may.  even  with 
some  leakage,  be  a  perfectly  sate  and  useful  structure. 
In  such  a  dam  the  line  of  saturation  ran  not  approach  the 
down-stream  face.  There  will  be  no  danger  of  sloughing. 
provided  of  course  that  proper  slopes  have  been  adopted 
and  saturation  does  not  result  from  other  causes  such  as 
excessive   rainfall   upon   improperly   drained   surfaces. 

The  draining  out  of  the  moisture  to  the  surface  of  the 
clay  mass  while  a  dam  is  under  construction  and  water 
is  ponded  on  top  will  ordinarily  be  both  downward  and 
horizontally  outward  to  the  surface  of  the  mass.  The 
clay  mass  bes:!ns  to  dry.  in  other,  words,  from  the  outside. 
It  shrinks  in  drying,  thereby  facilitating  the  movement  of 
moisture  Irom  the  interior  toward  the  surface  of  the  mass. 
This  movement  is  the  result  of  the  forces  of  capillarity 
and  of  gravity. 

The  greater  the  dimensions  of  the  wet  mass  the  larger 
will  the  amount  of  water  which  must  move  from  the  interior 
to  the  outside  through  t'^e  outer  layers  of  the  mass  and 
therefore  the  longer  will  the  outer  layer  be  kept  w^et  and 
the  slower  will  be  the  rate  at  which  consolidation  takes 
place.  The  presence  of  clay  in  the  material  of  which  a 
dam  is  beins  constructed  may  delerniine  tho  rate  of  con- 
struction and  perhaps,  too.  the  height  of  the  dam  that  under 
consideration  of  all  circumstances  could  be  recommended 
for  construction"  by  the  hydraulic  fill  method. 

T^e  value  of  clay  as  a  component  pari  ol  a  dam  niay  be 
ascribed  in  large  part  to  its  property  of  swelling  when 
absorbing  moisture.  A  fairly  dry  compact  mass  of  clay 
is  exceptionally  well  suited  to  resist  percolation.  When  its 
surface  is  wet  as  when  water  rises  against  a  dam.  it  is  prob- 
able that  this  property  of  swelling  with  resulting  interior 
pressure  prevents  deep  penetration  of  the  water  and  ac- 
counts for  the  fact  that,  in  the  case  of  dams  composed  in 
part  of  clay  or  constructed  with  good  clay  puddle  cores, 
absolute  imperviousness  can  so  frequently  be  claimed.  But 
the  drying  of  the  clay  to  a  reasonable  degree  of  consoli- 
dation and  compactness  is  necessary  to  put  the  clay  into 
the  condition  in  which  it  will  properly  perform  its  function 
and  a«  a"  general  proposition  this  condition  should  be  ob- 
tained before  drying  is  checked  by  submergence  of  one  face 
of  the  dam  as  when  a  reservoir  is  brought  into  use  too  soon. 

More  information  is  needed  relating  to  the  effect  of  depth 
of  deposit  of  wet  clayey  material  on  the  unwatering  of  the 
lower  layers.  Is  the  upward  progression  of  consolidation 
due  solely  to  the  decreasing  rate  at  which  water  will  flow- 
downward  through  added  depth  of  material  ^s  distance 
from  the  ponded  water  on  the  top  of  the  dam  increases? 
Or  does  the  weight  of  the  superincumbent  material  assist 
in  pressing  out  the  water  from  a  confined  mass  of  clay? 
And  what  is  the  relation  of  the  rate  of  unwatering  to  depth 

( 


below  the  top  and  to  the  horizontal  distance  from  the  sides 
of   the   clay    lill? 

Answers  to  these  questions  when  .Ihey  can  bo  given  will 
be  of  material  service  in  dellnlng  the  limitations  which  are 
under  discussion. 

Without  endeavoring  to  make  the  enumeration  complete 
It  may  be  suggested  tluit  among  the  factors  which  require 
special  consideration,  when  the  hydraulic  till  method  of 
constructin.:;  un  earth  dam  is  being  studied  are  the  following: 

1.  The  suitability  of  the  available  iiiiilorial  to  make  a 
practically  water-tight  dam  when  tloaloil  into  place  with 
water. 

I'.  The  relative  cost  of  tlie  hydraulic  lill  ilani  w  lion  com- 
pared with   the  cost  of  a  dry  1111  dam. 

;1.  The  quality  and  relative  amount  of  the  line  mattrial. 

•1.  The  physical  properties  of  the  line  material  particularly 
in  tlie  matter  of  giving  up  tlie  moisliiro  of  saliir;ilioii  when 
accumulated  in  large  masses. 

5.  The  possibility  that  throiis;hout  the  mass  of  the  dam 
local  rates  of  drainage  and  coiisolidalion  will  be  variable, 
which  may  result  in  so  pocketing  saturated  masses  of  mate- 
rial that  drying  out  these  masses  would  be  retarded. 

C.  The  difficulty  of  ascertaining  the  degree  of  coiisolida- 
lion at  all  critical  points. 

7.  The  interference  with  drainage  and  consolidation  by 
the  use  of  the  dam  tor  the  storage  of  water  before  consoli- 
dation   is    complete. 

8.  The  probable  settlement  that  will  result  from  the  shrink- 
age of  drying  clays. 

9.  The  time  required  to  construct  and  make  available  for 
use. 

With  reference  to  the  construction  of  earth  dams  by  the 
dry  fill  method  it  need  only  be  said  that  when  the  foundation 
is  suitable  and  materials  are  available  the  only  limiting 
factor  is  cost. 

There  will  be  many  cases,  particularly  in  llie  West,  where 
the  suitability  of  the  material  for  the  construction  ot  a 
hydraulic  fill  dam  is  unquestioned.  When  this  is  so  the 
main  factor  to  be  considered  will  be  the  relative  cost  of 
the  two  methods  of  construction.  Because  this  is  occa- 
sionally decidedly  in  favor  of  the  former  it  has  made  this 
type  of  earth  dam  deservedly  popular. 

Knough  has  been  said  to  show  that  the  difficulties  of 
construction  by  the  hydraulic  fill  method  and  the  uncer- 
tainty of  what  is  taking  place  in  the  matter  of  consolidation 
must  increase  with  the  volume  of  the  deposited  material. 
Conseque^ntly  the  problem  of  determining  the  method  of 
construction  becomes  more  difficult  and  grows  with  impor- 
tance as  the  height  of  the  dam  increases.  It  becomes 
increasingly  so  when  the  proportional  amount  of  clay  is 
large    and    the    consolidation    will    be    correspondingly    slow. 

The  use  of  the  hydraulic  fill  method  of  constructing  earth 
dams  necessarily  has  its  limitations.  These  limitations  can 
not  be  defined  other  than  in  general  terms.  Each  separate 
case  presents  its  own  problems.  In  this  respect  the  hy- 
draulic fill  dam  is  on  a  par  with  other  types  of  dams  in- 
troduced at  a  comparatively  recent  day,  but  which  have 
demonstrated  their  serviceability — such  for  example  as  the 
multiple  arch  dam — but  which  also  have  their  limitations. 
The  hydraulic  fill  dam  has  already  made  a  place  for  itself. 
That  this  place  will  be  more  definitely  delineated  as  further 
results  of  experience  become  available,  goes  without  saying. 
It  is  too  soon  to  say  t'at  the  method  is  not  suitable  for  any 
height  of   earth   dam   yet   proposed. 


Water  Consumption  at  Haftford,  Conn.,  in  1918. — The  total 
consumption  of  water  at  Hartford.  Conn.,  in  ini.S.  as  recorded 
by  master  meter,  was  4,175  million  gallons,  or  an  average 
daily  draft  of  11,43(3.000  gal.  per  day.  This  is  accounted  for 
approximately  as  follows  in  the  last  annual  report  of  the 
water  commissioners: 

Eqiii\"aleiu 
In  gallon.^ 
I  l*(T  cent.         per  day. 

Paid  for  in  rates SO.:i  9.186,000 

Flushing  mains,   etc 0.1  10,000 

Drinking  fountains 0.4  45.000 

Street  sprinlfling  and  Mushing l.G  1.S5.000 

Fire   extinguishing    0.2  20,000 

T'naccounted    for.    waste,    etc .- 17.4,  1.990.000 

Total    liiO.O  11.4:f6.fl00 

The  waste  and  unaccounted  for  water  on  the  basis  ot  con- 
sumers represents   the   equivalent  of  1.1   gal.   per  capita  per 
day. 
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Combination  Tap  Box  and  Measuring  De- 
vice for  Metering  Irrigation  Water 

A  r'lnilpination  hearlgate  and  measuring  device  for  meas- 
uring the  flow  of  irrigation  water  delivered  to  the  farm 
nnit.  tliat  is  being  used  extensively  in  irrigated  sections  o£ 
the  '"uited  States  is  illustrated.  The  device  is  known  as 
the  Burnham  submerged  orifice.  It  consists  of  a  rectangular 
opening  made  of  metal  in  which  the  vertical  height  does  not 
e.xceed  one-third  of  the  horizontal  width,  and  an  orifice 
which  is  adjustable  as  to  size  vertically  but  not  horizontally. 
The  patented  adjustable  feature  is  a  decided  advantage 
over  the  old  style  of  a  fixed  orifice  as  it  gives  the  device  a 
wide  range  of  delivery  with  a  minimum  loss  of  head.  One 
of  the  principal  advantages  of  the  orifice  lies  in  its  ability 
to  accurately  measure  and  deliver  large  or  small  quantities 
of  water  with   comparatively  little  loss  of  head. 

In  order  to  give  accurate  results  the  orifice  must  at  all 
times  be  completely  submerged,  such  submergence  to  be 
of  sufficient  depth  as  to  overcome  any  appreciable  "boil'' 
or  •whirl"  below  the  opening.  This  condition  is  auto- 
matically produced  in  the  Burnham  device  by  having  the 
main  control  gate  placed  outside  of.  and  at  the  correct  ele- 
vation with  reference  to.  the  orifice  and  all  water  has  to 
pass  through  the  orifice  before  being  released  by  the  gate. 
When  installing  the  combination  bead-gate  and  measuring 
device  it  is  so  placed  in  the  canal  bank  that  the  bottom  of 
the  opening  is  slightly  below  the  bottom  of  the  canal  thereby 
giving  it  the  advantage  over  the  ordinary  weir  installa- 
tion of  being  able  to  draw  a  normal  head  of  water  with  an 
extremely  low  l:ead  in  the  main  canal. 

The  device  is  made  in  several  different  sizes,  for  instance. 
(he  No.  :;  size  ha.s  an  opening  2  ft.  in  width  and  adjustable 
in  height  from  1  in.  to  0  in.  The  maximum  capacity  for  ac- 
curate  delivery,  usins   this   size,  is  :',   second   feet;   the  effec- 


Burnham     Submerged     Orifice. 

five  head,  or  loss  o£  head,  being  4 '^2  in.  The  minimum  flow 
for  the  same  size  is  one-fifth  of  a  second  foot  with  an  open- 
ing 2  ft.  wide  by  1  in.  high  and  a  head  of  %  in.  The  next 
size  larger  is  No.  5,  which  has  an  opening  8  ft.  in  width 
adjustable  from  1  in.  to  .S  in.  in  height.  A  discharge  of  .3 
second  feet  is  obtained  through  this  device  with  a  pressure 
of  3%  in.  and  a  minimum  of  1/5  sec.  ft.  with  a  pressure  of 
%  in.  The  No.  8  size  has  a  range  from  1/5  sec.  ft.  to  8  sec. 
ft.      The   average   farm   unit   does   not    reiiuire   a   delivery   of 


over  3  sec.  ft.  and  therefore  the  No.  3  size  is.  perhaps,  the 
one  most  commonly  used,  though  the  No.  5  is  a  very  pop- 
ular size  on  some   projects. 

Another  distinctive  feature  of  the  Burnham  device  is  the 
arrangement  of  the  "float  wells."  or  "stilling  boxes":  one 
compartment  being  connected  with  the  water  above  the 
orifice  and  the  other  with  the  water  below. 

The  wells  are  provided  with  metal  floats  which  are  so 
arranged  as  to  mechanically  differentiate  the  difference  in 
head  between  the  upper  and  lower  sides  of  the  orifice 
and  the  floats  are  in  turn  provided  with  an  indicating  ar- 
rangement   which    gives    the    effective    head    or    indicates  di- 


Installation    of    Measuring     Device. 

rectly  the  proper  discharge  in  miners'  inches  or  second  feet 
without  computation,  the  result  being  easily  read  by  Ihe 
canal  rider  or  water  user. 

The  sheet  metal  part  of  the  Burnham  gate  is  made  of 
American  ingot  iron.  For  permanent  installation  the  gate 
is  usually  reinforced  with  a  concrete  collar  or  cut-off  wall 
and  a  sufhcient  length  of  corrugated  culvert  pipe  is  used 
to  extend  to  the  outer  edge  of  the  canal  bank.  Care  should 
be  taken  in  the  installation  to  provide  a  pool  at  the  en- 
trance, or  at  least,  to  guard  against  a  velocity  of  approach 
in  excess  of  0.5  ft.  per  second. 

Some  of  the  advantages  claimed  for  the  above  coniliina- 
tion  as  manufactured  by  the  I'tah  Corrugated  Culvert  k 
Flume    Co.,    Woods    Cross.    I'tah.    are    as    follows: 

1.  It  is  a  combination  headgate  and  measuring  device  in  a 
fairly  compact  arrangement  and   properly  proportioned. 

2.  It  accurately  measures  comparatively  large  or  small 
(|uantities  of  water  with  a  minimum  loss  of  bead, 

.".  It  approximately  proportions  the  flow  of  water  to  the 
individual  user  in  cases  of  canal  fluctuation. 

4.  The  correct  flow  is  readil.v  ascertained  by  the  water 
user  as  well  as  the  canal  rider  and  ilisputes  are  tlii'refore 
avoided. 

.''.  The  orifice  will  give  accurate  results  in  all  cases  where 
other  torms  of  weirs  are  commonly  used  and  can  lie  used 
in  many  cases  where  Ihe  ordinary  type  of  weir  •  ;in  not 
be   used. 


^919  to  Be  Big  Garden  Year. — Home  gardening  is  starting 
off  this  vear  in  every  section  of  the  country  with  the  mo- 
mentum gained  during  the  two  gai-dening  seasons  in  which  the 
I'nited  States  was  at  war.  Tliis  is  the  conclusion  drawn  from 
reports  to  the  garden  specialists  of  the  I'nited  Slates  l)e- 
]i.-irtment  of  Agriculturi'  from  garden  leaders  in  most  of  the 
State.^.  According  to  these  re))orts  .gardening  has  siiread  to 
every  element  of  tlie  people  and  has  become  a  fixed  factor 
in  city  and  suburban  as  well  as  rural  lile.  With  experience 
gained  by  amateur  gardeners  in  past  seasons  and  with  gar- 
dens assuming  a  permanent  rather  than  a  temporary  char- 
acter, this  year  is  expected  to  be  the  greatest  year  ever  re- 
corded   in    making   waste   land   juoduce   food. 
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Manhole  Cover  with  Self  Coiuaiiied  Lock- 
ing and  Operatinji  Mechanism 

A  iu!ii\luilo  tov.T  tliiii  i-,iiiiu>i  lio  uusi'iitfd  or  tippoil  from 
It*  frBiiio  l>y  iniUli-  is  illustraiotl.  This  tleviio  hiis  a  lock- 
ing nu<ilu>iii-<!t>  t'v  means  of  whirli  It  Is  llrmly  lockod  to  its 
(rami-      A  li  '"st  to  tlu>  iiiiinhi'li-  frnnu>  to  hold  tho 

ropi'titinlrtn  ti   tho  operntlni;  pivot   bolt  iiiul  covor 

I(  ,if  liiiltod  to  tho  hottom.     A  8h'cvi>  coiitorod 

i„  .,tlvi'  position  us  the  houslnR  is  cast   to  tho 

cover,  mill  IS  iii.uhinod  to  III  inside  the  housing  and  rest  on 
the  pivot  boll.  ha\lnB  at  its  lower  end  a  eani  or  helix  which 
interlocks  with  the  cam  plate  on  the  bottom  of  the  hoiisiiiK 
and  llJt  upper  part  re««t""  '•■•<-  -'  -he  sleeve  A  water- 
tlehl  key  ■ockel  pUi(t  passlnR  tbrouKU  the  cover,  w  Ith  a  further 
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pivot    Lock    Manhole    Cover. 

square  downward  extension  which  fits  into  a  stiuare  core  in 
the  top  of  the  pivot-bolt,  operates  the  pivot  bolt.  By  means 
of  the  key  wrench  which  has  a  handle  abciit  :;  ft.  long  the 
pivot-bolt  is  turned  independently  of  the  sleeve  and  cover, 
and  rides  on  the  lower  cam  plate,  unlocking  and  raising  the 
cover  from  its  frame  for  clearance.  At  this  point  in  the  op- 
eration the  pivot-bolt,  sleeve  and  cover  are  automatically 
locked  by  the  weight  of  the  cover  in  the  same  relative  po- 
sition, and  any  further  movement  of  the  key  wrench  and 
pivot-bolt  thereafter  rotates  the  cover  and  pivot-bolt  to- 
gether. In  closing  the  cover  it  is  swung  by  a  clockwise  rota- 
tion of  the  pivot-bolt  back  to  a  position  directly  over  its 
seat.  This  manhole  cover  is  manufactured  by  L.  A.  Ranse- 
housen.  Springfield,  Mass. 


Mosquito  Control  in  New  Jersey  Would  Cost  $750,000. — In 
an  address  at  the  annual  meeting  of  the  New  Jersey  Mosquito 
Extermination  Association,  held  last  month  at  Atlantic  City, 
Dr.  Thomas  J.  Headlee.  State  Entomologist,  stated  that  it 
would  cost  $750,000  to  free  the  state  from  mosquitoes.  He 
said  that  already  established  methods  of  drainage  had  been 
applied  to  more  than  100,000  of  the  32G,00O  acres  of  breed- 
ing marsh  in  the  state.  He  estimated  the  annual  cost  of 
maintenance  following  eradication  through  approximately 
TO.OOO.OCO  ft.  of  ditching  at  $lo;j,800  or  3.5  ct.  per  acre,  the 
greatest  part  of  which  would  be  required  for  keeping  open 
the  drainage  ditches  in  the  reclaimed  area. 


Georoe  Byars  lias  boun  ai.point*jii  cil.v  fiiulni'cr  ot  Wiico.  Ti'.\  . 
-Ill .  .1  liiiiK  K.  .1.  \\'lnili-o\C.  who  ri>8lf;»t<d  rccenlly  to  engat{o  in 
i-oiiir.u-tlnj:. 

Patrick  J.  O'Brien,  inonibor  ot  the  I.lourd  of  Public  Woiiis  ol 
l''iilliiii.  .N,  ^  ..  li;is  lii'i-ii  apiHiliitod  superiiiU'iKlont  ot  Section  1  01' 
Ihr   llHWi'm)   IllUKC  Omul, 

Patrick  J.  Cawley  of  Svrariiso.  N.  Y.,  has  been  appointed  ilep- 
u:.\  Miip<'i'lii(<'iid<  nt  in  cliarKc  of  the  inldiUe  cunnl  division  ol  the 
.\'«\v    Vi>ili   Slair   liaiKi'  I'anai   s.vstoni. 

J.  C.  McVoa,  hiTi'lofore  otlk-e  eiiKlneer  of  the  City  ICiiKinoer's 
1  >i|rarliii<'i.t  of  Houston,  Tex.,  has  heen  appointed  city  ennniuer. 
-iii.-.iMHInt,-  !■;.  10.  S.inds.  who  resltrned  to  onKUge  In  cnirlni i rini, 
work  In  Now  York  City. 

C.  C.  Wallace,  fornierl.x'  nianaKiT  of  loading  ol"  inunltlon.s  sec- 
:  itm  iif  the  Stcnotype  Co..  Indianapolis.  Inri..  is  now  dlrec'tor  of 
•  Ii-velopnient  and  service  of  the  i'owilered  t'oal  ICnKineerinj;;  & 
lOMUipinent    I'o.   of  ChicuRO. 

F.    C.    Williams,    loinierly   aotinK   olflce   nianaKer   for   the   Miami 

1  iiM'ii'rvancy  Dlstilel,  l>aylon.  O.,  lint  more  recently  superintendent 

til'  Ihe  dralnawe  operations  at   Hamilton,   ha.s  rexlKned  and  will  lie- 

(inie   idenlllleil   with    llie  .lanus   Ferry    .Vr    Sons'   Co,   of   New    VorU. 

eoiilraelors. 

Richard  T.  MncCracken,  first  serf;eaiil  of  Coinpany  A.  l'"orl>- 
second  battalion.  Twentieth  Reserve  KnM'ineers.  has  been  awai-ded 
llu-  disilnyuished  .^ervlee  medal  by  Cen.  Pershing".  Prior  to  his 
i'nl!stment  he  was  identilietl  with  the  Pepartinent  of  the  Interior 
as  enKiiieer  of  the  bureau  of  national   parks. 

Col.  Paul  S.  Relnecke.  during  the  war  eoniinander  of  the  211tli 
Ke;.(inienl  of  Cnlted  Statt'  lOnjilneer.s  .-lI  Camp  Meade,  has  arrived 
111  tialveslon  and  assuinefl  his  duties  as  assistant  to  Col.  Spencer 
Ci.sby,  chief  en^iineer  for  the  Galveston  district.  Col.  lieineeke 
served  with  his  connnand  until  tbe  Eleventh  IJivision  was  mustered 
cut. 

Capt.  A.  U.  Wetherbee.  who  recently  received  his  discharge 
from  the  Cheniiral  Warfare  Branch  of  the  service,  a-iul  who  was 
formerly  ebief  engineer  and  .issistant  works  manager  of  the  Ni- 
agara .Ukali  ^'o..  has  accepted  a  ixjsition  as  chief  mechanical  engi- 
neer with  the  Powdered  Coal  Engineering  &  Equipment  Co.  of 
Chicago. 

George  T.  Prince,  district  engineer  of  the  IT.  S.  Housing  Cor- 
lioratlon.  in  liiargc  of  utilities  connected  with  building  pro.lecls  in 
.\'ew  ICngland.  will  open  consulting-  engineiTing  offices  shortly  at 
( >ntaha  iind  Denver.  Mr.  Prince  up  to  July  1  last  was  chief  engi- 
■eer  of    tlie    Metropolitan    Water   District   of   Omaha.     He   re-signed 

^i   position  to  accept  service  under  the  C.   S.  Governinent. 


Cold  Weather  Increases  Water  Consumption. — Due  to  ab- 
normal weather  conditions  in  the  winter  of  1917-18  the 
average  daily  water  consumption  of  Hartford,  Conn.,  in- 
creased above  normal  about  1. 000,000  gal.  daily  during  .Jan- 
uary, and  1.730.0O0  gal.  daily  during  February.  The  average 
daily  rate  of  flow  during  the  year  increased  gradually  from 
11.26  El.  g.  d.  in  March.  1917.  to  13.08  m.  g.  d.  in  February  1918. 
Except  (Miring  the  extremely  cold  weather  of  December.  1917, 
and  February,  1918,  when  the  night  rate  (midnight  and  4 
a.  tn.)  reached  420.0fJO  gal.  per  hour,  a  rate  of  about  250,000 
gal.  per  hour  was  maintained   throughout  the  year. 


Industrial  Notes 


G.  P.  Blacklston  has  resigned  from  the  Koppel  Industrial  Car  * 
Equipment  Co.  of  Koppel.  Pa.,  after  having  been  with  the  company 
for  nearly  12  years  in  capacity  of  advertising'  and  promotion  of 
sales  nianager. 

Walter  A.  Zelnicker,' prssident  of  the  Walter  A.  Zelnicker  Sup- 
ply Co.  and  af!ilial<-«l  companies  in  St.  LK>uis.  has  appointed  C'line 
H.  Kinnell  as  his  private  secretary.  Mr.  Flnnell.  who  recently  re- 
turned IroiTi  the  Otticers'  Training  School  at  Camp  Pike.  Ark.,  was 
formerb'  traveling  secretary  to  the  general  superintentlent  of  the 
<;..  R.  &  Q.  K.  K.  and  later  private  secretary  to  Clai-ence  H.  How- 
ard, president  of  the  Commonwealth  Steel  Co.  Mr.  finnell  Is 
president  of  the  .Tunior  Chamber  of  Commerce'  of  St.  Louis,  an 
orgain'/ation  of  1.000  members  of  younger  business  men  of  the  <ity. 

C.  W.  Johnson  has  i>een  appointed  assistant  inanager  of  work?; 
ot  the  Weslinghouse  Electric  &  Mfg.  Co.  Graduating  froin  Chlo 
State  I'niversity.  Mr.  Johnson  entered  the  employ  of  the  Steel 
Motor  Co.  of  Johnstown.  Pa.  A  year  later  he  became  associated 
with  the  Bullock  Electric  Co.  ot  Cincinnati.  O..  and  in  1904  was 
maile  superintendent  of  the  AIlls-Chalmers-Bullock,  L/td.,  of  Mon- 
treal. Can.  In  1907  he  entered  the  employ  of  the  Westlnghousc 
Co..  being  appointed  chief  inspector  of  works,  later  being  pro- 
moted to  general  superintendent,  in  which  capacitj'  he  has  served 
until  his  recent  appointment. 

The  Fishel  &  Marks  Co.,  iron  and  steel  merchants.  Cleveland, 
are  now  putting  up  a  new  yard  at  71st  street  and  Krakow  avenue. 
Cleveland.  The  yard  will  cover  11  acres  and  will  have  five  tracks 
accommodating  150  cars  at  one  time.  The  equipment  will  include 
six  shears,  an  Acme  hydraulic  press  for  sheet  scrap,  three  over- 
head cranes  on  concrete  runway's  with  75-foot  spans,  each  span 
360  feet  long  with  magnet  attached.  There  will  also  be  twelve 
acetylene  outfits;  wagon,  truck  and  railroad  scales  with  weighing 
capacities  of  l.'i  tons.  X()  tons  and  200  tons,  respectively,  three 
steel  stiff  leg  derricks  with  Inagnets  attached,  each  unit  having 
50  tons  lifting  capacity,  and  a  locomotive  crane  with  magnet. 

The  Dayton- Dick  Co.  ot  Quincy,  III.,  has  changed  its  name  to 
the  Daytnn-Dowd  Co.  The  change  was  made  owing  to  changes  in 
organization.  Capital  has  been  doubled  and  the  business  placed 
directly  under  the  control  ot  those'  immediately  interested.  Facili- 
ties are  greatly  extended.  The  coi-npany  has  recently  received 
i^nany  orders  for  large  irrigation  and  drainage  pumps,  and  it  can 
now  build  any  size  from  lU  in.  to  30  in.  in  a  split  casing  type  of 
I  limp.  It  has  developed  a  complete  line  of  tire  pumps,  complying, 
with  specifications  of  the  various  underwriters'  boards.  Further- 
more, it  has  developed  high  pressure  and  hydraulic  pumps  for 
boiler  feed,  elevator  pumps  and  similar  high  pressure  service,  aiul 
these  lines  are  to  be  pushed  to  the  utmost. 


Trade  Publications 


The  De  Laval  Steam  Turbine  Co..  Trenton.  N.  T..  has  issued 
a  32-page  catalog  des(rilnn,g  standardized  geared  turbine  units  for 
marine  service.  The  new  publication  describes  the  details  of  con- 
stiijction  of  turbines  and  gears  and  also  various  turbine-driven 
auxiliaries,  including  lighting'  sets,  circulating  pumps,  boiler  feed- 
ers,   etc. 

The  IngersoU-Pvand  Co..  New  Y'ork.  has  issued  a  12-page  catalog 
on  its  high  speed  piston  valve  steam  engine,  class  "FP."  This 
engine  is  of  the  horizontal  center  crank  type,  and  the  steam  valve 
is  of  the  most  approved  design,  permitting  the  u.se  of  the  highest 
steam  pressures  and  superheated  steam.  Catalog  also  contains 
cross-sectional  illustrations  s'nowing  the  machine  in  detail. 

"Chlorine  Control  .\pparatus  for  'V\'ater  and  Sewage  Purllica- 
tion"  is  the  title  of  a  64-page  book  brought  out  recently  by  the 
Wallaee  &  Tlernan  Co..  Inc..  349  Broadway,  New  Y'ork  City.  This 
book  is  more  than  a  catalog  of  apparatus:  it  is  a  real  treatise  on 
the  science  of  chlorination.  It  contains  information  of  value  to 
every  engineer  interested  in  water  purification  and  selvage  treat- 
ment. 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roads  <c)    Street   Cleaning 

(b)  Streets  (d)    Municipal    Miscellanies 

Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Waterworks  (c)    Irrigation    and    Drainage 

(b)  Sewers   and   Sanl-        (d)    Power 

tatloD 


Railways  and  Excavation — 3rd  Wednesday 

(a)    Excavation  and  <c>   Quarries  and   Pita 

Dredging  (d)   Railway       Construction — 

*b)    Rivers  and  Canals  Steam   and    Electric 

Buildings  and  Structures — 4th  Wednesday 

(a)    Buildings  (c)   Harbors  Structures    • 

<b)    Urldgea  (d)    Miscellaneous    Structures 


Copyriglit.    1919,   by   the    Engineering    and    Contracting    Publishing   Company. 
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The  Cost  of   Appraising  the   Rail- 
ways and  the  Worth  of 
That    Cost 

It  is  estimated  by  the  director  o(  valuation  of  the  Inter- 
state Commerce  Commission  that  the  field  work  of  apprais- 
ing the  railways  will  be  finished  by  the  end  of  this  year  and 
that  the  oflSce  work  will  be  finished  a  year  later,  at  a  total 
cost  not  exceeding  .'i!2(i.0n0.0oo.  This  is  the  cost  to  the  Gov- 
ernment. Since,  much  of  the  work  is  being  duplicated  by  the 
railway  companies,  the  cost  to  all  concerned  may  possibly 
amount  to  nearly  twice  $20,000,00U.  As  a  matter  of  fact,  up  to 
date,  the  cost  to  the  railways  has  been  only  one-third  of  that 
of  the  government.  , 

However,  taking  merely  the  $20,000,000,  we  have  a  cost 
of  approximately  $1  per  $1,000  of  capital  outstanding— stock, 
bonds  and  notes.  It  is  likely  that  the  cost  of  reproduction 
will  not  differ  greatly  from  the  capitalization,  or  twenty 
billion  dollars.  An  appraisal  cost  of  $1  per  $1,000  of  prop- 
erty is  low  where  a  very  careful  inventory  is  made.  Kven 
were  it  $2  per  $1,000  the  cost  should  not  be  regarded  as  ex- 
cessive. 

The  editor  conducted  a  valuation  of  a  very  large  telephniie 
plant  at  a  cost  of  $3  per  $1.0Uii  of  physical  property.  That 
may  perhaps  be  taken  as  the  maximum  where  a  detailed 
inventory  of  a  large  plant  consisting  of  many  small  units  is 
involved.  At  the  other  extreme  of  valuation  cost  may  be 
taken  the  editor's  appraisal  of  the  railways  of  Washington. 
at  a  cost  of  25  ct.  per  $l,0OO  of  physical  plant.  In  the  latter 
case,  nearly  all  quantities  were  derived  from  office  and  ac- 
counting records,  thus  reducing  both  the  field  work  and  the 
office  calculations   to  a   minimum. 

There  are  about  255,000  miles  of  railway  line  and  :i95,00h 
miles  of  track  in  America.  Hence,  if  the  railway  appraisal 
costs   $20,000,000,   it   will   amount    to   $80    per   mile  of   Hue   or 


*50  per  mile  of  track.  It  is  interesting  to  note,  in  this  con- 
nection, that  railway  surveys  usually  have  cost  about  $250 
per  mile  of  located  line. 

From  time  to  time  many  railway  officials  have  expressed 
opposition  to  the  expenditure  of  money  for  railway  valua- 
tions. During  the  war  this  opposition  was  particularly  ag- 
gressive. It  was  argued  that  since  every  effort  should  be 
made  to  win  the  war.  all  work  on  railway  appraisals  should 
cease.  As  late  as  Oct.  10,  1!)18 — just  a  month  before  the 
war  ended — one  of  our  contemporaries  published  an  article 
by  a  "former  general  manager"  of  a  railway,  summarizing 
the  arguments  against  what  seemed  to  him  to  be  a  further 
waste  of  money  in  valuing  the  railways.  He  began  by  say- 
ing that  four  years  had  passed  since  the  valuation  work 
was  started,  and  that  even  after  the  two  remaining  years  of 
that  work  had  come  to  an  end,  it  would  take  20  years  for 
the  courts  to  settle  all  the  questions  involved.     He  said: 

"The  cost,  estimated  by  the  director  of  valuation  at  $20,- 
(iiKi. 0(111  for  the  completed  work,  has  been  estimated  by  coni- 
li^tenl  engineers  as  likely  to  reach  $50,1100,000  before  the 
fin.il  results  are  secured.  The  railways  are,  independently 
in  many  instances,  making  complete  valuations,  largely  du- 
plicating the  work  ot  the  commission  and  the  cost  of  the 
Work.  The  cost  of  litigation  to  determine  the  value  finally 
will  add  enormously  to  the  expense,  so  that  Hie  estimate  of 
$.'jii. 000, 0011  and  20  years'  time  to  settle  Ihis  matter  may  not 
be  excessive. 

"The  question  as  to  the  real  value  of  this  work  has  been 
argued  pro  and  con  for  years.  That  it  has  some  value  is 
evident,  but  that  value  lies  chiefiy  for  purposes  such  as  laxa- 
tion.  entirely  outside  of  the  original  intention  of  the  com- 
mission, whicti  was  to  determine  the  matter  of  reasonable 
rates  of  transportation." 

We  can  not  agree  either  uiili  his  2U-year  estimale,  nor 
Willi  his  statement  that  the  valuation  will  have  no  utility 
toi-  rate  maKing  purposes.  Wbile  litigation  will  occiu-  over 
ilii'  Inleisiate  Commerce  Commission's  findings  as  to  values. 
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the  Supremo  Court  will  probably  settle  nil  Importnnt  ques- 
tions within  a  yeur  or  so  alter  they  are  niiscd.  At  any  rate 
that  has  been  the  history  of  such  oases  in  the  past. 

That  the  npimiisa!  will  be  valueless  for  ratoiuakinR  pur- 
poses, no  unbiased  enplnoer  Is  likely  to  contend  If  ho  has 
had  inueh  experience  in  rale  cases.  Courts  and  commis- 
bious  have,  almost  without  exception,  asked  for  appraisals 
of  railway  and  utility  plants  where  a  general  system  of  rates 
of  charKO  was  In  question.  The  Supreme  Court  Itself.  In  the 
Smyth  vs.  Ames  case,  has  named  the  cost  of  reproduction 
as  oufl  of  the  factors  in  a  rate  problem.  Hut  even  were 
courts  and  commissions  disposed  to  ignore  valuations,  there 
Is  the  public  to  bo  considered. 

The  public  believes  that  nearly  nil  railway  and  utility 
companies  are  capltnli«od  greatly  in  excess  of  the  property 
C08L  At  iKittom  it  is  this  well  nigh  universal  belief  that 
nrrounts  for  most  of  the  public  opposition  to  rate  increases. 
If  the  public  can  not  be  convinced  that  it  is  mistaken,  then 
Government  ownership  will  come.  To  convince  the  public 
that  it  is  mistaken,  there  are  only  two  ways,  first  to  secure 
an  unbiased  and  complete  audit  of  accounting  records  from 
the  boginning  to  d.ite.  so  as  to  show  actual  cash  invest- 
ments: second,  to  present  an  unbiased  appraisal.  The  first 
of  these  methods  Is  not  always  applicable.  Railway  oflicials 
usually  say  that  it  Is  never  applicable,  save  in  the  case  of  a 
relatlvelv  new  plant.  Kven  where  accounting  records  are 
complete  from  the  start,  a  periodic  inventory  of  plant  is 
needed  to  check  the  plant  accounts.  Hence,  no  matter  how 
viewed,  an  appraisal  is  necessary. 

.•\n  appraisal  cost  of  $2  per  $1,000  of  property  is  only  one- 
fifth  of  1  per  cent.  Fluctuations  in  market  values  of  railway 
securities  are  frequently  several  per  cent  in  a  single  day. 
•  VNTien  billions  of  dollars  are  at  stake  one  is  indeed  myopic 
who  can  see  only  the  cost  of  an  appraisal  without  seeing  the 
enormously  greater  v.  '  he  appraised  property. 


"Fordizin^"  the  Electric  Railways 

About  seven  years  ago.  during  the  hearing  of  an  electric 
railway  rate  case,  the  editor  testified  that  a  heavy  deprecia- 
tion annuity  should  be  provided  to  cover  the  "functional  de- 
preciation" of  rolling  stock.  He  pointed  out  that  improve- 
ments in  design  and  changes  in  capacity  of  street  cars  had 
occurred  almost  continuously,  and  that  the  future  could  be 
judged  only  by  the  past.  At  that  time  there  w'as  no  great 
change  in  street  car  design  in  sight,  but  the  editor  felt  con- 
fident that   some  important  development  would  occur. 

At  the  present  time  there  is  occurring  a  great  change  in 
street  car  construction.  The  heavy  type  of  car  is  giving  way 
to  a  smaller.'  and  very  much  lighter  model.  These  smaller 
cars  are  frequently  "one-man  cars,"  the  motornian  acting 
as  a  fare  collector. 

Interurban  electric  railways  are  almost  universally 
equipped  with  heavy  Pullman  type  cars;  but  tjiis  type  of  car 
seems  also  slated  for  the  scrapheap  at  an  early  date.  The 
Cincinnati.  Lawrenceburg  &  Aurora  R.  R.  is  now  using  12- 
ton  interurban  cars  in  place  of  its  former  25-ton  cars,  with 
a  resulting  reduction  of  more  than  50  per  cent  in  the  cur- 
rent required  for  operation.  The  old.  heavy  car  consumed 
3.56  kilowatt  hours  (at  the  station  bus)  per  car-mile  as  com- 
pared with  a  consumption  pt  1.7  kw.  hrs.  plus  10  per  cent 
for  light  and  heat  for  the  lighter  car.  By  the  installation  of 
current  meters  on  the  cars  the  current  consumption  has  been 
further  reduced  about  10  per  cent.  , 

These  light  interurban  cars  seat  40  people,  attain  a  speed 
of  40  miles  an  hour  and  cost  about  SS.600  complete. 

Commenting  upon  this  innovation,  "Electric  Traction"  re- 
cently said: 

"While  there  were  at  first  a  -number  of  skeptics  concern- 
ing the  advisability  of  the  use  of  light-weight  cars  on  an  in- 
terurban road,  there  has  been  nothing  in  the  operation  of 
this  line  to  sustain  the  objections.  Rather,  there  has  been 
displayed  an  appreciation  of  the  operating  efficiency  and 
economy,  which  is  gratifying  to  the  management  and  those 
responsible  for  the  revolutionary  changes.  The  men  in  track 
and  roadway  departments  are  enthusiastic  over  the  change 
and  it  is  optimistically  predicted  that  the  adoption  of  the 
scheme  will  go  a  long  way  toward  eliminating  the  handicap 
of  a  shortage  of  track  laborers,  as  it  is  claimed  that  the 
track  will  require  less  than  one-half  of  the  labor  formerly  re- 
quired to  keep  it  in  shape  for  the  heavier  cars.  The  entire 
scheme  may  be  said   to  be  to  the  electric  interurban  lines. 


what  the  introduction  of  the  Ford  car  was  to  the  automobile 
Industry;  or  tli<>  introduction  of  the  one-man  car  to  city  lines. 
There  is  the  distinction  here,  however,  that  schedules,  speed, 
and  seating  capacity  have  not  been  reduced  in  the  least 
and  that  the  line  is  capable  of,  and  is  actually  handling  more 
trafllc  than  previously." 

A  very  pretty  point  is  raised  as  to  the  rate  making  val- 
uation that  should  be  assigned  to  a  railway  property  after  a 
change  like  this  has  been  made.  Clearly  the  value  of  the 
plant  us  an  operating  property  is  enhanced  by  any  such  im- 
l)rovement,  yet  the  cost  of  reproducing  the  plant  in  use 
may  be  actually  reduced  considerably.  Shall  the  owners  of 
such  a  property  be  penalized  by  a  rate  commission  because 
they  have  installed  a  newer  and  better  plant?  .Justice  an- 
swers "No."  but  many  an  appraiser  still  answers  "Yes." 


Why  Wages  of  Railway  and  Pub- 
lic Utility  Employes  Should 
Be  Fixed  by  Public 
Commissions 

Labor  unions  have  .ilways  opposed  laws  providing  for  com- 
pulsory arbitration  of  issues  between  them  and  their  em- 
l)Ioyers.  Employers,  for  the  most  part,  have  been  equally 
insistent  upon  their  alleged  "right"  to  effect  their  own  set- 
tlements of  difficulties  with  employes.  The  result  is  that 
the  general  public  is  compelled  to  suffer  serious  loses  and 
inconveniences  during  every  strike  of  public  utility  and  rail- 
way employes. 

At  the  present  writing  141  towns  and  cities  in  Northern 
New  Jersey  are  without  street  car  service,  because  the  Pub- 
lic Service  Ry.  Co,  and  its  4,500  employes  caui  not  agree 
•as  to  wage  rates.  A  complete  tieup  of  all  the  subway,  ele- 
vated and  surface  car  lines  in  New  York  is  imminent,  be- 
cause a  strike  of  the  harbor  workers  has  cut  off  the  fuel 
used  to  generate  electric  power. 

It  is  safe  to  say  that  if  the  car  lines  in  New  York  City 
were  to  cease  operating  a  few  days,  /the  resulting  aggre- 
gate loss  to  residents  of  New  York  would  be  many  fold  the 
entire  amount  at  stake  in  the  controversy  between  the  har- 
bor workers  and  their  employers. 

Such  conditions  as  these  are  rapidly  crystallizing  public 
opinion  in  favor  of  compulsory  arbitration  of  wage  matters 
wherever  public  transportation  is  involved.  The  Interstate 
Commerce  Commission  and  the  state  railway  and  utility 
commissions  should  be  vested  with  power  to  fix  not  only  rates 
charged  for  railway  and  utility  services,  but  wages  paid  em- 
ployes. 

Civil  engineering  societies  should  endeavor  to  secure  this 
extension  'of  the  regulatory  powers  of  these  commissions. 
No  organized  effort  is  being  made  toward  this  end,  yet  it  is 
evident  that  the  time  is  rife  for  action. 


Is  Compressed  Air  Used  Extensive- 

Iv  Enough  on  Construction 

Work? 

Although  electric  power  is  ideal  where  rotary  motion  is 
produced,  it  is  not  very  satisfactory  where  reciprocating  mo- 
tion is  desired.  Thus,  for  drilling,  tamping  and  the  like, 
compressed  air  or  steam  is  preferable  to  electricity.  Com- 
pressed air  is  also  suitable  for  use  in  driving  rotary  tools 
or  machines,  such  as  augers,  hoisting  drums,  etc.  Hence 
there  is  a  very  wide  field  of  usefulness  for  compressed  air, 
a  wider  field  than  is  generally  realized  by  construction  en- 
gineers  and  contractors. 

Portable  compression  plants  driven  by  gasoline  engines  are 
already  used  extensively,  but  for  every  one  now  in  use  there 
should  be  a  score  or  more.  There  is  rarely  a  large  con- 
struction job  on  which  a  portable  compressor  would  not 
prove  profitable.  To  enumerate  only  a  few  of  the  uses  of 
such  a  plant  will  serve  to  indicate  its  general  applicability. 
Thus,  there  is:  Ramming  or  tamping  of  concrete,  earth 
backfill,  ballast,  etc.;  drilling  with  hammer  drills,  piston 
drills  and  rotary  earth  augers;  boring  wood  for  bolts  and 
driftbolts;  hammering  drift  bolts  and  spikes;  adzing  and 
dropping  timber;  cutting  pipe  threads;  toothing  out  paving 
brick   and    chipping    the    mortar    from    old    brick;    operating 
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small  hoists,  swinging  derrick  booms,  etc.;  riveting;  operat- 
ing grindstones,  small  saws,  etc.;  pneumatic  painting  and 
sandblast  cleaning. 

With  wages  50  to  100  per  cent  higher  than  they  were  five 
yeai's  ago.  there  is  greater  need  than  ever  to  use  labor  sav- 
ing machines  and  devices.  Compressed  air  tools  furnish  an 
admirable  means  ot  reducing  labor  costs  on  construction 
work. 


An   Overwhelming    Vote   Against 
the'Piece  Rate  System 

Opposition  ot  labor  unions  to  the  ordinary  piece-rate  sys- 
tem has  been  in  evidence  for  many  years.  That  this  opposi- 
tion is  proving  effective  is  well  illustrated  in  the  following 
news  item: 

"Piece  work  in  the  shops  of  the  New  York  Central.  Penn- 
sylvania. Norfolk  &  Western.  Philadelphia  &  Reading  and 
Burlington  will  be  abolished  by  Feb.  15  or  March  1.  This  is 
the  result  of  a  "referendum  by  all  the  men.  As  85  per  cent 
of  all  shopwork  on  the  Pennsylvania  was  on  the  piece  sys- 
tem and  about  the  same  on  the  New  York  Central  this  will 
work  a  great  change  in  those  shops.  About  90  per  cent  of 
the  men  voted  for  the  abolition  of  the  system  and  in  favor 
of  substituting  the  time  basis." 

Every  student  of  economics  knows  that  some  form  of  pay- 
ment in  proportion  to  performance  should  be  adopted  wher- 
ever practicable.  It  is  not  ditficult  to  persuade  the  average 
workman  that  his  wage  should  rise  as  his  output  increases. 
Then  why  is  it  that  a  referendum  by  the  shopmen  of  the 
three  railways  above  named  resulted  in  a  rejection  of  the 
piece-rate  plan  by  a  vote  of  nine  to  one?  A  correct  answer 
to  this  question  is  of  very  great  economic  importance. 

The  majority  of  workmen  are  fearful  that  any  increase  In 
wage  consequent  upon  the  adoption  of  a  piece-rate  plan  will 
eventually  be  taken  away  from  them  by  a  lowering  in  the 
rate  per  piece.  In  a  nutshell,  that  is  the  usual  reason  for 
opposition  to  piece-rate  and  bonus  systems.  It  seems  likely 
that  this  opposition  will  persist  until  the  Government  itself 
steps  in  to  protect  workmen.  While  most  employers  are  fair 
in  making  piece-rate  schedules,  there  a>'e  some  who  are  not 
fair,  and  these  unfair  employers  have  brought  piece-rate  and 
bonus  systems  into  disrepute  among  workmen.  Moreover, 
when  an  unfair  employer  cuts  an  established  piece-rate,  a 
fair  employer  who  maintains  the  rate  is  placed  at  a  great 
disadvantage  in  his  competition  with  the  unfair  employer. 

Both  employers  that  are  fair  and  employes  that  are  am- 
bitious have  much  to  gain  by  Government  fixing  of  minimum 
piece  rates. 


The  Continued  Deficit  in  Railway 
Income 

When  the  Government  raised  the  wages  of  railway  em- 
ployes a  little  more  than  a  year  ago  it  was  stated  that,  in- 
clusive of  the  wage  increase  previously  granted  to  train- 
men and  enginemen,  the  total  increase  would  amount  to 
about  $500,000,000.  Now  it  develops  that  a  serious  error  was 
made  in  this  estimate,  for  the  total  'p'age  increase  exceeds 
$800,000,000. 

In  spite  of  a  25  per  cent  increase  in  freight  rates  the  pres- 
ent net  earnings  of  the  railways  do  not  suffice  to  pay  operat- 
ing expenses  and  ordinary  interest  on  the  invested  capital. 
Thus,  in  January  the  operating  ratio  was  90%  per  cent,  which 
means  that  nearly  91  per  cent  of  the  gross  operating  income 
for  January  was  required  to  pay  operating  expenses!  This 
91  per  cent  is  about  the  same  operating  ratio  that  the  Gov- 
ernment-owned railways  of  France  sho^^■ed  prior  to  the  war. 

Prior  to  the  world  war  the  operating  ratio  of  American 
railways,  averaged  about  70  per  cent,  without  including  taxes 
as  a  part  of  operating  expenses:  and  the  taxes  amounted  to 
more  than  4  per  cent  of  the  gross  revenue.  This  was  a 
poor  enough  financial  showing.     Now  it  is  very  much  worse. 

Whether  the  railways  remain  under  the  management  of 
the  Government  or  are  returned  to  the  stockholders,  it  is 
clear  that  a  greater  net  revenue  must  be  secured.  Since  it 
is  not  likely  that  wages  will  be  reduced,  there  remain  but 
three  ways  of  increasing  the  net.  namely,  (1)  increasing  the 
rates,  (2)  increasing  the  traffic,  and  (3)  decreasing  the  ex- 
pense of  operation.  Doubtless  all  three  of  these  factors  will 
\>Q  utilized   in   securing  adequate  net  earnings. 


Shall  Engineers  Be  Paid  Overtime?* 

By    HALBERT    P.   GILLETTE, 

Editor  Ensjineering  and  Contracting:. 

The  eight-hour  day  is  practically  the  standard  for  employes 
on  public  works  in  America.  Labor  unions  have  succeeded  in 
making  it  almost  universal  in  factories  and  mines.  Nominally, 
ai  lea.'^l.  it  is  now  the  standard  for  railway  trainmen  and  en- 
gin-?men. 

\\'herever  labor  unions  have  secured  the  eight-hour  day, 
they  have  also  secured  provision  for  payment  for  overtime 
work.  The  question  that  we  are  putting  to  ourselves  as  tech- 
nical engineers  is  whether  a  labor  unionist  should  receive 
o\erlime  payment  from  the  same  employer  who  denies  over- 
tim-^  payment  to  those  who  do  not  belong  to  a  union?  If  so, 
why? 

The  daily  output  of  men  whose  main  work  is  with  their 
liands,  rather  than  their  minds,  bears  a  somewhat  definite 
i-elafion  to  the  number  of  hours  worked.  The  daily  output 
ot  men  whose  main  work  is  either  of  a  supervisory 
or  of  designing  nature,  bears  less  relation  to  the 
time  spent  upon  it  than  to  the  intensity  and  char- 
acter of  the  mental  effort.  One  good  idea,  the  result 
perhaps  of  only  a  few  hours'  thinking,  may  eventually  effect 
an  o' onomy  of  thousands,  or  even  millions,  of  dollars.  Hence 
it  is  that  a  designer  or  a  manager  who  has  large  problems  to 
solvf  does  not  rate  the  value  of  his  output  by  the  time  ex- 
pended. 

Time,  of  course,  is  a  factor  in  every  effort,  whether  men- 
tal or  physical,  but  a  high  grade  brain  may  accomplish  more 
for  society  in  an  hour  than  a  low  grade  brain  can  accom- 
plish in  a  life-time.  It  is  clear,  therefore,  that  the  designer 
as  well  as  the  supervisor  of  important  work  ought  never  to 
hold  himself  or  be  held  to  a  time  unit  as  a  basis  for  pay- 
ment for  services  rendered.  In  fact  the  tendency  of  most 
brain  workers  of  great  ability,  is  to  overwork  themselves. 
The  very  joy  of  accomplishment  leads  them  into  unwise  ex- 
penditure of  nervous  energy.  Such  men  need  a  restraining 
bit  rather  than  a  spur. 

Between  the  extremes  of  purely  muscular  and  purely  men- 
tal work,  there  is  a  great  intermediate  class  of  work  that 
calls  for  both  muscular  and  mental  activity,  such,  for  ex- 
ample, as  ordinary  drafting  or  operating  an  instrument  like 
a  transit.  The  men  who  do  this  intermediate  class  of  work 
frequently  aspire  to  advance  to  a  higher  grade  wherein  nearly 
all  their  work  will  be  mental  and  ot  a  designing  or  super- 
visory character.  Yet  so  long  as  they  hold  positions  of  a 
semi-mental,  semi-muscular  nature,  is  it  just  to  require  them 
to  be  oblivious  to  the  length  of  the  working  day  in  the  hope 
that  eventually  they  will  be  rewarded  by  advancement  to  the 
supervisory  class?     I  doubt  it. 

It  seems  to  me  that  there  has  been  altogether  too  much 
feeding  of  young  engineers  on  hopes  of  future  incomes  from 
higher  positions.  There  has  been  too  much  appeal  to  their 
professional  aspirations  while  asking  them  to  accept  less 
than  skilled  mechanics'  pay. 

A  man  able  to  run  a  steam  shovel,  a  locomotive  or  a  lathe 
efficiently — a  skilled  mechanic — is  really  in  about  the  same 
(lass  as  a  good  leveler  or  a  transitnian,  so  far  as  purely 
manipulative  skill  is  concerned,  but  in  a  lower  class  so  far 
as  mental  training  is  concerned.  Hence  for  wage  purposes, 
it  would  surely  be  reasonable  for  instrument  men  in  survey- 
ing parties  to  receive  at  least  as  favorable  wage  considera- 
tions as  skilled  mechanics  receive.  I  am.  therefore,  inclined 
to  believe  that  technical  engineers  in  subordinate  positions 
should  be  paid  overtime  wherever  practicable. 

This  brings  us  to  the  matter  of  drawing  a  line  between 
"subordinate"  and  "supervisory"  positions.  A  little  thought 
will  show  that  there  is  no  purely  logical  dividing  line,  and 
that  a  somewhat  arbitrary  dvision  must  be  made.  A  transit- 
man,  for  example,  supervises  the  axmen.  chainmen,  "stake 
artist"  and  flagman  of  his  party:  yet  much  of  his  work  con- 
sists of  the  mechanical  manipulation  of  his  instrument,  and 
the  almost  mechanical  processes  of  taking  notes  and  making 
calculations.  On  the  other  hand,  a  structural  designer  per- 
forms much  of  his  most  effective  work  when  he  is  supervising 
no  one;  that  is,  when  his  brain  is  working  alone  on  the  solu- 


•P.aper   presented    March    17    .Tt    the    Railroad    Organization    Con- 
fei-ence  of  the  Ameriran   .\.«sooiation  of  En,sineeTs. 


(47) 


JSJ 


hJiifiiiuviiiui  iiiid  Cdiitnicthttf  for  Maiili    in.   I!>i:> 


iii.n  i.i  til.-  li'.i-Eor  elements  of  some  eiouomie  problem  of  ilc 
slKii  Kvldfiilly.  then,  the  mere  not  of  supervisiuR  men  eiin 
nol  he  nmde  to  sfrve  jis  «  stHnilmil  by  wliiih  to  iliissify  em 
|ilove»  for  overtime  payment  purposes. 

As  u  rough  and  reiuly.  pnutiinl  way  of  meeting  iln-  <lllli 
eulty.  the  follow InK  is  suKKesled;  Take  the  was^  or  salary 
of  the  hlKhest  paid  union  labor  employe  as  a  slandard  by 
whU-h  to  dirrerenllnte  between  •subordinate"  and  "supervi- 
sory" englneent.  Thus,  if  loeoniotlve  enKlnenuMi  worklUR  lull 
lime  on  un  elRhlhour  day  basis  earn  JliOO  a  month,  and  are 
paid  overtime,  then  all  technical  ensineers  who  receive  *20(l- 
or  less  per  month  would  be  paid  tor  overtime.  All  teclii\ical 
eUBlneors  rfoelvInK  more  than  $::tio  a  month  would  then  be 
plm-ed  In  the  "supervlsor.v"  class  and  receive  no  pay  for  over- 
time. 

There  are  objections  to  any  scheme  thai  may  he  suggested 
ror  overtime  payment  for  engineers  and  there  are  practical 
dinicultles  In  the  execution  of  any  plan,  but  neither  objections 
nor  dl(llc\iltles  are  insurmountable. 

It  may  be  argued  that  overtime  payments  are  readily  ap- 
plicable to  oltlce  draftsmen,  but  not  to  Held  surveyors.  1  fail, 
however,  to  see  sound  reason  for  letting  little  difficulties  in 
time  keeplns  or  work  scheduling  prevent  the  application  of 
an  overtime  payment  plan.  When  I  hark  back  to  my  days 
as  a  railway  surveyor.  1  hear  no  discordant  note  in  the  sug- 
gestion that  it  would  have  been  comparatively  easy  to  have 
repiTted  all  the  overtime  of  my  party  every  day:  and  I  am 
unite  sure  that  there  would  have  been  no  jarring,  untune- 
ful  sounds  from  the  throats  of  my  party  had  each  man  re- 
ceived reward  for  the  2  to  4  hours  of  his  daily  overtime  work. 

Kngineers  In  the  higher  positions  are  apt  to  be  unduly  in- 
lluenced  against  paying  any  of  their  subordinates  overtime. 
To  begin  with,  having  reached  supervisory  positions,  they 
like  to  make  a  good  showing  of  low  costs.  1  know  of  one 
celebrated  engineer  who  estimated  that  he  could  keep  the 
cost  of  engineering  on  a  big  project  within  3  per  cent.  He 
was  so  anxious  to  "make  good"  on  his  estimate  that  he  lost 
his  sense  of  fairness  toward  his  subordinates.  He  held  their 
salaries  down  to  the  lowest  possible  notch.  When  there  was 
complaint  he  told  them  he  could  easily  fill  their  places,  and 
that  the  training  they  were  receiving  under  him  was  alone 
worth  mere  thnn  their  salaries— the  old.  old  story.  Had  there 
been  a  vigorous  organization  of  engineers  bent  upon  secur- 
ing fair  salaries,  and  had  the  organization  threatened  to 
make  public  to  engineers  the  attitude  of  this  chief  engineer, 
I  doubt  whether  he  would  have  been  so  keen  to  keep  engi- 
neering costs  down  to  3  per  cent  of  the  total. 

Although  it  is  not  directly  germane,  it  has  a  bearing  on 
this  subject  to  point  out  that  while  the  percentage  cost  of 
engineering  can  be  kept  down  by  paying  inadequate  salaries. 
in  the  long  run  this  is  a  very  expensive  procedure.  The  total 
cost  of  any  engineering  project  depends  very  largely  upon 
the  design,  and  this,  in  turn,  depends  upon  the  skill,  experi- 
ence and  ambition  of  the  designers— rftt  one.  but  all  the  de- 
signers. When  salaries  are  held  down,  ambition  to  excel  is 
apt  to  wane.  When  ambition  wanes,  an  engineer  either  does 
not  do  full  justice  to  his  task  or  he  seeks  a  new  position 
where  opportunity  looks  brighter. 

American  railways  have  suffered  untold  losses  through  fail- 
ure to  pay  adequate  salaries  to  employes  in  the  engineering 
departments.  They  have  driven  many  of  the  most  able  and 
ambitious  engineers  into  other  fields.  They  have  weakened 
the  ambitior.  of  many  of  those  who  have  remained. 

1  am  reminded  of  the  colored  soldier  in  France  who  was 
lazily  breaking  stone  for  a  macadam  road.  The  blow^  from 
his  knapping  hammer  were  infrequent  enough  at  best,  but  he 
paused  to  rest  upon  the  slightest  excuse.  A  white  officer. 
noticing  his  exasperating  slowness,  went  up  to  him  and  said: 

"Say.  haven't  you  any  ambition?  You  aren't  down  South  on 
a  plantation  working  for  a  slave  driver.  You're  a  soldier 
working   for   Vnde   Sam.    Come  now.  show   some   ambition." 

"Ambition?  What  good's  ambitipn?  I  gets  my  li'le  thirty 
per.  ef  I  got  ambition,  an'  1  gets  it  et  I  ain't." 

Engineers  may  never  fall  into  the  utterly  ambitionless  class 
because  of  low  salaries,  but  there  is  no  gainsaying  that  in- 
adequate remuneration  eventually  takes  some  of  the  "pep" 
our  of  nearly  any  man. 

Contrasted  with  skilled  mechanics,  most  draftsmen  and 
instrument  men  are  badly  underpaid.  Not  only  are  their  daily 
rates  disproportionately  low.  but  they  rarely  receive  pay  for 
overtime  work.  Aside  from  being  unjust,  this.  I  feel,  is  an 
economic  mista'Ke. 


Tso   of   Paper   Tanipinii    liatis    Saves   Ex- 
plosives in  Blasting 

Miners,  ciuarryuien  and  contractors"  blasters  generally 
realize  Hie  importance  of  tight  tamping  and  of  using  proper 
lamping  material.  I!ul  proper  tamping  nuiterials  are  not  al- 
ways avalhible  so  they  use  whatever  may  be  near  at  hand, 
with  the  result  that  more  explosives  are  often  used  than 
arc  necessary,  increasing  costs,  or  bringing  down  less  coal 
or  rock  than  could  reasonably  be  expected  from  the  quan- 
tity  of  explosives   used. 

For  instance,  a  miner  will  lamp  uilli  cual  dust.  This  doc^ 
not  ordinarily  pack  well.  Clay  oi'  loam  would  be  much  bet- 
ter, but  a  miner  cannot  be  expected  to  go  out  of  the  mine 
for  tamping  whenever  he  loads  a  bore  hole;  therefore,  he  uses 
what  he  has  at  hand. 

.Miners  and  rock  blasters  are  beginning  lo  a|)preciate 
tamping  bags  made  of  heavy  paper  and  used  in  luaiiy  places 
as  containers  for  sand,  clay,  or  loam  to  be  used  for  tamp- 
ing. 

A  supply  of  these  bags  can  be  filled  and  taken  into  the  mine 
or  on  the  job  at  the  beginning  of  the  day's  work.  The  blas- 
ter is  thus  sure  of  having  a  tamping  material  that  will  give 
him  maximum  breakage  at  least  cost.  Their  use  also  saves 
lime  when  loading  bore  holes. 

Tamping  bags  are  very  useful  when  the  bluster  desires 
to  make  up  charges  of  blasting  powder  in  cartridge  form  as 
they  usually  do  when  loading  uppeis  or  in  damp  open  work. 
They  are  much  more  convenient  than  clumsily  made  fun- 
nels or  cones,  for  which  pieces  of  newspaper  are  generally 
used. 

The  bags  cost  but  a  fraction  of  a  cent  each  and  their  use 
will  nearly  always  save  many  times  their  cost  because  of 
the  saving  in  explosives  or  greater  breakage  from  a  given 
charge. 


Shrinkage  of  Earth  Embankments 

Specific  instances  of  shrinkage  of  railway  embankments 
were  cited  in  a  committee  report  submitted  this  week  at  the 
20th  annual  convention  of  the  American  Railway  Engineering 
Association.  Information  was  given  regarding  S  embank- 
ments between  mileposts  540  and  553  on  the  Atchison,  To- 
peka  (t  Santa  Fe  Ry.  The  following  tabulation  compiled  from 
the  report  shows  the  percentage  of  material  required  to  re- 
store the  several  embankments  t6  their  original  width  after 
a  lapse   of  4   years'   time; 

Quantities  re- 
Quantities  (luired  to  re- 
in fill  at  store  fill  to    '        .VniouiU  of 
completion.        original  width         shrinkage. 
Nov..  t.lll.  of  IS  ft..  Per   cent. 
Cu.  vd.                 Nov..  19t5. 
Cm.   yd. 
Embankment   No.   1              15.762                       1.824  11.6 
Embankment  Xo.  :;           1  IT.5S2                       n.fifi.-,  ,  4.7 
Embankment  No.  ::           l-;:..6Si)                       2.371                            1.9 
Embankment   No.  -1             i;i.067                            111  ..'5 
Embankment  No.   •;           liii,S.-)2                          664                              .4 
Embankment  No.  6             r,7.709                       1,642                            2.8 
Emliankment  No.   7             S.'i.902                       1,678                           ."i.O 
Embankment  No.  f*             '■,2,207                       3,nnn                            5.0 

The  base  of  embankment  Xo.  1  was  constructed  from  side- 
borrow  with  fresnos.  It  was  topped  with  wheelers  and  carts. 
Tho  material  was  brown  pack  sand,  gyp  and  joint  clay.  The 
base  of  embankment  No.  2  was  also  made  from  side  borrow 
-.vith  fresnos  and  wheelers.  It  was  topped  with  cars.  The 
material  was  the  same  as  for  No.  1.  For  No.  3  the  base  was 
placed  with  fresnos;  it  was  topped  with  wheelers.  The 
material  was  brown  pack  sand,  gyp  and  joint  clay.  Several 
rains  occurred  during  the  period  this  fill  was  being  placed 
which  accounts  for  the.  small  amount  of  shrinkage.  The  base 
of  No.  4  was  placed  with  fresnos;  it  was  topped  with  wheel- 
ers using  gyp  and  pack  sand.  The  base  of  No.  5  was  placed 
with  fresnos  from  side  borrow;  it  was  topped  with  machine 
and  w-agons.  The  material  was  red  sandy  clay  and  gyp.  Fres- 
nos were  used  in  placing  the  base  of  No.  6;  it  was  topped 
with  wheelers.  The  material  was  brown  sandy  clay  and  gyp. 
During  the  time  this  fill  was  being  put  in  there  were  several 
very  heavy  rains,  which  accounts  for  small  amount  of  shrink- 
age. The  fill  for  embankment  No.  7  was  made  from  side 
borrow  with  fresnos;  the  material  was  black  sandy  loam  and 
clay.  The  fill  for  No.  .S  was  made  from  side  borrow,  the  base 
being  placed  with  fresnos  and  the  top  with  wheelers.  The 
material  was  black  sandy  loam  and  brown  sandy  clay  and  gyp. 
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Outfits  for  Cutting  Off  Piles   Be- 
low  Water  Line 

An  effective  arrangenienl  for  sawing  oft'  piles  iiiuler  water 
is  employed  by  Whitney  Bros.  Co.,  general  marine  contrac- 
tors, Superior,  Wis.  Their  equipment  consists  of  a  machine 
very  similar  in  appearance  to  a  small  swing  pile  driver. 
Instead  of  the  drop  hammer  in  the  leads,  there  is  a  3-in.  shaft, 
which  is  raised  and  lowered  by  the  usual  hoisting  cables. 
The  siuift  runs  through  bo.xes,  which  are  attached  to  guides 
which  run  up  and  down  the  leads  according  to  the  depth 
required.  A  12-in.  belt  drives  the  shaft  which  runs  from  a 
drum  on  the  hoisting  engine.  This  engine  also  furnishes 
power  for  turning  the  leads  lo  the  position  required.  A  48-in. 
circular  saw  is  attached  to  the  bottom  of  the  shaft.  The 
whole  equipment  is  usually  mounted  on  a  flat  scow,  at  each 
end  of  which  is  placed  a  steam  winch  which  furnishes  the 
motive  power. 

The  procedure,  tor  instance  (m  an  ore  dock  foundation,  is 
to  start  with  the  leads  swung  in  line  with  the  center  of  the 
first  row  of  piling  and  then  proceed  the  length  o£  the  row 
with  the  use  of  the  steam  winches.  The  machine  is  then 
swung  aiound  and  the  second  row  i^  cut  off"  by  the  same 
method.  Each  row  in  turn  is  sawed  off.  it  being  only  neces- 
sary to  swing  the  driver  the  distance  required  to  be  in  line 
of  the  center  of  each  succeeding  row. 

It  has  been  found  that  this  equipment  makes  a  very  ac- 
curate cut  at  depths  down  as  far  as  2S  ft.  The  average 
capacity  is  approximately  500  piles  per  10-houi-  day.  However. 
on  several  occasions  an  average  run  of  960  piles  and  over 
per  day  has  been  kept  up  tor  two  weeks  running.  The  cost 
of  cutting  the  piles  varies,  of  course,  with  labor  and  material 
conditions.  It  ranges  around  1.5  ct.  to  50  ct.  per  pile,  accord- 
ing to  depth. 

In  extending  the  ways  at  the  steel  ship  yards  of  the  G.  M. 
Standifer  ("o.,  at  Vancouver.  Wash.,  last  summer  the  special 
outfit  shown  in  the  drawing  was  employed  for  sawing  off  the 
piles. 

The  launching  ways  consist  of  39  bents  of  piling  of  S  piles 
each,  spread  6-ft.  center  to  center  of  bents.     All  underwater 


The  carriage  support  consisted  of  two  10-in.  x  12-in.  tim- 
bers, cross  braced  8  ft.  apart  and  fitted  with  truss  rods  so 
as  to  span  the  space  between  the  tw-o  temporaiy  caps.  On 
these  two  timbers  were  fitted  2-in.  x  2-in.  strips  with  a  2-in.  x 
2-in.  angle  iron  to  serve  as  a  rail  tor  the  traveling  carriage. 
On  the  carriage  was  mounted  a  25-HF.  motor  which  drove 
the  saw  shaft  with  a  quarter-turn  belt.  The  saw  shaft  was 
set  square  with  the  carriage  framing  and  so  varied  fi'om  the 
vertical  an  amount  eiiual   to  the  grade  angle. 

The  48-in.  circular  saw   was  fitted  at  the  lower  end  of  this 


Whitney    Bros.    Co.'s    Outfit    on    Ore    Dock    Job. 

shaft  at  the  elevation  ot  7  ft.  below  the  temporary  cut-off — 
that  is,  so  it  would  cut  nn  tlie  true  grade  line.  A  hand  wind- 
lass with  light  cable  anchored  at  the  ends  of  carriage  sup- 
iiorl  provided  means  for  movement  of  the  carriage  trans- 
versely. The  carriage  su])port  was  pulled  ahead  from  bent 
to  bent  bv  cable  line  from  a  donkey  engine  on  shore. 

In  operating  the  saw  the  carriage  was  moved  to  the  upper 
end  of  the  way  with  the  saw  on  the  lower  side.  The  donkey 
\m^  skidded  it  ahead  along  the  temporary  caps  to  the  first 
bent  'I'lie  saw  was  started  in  the  center  space  and  cut  the 
piling  on  one  side  of  the  center  line,  being  fed  through  them 
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Cut-off    Saw    Used    by    G.    M.    Standifer    Construction    Corp.    for    Cutting    Off    Piles    Eelow    Water    Levet 


bracing  was  done  by  divers  before  starting  cut-off  operations. 
At  the  stage  of  river  at  which  the  work  was  'to  be  done,  the 
lowest  cut-off  was  some  7  ft.  below  water  level.  The  two 
outside  rows  of  piling  were  cut  off  by  hand  on  a  grade  parallel 
to  the  requii'ed  true  grade  and  7  ft.  above  it,  thus  bringing 
this  temporary  cut-oft"  at  water  surface  at  the  lower  end.  A 
, 12-in.  X  12-in.  cap  was  then  placed  the  full  length  of  the  way 
on  this  temporary  cut-off.  This  cap  was  fitted  with  a  3-in.  x 
4-in.  strip  on  top  to  act  as  a  guide  on  which  the  carriage 
support  was  to  move.  The  remaining  inner  rows  of  piling 
were  not   cut. 


bv  the  hand  windla.^s.  Tlie  outside  pile  was  only  cut  about 
thi  ee-fourths  througli  on  account  of  its  supporting  the  saw\ 
The  saw  was  then  fed  through  the  piling  at  the  opposite 
side  of  the  center  line,  and  returned  to  the  center  ready  to 
be  skidded  ahead  to  the  next  bent.  The  outside  piles  were 
cut  the  remaining  amount  by  hand  after  the  saw  had  passed 
ovei-.  Caps  were  placed  in  the  usual  way  by  divers  using 
block  and  tackle.  The  full  eijuipment  was  easily  transferred 
to  the  next   way. 

A   distinct   advantage   of   the   saw   cutting    was   that   it    pre- 
served a   very  true  and   even   grade   in  spite  of  the   small   ir- 
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En  01  nee  ring  and  Contracting  for  March  19,  1919. 


regulHriUes  In  tho  drivinR  of  piles.  The  Ume  nctunlly  re- 
quired for  cuttiuB  off  ono  way  iifier  the  preliminary  work 
was  done  was  about  two  and  n  half  or  three  hours,  one  way 
of  216  piles  actually  beliiR  done  in  1  hour  and  50  minutes. 
Work  was  carried  out  undir  tlu'  direction  of  Tom  V.  Standl- 
fer.  Yard   Superintendent 

Metluul  of  Keopiiiji  Records  of  Blue  Prints 
and  Tracinjis 

Where  all  blue  printing  for  u  company  is  done  by  one  of 
its  deparimonts.  there  are  many  opportunities  for  mistakes 
to  occur  before  the  original  tracings,  together  with  the  requis- 
ite number  of  blue  prints  of  each,  are  returned  to  the  de- 
partment from  which  they  were  sent.  Either  the  tracing 
Is  mislaid  or  the  making  of  the  prints  Is  delayed  In  some 
oilier  manner,  or  the  proper  number  of  prints  is  not  made; 
or  they  are  returned  to  the  wrong  person.     All  of  these  mis- 
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Form    for    Keeping    Records    of    Blueprints. 

takes,  as  well  as  some  more,  are  liable  to  occur  if  the  matter 
is  not  systematically  looked  after.  To  avoid  such  trouble, 
writes  Mr.  G.  H.  McKelway  in  Electric  Traction,  the  form 
shown  in  tlie  accompanying  illustration  is  used  by  the  Brook- 
lyn Rapid  Transit  Co.  The  headings  are  so  plain  that  there 
Is  no  need  of  explaining  how  the  columns  are  filled  out 
except  to  say  that  the  total  area  of  the  blue  print  paper  used, 
in  square  feet,  is  always  put  in  the  column  headed  "Remarks." 
This  is  done  because,  at  the  end  of  the  month,  the  cost  of 
blue  printiag  is  divided  among  all  of  the  departments  inter- 
ested in  proportion  to  the  amount  of  paper  used  for  their 
blue  prints.  The  forms  are  made  in  duplicate  and  bound 
into  books,  each  containing  100  leaves,  50  originals  and  50 
duplicates,  and  all  are  numbered.  The  backs  of  the  original 
sheets  are  all  coated  with  carbon  so  that  by  merely  writing 
upon  the  original  the  same  words  appear  upon  the  duplicate 
and  without  tlie  necessity  of  interposing  a  sheet  of  carbon 
paper.  The  original  is  kept  in  the  book  as  a  record  for  the 
department  giving  the  order  while  the  duplicate  is  forwarded 
with  the  tracing  or  tracings  to  the  department  making  the 
prints.  After  the  prints  are  made  they  are  checked  against 
the  duplicate  to  make  sure  that  the  proper  number  has  been 
made,  before  the  tracing  is  returned  to  the  department  to 
which  it  belongs  and  another  check  is  made  there  before  the 
prints  are  accepted. 


Fuel  Consumption  by  Tractors — It  takes  about  2%  gal.  of 
fuel  an  acre  to  run  a  tractor  for  plowing  in  the  Dakotas,  ac- 
cording to  reports  from  several  hundred  farmers  received  by 
the  United  States  Department  of  Agriculture.  These  reports, 
summarized  in  Farmers'  Bulletin  1035,  cover  2,  3,  4,  and  5 
plow  tractors  of  various  makes.  Slight  differences  in  fuel 
consumption  are  found  between  machines  of  different  makes, 
and  there  is  usually  a  slightly  lower  consumption  where  gaso- 
line is  used  than  where  kerosene  is  used.  These  differences, 
however,  are  so  small  that  the  average  of  2%  gal.  may  be 
taken  as  coming  very  close  to  the  actual  acre  consumption 
for  any  type  or  size  of  machine.  The  more  recent  reports 
received  in  this  regard  indicate  that  farmers  are  having 
much  less  trouble  than  formerly  in  handling  kerosene-burn- 
ing tractors.  Nearly  two-thirds  of  the  tractors  on  the  Dakota 
farms  reporting  burn  kerosene,  and  the  results  are  appar- 
ently satisfactory,  particularly  in  view  of  the  fact  that  the 
present  price  of  kerosene  is  but  half  that  of  gasoline.  How- 
ever, the  advantage  of  gasoline  in  ease  of  operation  and  in 
the  additional  assurance  it  gives  that  the  engine  will  keep 
running  steadily  makes  many  men  prefer  the  more  expensive 
fuel. 


Probable    Wages    and    Supply    of 

Construction  Labor  During 

Coming  Season 

Interesting  information  on  the  outlook  for  construction 
labor  during  the  coming  season  was  given  in  a  committee 
report  presented  Inst  month  at  the  annual  convention  of  the 
.\merican  Road  Builders'  Association.  The  committee,  of 
which  Mr.  Haul  D.  Sargeant,  Chief  Engineer  of  the  Maine 
State  Highway  Commission,  was  chairman,  made  the  inves- 
tigation with  a  view  to  determining  the  probable  labor  condi- 
tions as  regards  highway  work.  The  results,  however,  are 
of  such  general  interest  to  all  engineers  and  contractors 
that  the  report  is  reprinted  IJelow  practically  in  full. 

Labor  Conditions  Succeeding  the  Close  of  the  Civil  War. — 
The  foUowin.g  extract  from  letter  of  Charles  E.  Baldwin,  Act- 
ing Commissioner  of  Labor  Statistics,  under  date  of  Jan.  30, 
1919,  gives  all  of  the  information  which  the  committee  was 
able  to  secure  concerning  labor  conditions  succeeding  the 
close  of  the  Civil  War: 

Alter  lareful  search  in  the  department  library  we  have  found 
no  stall.stlcs  on  unemplo.vment  as  far  back  as  1S66.  We  did,  how- 
over,  tltid  in  Vol.  2  of  the  "HLstory  of  Labor  in  the  United  States," 
by  Coninions.  a  statement  to  the  effect  that  "William  Jessup  in 
his  report  to  I'resident  Whaley,  which  the  latter  presented  to  the 
convention  held  in  New  York,  September,  1S6S,  estimated  the  aum- 
l)er  of  uneniplo.ved  at  ono  time  during-  the  preceding  winter  at 
::0,000  in  New  York  alone."  Inquiries  conaerning  unemployment 
were  first  beyun  by  the  census  in  18S0,  but  on  account  of  lack  of 
funds  and  doubts  as  to  the  reliability  of  the  return.^:,  the  results 
of  this  investiKalion  were  not  compiled.  The  following  statement 
appears  in  the  First  Annual  Report  (1885)  of  the  L'.  S.  Commis- 
sioner of  Labor  on  "Industrial  Deprefssions" : 

"The  year  1867  can  hardly  be  called  one  of  financial  panics  or 
industrial  depression,  although  'hard  time.s'  apparently  prevailed. 
The  stimulation  to  all  industries  resulting  from  the  war.  the  spec- 
ulative enterprises  undertaken,  the  e.\tension  of  credits,  and  the 
slackening  of  production  necessarily  caused  a  reaction,  and  a 
consequent  stagnation  of  business;  but  the  period  was  hardly 
spoken  of  by  business  men  as  one  of  any  particular  hardship. 
People  for  a  while  began  to  bo  conservative;  but  the  impetus 
.•ngendered  by  the  war  could  not  be  overcome,  and  it  was  not 
until  the  crash  of  1873  that  the  effects  of  undue  excitement  in  all 
l.r.mches  of  trade  and  business  were  thoroughly  realized." 

Survey  of  Labor  Conditions.— A  questionnaire  was  sent  out 
to  all  state  highway  departments,  to  the  city  engineer  of  all 
cities  having  a  population  in  excess  of  100,000,  and  to  many 
of  the  large  road-building  contractors  throughout  the  coun- 
try. Replies  to  this  questionnaire  were  received  from  39  of 
the  48  state  highway  departments,  from  54  of  the  S2  cities  to 
which  it  was  sent,  and  from  24  road  contractors. 

The  questionnaire  asked  for  information  as  to  the  number 
of  hours  for  a  day's  work,  the  rate  of  pay  per  hour  for  common 
labor  from  1912  to  1918  and  asked  what  would  be  the  prob- 
able rate  tor  common  labor  for  1919,  1920  and  1921.  Inquiry 
was  also  made  as  to  the  apparent  available  sources  of  sup- 
ply of  common  labor  for  the  present  season.  Suggestions 
were  asked  as  to  additional  sources  of  supply  if  there  did 
not  appear  to  be  a  sufficient  supply  in  sight.  The  committee 
also  asked  if  state  labor  exchanges  had  been  used  where 
established  and  with  what  result,  and  concluded  the  ques- 
tionnaire by  asking  for  information  as  to  the  number  of 
common  laborers  required  tor  construction  woik  during  the 
season  of  1919. 

Summary  of  Replies  from  State  Highway  Departments.— 
Thirty-nine  state  highway  departments  made  replies  to  the 
questionnaire.  As  some  of  the  departments  are  only  2  years 
old  their  replies  were  not  used  in  figuring  average  rates  of 
wages. 

In  1912  the  average  rate  per  hour  as  reported  by  27  states 
was  ?.1S8,  while  in  the  same  year  Georgia  was  paying  $0.09 
and  Nevada  was  paying  $.40.  Only  six  states  were  paying 
$.25  or  more  and  10  states  were  paying  $.15  or  less— the  most 
of  them  less.  In  1913  the  average  as  reported  by  28  states 
was  $.20.  In  1914  the  same  states  report  an  average  of  $.205, 
in  1915  of  $.225,  in  1916  of  $.2585.  in  1917  of  $.303  and  in  1918 
of  $.39.  The  highest  rate  for  1918  is  reported  by  Oregon  and 
is  $.58.  The  lowest  is  by  South  Carolina  and  is  $.18  per  hour. 
Twenty-seven  states  replied  to  the  question  as  to  probable 
wage  per  hour  in  1919.  The  average  of  these  replies  gives  a 
rate  per  hour  of  $.352.  which  compared  with  the  average  of 
$.39  for  1918  shows  a  slight  decline.    Fifteen  states  think  the 
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rate  for  1921  will  be  slightly  less  than  in  1920.  The  other 
states  do  not  venture  a  guess. 

Thirty  states  think  labor  supply  will  be  more  plentiful  in 
1919,  1920  and  1921  than  during  the  past  three  years.  Twenty 
of  these  states  give  as  their  i-eason  the  ending  of  the  war, 
with  return  of  soldiers,  closing  of  war  industries,  munitions 
plants,  stopping  of  shipbuilding,  etc.  West  Virginia  thinks 
prohibition  will  put  a  great  many  men  at  work  Who  never 
worked  before.  Several  states  report  an  over  supply  of  labor 
now. 

Suggestions  for  additional  sources  of  supply  of  common 
labor  are  as  follows:  Seven  states  suggest  use  of  convicts; 
five  suggest  importing  Chinese  and  five  suggest  Mexicans;  five 
suggest  general  or  restricted  immigration  from  Europe. 
Seven  states  report  sufHcient  or  too  much  labor  now. 

Fourteen  states  have  state  labor  exchanges.  Five  states 
have  secured  labor  through  these  exchanges,  but  only  three 
report  good  results.  Other  reports  are  as  follows:  "N'ot  good 
for  common  labor";  "Not  very  good";  "Indifferent";  "Got 
some  labor";   "Xo  good." 

Twenty-eight  states  estimate  their  requirements  of  com- 
mon labor  for  1919  as  160,900  men. 

Summaries  of  Replies  from  Cities. — Fifty-four  out  of  82 
cities  replied  to  the  questioiiaire.  Forty-six  furnished  infor- 
mation as  to  wages  for  all  years  from  1912  to  191S.  Taking 
the  year  1912,  Spokane,  Wash.,  reports  $.37%  per  hour,  which 
was  the  highest,  and  Birmingham,  Ala.,  with  $.14  was  the 
lowest,  while  the  average  rate  for  the  year  was  $.234.  In 
1913  these  4i3  cities  report  an  average  wage  of  $.238  per  hour. 
In  1914  the  average  was  $.245;  in  1915,  $.255;  in  1916,  $.276; 
in  1917,  $.312;  in  1918,  $.384.  Boston,  Mass.,  reported  the 
highest  rate  for  1918.  It  is  $.52i,4  per  hour,  San  Antonio. 
Tex.,  had  the  lowest  for  the  year,  $.25,  while  Atlanta.  Ga.,  and 
New  Haven,  Conn.,  both  report  a  wage  of  $.28. 

The  average  wage  which  48  cities  expect  to  pay  in  1919  is 
$.3.S4,  which  is  the  same  as  the  average  for  1918. 

Forty-two  cities  expect  labor  to  be  more  plentiful  this  year 
than  last  and  28  of  the  cities  gave  as  a  reason  the  termina- 
tion of  war,  closing  of  war  industries  and  return  of  soldiers. 
Sixteen  cities  report  plenty  of  labor  now  and  in  sight.  Only 
two  cities  suggest  additional  sources.  One  New  York  City 
thinks  im.migration  should  not  be  prohibited,  and  one  Cali- 
fornia city  suggests  Mexican  labor. 

Three  cities  have  secured  labor  from  state  labor  exchanges 
with  good  results;  seven  have  had  poor  results  w-i^h  such 
labor. 

Thirty-nine  cities  report  that  they  will  need  19,160  laborers 
during  the  season  of  1919. 

Forty-three  cities  report  that  they  will  spend  $46,570,613  in 
highway  and  street  work  this  season. 

Summaries  of  Replies  from  Contractors. — Twenty-four  con- 
tracting firms,  well  distributed  throughout  the  country,  make 
replies,  which  may  be  summarized  as  follows:  The  average 
rate  of  wages  they  paid  in  1912  was  $.192;  in  1913  it  was 
$.20;  in  1914,  $.21;  in  1915,  $.23;  in  1916,  $.256;  in  1917, 
$.315;  in  1918,  $.397.  The  average  wage  which  they  expect 
to  pay  in  1919  is  $.38. 

Sixteen  contractors  expect  labor  to  be  more  plentiful  on 
account  of  cessation  of  war  activities  and  the  return  of  sol- 
diers. 

It  is  interesting  to  note  that  just  half  of  these  contractors 
suggest  immigration  as  the  source  of  further  labor  supply. 

Nine  contractors  have  used  labor  from  state  labor  ex- 
changes. Six  report  "poor"  results;  one  reports  "bad"  results 
and  two  state  that  results  were  indifferent. 

Information  from  United  States  Department  of  Labor. — In 
the  preliminary  collection  of  data  for  the  report  the  commit- 
tee ascertained  that  the  Department  of  Labor,  through  its 
employment  oflices  distributed  throughout  the  country,  was 
keeping  a  close  tab  on  employment  conditions,  that  reports 
were  regularly  made  to  Washington,  assembled  and  published 
and  that  beginning  soon  after  the  signing  of  the  armistice 
the  number  of  cities  reporting  unemployment  has  been  grow- 
ing weekly.  The  chairman  of  the  committee  had  an  inter- 
view with  Mr.  Otto  T.  Mallery,  executive  secretary  of  the 
War  Labor  Policies'  Board  of  the  United  States  Department 
of  Labor.  It  was  learned  that  this  board  are  rather  appre- 
hensive of  a  serious  condition  of  unemployment.  The  direc- 
tor of  the  board.  Mr.  Harold  G.  Moulton.  had  recently  deliv- 
ered an  address  before  the  Union  League  Club  of  Chicago 
upon  the  siibject  of  "Public  Works  or  Public  Charity."  This 
address,  which  has  been  published,  sets  forth  very  concisely 


the  problem  of  demobilization  or  equalizing  the  rate  of  flow 
of  labor  from  war  activities  to  peace  activities.  By  a  chart 
Mr.  Moulton  very  clearly  illustrated  that  the  bulk  of  labor 
at  the  time  the  armistice  was  signed  was  found  in  the  fol- 
lowing reservoirs:  Men  under  arms  abroad,  estimated  to 
be  about  2,000,000;  men  under  arms  in  the  United  States,  es- 
timated to  be  about  1,600,000;  workers  in  inconvertible  indus- 
tries; that  is  to  say,  munitions  factories,  possibly  3,000,000 
or  4,000,000  of  men  and  women.  Supplementing  the  labor  in 
these  reservoirs  will  be  the  new  immigration,  which  is  prob- 
lematical, and  the  natural  increase  of  working  population  by 
way  of  boys  reaching  maturity. 

From  all  of  these  sources  Mr.  Moulton  concludes  that  dur- 
ing the  next  12  months  it  is  probable  that  5,000,000  or  6,000,- 
000  workers  will  seek  employment  in  this  country. 

The  problem,  of  course,  is  to  return  these  workers  to  peace 
time  activities  in  such  a  way  as  to  avoid  a  large  volume  of 
unemployment,  to  maintain  labor  standards,  to  avoid  serious 
falls  in  the  rate  of  wages,  to  maintain  production  at  a  high 
level  and  to  remove  the  possibility  of  depression. 

As  many  of  the  industries  which  would  under  peace  condi- 
tions absorb  these  laborers  were  dismantled  and  refitted  for 
war  work,  and  as  many  new  plants  were  built  in  the  early 
months  of  the  war  and  fitted  for  war  work  exclusively  and 
will  now  have  to  be  refitted  for  peace-time  production,  it  is 
apparent  that  there  may  be  some  hiatus  in  employment, 
unless  perchance  public  works  of  a  large  volume  can  be  pro- 
vided to  consume  this  labor  during  the  process  of  transition. 
Mr.  Moulton  very  properly  describes  this  employment  as 
buffer  employment  and  shows  by  bis  chart  that  the  labor  upon 
demobilization  from  the  war  activities  should  flow  through 
this  buffer  employment  and  finally  be  located  in  peace  time 
activities. 

Mr.  Moulton  points  out  that  we  must  depend  principally 
on  public  works.  Federal,  state  and  city  projects,  to  absorb 
this  surplus  labor. 

The  War  Labor  Policies  Board  has  been  instrumental  in 
having  introduced  in  Congress  a  bill,  known  as  the  Kenyon 
bill,  providing  for  the  creation  of  an  emergency  public  works 
commission,  to  be  furnished  with  appropriations  and  author- 
ity and  at  periods  of  unemployment  to  assist  political  sub- 
divisions to  carry  on  local  public  works  by  advancing  the 
necessary  funds,  which  would  be  repaid  in  installments.  Dur- 
ing normal  times  this  commision  would  cease  activities. 

The  state  of  Pennsylvania  passed  similar  legislation  about 
2  years  ago. 

It  is  interesting  to  note  in  a  recent  report  of  Mr.  Mallery, 
executive  secretary  of  the  War  Labor  Policies  Board,  for  con- 
sideration of  the  members  of  the  Public  Works  Commission 
of  Pennsylvania,  the  following  list  of  activities  suggested  for 
providing  employment  for  surplus  labor:  1.  Highways.  2. 
Forestry.  3  Water  conservation  and  control.  4.  Health.  5. 
Public  works  of  cities  and  towns. 

Note  that  highways  are  placed  first.  The  following  ex- 
planatory statement  is  interesting:  "Highway  construction 
is  particularly  useful  in  providing  employment  for  unskilled 
workers,  upon  whom  the  greatest  burden  of  suffering  falls  in 
bad  times.  The  geographical  distribution  of  highway  work 
is  another  element  of  advantage  for  our  purpose  because  it 
will  diminish  unemployment  in  many  districts  at  the  same 
time." 

At  the  conclusion  of  the  interview  with  Mr.  Mallery  at 
Washington  he  stated  to  the  chairman  of  the  committee  very 
emphatically  that  the  road  builders  of  the  country  should 
rest  assured  that  plenty  of  common  labor  for  all  highway 
construction  work  should  be  available  during  the  present 
season. 

An  interesting  point  that  was  brought  out  in  the  interview 
was  the  following:  Mr.  Mallery's  attention  was  directed  to 
the  idea,  which  seems  to  be  prevalent  quite  generally,  that 
/discharged  soldiers  will  not  want  to  take  up  the  work  of  com- 
mon laborers.  He  quite  agreed,  and  stated  that  discharged 
soldiers  will  probably  be  given  work  as  mechanics  and  the 
so-called  mechanics,  who  have  been  working  in  munition 
plants  for  periods  of  from  three  months  to  a  year,  will  have 
to  go  back  to  the  work  which  they  formerly  did,  namely,  com- 
mon labor.  In  other  words,  those  who  have  been  employed 
in  the  mechanical  trades  during  the  last  two  years  will  be 
displaced   by  returning  soldiers. 

Press  reports  to  the  effect  that  the  House  Immigration 
Committee  of  Congress  has  reported  a  bill  which  would  close 
against  the  immigrant  for  a  period  of  four  years  the  hitherto 
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open  Am«>rlean  door  fiirnisli  an  illuiiiinutins  view  ol'  the  lalxir 
t-ondUlons  as  they  are  seen  by  (.'oiiKi'ess.  Sponsors'  for  ami 
fnuners  of  the  bill  say  it  Is  Uesli;ned  to  allow  this  country 
to  Ki't  Imt'k  (o  a  Mrm  liuluslrlal  basis  wilhotit  the  luirilen  of 
absorblnt:  a  niillloii  oi'  niore  luinilKranIs  annually  and  to 
t  iiisl   forelRU  polllii-al  asHalors  atteniptiuK   lo  Infect 

\  labor  with  ihi-  views  of  Holshevlsni. 

Lnngration.  Many  (nrelKuers.  whom  we  naturally  think  of 
as  unskllltd  laborers,  are  leaving  this  country.  In  the  New 
York  American  of  Keb.  9.  IHl!'.  Is  a  stateineiil  that  during 
January  last  23. ('00  (Jreeks  and  Italians  left  the  port  of  New 
York  for  the  lands  of  their  nativity.  Nationals  of  these  coun- 
tries are  leaving 'as  fa5)t  as  ships  can  carry  them.  The  col- 
lector of  the  port  of  New  York  slates  that  there  are  many 
more  anxious  to  go  home  than  can  be  transported,  and  thou- 
sands an-  on  the  walllnR  list.  In  the  llrst  week  of  February 
lii.ooo  Greeks  and  Italians  sailed  for  their  homes.  The  col- 
lector In  an  interview  makes  the  following  statement  with 
respect  to  these  aliens. 

.Mo«il  of  Ihi'iii  urt-  o(  the  l!il>orin.K  class,  and  daring  llie  war 
Ihi-y  linvo  Ik'cii  workiuK  in  niuiiltion  factories,  makhi);  more 
money  thiiii  llioy  cvit  mailo  lieforc.  unit  suvMik  It.  With  a  few 
iluuiKiMil  dollars  sjivol.  thi-  Italian  lalHiror's  dream  Is  to  settle 
down  In  Iho  old  coiiiilry.  n-the  from  active  work  and  live  in 
comfort. 

A\  llrvt  Mush  U  scenu'd  to  mo  (hat  conditions  in  this  country 
»oul<l  t>o  Iniprovnl  liy  the  deparcuro  of  so  many  foreiK^ners.  that 
lor  evrr>  one  who  Milled  awa.v  there  would  be  a  job  for  a  returning* 
soldier.  Put  on  relleclion  I  realized  that  our  returninK  .soldiers 
will  not  want  the  Jobs  these  mt-i»  are  vacaliiiK. 

These  Ilnhans  and  Cireeks  are  laliorers  who  have  been  buildini? 
ro,ids  anil  doiuK  the  really  hard  work.  Our  soldiers  have  had 
enoUKh  of  Ihul  kind  of  work  m  the  trenches.  And  as  a  matter  of 
I'acl  our  Hrni>  is  comt>ose(i  of  skilled  mechanics,  salesn^en.  clerks 
and  nientnl  workers,  and  the  lU'oportion  of  laborers  was  small. 
I  am  wonderlnif.  therefore,  if  this  migration  continues  what  tin- 
I'nite^I  i*lales  w-ill  do  for  unskilled  labor. 

The  collector's  view  with  respect  to  the  kind  of  men  who 
have  made  np  our  army  confirms  -Mr.  Mallery's  statement  that 
soldiers  will  take  up  mechanical  work  and  displace  those  who 
have  been  drawn  into  this  line  of  work  during  the  war. 

Conclusions  of  Committee. —  Krom  the  reports  furnished  by 
state  highway  departments,  city  departments  and  contrac- 
tors, supplemented  by  the  positive  statements  by  officials  of 
the  War  Labor  Policies  Board,  and  pemjing  legislation  to  pre- 
vent a  period  of  unemployment,  the  committee  is  forced  to 
the  conclusion  that  there  will  be  a  sufficient  supply  of  un- 
skilled labor  for  highway  projects  during  the  coming  season 
and  at  wages  slightly  less  than  those  prevailing  during  the 
season  of  1918. 

Ration  List  for  Construction  Camps 

As  the  result  of  an  analysis  of  mess  practice  in  the  lumber- 
ing industry,  made  by  the  engineers  of  the  Spruce  Board  of 
the  U.  S.  Army,  the  following  was  sugested  as  a  satisfactory 
ration  list  for  camp  messes: 

rouTids   per  Pounds   per 

in.in  per  men    per 

day.  !iO    meals. 

1.2.".  37.50 

0.156  4.(;S 

O.OS  2  4 

0.1.-.  7.5 

0.05  1.5 

0.2.'-.  7.5 

1.00  30.00 

0.125  3.7.-. 

1.00  30.00 

0.10  3.00 

K.IO  3.00 

0.10  3.00 

0.12.T  3.75 

0.0G2  1.86 


Meats,  fish 

Eggs 

liard.  etc 

Butter  and   substitutes 

Cheese    

Milk,  canned   

Milk,  fresh   

Beans   

Potatoes 

Peas    

Corn     -...'.]'.'.]'." 

Tomatoes    

Onions,  carrots,  par^^nips.  etc 

Strinjr  tieans.  asparagus,   etc 

Sugar  (all  purimses.   bakine.   cooking 

table,  etc.  ►    

Syrup  and  molasses   

.lams  and  jellies    

Flour   (all   kin(jsi 

Oatmeal    

Cornmeal    .....'.'.'.... 

Corn.starch    

Rice  and  barley 

Dried  and  canned  fruits 

Fresh  fruits,  etc .    . 

Tea      

Coffee   


Total 


0.20 

0.25 

0.031 

O.Sd 

0.10 

0.02 

0.02 

0.02 

0.25 

0.25 

0.01 

0.«71 

fi.KTO 


6  00 
7.50 
0.93 
27.00 
3.00 

0.60  % 

0.60 
0.60. 
7.50 
7.50 
0.30 
2.13 


2n 
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Oreqon  to  Vote  on  $3,000,000  Reconstruction  Bond  Issue.— 
.■\t  an  election  .June  3,  the  citizens  of  Oregon  will  vote  on  a 
?3.000.000  bond  issue  for  reconstruction  purposes.  The  money 
will  be  used  for  public  buildings. 


Methods    and    Cost    of   Driving  a 

10x12   Ft.  Mininj5  Tunnel  at 

Copper  Mountain,  B.  C. 

Very  rapid  progress  was  made  in  the  driving  of  the  main 
haulage  level  at  the  Copper  Mountain  Mines  of  the  Canadian 
Copper  Corp..  Ltd.,  near  Prince((m.  H.  C.  Tlie  methods  em 
ployed  in  this  work  were  described  by  Mr.  Oscar  Lockmund. 
in  a  paper  presenled  last  fall  at  the  Chicago  meeting  of  the 
American  Inslitule  of  .Mining  ICngineers,  from  whic  li  ilu>  inal 
ler  in  Ibis  article  is  abstracted. 

Conditions  were  unfavorable  for  economical  operations. 
The  cost  of  power  was  high,  for  the  fuel  was  of  poor  grade; 
besides,  during  the  time  the  work  was  in  progress,  very  lit- 
tle other  lujwcr  was  needed  so  that  most  of  the  power  cost 
was  charged  against  tlie  footage.  The  transmission  line  con- 
sisted ol  No.  4  galvanized  iron  wire  with  the  result  that  the 
liiie  loss  wa.-i  considerable.  The  voltage  transmitted  was  about 
oO.OIltl.  The  plant  was  operated  under  a  lease,  which  was 
due   to  e.xpire  about   the  same   time   this   work   was  supposed 
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Fig.     1 — Drift    Round     in     Main     Haulage     Lead,    Copper     IVIountain, 
British    Columbia. 

to  be  completed;   an   cxlension   was  refused;   therefore  speed 
was  most  important. 

The  plans  called  for  a  straight  adit  2.9li(i  ft.  in  length.  .M 
a  iioint  2.80(1  ft  from  the  portal,  two  raises  were  to  be  put 
up  to  the  next  nearest  workings,  a  difference  in  elevation  of 
about  SOO  ft.  One  of  these  was  to  be  a  2-conipartment  hoist- 
way  and  the  other  a  zigzag  ore  pass,  or  muck  run.  A  location 
for  these  raises  had  been  determined  by  a  number  of  diamond- 
drill  holes,  but  the  material  to  be  penetrated  by  the  adit  was 
not  known.  It  seemed  imperative  to  get  the  tunnel  work 
completed  as  rapidly  as  possible,  in  order  to  allow  for  delays 
in  tlie  raising  program,  which  were  certain  to  occur.  To 
show  how  closely  these  operations  were  timed,  it  is  interest- 
ing to  note  that  the  date  of  expiration  of  the  power-plant 
lease  was  Sept.  1.  1918.  and  the  last  round,  making  the  con- 
nection between  the  upper  and  lower  workings,  "broke 
through"  in  the  night  of  Sept.  3.  1918. 

The  plans  called  for  a  tunnel  9  ft.  high  by  11  ft.  wide;  but 
\  owing  to  the  "blocky"  nature  of  some  of  the  rock  a  consider- 
able "over  break"  occurred.  This  enlarged  the  tunnel  cross- 
section  to  10.4  ft.  by  12  ft.  indicated  by  measurements  taken 
at  200-ft.  intervals  after  the  work  was  finished  and  slowed 
up  the  work  on  account  of  the  extra  waste  handled,  besides 
increasing  the  cost  per  foot  of  driving.  Several  regions  of 
geological  disturbance  were  crossed  and  the  heavy  ground 
encountered  called  for  timber  supports.  More  than  350  ft. 
of  heavy  timbering  was  necessary  at  various  points  along 
the  course  of  the  tunnel;  this  also  retarded  the  work  to  the 
extent  of  about  6  ft.  per  day  fm-  each  set  of  timber  placed. 
Once  the  working  force  was  organized  and  the  work  well 
under  way.  three  shifts  were  put  on.  working  8  hours  each. 

7  he  drills  used  were  the  dreadnaught  No.  60.  They  were 
mounted  four  on  a  horizontal  bar,  from  which  position  all  but 
the  four  bottom  holes  or  "lifters"  were  drilled,  the  miners 
working  on  the  muck  pile.  Upon  completion  of  the  upper 
part  of  the  round,  most  of  the  muck  had  been  removed;  that 
which  was  left  was  rapidly  throw^n  back  from  the  face,  all 
hands  helping  on  this  work.  The  horizontal  bar  was  then 
torn  down  and  dropped  to  the  lower  position,  from  which  the 
lifters  were  drilled.  The  change  of  the  bar  from  the  upper 
to  the  lower  position,  together  with  drilling  the  lifters,  load- 
ing, and  firing  the  entire  round,  was  frequently  made  in  50 
minutes.  The  holes  were  pointed  to  pull  a  7-ft.  round  and 
average  about  9  ft.  in  depth.  The  center,  or  "cut  holes"  were 
fired  first,  after  which  followed  the  side  holes,  then  the  back 
holes,  and  finally  the  lifters.     The  drift  round  commonlv  used 
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in  this  work  is  illusliati-d  in  Fig.  1.  wliieli  also  indicates  the 
tiring  of  the  holes  in  groups.  The  blasting  was  done  by  hand, 
the  fuses  being  "spit."  The  timing  of  the  shots  was  regulated 
by  cutting  the  fuse  in  different  lengths;  the  shortest  for  the 
center  holes,  the  next  longest  for  the  side  holes,  and  so  on. 
The  lifters  were  loaded  with  extra  heavy  charges  of  powder, 
so  as  to  throw  the  muck  back  from  the  face  as  much  as  pos- 
sible. This  was  sometimes  helped  by  placing  charges  of  ex- 
plosive outside  and  beneath  the  lifters;  these  were  called 
muckers,  and  were  set  to  go  off  after  the  rest  of  the  round  had 
been  fired. 

The  powder  used  was  a  non-freezing  kind,  varying  in 
strength  from  40  to  HO  per  cent  nitroglycerin,  depending  on 
the  hardness  of  the  rock  at   the  face. 

The  rock  was  handled  in  small,  V-shaped,  hand-dump  cars 
of  about  l,i)0(j-lb.  capacity.  Tramming  was  done  by  hand 
until  the  distance  from  heading  to  dump  became  too  great, 
when  horse  haulage  was  substituted;  later  this  was  replaced 
by  an  electric  installation.  Steel  plates  were  laid  on  the 
bottom  for  a  distance  of  30  to  40  ft.  from  the  face,  to  facilitate 
shoveling,  also  to  permit  shunting  empty  cars  past  the  loaded 
trains  and  thereby  eliminating  the  need  for  double  track. 

The  cars,  being  light,  were  easily  pulled  from  the  track 
and,  with  bodies  tilted,  were  passed  on  the  steel  plates,  along- 
side of  the  loaded  cars  and  then  pushed  back  on  to  the  track 
at  the  muck  pile  and  loaded.  Temporary  track  was  laid  close 
up  to  the  face  before  firing  a  round.  The  T-rails  were  laid 
on  thfeir  side,  allowing  the  flanges  of  the  car  wheels  to  run  on 
the  grooves  thus  formed. 

The  foul  air  and  gases  were  removed,  after  each  round 
was  fired,  by  a  C'onnersville  rotary  blower,  of  lu  cu.  ft.  ca- 
pacity, stationed  at  the  portal  of  the  tunnel.  Later,  a  similar 
machine  was  placed  about  halfway  in  the  adit  and  worked 
in  tandem  with  it.  The  blowers  were  set  to  exhaust  toward 
the  surface  through  a  12-in.  wire-wound,  wooden  stave  pipe. 
The  men  were  able  to  return  to  the  heading  within  15  min- 
utes after  firing. 

The  mucking  crew  was  divided  into  three  gangs,  on  each 
shift,  averaging  11  men  per  shift.  The  work  was  divided  so 
that  one  gang  was  shoveling  muck,  another  was  picking  down 
from  the  muck  pile,  while  the  third  was  bringing  up  empty 
cars  and  forming  them  into  trains  after  they  were  loaded. 
This  latter  work  did  not  take  up  the  entire  time,  so  that  this 
gang  had  an  opportunity  to  rest.  As  soon  as  a  train  was 
loaded,  the  gangs  changed  jobs;  that  is,  the  pickers  went  at 
shoveling,  the  car  handlers  took  the  picks,  and  the  shovelerg 
took  the  easy  work,  and  so  on.  Greater  efficiency  was  main- 
tained in  this  manner,  as  the  change  of  work  tended  to  rest 
the  men  and  they  were  able  to  work  continuously. 

A  bonus  system  was  also  a  large  factor  in  keeping  the 
men  up  to  the  mark  This  was  based  on  a  daily  advance  of 
9  ft.,  upon  which  the  then  "going"  wages  were  guaranteed; 
for  aTl  advance  over  9  ft..  %ii  per  foot  was  added  as  bonus. 
For  each  set  of  timber  placed,  an  allowance  of  3  ft.  was  made, 
which  applied  on  the  bonus.  Current  wages  at  the  time  were 
.$4.50  for  miners.  $4  for  helpers,  and  .$3.50  for  common  labor. 
The  bonus  distribution  brought  these  amounts  up  to  $5.91 
for  miners.  $.">.25  for  helpers,  and  $4.59  for  muckers.  The 
foreman  and  the  shift  bosses  also  shared  in  the  bonus,  the 
distribution  being  made  by  pro-rating  the  bonus  in  the  same 
ratio  as  the  amount  of  regular  w-age  received  by  each  man. 
Everybody  seemed  satisfied  and  no  diflnculties  were  experi- 
enced as  far  as  the  labor  situation  was  concerned. 

The  work  was  begun  on  Oct.  9,  1917,  and  the  tunnel  was 
finished  March  11,  1918,  a  total  of  154  days.  The  actual  work- 
ing time  was  150  days,  four  days  being  lost  on  account  of  a 
bi-eak  in  the  power  line. 

The  length  of  the  adit  is  2,903  ft.  and  the  daily  average 
progress  was  19.3  ft.  for  each  working  day.  The  greatest 
advance  in  any  one  month  was  in  December,  1917,  when  a 
total  of  645  ft.  was  driven.  The  amount  of  rock  handled  is 
estimated  at  185  tons  per  day.  The  material  penetrated  was 
granodiorite,  for  the  greater  part  of  the  distance.  The  total 
cost  of  driving  the  tunnel  was  $103,242.  which  brings  the  cost 
per  foot  of  tunnel  to  $35.56.  Certain  equipment  and  supplies 
were  charged  against  the  work  that  should  have  been  carried 
in  a  suspense  account,  as  most  of  these  had  a  certain  salvage 
value  because  it  was  intended  to  use  them  in  the  future  op- 
eration of  the  mines.  For  reasons  already  mentioned,  such 
as  expensive  power,  the  cost  given  does  not  really  represent 
the  actual  expense  of  driving.    Had  speed  not  been  so  impor- 


tant, no  doubt  the  work  could  have  been  done  more  cheai)Iy. 
A  few  of  the  cost  items  are  as  follows; 

Total     Iirivin,?     Cost;  Totals.  I'.-rfl. 

'."I"?''    %2:<fi\l  $  s.sn 

Kxplosive.s   in. (ill;  r).72 

I  'rills,  part^.H  and  repairs.  ...    2,7*;t  (i  It.5 

Steel.    shF.rpeiiins    and    leplHceiTieiu <!;];i7;i  \z~ 

Miscellaneou.-s  supjilies   i  ;i(ix  o  (;fi 

Power s'.410  ;;';»(( 

$5!i.;;oii        $2(1.40 
Ko.-k  Disposal: 

l-»''or    $21, S4:!  $7.52 

.Supplies     1.6S.-,  1.57 

I'lJWt'r   5.5S  0.20 

„..     ,       .  $24.0S7  $.v29 

I-abnr    $].:i:;5  J0.4i; 

Tinil>el'  ainl  sui>I>Iies 2. Til;;  u.8(i 

$:'... S4.S  $1.32 
Indirect    Expeaise; 

.\ir  and  water  lines $5,4:'.!l  $].SS 

Klietric   liKhtiuK    l.nis  (i!:!5 

Ventilation    M.l;i>^,  1.10 

T'llnip.   tr.'ieks  and   trestles .')():'.  0.17 

nepreriation  on  drills ;t7n  0.:^:* 

Depreciation  on  cars :!()1  0.11 

Surface  hoisting  and  liaiilinii :{.464  I.IK 

Aliscellaneons  .supplies   1.20.S  0.42 

$1B.10r,  $5  5.". 

Total   lost    $10:1,242         $.>i."i.n(i 

Tinilierint;    Details; 

5:^  set.-!  timber  installed,  cost  per  set $72.62 

.'i54  ft.  of  tunnel  timbered,  cost   iier  foot 10.8;: 

DrilliiiK   r>etails 

Actual  drillin.L;   hours S,022 

Actual   workin.t;   days    1  !!i   11    12 

A\'erape  drilling  hours  per  da,\" 5;i.50 

Cost   ftf  upkeep  per  drillinf;  hour,   in  cfc 22,.".:: 

The  credit  of  working  out  the  plans  and  details  of  this 
work  belongs  to  Air.  F.  S.  Norcross.  Jr..  at  that  time  super- 
intendent of  mines  of  the  Canada  Copper  Corp..  now  a  cap- 
tain in  the  27th  Regiment  of  Engineers,  the  mining  regiment, 
at  present  in  F'rance.  Captain  Xorcross  was  unable  to  com- 
plete the  job.  as  he  enlisted  in  December.  1917.  but  the  work 
was  carried  out  by  his  success.or  and  former  assistant  engi- 
neer. .Mr.  P.  e;.  Crane. 


New    Product  for    Disinfecting    Small 
Quantities  of   Water 

.\s  the  result  of  a  study  by  IJr.  Henry  A.  Dakin.  the  English 
chemist,  a  new  product  has  been  found  for  disinfecting  such 
small  quantities  of  water  as  used  by  the  soldier  or  the 
engineer  in  their  water  bottles.  The  experiment  conducted 
by  Dr.  Dakin  indicates  that  the  substance  will  sterilize  an 
ordinary  heavily  contaminated  water  (e.  g..  containing  coli. 
typhoid  or  cholera  organisms)  in  about  30  minutes.  It  im- 
parts a  perceptible  but  not  disagreeable  taste  to  the  water. 
The  disinfectant  is  put  up  in  the  form  of  tablets,  which  if 
properly  made  are  stated  to  be  quite  stable  enough  for  all 
practical  use.  To  ascertain  the  effectiveness  of  the  tablets  on 
a  heavily  polluted  water,  a  series  of  tests  was  made  recently 
in  the  water  laboratory  of  the  Bureau  of  Engineering  of  the 
Florida  State  Board  of  Health.  The  water  used  was  obtained 
from  a  stream  heavily  polluted  with  surface  wash  and  receiv- 
ing considerable  sewage.  In  the  test  one  tablet  was  applied 
to  each  250  cc.  sample.  The  raw  water  contained  5.000  bacteria 
per  cubic  centimeter.  After  the  tablet  had  been  in  the  water 
1.5  minutes  the  count  was  500  bacteria  per  cubic  centimeter; 
after  20  minutes.  160.  and  after  30  minutes.  50,  which  is  a  99 
per  cent  reduction  in  30  minutes.  A  second  series  of  samples 
fiom  the  same  source  was  tested,  a  tablet  and  four  drops  of 
lemon  juice  being  added  to  each  250  cc.  of  water.  In  this 
test  the  bacteria  count  was  i-educed  to  120  in  15  minutes, 
to  90  in  20  minutes,  and  to  50  in  30  minutes.  These  results, 
states  the  official  bulletin  of  the  State  Board  of  Health  from 
which  this  note  is  taken,  indicate  mainly  that  the  tablets 
effectively  disinfect  small  quantities  of  heavily  polluted  water 
within  20  to  ;!0  minutes  with  a  complete  disappearance  of 
gas-forming  organisims  and  colon  forms  as  well  as  a  great 
diminution  of  bacteria.  The  addition  of  lemon  juice  ap- 
parently hastens  the  effectiveness  to  a  degree.  The  chemical 
name  for  this  disinfecting  agent  is  Parasulphondichloraraino- 
benzoic  acid.  Its  common  name  is  halazone.  Halazone  tab- 
lets are  prepared  in  a  convenient  form  by  several  large  labora- 
tories— small  vials  of  100  to  1,000  being  on  the  market. 
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30    l.abor     Savinj^    Devices  or 
"Kinks"  for  Rnilway  Main- 
tenance of  W  ay  Work 

In  11  rt'port  on  the  Kcoiiomlcs  ot  Uallwny  Liibor  siibmlttod 
March  In  at  the  I'ntli  nniiUHl  i-onvi-ntioii  of  ilu>  Aiuoiican  Kail- 
»oy  KnitlnrerlnK  Assoeliuloii.  elio  I'onimlltci'  on  Lubor  SiiviiiK 
I).>vlici4  Kiive  th«>  followlUK  ilosorlplioii  of  kinks  ami  spciial 
dovkf!'  Hint  Imd  pmiv.Ml  of  iiiurkcil  utility  In  railway  service: 
Roadbed  Cultivator.  This  Is  an  linplenii-nl  for  cootioinli'ally 
and  «>mrlcntl>  plouhiK  up  ballast  which  has  setllcil  or  become 
lmpri»i!nal.'d  with  Rrowth  of  weeds;  and  reshapliiK  of  the 
ballnst  to  stardurd  contour.  The  etiuU'Mienl  Is  mounted  upon 
a  car  spfclally  deslisned  for  the  purpose  and  consists  of  a 
pair  ot  plows  with  a  scraper  or  ballast  spreader  located  to 
th»  r»'ar  ol   the  plows. 

The  ml!<ln8  and  lowering  of  the  plows  and  shaper  is  done 
by  air  pressure  and  can  be  entirely  controlled  by  two  men. 

The  plow  next  to  the  rail  Is  placed  forward  and  above  the 
outer  plow.  The  forward  plow  cuts  a  furrow  in  the  road- 
b<>d  adjacent  to  the  ends  of  the  ties,  the  bottom  of  this  fur- 
rov,  being  slUthtly  below  the  level  of  the  bottoms  ot  the  ties. 
The  gravel  or  other  material  of  the  roadbed  is  thus  thrown 
by  the  plow  inwardly  toward  the  rail  and  up  onto  the  ends 
of  the  ties.  The  gravel  at  this  point;  that  is.  adjucent  to  the 
ends  of  the  ties,  is  usually  finer  than  that  further  down  the 
slope  of  the  roadbed,  and  It  is  the  function  of  the  forward 
plow  to  remove  this  relatively  fine  gravel  from  the  upper 
part  of  the  roadbed  and  pile  it  temporarily  on  the  ends  of 
the  ties. 

The  plow  following  below  and  outside  ot  the  first  pltlw 
throws  the  relatively  coarse  gravel  ot  the  lower  portion  of 
the  slope  of  the  roadbed  up  into  the  furrow  made  by  the  first 
plow,  the  bottom  of  which  furrow,  as  before  stated,  is  slightly 
below  the  level  of  the  bottom  of  the  ties.  Thus  free  drain- 
age ii  provided  for  that  portion  of  the  roadbed  immediately 
below  the  ties. 

The  horizontal  scraper  following  the  plows  is  adjusted  to 
clear  the  tops  of  the  tie  ends,  the  forward  end  running  parallel 
and  adjacent  to  the  rail.  The  inclined  portion  of  the  scraper 
scrapes  the  relatively  tine  gravel  which  has  been  thrown  up 
onto  the  tie  ends  by  the  first  plow  o£f  ot  the  tie  ends  and  over 
the  edge  of  the  roadbed,  whereupon  this  gravel  falls  down 
into  the  lower  furrow  made  by  the  second  plow.  Thus  by 
the  co-operative  action  of  the  two  plows  and  the  scraper,  the 
relatively  coarse  gravel  at  the  lower  edge  of  the  slope  ot  the 
edge  of  the  roadbed  and  the  relatively  fine  gravel  at  the  upper 
part  thereof  are  made  to  change  places.  The  scraper  or 
spreader  smooths  out  any  inequality  in  the  slope  of  the 
roadbed  left  by  tlie  plows  and  forms  slope  to  the  desired  con- 
tour. 

Inasmuch  as  similar  members  are  mounted  on  both  sides 
of  the  cars,  out  controlled  by  separate  mechanisms,  the  two 
sides  of  the  roadbed  may  or  may  not  be  treated  simulta- 
neously as  convenience  or  necessity  may  direct.  Means  are 
provided  to  permit  operation  of  the  cultivator  over  irregulari- 
ties in  the  roadbed,  on  curves,  where  the  outside  rail  is  raised 
and  where  obstructions  are  encountered.  Not  only  can  the 
plows  and  scrapers  be  raised  up  to  a  vertical  position  to  cle^r 
obstructions,  but  they  may  also  be  swung  back  or  in  towards 
the  side  of  the  car. 

The  cost  of  operation  of  the  roadbed  cultivator  per  mile  of 
track  varies  considerably  according  to  obstructions  encoun- 
tered, as  wel!  as  density  of  traffic,  but  considerable  ot  the 
work  has  been  done  at  a  cost  as  low  as  $1.30  per  mile.  This 
cost  includes  engine  service,  wages  of  train  and  engine  crew, 
as  well  as  wages  of  operators  on  the  cultivator. 

Light  Derrick. — A  light  derrick,  handling  3,000-lb.  loads,  that 
can  be  quickly  mounted  on  an  ordinary  push  car,  has  been 
found  to  be  a  great  labor  saver  in  bridge  gangs. 

Tie  Plate  Elevator. — The  tie  plate  elevator  consists  of  a 
link  belt  conveyor  upon  which  tie  plates  are  received  after 
leaving  the  punching  machine.  Through  means  of  the  link 
conveyor,  plates  are  elevated  to  a  sufficient  height  and  dis- 
charged upon  an  inclined  plane  which  is  swung  over  the  track 
in  such  manner  as  may  be  desired  to  discharge  plates  directly 
into  gondola  or  other  type  of  car  spotted  for  loading.  The 
machine  is  rendering  very  efficient  service. 

Oil  Sprinkling  Device. — This  attachment  consists  of  a  per- 
forated 2%-in.  black  iron  pipe,  coupled  to  the  discharge  open- 
ings ot  a  standard  oil  tank  car.    Perforations  in  pipe  consist 


of  '/j-in.  hloes  placed  '2  in.  center  and  threaded  for  plugs, 
rings  are  used  in  the  alternate  holes  when  the  oil  is  hot  and 
running  freely.  In  cold  weather  plugs  are  removed  in  order 
to  secure  proper  How  of  oil.  Tlii>  swing  joints  in  the  pipe 
consist  of  ordimiry  elbows  with  ;i  nipple  between  I  hem. 

Straddle  Leg  Pile  Driver. — This  device  was  used  in  work 
on  the  trestle  across  Great  Salt  Lake.  The  structure  is  12 
miles  long,  carrying  very  heavy  tratnc,  and  piles  could  not 
be  driven  with  an  ordinary  car  pile  driver  without  great  de- 
lay to  trains  and  heavy  expense  for  work  trains.  I'^loating 
pile  drivers  could  not  be  employed  oi\  account  of  the  rough- 
ness of  the  lake. 

Accordingly  an  ordinary  straddle  leg  bridge  traveler  was 
adapted  to  pile  driving  purposes.  The  driver  moves  on  roll- 
ers on  the  outer  edges  of  the  deck,  the  engines  being  placed 
on  the  upper  platform  and  leads  are  pivoted  so  as  to  swing 
In  either  direction.  The  trestle  is  of  the  ballasted  deck  type 
and  is  IG  ft.  wide.  The  driver  is  14  ft.  8  in.  wide  and  22  ft. 
high  in  the  clear,  making  it  possible  for  trains  to  operate 
through   it    willi'nit  interfering  with  the  driving. 

Tie  Plug  Machine.  — In  years  past  it  has  been  customary  for 
section  men  to  make  tie  plugs  from  straight  grain  redwood 
ties.  Plugs  wore  sawed  i  in.  in  length  and  split  with  a 
hatchet  as  near  as  possible  to  size.  The  average  output  per 
man  per  day  was  l.dUO  plugs.  Several  types  of  machines  were 
devised  for  sawing  and  sizing  plugs.  A  machine  was  finally 
perfected  with  an  output  of  100,000  plugs  per  day  at  a  cost 
of  55  ct.  per  thousand.  Mr.  Carman  recently  designed  and 
has  obtained  U.  S.  Letters  Patent  No.  1.218,836,  on  an  im- 
proved type  of  tie  plug  machine,  which  will  have  an  avergae 
output  of  400.000  tie  plugs  per  day.  at  a  cost  ranging  from 
26  ct.  to  40  ct.  per  thousand,  according  to  the  price  of  the 
lumber  from  which  the  plugs  are  manufactured. 

Prior  to  the  advent  ot  the  new  machine,  mill-saw^ed  timber 
was  used  in  the  manufacture  of  the  tie  plugs,  whereas  the 
new  machine  will  turn  out  the  plugs  from  timber  as  it  comes 
from  the  forest  and  will  work  up  refuse  lumber  about  the 
lumber  mills. 

It  is  preferable  to  locate  the  machine  and  manufacture  the 
tie  plugs  at  tnills  where  the  timber  is  handled. 

Weed  Burner. — The  weed  burner  is  constructed  on  a  car 
52  ft.  in  length,  the  body  of  which  is  made  from  scrap  steel 
bridge  girders.  The  car  carries  a  burning  table,  lined  with 
fire  brick,  -with  a  movable  wing  on  each  side  of  the  table 
to  e.xtend  out  over  and  down  the  shoulder  of  the  bank  tor  the 
purpose  ot  directing  the  flames  onto  the  outer  slope  of  the 
bank.  The  burning  table,  as  well  as  the  wings,  are  raised  and 
lowered  by  air  pressure.  Valves  covering  the  operation  ot 
the  burning  table  and  wings  are  centrally  located,  making 
it  possible  for  one  man  to  readily  control  the  burning  opera- 
tion. 

Distillate  is  used  for  fuel  and  is  sprayed  with  steam  pres- 
sure supplied  from  the  locomotive. 

The  implement  was  designed  for  the  purpose  ot  burning 
grass  and  weeds  upon  the  track  and  the  best  results  are  ob- 
tained in  the  early  spring  while  the  grass  is  yet  green,  the 
object  being  to  sear  the  growth  and  kill  the  root.  As  a  gen- 
eral rule,  two  burnings  are  required  for  good  results;  the 
second  burning  following  the  first  by  an  interval  of  a  few- 
days.  Where  the  weed  growth  is  very  light  or  quite  dry,  one 
burning  may  be  found  sufTicient.  In  order  to  keep  the  road- 
bed entirely  free  from  weeds,  some  supplemental  hand  work 
usually  has  to  be  done  where  the  growth  is  unusually  heavy 
or  where  certain  patches  of  perennial  vegetation  may  occur: 
but.  on  the  whole,  it  is  considered  an  economical  operation, 
as  compared  with  depending  upon  hand  labor,  even  in  noi-- 
mal  times,  and  all  the  more  so  under  prevailing  conditions. 

The  average  cost,  all  items  ot  e.xpense  included,  for  first 
burning  has  been  approximately  ?10  per  mile  and  for  the 
second  burning  $6  per  mile,  or  a  total  ot  $16  per  mile  where 
first  and  second  burnings  have  been  made. 

Extension  Beam. — This  is  a  convenience  for  jacking  up  de- 
railed locomotives.  The  device  consists  of  four  steel  plates 
6  ft.  long  with  3-in.  holes  placed  every  12  in.  to  receive  a  pin 
of  the  same  diameter,  which  engages  the  underside  of  the 
pilot  beam  and  the  top  face  of  a  12xl2xlS-ft.  timber  which 
extends  a  sufficient  distance  outside  of  the  track  and  affords 
a  purchase  high  enough  to  secure  adequate  foundation  for 
jacks  without  the  usual  excavation.  In  practice,  the  device 
has  proven  most  successful  and  eliminates  considerable  lost 
time  in  re-railing  of  locomotives  and  consequent  damage  to 
track  where  practice  of  pulling  them  is  applied. 
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Frog  Wing  Bender  and  Templet. — This  tool  consists  of  ordi- 
nary switch  tie  for  a  foundation,  around  which  is  fastened  a 
"U'  strap,  which  is  drilled  near  the  end  of  arms  to  receive 
a  2V6-in.  pin  which  engages  the  wing  rail  to  be  bent.  An  ordi- 
nary track  jack  is  applied  at  one  end  after  proper  heating. 
Templet  is  made  of  gas  pipe  as  an  adjustable  middle  arm 
and  when  adjusted  to  the  old  wing  will  produce  the  same 
angle  when  placed  in  the  same  relative  position  on  the  rail 
to  be  shaped.  In  practice  it  has  been  found  possible  to  heat 
and  bend  a  rail  to  the  desired  angle  in  10  minutes,  which  is 
about  10  per  cent  of  the  time  ordinarily  required  where  ham- 
mer and  angle  is  used  and  a  more  satisfactory  job  is  otained. 
The  same  tool  i§  also  used  for  making  short  breaks  of  rail 
in  maintenance  of  way  shop. 

Power  Rail  Curver. — This  device  consists  of  old-style  Elliott 
stationary  roller  bender  anchored  to  a  dead-man  in  a  vertical 
position,  the  rail  being  passed  to  the  rollers  in  the  usual  man- 
ner, the  movable  part  tightened  and  power  applied  either  by 
locomotive  or  .stationary  engine  and  rail  drawn  through, 
against  the  usual  practice  of  a  socket  wrench  and  hand  power. 
In  this  manner  125  rails  per  10-hour  day  may  be  curved  to 
the  desired  radius  with  eight  men  and  an  engineer.  This 
machine  is  used  to  curve  lead  and  curve  rails  and  for  straight- 
ening of  damaged  rails  and  curving  of  guard  rails.  Surface 
rails  are  also  straightened  by  reversing  the  position  of  the 
rail  in  the  roller. 

'  Screw  Spike  Remover. — This  device  consists  of  attaching 
a  large  wheel  to  a  screw  spike  wrench  in  place  of  the  ordi- 
nary T-handle.  It  is  noticeable  that  in  removing  screw- 
spikes,  two  men  are  required  and  the  constant  changing  of 
hands  on  the  ordinary  T-handle  makes  the  process  slow  and 
awkward.  If  a  large  wheel,  of  the  old  heavy  type  of  a  brake 
wheel  with  a  handle  attached  to  its  side,  is  used,  the  momen- 
tum of  the  wheel  held  by  one  man  and  revolved  by  the  han- 
dle by  the  other  without  removing  his  hand,  will  quickly  re- 
move a  spike  from  a  tie. 

Erection  and  Repairs  of  Water  Columns  or  Removal. — This 
kink  consists  of  a  collapsible  A-frame  made  of  2-in.  and  2i/2- 
in.  pipe  and  guyed  two  ways  with  a  1-in.  rope,  to  carry  the 
overhead  blocking  necessary  to  hoist  the  parts  in  place. 
Ordinarily  a  long  wooden  tripod  is  used  for  erecting  any  part 
of  the  crane  and  setting  this  up  requires  at  least  four  men. 
The  length  of  these  legs  is  22  ft.  If  the  crane  is  in  an  isolated 
place  and  is  an  important  water  station,  it  is  expedient  that 
the  new  parts  and  the  tools  for  replacing  them  be  hurried 
along  by  passenger  train.  With  two  such  collapsible  legs 
made  up  of  a  12-ft.  length  of  2%-in.  pipe  with  12-ft.  extension 
of  2-in.  pipe  and  enough  tackle  and  rope  to  guy  the  frames 
both  ways,  two  men  can  handle  any  part,  and  easily  place  it 
in  the  baggage  car  of  the  train. 

Shackle  Band  for  Repairing  Timber  Trestles. — This  is  a  de- 
vice used  on  timber  trestles  where  caps  are  in  need  of  re- 
newing or  the  stringers  need  shimming  on  account  of  the 
settling  of  the  bents.  A  shackle  band  is  made  of  1-in.  x  4- 
in.  iron  bent  so  as  to  fit  over  an  upright  post  of  the'  bent  it- 
self. Another  shackle  band  is  made  to  fit  inside  the  first 
and  held  there  by  a  1-in.  bolt.  The  back  of  the  smaller  band 
is  sharpened  somewhat  in  forging,  so  that  it  will  grip  the  12- 
in.  timber  as  soon  as  any  weight  is  put  on  it. 

The  bolt  is  removed  when  the  device  is  to  be  used,  the 
larger  band  slipped  around  the  12-in.  x  12-in.  and  the  inner 
band  put  in  place.  It  can  be  put  around  the  bottom  of  a  12x 
12  post  and  two  men  can  raise  it  to  the  required  height.  After 
the  weight  of  the  larger  band  is  taken  by  the  sharp  edge  of 
the  smaller  it  grips  the  timber  and  the  grip  increases  with 
the  weight  put  on  it.  Two  such  bands  will  make  a  scaffold 
that  will  raise  any  set  of  stringers.  If  a  joint  comes  over  the 
benl,  all  that  is  necessary  is  to  chain  both  sides  of  the  rail 
and  lift  rail  and  all.  Then  the  bent  is  free  to  take  off  the  cap 
or  even  replace  one  of  the  posts  if  necessary. 

Rail  Unloader. — This  consists  of  an  apron  and  hook  for  un- 
loading rail  endwise  from  flat  cars.  A  chain  is  used  with  hook 
on  one  end  and  a  bolt  that  can  be  put  through  a  hole  in  the 
rail  a£  the  other  end. 

The  hook  is  set  over  the  end  of  a  splice  in  the  track  and 
as  the  car  is  moved  slowly  forward  the  rail  is  unloaded,  and 
the  sloping  pieces  of  the  apron  guide  the  rail  to  the  side  of 
the  track  outside  of  the  track  rail. 

Track  Liner. — This  deviae  is  a  wedge-shaped  wooden  block. 
IS  in.  long,  8  in.  wide  and  2  to  5  in.  thick,  cut  out  of  a  tie 
or  piece  of  5-in.  crossing  plank  and  put  under  the  rail,  the 


8-in.  X  18-in.  base  of  the  block  being  set  horizontally.  The 
claw  bar  is  then  put  under  the  rail  and  by  pressing  down  to- 
wards the  ground  on  this  claw  bar  it  is  said  one  can  do  as 
much  lining  with  three  men  as  can  be  done  with  six  men 
prying  up  on  lining  bars.  A  2-in.  diameter  pipe  5  ft.  long  is 
attached  to  the  end  of  the  claw  bar  to  give  the  men  leverage. 
The  ballast  is  moved  from  the  ends  of  the  ties  and  dug  out 
between  ties  about  down  to  the  bed  or  base  of  the  ties,  so 
that  the  block  may  be  put  in  and  so  that  the  claw  bar  will  fit 
snugly  between  the  base  of  the  rail  and  the  block.  The  men 
then  put  the  pipe  on  the  claw  bar  and  put  it  in  place,  prying 
down  on  the  claw  bar;  this  kicks  the  track  over  to  line.  It  is 
particularly  useful  in  cinder  ballast.  It  is  also  said  to  be  used 
to  good  advantage  on  slips,  which  in  the  winter  time  have  to 
be  lined  very  frequently.  It  is  said  that  during  last  winter 
on  a  5-miIe  section,  containing  about  1%  miles  of  slipping 
track,  a  foreman  with  only  two  men  was  able  to  keep  this 
track  in  line.  In  soft  weather,  where  this  track  had  to  be 
lined  almost  every  other  day,  for  from  2  to  4  in.,  the  fore- 
man did  all  of  his  lining  with  this  block  and  claw  bar. 

Tie  Plug  Driving  Device. — This  device  is  similar  to  a  con- 
crete tamper,  with  a  large,  flat  head,  for  driving  tie  plugs 
while  in  standing  position,  which  makes  the  driving  much 
easier  and  much  quicker. 

Rail  Roller. — This  is  a  simple  roller  device  used  for  the 
driving  rail  where  it  is  necessary  to  space  rail  or  open  up 
joints,  and  is  a  substitute  for  the  ordinary  method  of  lifting 
the  bumping  rail  with  tongs  and  sliding  it  over  angle  bars. 

Machine  for  Replacing  Bridge  Ties. — This  device  consists 
of  a  horizontal  20-ft.  wood  boom  set  in  a  steel  underframe  on 
which  is  mounted  a  windlass  operating  grab  hooks  by  means 
of  a  system  of  cables  and  pulleys,  the  whole  machine  rest- 
ing across  a  push  car  above  the  ties  to  be  replaced. 

Tlie  base  is  an  8-in.  channel  iron  12  ft.  long,  on  each  end 
of  which  is  erected  a  %-in.  x  4-in.  stirrup  or  U-shaped  iron, 
riveted  through  the  bottom  of  the  channel.  Between  the  up- 
rights of  this  stirrup  are  two  rollers  6  in.  in  diameter  placed 
about  6  in.  apart.  Between  these  rollers  is  a  wooden  boom 
')  in.  X  6  in.  X  19.6  ft.,  with  a  4-in.  sheave  in  each  end,  over 
which  a  %-in.  wire  cable  runs  to  two  small  flanged  pulleys  4 
in.  in  diameter  with  cranks  attached.  This  is  for  hoisting 
or  lowering  the  ties.  The  pulleys  have  notched  edges  on  one 
side  in  which  a  dog  engages  to  hold  the  tie  at  desired  height. 
There  is  a  pulley  on  the  channel  iron  shown  just  at  the  edge 
of  push  car.  This  has  %-in.  wire  cable  two  turns  around  and 
locking,  and  is  used  to  extend  to  draw  in  the  boom.  There 
are  grab  hooks  on  end  of  cable  for  fastening  to  ties.  The 
machine  is  also  supplied  with  anchors  from  end  of  channel 
iron  which  hook  nder  guard  rails.  It  is  only  necessary  to 
use  this  when  removing  or  replacing  caps  to  keep  machine 
from  tipping  over. 

In  replacing  ties,  the  old  tie  coming  out  balances  the  new 
one  being  put  in  and  anchors  are  not  required.  In  replacing 
ties  small  quick-lifting  jacks  are  used,  set  on  the  stringers 
between  the  ties  and  raise  ties  clear  of  the  stringers  about 
2  in. 

It  is  said  that  this  avoids  the  necessity  of  removing  guard 
rails,  and  that  80  ties  have  been  placed  with  it  by  six  men 
in  one  day.  The  push  car  is  equipped  with  a  plate  fastened 
to  deck  of  car,  through  which  a  king  bolt  is  inserted,  thus 
allowing  it  to  be  swung  at  an  angle.  It  can  be  lifted  off  the 
car  readily'. 

Painting  of  Signs  with  Raised  Letters. — The  practice  which 
is  here  suggested  and  has  been  used  with  very  good  results, 
is  to  lake  a  piece  of  plush  drawn  tightly  over  block  of  wood 
2x3x';^  in.  and  tack  the  plush  to  the  edges.  Paint  should  be 
thick  and  applied  to  plush  pad  with  a  brush.  The  pad  should 
then  bo  rubbed  over  the  face  of  the  letters  very  lightly.  This 
practice  has  been  used  for  a  number  of  years,  and  it  is  found 
that  on  signs  with  a  great  deal  of  lettering  as  much  work 
can  be  done  in  5  minutes  with  this  device  as  with  a  paint 
brush  in  from  2  to  3  hours.  Furthermore,  the  work  has  been 
found  to  be  durable. 

Staggered  Switch  Points. — Wear  on  switch  points  and  the 
possibility  of  derailments  where  switches  depart  from  the 
inside  of  curves  has  been  a  very  serious  matter.  To  over- 
come this,  certain  roads  have  staggered  their  switch  points 
by  placing  the  one  switch  point  2  ft.  ahead  of  the  other,  in 
order  to  be  able  to  place  a  guard  rail  opposite  the  switch 
point  on  the  high  side  of  the  curve  and  thus  relieve  the  wear 
and  tear  and  strain  against  that  point.     This  is  particularly 
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Hspful  In  yanis  ami  Is  i\ot  ifcoinmeucled  for  high  speed  nmiii 

tnii-k  use. 

Foot  Rett  for  Shovel.  This  eonsisls  of  n  piece  of  giis  pipe 
::  III  U.iii:  spill  ami  fasieiied  to  n  lamping  shovel  to  serve  as 
I  In  some  Instances  a  light  piece  of  angle  iron  !■ 
•  lid  of  gas  pipe  and  riveud  lo  the  shovel.  The  giis 
pipe  however,  has  the  advantage  of  cnrvatnre  and  Is  eiisier 
as  »  fool  r..»t  lor  the  shoveler.  This  Is  siild  to  give  good 
results  as  «  labor  saver 

Lining  B«r  Pl«t«.--Thls  is  said  to  effect  »  saving  of  ubonl 
5(1  per  cent  in  ihi-  labor  of  actual  throwing  when  track  Is 
lined  The  device  consists  of  a  steel  plate  Ujxr.xl.".  In.  When 
In  use  II  Is  laid  on  the  ballast  under  the  rail,  and  makes  a 
nrra  »upp..rl  for  the  point  of  the  bar.  preventing  slipping  and 
incroaslng  the  leverage  of  the  bar.  It  Is  said  that  by  the  use 
of  this  device  a  smaller  gang  can  line  track  than  otherwise. 

Cultivator  Dltc  for  Cutting  Sod  Lines.— .V  cultivator  disc  on 
an  adju.-ilable  rod  fastened  t..  a  push  car  or  hand  ciir  has  been 
found  effective  In  cutting  sod  lines  and  is  much  faster  than 
the  ordinarv  method.  It  is  said  to  make  a  line  which  looks 
well   and    approximates   the   standard    In   distance    from    the 

imck. 

Rail  Loader.— This  machine  Is  used  where  a  regular  load- 
ing machine  or  derrick  car  is  not  available.  It  Is  said  to  be 
very  effecilve  in  picking  up  and  loading  rail  along  Ihe  tracks. 
l(  consists  of  a  piece  of  wire  cable  about  100  ft.  long;  on  one 
end  there  Is  a  gnib  hook  made  from  the  jaws  of  a  rail  long. 
This  hook  Is  used  to  fasten  lo  the  piece  of  rail  being  raised 
Into  the  car.  On  the  other  end  is  a  clutch,  also  made  from 
a  rnll  tong.  by  bending  the  handles  at  about  a  45  angle.  This 
dutch  Is  arranged  lo  anchor  lo  the  rail  in  track  behind  tlie 
car  being  loaded.  The  cable  operates  through  a  ti-in.  sheave 
wheel,  which  Is  nltached  to  a  post  fastened  to  the  side  of  the 
car.    This  post  can  be  made  from  a  piece  of  short  mill  rail. 

The  operation  of  this  device  is  very  easy  and  simple.  It  is 
necessary  to  have  the  rail  marked  to  show  the  exact  center 
beiore  the  grab  hook  is  applied.  The  clutch  which  is  fastened 
to  the  track  behind  the  car  Is  operated  by  one  man.  who  holds 
U  solid  and  tight  while  the  car  is  moved  ahead  far  enough 
to  raise  the  piece  of  rail  above  the  side,  then  two  men  can 
turn  the  rail  around  to  allow  it  to  drop  into  the  car  when 
the  man  operating  the  clutch  releases  it.  Then  the  clutch  is 
moved  ahead  and  anchored  to  the  track  again,  as  the  car  is 
moved  to  the  next  piece  of  rail  to  be  picked  up.  Rail  along 
the  tracks  can  be  loaded  in  this  manner  about  as  fast  as  it 
could  be  handled  with  a  derrick  car.  and  few  if  any  more  men 
are  required  to  do  the  work. 

Portable  Power  Track  Drill.— The  portable  power  track  drill 
is  one  of  the  coming  labor-saving  devices.  There  is  now  such 
a  machine  on  the  market,  consisting  of  a  small  gasoline  en- 
gine, belt  connected  to  a  drill  designed  to  be  clamped  to  the 
rail.  The  engine  and  drill  weigh  300  lb.  Such  a  drill  has  a 
capacity  of  240  holes  per  day.  including  necessary  moves  from 
rail  to  rail. 

Improvements  along  the  lines  of  conservation  of  weight, 
increase  in  portability  and  decrease  in  number  of  parts  will 
undoubtedly  develop  a  machine  of  decided  value  to  the  track 
maintainer.  There  seems  no  reason  why  the  same  machine 
cannot  be  fitted  with  a  device  lo  tighten  the  nuts  on  track 
bolts  inserted  in  the  newly  drilled  holes. 


Organize  Peninsula  Branch  of  Engineering  Institute  of  Can- 
ada.— .Members  of  the  Kngineering  Institute  of  Canada  and 
other  engineers  resident  in  the  Niagara  District  met  in 
Niagara  Falls.  Ontario,  on  March  11.  and  formed  a  "Niagara 
Peninsula'"  branch  of  the  Institute.  The  branch  was  started 
with  an  initial  membership  of  nearly  30.  The  following  offi- 
cers were  elected: 

Chairman.  A.  C.  D.  Blanchard.  Niagara  Falls.  Ont.;  Vice- 
Chairman.  W.  P.  Near.  St.  Catharines,  Ont.;  Secretary-Treas- 
urer. R.  P    Johnson.  .Niagara   Falls.  Ont. 


Licenses  No  Longer  Required  for  Purchase  of  Dynamite. — 
The  war-time  legulations  requiring  licenses  tor  the  purchase, 
possession,  and  use  of  explosives  for  reclaiming  land,  stump 
blasting,  ditching  and  other  agricultural  purposes  was  re- 
voked llarch  15.  by  the  Interior  Department.  The  only  quali- 
fication is  that  this  revocation  does  not  allow  enemy  aliens  or 
subjects  of  a  country  allied  with  an  enemy  of  the  United 
States  to  manufacture,  purchase  or  sell,  use  or  possess  ex- 
plosives at  any  time. 


Railroad  Yard   Constructit)!!  Near 
Chicaj^o 

During  these  days  ul  cou.sU  lulion  drouth  luecciliug  lUe 
hop<>dlor  deluge  of  railroad  work  the  Chicago  terminal  sit- 
uation has  resulted  in  several  important  railroad  contracts. 
Work  llmilly  has  begun  on  Chicago's  new  Union  Passenger 
Station,  to  cost  some  ;$20. 000. 00(1  and  to  be  occupied  jointly  by 
Ihe  Peniisyhania  Lines,  Chicago,  Hurllnglon  it  Quincy,  Chi- 
cago, .Milwaukee  &  St.  Paul  and  Chicago  it  .Mion  Railroads. 
The  .Michigan  Central  R.  R.  is  building  great  yards  at  Niles, 
.Mich.,   for  the   handling  and   classincation   of  freight  to  and 


Loading    Narrow    Gage    Outfit   on    Air    Line    Cutoff    of    Michigan 
Central.     Camp   Cars   Shown   at   Right. 

from  Chicago  and  the  Illinois  Central  R.  R.  is  building  similar 
yards  at  Honiewood.  111.,  just  south  of  Chicago. 

The  -Michigan  Central  work,  so  far  as  ccmtracts  have  been 
let,  includes  the  construction  of  westbound  yards  and  a  4- 
mile  cut-oft  between  these  main-line  yards  and  the  .Michigan 
Central  Air  Line,  together  with  a  30-stall  roundhouse,  large 
machine  shop,  turntable,  etc.  Construction  of  eastbound  yards 
is  planned  for  next  year. 

The  yards  when  completed  will  take  the  place  of  the  pres- 
ent yards  at  Michigan  City,  Ind.  The  cut-off  to  the  Air  Line 
alone  involves  the  handling  of  625,000  cu.  yd.  of  material, 
some  heavy  cuts  averaging  24  ft.  and  filling  from  a  pile  trestle 
across  nearly  a  mile  of  low  ground.  As  the  cuts  will  not  fur- 
nish enough  material  for  the  filling,  a  borrow  pit  will  be 
maintained  by  widening  certain  cuts  as  far  as  necessary. 
This  is  easily  accomplished  as  the  .Michigan  Central  owns  all 
the  land  in  the  vicinity. 

The  entire   work  except  buildings  has  been  let  to  the  Do- 


Borrow   Pit   at   Homewood   for   Markham   Yard   Work   of    Illinois 
Central. 

minion  Construction  Co.  of  Toronto.  The  contract  includes 
both  tracklaying  and  concrete  work,  as  well  as  excavation 
and  grading.  There  are  five  steamshovels  on  the  job — two 
Bucyrus,  one  .'Atlantic,  a  Thew  and  an  Erie — and  a  half  dozen 
locomotives.  A  dragline  is  making  a  creek  diversion,  to  do 
away  with  some  concrete  work,  that  otherwise  would  be 
necessary;  and  a  derrick  car  is  handling  rails.  The  Air  Line 
cut-off  is  being  put  in  with  a  narrow-gage  outfit  to  save  pil- 
ing. Western  4-yd.  dump  cars  being  used  on  this  part  of  the 
work.  A  standard  gage  outfit,  with  Western  12-yd.  dump  cars, 
is  being  used  on  the  main  line  and  yard  work. 

The  similar  yards  which  are  being  built   south  of  Chicago 
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by  the  Illinois  Central  R.  R.  are  known  as  the  .Markham 
Yards.  They  extend  between  Homewood  and  Harvey,  :j  miles 
from  lead  to  lead.  At  present  the  northbound  yards  only  are 
.  beinK  built  and  these  have  been  nearly  completed.  The 
Walsh  Construction  Co.  of  Davenport,  la.,  has  the  general 
contract.  All  material  for  the  extensive  fill  must  be  borrowed. 
This  fill  averages  from  o  to  8  ft.  in  depth  except  at  the 
"hump,"  where  a  30-tt.  fill  was  necessary,  made  from  a  tem- 
porary trestle. 

The  Walsh  Construction  Co.  and  the  Woolsey  Construc- 
tion Co.  each  have  a  standard  gage  outfit  on  this  work,  in- 
cluding Bucyrus  shovels  and  fiO  Western  12  and  16-yd.  dump 
cars.  This  job  of  placing  1.500,000  cu.  yd.  of  tiiaterial  began 
last  August  and  will  have  been  completed  by  early  summer. 
The  sandy  material  is  ideal  for  handling,  but  the  water  is  so 
hard  that  it  has  been  found  necesary  to  soften  it  by  chem- 
ical treatment  and  filtration. 

Motor   Trucks   and   Short  Line  Railroads 

In  an  address  on  the  railroad  situation  deli^vered  recently 
before  the  New  York  Railway  Club,  Mr.  C.  A.  Morse,  assist- 
ant director  of  the  division  of  operation  of  the  U.  S.  Rail- 
road Administration,  pointed  out  that  the  motor  truck  and 
automobile  had  introduf~ed  a  new  element  into  the  trans- 
portation problem  that  should  be  taken  into  consideration 
at  this  time  while  studying  the  reorganisation  of  the  whole 
transportation  question.  He  said;  "Good  roads  are  de- 
manded for  the  use  of  the  automobile,  and  a  study  should 
be  made  to  see  what  additional  expense  would  be  necessary 
to  construct  them  so  that  they  would  serve  for  the  motor 
truck  and  tractor.  Where  heretofore  development  of  the 
country  for  50  miles  on  either  side  of  a  trunk  line  of  rail- 
road has  required  the  construction  of  light  branch  lines,  it 
is  a  question  to  be  seriously  considered  whether  this  policy 
should  be  continued  or  whether  good  wagon  roads  should 
be  constructed  and  the  products  of  the  farms  and  passen- 
ger travel  should  not  be  handled  by  motor  truck  and  auto- 
mobiles to  the  main  line. 

"Taken  alone  and  considered  as  a  unit,  practically  none 
ot  these  small  branch  lines  pay  expenses,  but  as  gatherers 
of  freight  and  passengers  to  increase  density  of  traflSc  on  the 
trunk  lines  they  are  sources  of  profit.  As,  however,  the 
traffic  gathered  by  them  is  turned  over  to  the  main  line  with 
a  deficit  attached,  which  has  to  be  overcome  during  main- 
line movement,  before  any  profit  is  made,  it  would  be  a  de- 
cided advantage  if  this  traffic  could  be  delivered  to  the  trunk 
line  by  means  of  the  motor  truck,  tractor  and  automobile, 
without  this  bill  of  expense  attached. 

"If  the  good  roads  had  to  be  constructed  and  operated 
for  the  freight  alone,  it  is  a  question  whether  they  could 
be  built  and  operated  as  cheaply  as  the  light  branch  rail- 
road, but  when  we  find  that  the  good  road  is  demanded  for 
the  use  of  the  automobile,  and  if  it  is  found  that  the  increase 
in  cost  to  make  it  heavy  enough  for  the  truck  is  not  too 
great,  and  'f  we  take  into  consideration  the  fact  that  the 
farmer  and  merchant  must  deliver  their  products  on  good 
roads  to  the  branch  line  by  truck,  thus  doing  the  same  han- 
dling as  if  they  delivered  them  to  the  main  line,  it  looks  as 
if  there  was  a  possibility  that  delivery  to  the  main  line,  and 
avoidance  to  the  construction  of  the  branch  line,  would  be 
economical. 

"Investigation  of  this  subject  may  show  the  desirability, 
as  good  roads  are  completed,  of  the  taking  up  of  many 
branch  line  railroads  and  utilizing  the  abandoned  roadbed 
for  improved  motor  road,  thus  decreasing  the  expense  of 
maintenance  and  operation  of  our  railroads  and  giving  in 
their  places  well  located  motor  roads.  Such  a  change  would 
call  for  increased  facilities  at  stations  along  the  main  line 
for  passengers  and  for  Tiandling  freight,  including  storage. 
trackage,  etc." 


English  Channel  Tunnel  Would  Cost  $100,000,000— An  Eng 
lish  press  report  states  that  it  is  now  estimated  that  five 
years  would  be  required  to  complete  the  proposed  tunnel 
under  the  English  Channel  from  England  to  France.  It  is 
said  that  in  ordinary  times  the  cost  of  the  work  would  be 
about  $80,000,000,  but  in  view  of  the  increased  cost  of  labor 
and  materials,  the  expense  involved  would,  under  present 
conditions  be   n«irly   $100,000,000. 


Lubrication   of  Air  Compressors 

Cseful  information  on  the  qualities  and  quantities  of  oils 
required  for  satisfactory  lubrication  of  air  compressor  cylin- 
ders is  given  in  a  report  issued  early  this  month  by  the 
Compressed  Air  Society.  The  report,  extracts  from  which 
follow,  was  prepared  by  Mr.  I^.  V.  Conrad,  secretary  of  the 
society,  and  is  based  on  a  careful  study  made  by  the  technical 
committee  olr  the  society. 

Heat  of  Air  Compression. — The  selection  of  an  air  cylinder 
lubricant  is,  of  course,  governed  to  a  considerable  extent 
by  a  knowledge  of  cylinder  temperature  it  must  withstand. 
Knowing  the  air  pressures,  the  corresponding  temperatures 
are  ascertained   fairly  accurately,   as  shown   in  Table   No.   1. 

This  table  gives  the  final  temperature  in  the  cylinder  at 
the  end  of  the  compression  sti'oke.  for  single  stage,  also 
for  two  stage  (or  compound)  compression,  when  the  free 
air  entering  the  cylinder  is  6(r    F. 

\ariations  from  these  temperatures  will  occur  in  actual 
practice  due  to  water  jacketed  air  cylinders  and  radiation, 
tending  to  lower  the  temperature  at  the  higher  pressures. 
But  at,  say.  50  lb.  pressure  and  lower,  the  heat  is  likely  to 
be  somewhat  greater  than  given  by  the  table,  particularly  if 
the  compressor  is  i-un  at  high  speed  and  also  if  it  is  not 
water   jacketed. 

Relation  of  Oil  Flash  Point  to  Cylinder  Temperature. — The 
natural  inference  of  the  reader  after  noting  the  temperatures 
in  Table  I.  is  that  he  must  select  an  air  cylindei-  oil  whose 
flash  point  is  higher  than  the  maximum  temperature  apt  to 
be  encountered  within  the  air  cylinder.  As  a  matter  of  fact, 
this  is  not  the  case,  and  it  need  only  be  carefully  noted  that: 
the  study  of  the  air  cylinder  temperatures  is  useful  mainly 
in  testing  lubricating  oils  to  determine  their  resistance 
against  breaking  down  into  carbon,  etc.  But  such  tempera- 
tures cannot  be  taken  as  limits  establishing  the  highest 
allowable  flash  point  for  a  lubricant  safe  to  use  in  the  air 
cylinders. 

Qualities  of  Cylinder  Lubricating  Oils. — For  average  nom- 
mal  conditions,  the  oil  should  be  a  medium  bodied  pure' 
mineral  oil  of  the  highest  quality,  not  compounded  with 
fixed  oils  such  as  animal  or  vegetable,  and  should  be  care- 
fully filtered  in  the  final  process  of  manufacture. 

Quite  a  range  of  oil  composition  is  permissible  for  lubri- 
cants approved  for  this  work,  which  are  manufactured  under 
the  above  conditions.  Primarily  a  distinction  must  be  made 
between  those  oils  having  a  paraflin  base  as  distinguished 
from  those  having  an  asphaltic  base. 

From  a  strictly  operating  standpoint — so  it  is  claimed  by 
some  lubricant  manufacturers — there  is  no  distinction  be- 
tween these  two  classes  of  lubricants  as  to  their  desirability 
as  compressor  cylinders  oils,  provided  that  both  have  been 
properly  filtered  in  the  process  ot  manufacture  to  remove 
the  carbon-forming  elements.  If  any  carbon  should  be 
formed,  however,  such  carbon  deposited  by  the  asphaltic 
base  oils  is  of  a  light  fluft\  nature  and  easily  cleaned  out, 
whereas,  that  deposited  by  the  paraffin  base  oil  is  very  ad- 
hesive, and  characterized  by  the  hard,  flinty  nature. 

Paraffin    Base   Lubricating   Oils. — Merely  as  a  guide  to  aid- 

TABLE    I— CYLINDIOR    TlOMrKK.STFRE.'^    .\T    t'^NP    OF    PISTON 
STROKE. 

r-^iiial   temper-     Pinal   temper- 
.\ir   com|)rcs.sefl  ature.  ature. 

to—  .Single  stage.  Two  staee. 

I, lis.    "auKe.  Iiegrees  F.  Decrees  F 

Ifl 14.T 

an 207 

'in.'.'.'.'.'.'.'.'.'.'.'.'.'^.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.  302 

50 x;'.'  iss 

00 375  203 

70 im  2  n 

so 432  ■>-'\ 

'.H\ t.50  231 

lllli IS.',  04-; 

lift 507  2.->ft 

i'20 nail     ■  -'ST 

130 .-.5ft  2<i5 

110 5711  272 

150 5S!i  27'i 

200 072  3fl:i 

250 ,      1\'.\  331 

•r.XHl.K    II-    rilVSIi'.JLL    TESTS    OF  PARAFFIX    RASE    OU.S. 

Minimum.  .^vei-a^e.  Maxiiniiin. 

Cravil.v.   Baninr-....   2S   to     32°                25  to     30»  25  to     27' 
Flash     point,     open 

cup    375  ta  100°   F,        too  to  .125°  F.  425  to  500°    F. 

Fire    125  to   450     F.       I.'.ft  to  175°   F.  475  to  575'   F. 

X'iscositv    (Savbolt) 

Ml  100°  F 120  to   I.so  sec.      ''30  to  315  sec.  to   1500  .see 

Color    Yellowish               Reddish  D'k  rod  to  greet: 

Conut-'Hling'  n  f)  i  n  t 

(pour  te.st  (leg,   v.]    20    to      25°    F.                         30"    F.  35   to      45°    F. 
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the  operator  tn  specifying  Uio  qualities  to  be  possessed  by  iin 
air  cylinder  lubricant  recommended  for  nverago  duty,  Table  I 
Is  given. 

U  Is  suggested  that  those  oils  within  the  range  expressed 
by  the  minimum  Hgures  be  used  for  light  duty  of  low-pressuro 
mill  lempuratures,  while  those, expn'ssed  by  miiximum  llguroa 
■'  .tiUI  be  used  for  high  pressures  luul  temporiUuies. 

U  Is  recommended  thiil  any  puritllln  base  lubricant  Intended 
for  use  in  "nil  standard  air  compressors."  shoifld  meet  the 
physical  tests  Imposed  by  the  average  range  of  figures  given 
111  the  middle  column  of  the  above  table.  The  above  wording. 
"standard  air  compressors."  is  to  be  interpreted  as  Including 
Ihe   following   types  of  machines: 

Low  pressure  up  to  100  lb.  compressors,  which  may  be 
either  small  sUed  single  stage  units,  or  larger  sized  com- 
pound machines. 

High  pressure  compressors  which  are  constructed  with 
the  proper  number  of  stages  so  that  no  excessive  tempera- 
tures are  ever  reached. 

In  other  words,  this  lubricant  of  average  test  figures  is 
•hvays  recommended  unless  a  compressor  manufacturer 
specifies  In  his  llteniture  that  a  high  fiash  point  oil  should  be 
used  to  meet  the  conditions  peculiar  to  his  machine.  It  is 
thus  obvious  that  It  is  never  necessary  that  a  lubricant  should 
possess  a  flash  point  as  high  as  500'  unless  abnormal  condi- 
tions of  high  temperature  prevail.  Such  high  flash  point  oils 
have  an  unuaual  tendency  to  produce  carbon  deposits. 

Aaphaitic-Base  Lubricating  Oils.— As  a  guide  for  the  selec- 
tion of  suitable  oil.  the  following  table  is  given: 

T.VBLK    III  — rHYSICAl-    TIOSTS    OF    ASPH.XLTIC    BASR    OII.S. 
Minimum.  .Vverage.  Maximum. 


1S".S-21° 


1!). 5-20.5 


.115-3,15«  F. 
370-400°  F. 


275-325  sec. 
Pale  yellow 


—0'  F. 


330-375' 
335-440° 


F. 
F. 


475-750  sec. 
Pale  yellow 


-0°  F. 


Gravity.  Baume 20-22 

Flaali    point,    open 

cup  305-325*  F. 

Fire    : 360-3S0'  F. 

Visoo»lt>-   (Saybcit) 

at   100"   P 175-225  sec. 

Color  Pale  yellow 

congealing   point 

(pour    te^t) 0'  F. 

For  general  all  around  use  the  recommendations  given  in 
'ables  Nos.  11  and  HI  cover  the  situation  as  well  as  possible, 
fecial  cases,  of  course,  requiring  investigation  and  special 
^nsideration  before  making  recommendations. 

Proper  Quantity  of  Lubricating  Oils. — The  quantity  of 
lubricating  oil  to  feed  to  the  air  cylinders  of  compressors 
cannot  be  stated  in  exact  terms  due  to  the  varying  viscosity 
if  different  oils,  the  heat  of  compression  and  the  size  of 
<!ylinder.  It  may  be  stated  in  general,  however,  that  after 
•yiinders  have  acquired  smooth  and  polished  surfaces,  the 
quantity  should  be  reduced  to  the  lowest  limit  to  avoid  the 
oossibility  of  the  accumulation  of  carbon  and  sooty  deposits 
■within  the  system  due  to  excessive  use. 

The  following  basis  of  quantity  given  in  Table  IV  is  recom- 
mended,  subject  to  above  modifications  for  these  cylinders 
cr  equivalent  sizes,  operating  under  normal  conditions. 

TABLE    IV— QUANTITY    OF    AlB.    CTUXItER    LUBRICAXT 
REQUIRED  PER  10-HOUR  D.\Y. 


X  ■ 


5=  N  . 

8 Sx  8 

12 12x12 

18 18x18 

24 24x24 

30 30x30 

36 36x36 

42 42x42 


120 
320 
S$0 
1,730 
2.940 
4,550 
6.700 


344 
408 
49S 
5.10 
600 
644 
696 


5  o 

71S 
1.230 
2.340 

3,450 
4.700 
6.070 
7.600 


■d    Iss 


1 

2 
4 
6 
8 
10 
12 


^  2 

600 
1,200 
2.400 
3.600 
4,800 
6.000 
7.200 


718 
613 
585 
575 
590 
607 
633 


., .—  (J 

.0375 
.0750 
.1500 
.2250 
..•iOOO 
.3750 
4500 


'Fifrures  of  last  column  are  based  upon  an  estimated  16,000  drops 
per  pint  of  oil  al  75°  F. 

It  will,  of  course,  be  carefully  noted  and  clearly  understood 
that  the  results  in  the  last  column  of  Table  IV  are  based 
upon  the  assumption  that  under  average  conditions  of  tem- 
perature and  usual  range  of  oil  viscosities,  a  pint  of  oil  will 
contain  an  average  of  about  16.000  drops.  It  is.  of  course, 
understood  that  these  figures  are  offered  merely  as  an  approx- 
imate guide  and  that  every  individual  must  exercise  his  own 
Judgment  in  modifying  them  wherever  his  own  particular 
set  of  working  conditions  is  unusual. 

A  leading  authority  on  compressor  engineering  contributes 
the  following:  "The  best  way  to  determine  the  proper  amount 
of  lubrication  is  to  take  out  the  valve.s  from  time  to  time 
and  examine  the  cylinder.  All  parts  should  feel  that  there  is 
oil  thereon.  It  they  feel  dry.  the  lubricators  should  be  ad- 
justed  to  feed   a   little   more  oil,   whereas   if  oil   lies   in   the 


cylinder  and  its  parts  show  excessive  oil  thereon,  the  quan- 
tity fed  by  the  lubricators  should  be  reduced.  By  thus 
examining  the  machine  a  few  times,  the  proper  amount  of 
oil  can  be  determined  to  suit  the  characteristics  of  the 
particular  lubricant  used  and  the  conditions  under  which 
the  machine  operates."  This  is  a  better  way  to  finally  deter- 
mine the  quantity  of  oil  required  than  by  adopting  without 
this   exiierliuenling  any  tabulated   number  of  drops. 

Periodical  Cleansing  of  System. — The  best  of  lubricating 
oils  will  cause  the  deposit  of  enough  carbon  in  the  compres- 
sor system  to  necessitate  the  periodical  cleansing  of  it. 

For  Ihe  removal  of  carbon  the  machine  operator  should 
confine  his  efforts  to  the  use  of  soap  suds.  A  good  cleansing 
solution  is  made  of  1  part  soft  soap  to  15  parts  water.  These 
suds  should  take  the  place  of  oil  for  a  few  hours,  and  be 
fed  into  the  air  cylinders  about  once  a  week,  either  by  means 
of  a  hand  pump  or  through  the  regular  lubricator  at  a  rate 
of  about  ten  limes  as  rapidly  as  that  of  the  oil.  The  clean- 
liness of  the  air  valves  when  inspected,  as  they  should  be 
periodically,  will  Indicate  whether  greater  or  lesser  applica- 
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Device  for  Cleaning  Carbon  In  Air  Discharge  Line  and  Receiver  of 
Air    Compressors. 

To  use  compound:  Close  cock  ".'V"  and  "G,"  open  valve  "C"  and 
fill  compound  throuKli  funnel  "D,"  when  chamber  "E"  Is  filleid 
cicse  valve  "C,"  open  rock  "G"  and  "A"  and  regulate  feed  by 
valve   "B":   use  about  70  drops  ijcr  minute. 

tions  of  the  soap  suds  should  be  made.  After  using  soap 
suds,  open  the  drain  cock  of  the  air  receiver,  and  of  the 
inter-eooler  iu  the  case  of  compound  machines,  to  draw  off 
any  accumulated  liquid.  Oil  should  be  used  again  for  a  half 
hour  before  shutting  down  the  machine  in  order  to  prevent 
rusting  the  cylinder  and  its  fittings.  Never  use  kerosene, 
gasoline  or  lighter  oils  in  an  air  cylinder  for  any  purpose 
whatever,  because  of  their  volatile  nature  under  heated 
conditions. 

Cleaning  Air  Receiver  and  Piping. — It  often  happens  that 
oil,  carbon  and  other  foreign  matters  are  deposited  in  the 
air  di.<5charge  lines  and  air  receiver.  A  practical  method  of 
cleaning  these  is  shown  in  illustration,  where  a  receptacle 
made  of  6-in.  pipe  is  shown  set  on  top  of  the  discharge  pipe. 
The  cut  shows  plainly  the  construction  and  what  the  differ- 
ent parts  represent.  If  a  mixture  of  1  lb.  of  Red  Seal  lye  and 
18  lb.  of  water  is  passed  into  the  discharge  line  at  the  rate 
of  60  or  70  drops  per  minute,  while  the  compressor  is  run- 
ning, this  will  eat  out  all  the  accumulation  on  the  surface 
of  the  pipe  and  in  the  receiver,  and  if  the  blow-off  valve  on 
receiver  is  open,  all  of  this  foreign  matter  will  be  discharged 
therefrom.  This  cleaning  solution  can  be  used  every  month 
or  two,  depending  on  how  much  accumulation  there  may  be 
in   the  receiver. 

Steam  Cylinder  Lubrication. — The  proper  quantity  of  oil 
to  be  fed  to  steam  cylinder  is  much  greater  than  to  air  cylin- 
ders, due  to  the  constant  washing  away  of  the  oil  by  the 
steam.  Approximately  four  times  as  much  oil  will  be  needed 
in  the  steam  cylinders  as  in  those  for  air,  subject,  of  course, 
to  variable  local  conditions. 

Depending  on  its  viscosity,  a  pint  of  steam  cylinder  oil 
will  furnish  from  5,000  to  8.000  drops,  and  taking  an  average 

TABLE  V-QUAXTITY  OF  OIL,  FOR  STEAM   CYLINDER 
LUBRIC.4TIONr. 
.,       ,  •     Size  of 

No.  drops 
per  minute. 

4 


16. 
24. 
.32. 
40. 

48. 
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cylinder, 
inches. 
8x  8 
12x12 
18x18 
24x24 
30x30 
.36x36 
42x42 


Number  pints 
oil   required 
per  10  hours. 
.4 
.75 
1.5 
2.25 
3.0 
3.75 
4.5 
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of  about  6,500  drops,  and  tour  times  as  much  oil  as  air  cylin- 
ders of  same  size,  and  working  at  same  piston  speeds,  as 
given  in  Table  IV,  the  recommended  amounts  to  feed  the 
steam   cylinders   or  their  equivalents   are   given   in   Table   V. 

These  figures  are  approximate  only,  and  will  vary  with 
the  steam  conditions,  the  kind  of  oil  used,  and  its  method  of 
introduction  into  the  steam,  also  with  the  boiler  compound 
carried  by  the  steam  in  the  cylinder. 

Observations  on  Changing  Tested  Oils. — When  the  operator 
of  an  air  compressor  succeeds  in  obtaining  lubricating  oils 
that  are  giving  satisfactory  results,  he  should  he  very 
cautious  about  making  a  change  to  other  grades,  particularly 
if  cheapening  the  cost  is  advocated  by  purchasing  and  sales 
agents.  But  if  a  change  is  decided  on,  the  performance  of 
the  new  lubricants  should  be  most  carefully  checked  up 
before  damage  can  occur  to  the  rubbing  surfaces  of  the  com- 
pressor, and  to  see  that  no  increased  amount  of  deposit 
collect  on  the  inside  walls  of  the  air  receiver. 

The  most  satisfactory  way  to  get  the  quickest  results  is 
to  put  up  the  problem  of  lubricants  to  the  local  experts  of  any 
reputable  lubricating  companies,  and  to  be  governed  by  their 
recommendations,  which,  however,  should  be  based  on  the 
foregoing  statement. 


Compressed   Air    Plant    for    Con- 
tracting* 

By  W.  L.  SAUNDERS. 

The  increasing  importance  of  compressed  air  plant  equip- 
ment in  contracting  has  been  the  natural  outgrowth  of  the 
contractors'  development  of  methods,  which  demanded  the 
introduction  of  tools  of  great  ruggedness  and  high  capacity. 
The  success  of  certain  characters  of  work,  as  for  instance, 
pneumatic  caisson  foundation  sinking,  the  shield  method  of 
driving  subaqueous  tunnels,  are  entirely  dependent  upon  com- 
pressed air.  It  may,  therefore,  be  safely  said  that  compressed 
air  plant  forms  an  essential  part  of  the  contractor's  equip- 
ment, and  the  problem  resolves  itself  entirely  into  one  of  the 
selection  of  that  compressed  air  plant  which  will  best  meet 
his  needs. 

Type  of  Compressor. — The  character  of  the  work  is  an 
important  feature  in  the  determining  of  the  size  and  the 
selecting  of  the  type  of  air  compressor  plant;  for  instance, 
such  work  as  tunnel  driving,  aqueduct  construction,  canal 
excavation,  etc.,  might  well  utilize  a  number  of  semi-perma- 
nent air  compressor  installations,  as  such  work  usually  ex- 
tends over  a  considerable  period  of  time.  On  the  other  hand, 
such  work  as  road  building,  open  cut  excavation,  trench  dig- 
ging, structural  work,  etc.,  could  more  profitably  employ  port- 
able air  compressor  plants  which  move  with  the  work. 

In  the  case  of  semi-permanent  installations  the  require- 
ments may  call  for  the  installation  of  both  high  pressure  and 
low  pressure  units,  the  former  for  purposes  of  operating  rock 
excavating  machinery,  pneumatic  placing  of  concrete,  the 
operation  of  water  pumps,  hoisting  engines,  pneumatic  riv- 
eters, and  the  like. 

The  availability  of  motive  power  will  be  a  deciding  feature 
in  the  selection  of  the  type  of  air  compressor. 

Air  or  Steam  Plant? — In  earlier  practice  it  was  customary 
to  operate  rock  excavating  machinery  by  steam,  utilizing 
the  boiler  horse  power  direct,  and  thereby  eliminating  one 
item  in  the  initial  cost  of  equipment.  On  the  other  hand, 
the  development  of  efficient  steam  operated  air  compressors 
and  greatly  improved  compressed  air  operated  rock  drills 
caused  the  contractor  to  realize  that  he  could  effect  more 
efficient  and  economical  operation  by  installing  an  air  com- 
pressor, than  he  could  by  adhering  to  the  flow  admittedly 
obsolete  practice.  The  greater  loss  experienced  in  the  trans- 
mission of  steam  over  long  distances,  as  compared  with  that 
of  air,  and  the  greater  consumption  of  boiler  horse  power 
in  the  rock  excavating  machine  per  unit  of  work,  as  compared 
with  compressed  air  drills,  more  than  compensated  for  the 
additional  initial  outlay. 

Operating  Power.— In  some  isolated  cases  where  hydroelec- 
tric  power  could  be  generated  on  the  job,  the  question  of 
choice  of  compressor  motive  power  is  a  simple  one.  A  notable 
instance  of  such  practice  is  that  of  the  Laramie  Pondre 
irrigation  tunnel  driven  in  Colorado,  where  Pelton  water 
wheels  were  installed  for  driving  generator  sets,  supplying 
current  to   short   belt  motor  driven   air  compressors. 
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For  portable  compressed  air  plants,  the  choice  of  motive 
power  falls  naturally  to  gasoline  driven  types,  due  to  com- 
parative lightness  of  the  equipment,  the  simplicity  of  opera- 
tion and  the  ease  with  which  satisfactory  operating  labor 
may  be  secured.  On  city  street  work  it  is  sometimes  advis- 
able to  use  a  motor  driven  portable  unit,  securing  electric 
power  from  trolley  lines  or  commercial  power  circuits.  In 
t)uilding  construction  the  semi-portable  skid-mounted  motor 
driven   units   are   custoinarily   employed. 

Selection  of  Compressor. — In  the  selection  of  the  air  com- 
pressor, the  contractor  should  give  attention  to  the  question 
of  permanence  of  the  equipment  or  its  possible  salvage  value 
as  in  the  case  of  a  large  project  involving  the  installation 
of  an  elaborate  plant,  upon  its  completion  he  may  have  no 
further  opportunity  to  utilize  a  plant  of  such  large  capacity, 
and  therefore  becomes  necessary  to  salvage  it.  On  the  other 
hand,  a  portable  unit  invariably  becomes  a  permanent  part 
of  his  equipment.  This  presupposes  that  a  high-grade  plant 
will  be  in  hotter  condition  upon  completion  of  a  job,  arid 
therefore  return  a  greater  salvage  value. 

The  volume  of  the  work  to  be  performed  will  determine  the 
number  of  tools  it  is  necessary  to  use,  and  this  in  turn  will 
(leternnne  the  size  of  air  compressor  to  purchase. 

Air  Consumption.— Manufacturers  of  rock  drills  and  other 
pneumatic  appliances  for  contracting,  publish  figures  of  air 
consumption  at  various  pressures,  and  it  is,  therefore,  com- 
paratively simple  to  determine  the  a-mount  of  air  required 
to  operate  a  given  number  of  tools.  To  this  should  be  added 
a  margin  of  safety,  as  invariably  the  contractor  finds  many 
other  adaptations  for  the  air.  This  margin  of  safety  will 
vary  from  10  to  20  per  cent,  depending  upon  the  magnitude 
of    the   undertaking. 

Installation.— With  semi-permanent  installations  it  becomes 
necessary  to  provide  suitable  housing  and  foundations  of 
semi-permanent  character.  The  question  of  housing  is  a 
simple  one.  the  only  precaution  required  is  the  protection 
of  the  plant  from  the  elements.  With  work  of  long  duration, 
it  is  advisable  to  install  a  foundation  of  mass  concrete  or 
stone  masonry  structure.  This  is  particularly  true  of  large 
machines.  Machines  of  small  and  moderate  capacity  cus- 
tomarily employed  on  short  time  jobs  give  satisfactory  service 
bolted  to  skid  foundations,  firmly  anchored. 

On  penalty  jobs,  or  in  such  work  as  pneumatic  caisson 
sinking  or  shield  tunneling,  where  the  lives  of  the  workmen 
are  dependent  on  the  absolute  uninterruption  of  the  air  sup- 
ply, it  is  imperative  to  install  duplicate  units,  so  as  to  insure 
against   failure  of  the  power  supplied. 

The  radius  of  distribution  of  compressed  air  from  a  central 
station  is  practically  without  limit. 

Equating  Cost.— TTie  determining  factor  is  the  balancing  of 
the  comparative  cost  of  the  installation  of  one  large  plant 
and  the  cost  of  transmission  line  necessarily  large  in  diam- 
eter, plus  operating  cost,  with  the  installation  of  smaller  units 
with  smaller  transmission  lines,  plus  operating  cost.  In  the 
transmision  of  air  over  long  distances,  the  cost  of  the  air  line 
installation  may  reach  a  point  where  it  will  more  than  pay 
for  the  installation  of  a  number  of  small  units  and  give  more 
satisfactory  service. 

Transmission. — Transmission  lines  will  vary  from  2  to  6 
in.  in  diameter,  depending  upon  the  size  of  the  installation 
and  the  distance  of  transmission.  Suitable  control  valves 
should  be  provided  at  the  power  house,  as  well  as  the  points 
of  outlet. 

In  pneumatic  caisson  work  an  after-cooler  forms  an  essen- 
tial part  of  the  air  compressor  equipment,  it  being  utilized 
to  remove  the  heat  of  compression  and  deliver  the  air  to 
the  air  locks  at  normal  temperature. 

In  the  operation  of  pneumatic  tools  of  various  kinds,  par- 
ticularly in  cold  weather,  some  trouble  may  be  experienced 
from  freezing,  and  under  such  circumstances  it  becomes  ad- 
visable to  install  some  form  of  air  reheater,  which  not  only 
eliminates  this  trouble  but  increases  the  power  delivered 
by  the  air  compressing  plant. 


A  properly  designed  air  transmission  line  should  include 
the  installation  of  moisture  traps  at  convenient  intervals  for 
the  removal  of  the  moisture,  which  the  air  contains  and 
which  is  deposited  in  the  transmission  line. 

Maintenance.— Modern  air  compressors  have  reached  such 
a  high  state  of  refinement  that  aside  from  an  occasional 
inspection  to  insure  tightness  of  stuffing  boxes,  absence  of 
leakage  in  the  transmission  line,  and  the  proper  functioning 
of    the    lubricating   devices    require    very    little   attention   on 
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CoiKTotin^  2,()()()  Ft.  Sinj^le  Track 
Railway  Tiinnol  in  Service 

T'  i!lc  iilaiiiiK   prmi.ss  ami  collapsible  stool  forms 

\\,>i.  .1  in  i-oncretliiK  llie  Coulter  tunnel  on  the  Pitts- 

buruli   Jk    Slmwmut    U     It.     This   tunnel   was   driven   in    I'tll. 


Fig.    1 — Work    Train    for    Placing    Sheeting    and    Waterproofing. 

and  is  about  2.HU0  ft.  in  length.  It^  extends  through  coal. 
?aale  and  soft  earth,  and  as  a  consequence  was  heavily  tim- 
oered  with  12  in.  by  12  in.  vertical  posts  and  5  segment 
arches  with  3  ft.  centers  and  sheeted  with  3-in.  planks.  The 
cross  section  was  approximately  horseshoe  shaped,  and  about 
20%  ft.  wide  by  26  fl.  high.     The  concreted  portal  was  16% 


Fig.  2 — Mixing   Plant  and   Aggregate   Bins  at  Tunnel   Portal. 

It.  wide  by  24  ft.  high.  The  usual  daily  traffic  through  the 
runnel  consists  of  about  ten  long  coal  trains,  each  pulled 
oy  three  locomotives  and  several  passenger  trains.  Serious 
decay  of  the  timbers  had  taken  place  and  in  order  to  reinforce 
them  and  safeguard  the  tunnel  a  concrete  lining  was  con- 
structed.     Preparatory   to  the   concreting   the   inner   faces   of 


the  timbers  were  sheeted  with  "x-in.  tongue  and  groove 
boards  covered  on  the  inside  with  S-ply  paper  and  water^ 
proollnR.  The  space  between  the  bents  and  the  old  and 
new  sheetings  was  filled  with  gravel  to  permit  free  drain- 
age of  water.  '  The  inner  sheellng  and  watorprotlng  were 
placed  Irom  12  ft.  tower  mounted  on  the  platl'onii  of  a  flat 
car.  The  arrangement  is  shown  in  l"ig.  I.  The  working 
platforms  were  carried  on  beams  and  could  be  pulled  in  to 
permit  the  car  to  enter  the  narrow  portal. 

Sand  and  gravel  bins  with  a  cbinbined  capacity  of  80  cu. 
yd.  were  erected  on  the  tunnel  portal  and  the  mixing  plant 
was  placed  at  track  level.  The  cement  was  stored  in  a  shed 
about  1  mile  from  the  portal  and  was  brought  to  the  work  on 
Hat  cars.  A  :U>0-ft.  special  siding  was  built  adjacent  to  the 
main  track  at  the  tunnel  entrance  for  delivery  of  the  cars 
of  sand,  gravel  and  cement.  The  sand  and  gravel  were  placed 
in  the  bins  by  a  derrick  and  clam  shell  and  were  delivered 
lo  the  mixer  by  gravity. 

Kour  Hlaw  collapsible  steel  -forms  in  HO-fl.  sections  were 
used  in  the  concreting.  The  forms  were  mounted  on  towers 
I  raveling  on  special  broad  gauge  tracks,  which  permitted  the 
train  service  to  pass  through  them  without  interruption.  The 
fornrs  were  faced  with  steel  plates  up  to  the  springing  line, 
above  that   point  detachable  wooden  lining  was  employed. 

The  concrete  was  mixed  in  a  Ransome-Caniff  pneumatic 
mixer  and  was  delivered  through  a  6-in.  steel  pipe  with 
one  22  bend.  The  pipe  terniinaled  in  a  30-ft.  long  rubber 
hose  through  which  the  concrete  was  discharged  into  the 
2-ft.  space  between  the  form  and  the  old  lining.  The  concret- 
ing was  carried  toward  the  mixing  plant.     At  the  beginning 


Fig.    3 — steel    Form    Carried    on     Platforni    Car. 

of  the  work  the  delivery  pipe  was  laid  the  full  2.000  ft. 
length  of  the  tunnel.  At  each  form  it  was  disconnected,  the 
rubber  hose  attached,  and  a  section  of  lining  concreted.  The 
hose  was  then  disconnected  and  moved  back  to  the  next 
form    and    reconnected. 

The  gang  at  the  mixer  consisted  of  five  men.  which  included 
one  man  at  the  aggregate  bins.  In  addition,  a  variable  num- 
ber of  men  were  employed  in  stripping  and  cleaning  the 
forms,  extending  the  pipes,  etc.  Two  10-hour  shifts  were 
worked  per  day.  and  concreting  was  advanced  at  the  rate 
of  about  120  ft.  per  week.  The  forms  were  left  in  place  until 
the  concrete  w^as  at  least  4S  hours  old.  The  forms  left  a 
smooth  surface  that  required  no  further  treatment. 

The  work  was  carried  on  in  cold  weather,  and  to  protect 
the  m(?n  in  the  tunnel  from  the  draft  that  sweft  through  it. 
both  portals  w^^re  closed  by  heavy  tarpaulin  curtains.  On  the 
approach  of  a  train  these  curtains  were  rolled  up  to  clear  the 
wing  walls  and  rolled  iransversely  back  to  free  the  entrance 
for  the  passage  of  the  train.  Steam  coils  were  provided  in 
€he  storage  bins  to  prevent  the  freezing  of  aggregate  in  cold 
weather. 

The  contractors  were  the  Westinghouse.  Church,  Kerr  & 
Co..  Inc.,  A.  J.  Murphy  being  the  superintendent. 


(60} 


I-'iKiiiicrrii/fi  inid  dnit  I  ticlhifi  jm    M<ir(li    UK    l!H!>. 


l')h 


Method  of   Lining  Shafts  With 
Concrete 

In  lining  with  concrete  two  sliafts  at  the  Tener  mine, 
Chisholm.  Minn.,  two  metliods  were  employed  in  sending 
down  the  concrete  from  the  shaft  collars.  At  one  shaft  the 
mixture  was  dropped  300  feet  through  a  4-in.  pipe;  at  the 
other  shaft  a  specially  made  car  was  filled  with  the  concrete 
and  lowered  on  the  cage.  An  interesting  description  of  the 
two  methods  is  given  in  the  Engineering  and  Mining  Journal 
by  Mr.  G.  G.  Stonemark.  mining  engineer  of  the  Oliver  Iron 
.\iining  Co.  The  matter  following  is  extracted  from  Mr. 
Stonemark's  article; 

The  following  methods  were  used  in  lining  with  concrete 
the  Tener  shafts  "A"  and  ■■C"  of  the  Oliver  Iron  Mining  Co., 
at  Chisholm,  .Minn.  The  head-frame  at  "C"  shaft,  Tener  mine, 
is  higlier  than  usual  above  the  collar,  and  higher  also  than  is 
general  practice  on  the  .Mesabi  range,  and  lias  an  ore  pocket 
of  ample  dimensions.  Inside  of  the  pocket  was  built  a  tem- 
porary partition,  dividing  it  so  that  sand  could  be  placed 
in  one-third  of  the  space  and  the  i-emainder  allowed  for  rock. 
The  cement  was  stored  in  a  temporary  shed  constructed  in 
the  framew^ork  beneath  the  pocket,  but  was  placed  at  an 
elevation  over  the  mixer.  The  loading  track  was  next  moved 
as  near  as  possible  to  the  headframe,  an  opening  between 
the  rails  excavated,  and  a  launder  used  as  a  chute  w^as  built 
to  extend  down  to  the  nearest  compartment  of  the  shaft. 
This  compartment  was  bulkheaded  and  boarded  up  to  form 
a  skip  pit,  having  an  opening  over  the  wall  plate  and  with 
the  end  of  the  launder  chute  extending  through. 

AH  the  aggregate  was  loaded  in  ore  cars,  so  that  it  was 
an  easy  matter  to  dump  the  contents  into  the  launder,  from 
which  it  could  be  drawn  off  into  the  skip  and  hoisted  in 
the  same  manner  as  ore.  A  temporary  hoist  was  installed 
(or  this  purpose,  because  the  other  hoisting  engine  con- 
sisted of  a  single  drum  and  was  used  to  hoist  the  cage  in 
the  other  compartments.  If  sand  was  to  be  hoisted,  it  would 
be  dumped  directly  from  the  skip  into  the  pocket.  An  in- 
clined chute,  built  on  an  ordinary  stock  pile  trestle  car  truck 
and  wide  enough  to  accommodate  the  full  width  of  the  skip, 
was  used  when  rock  was  hoisted,  and  a  skip  loaded  with 
rock  dumped  on  this  chute  would  simply  slide  across  the 
sand  compartment  and  into  the  rock  compartment. 

The  quarter  pans  in  the  pockets  were  taken  out,  the  chute 
was  reversed,  and  a  temporary  covered  chute  built  to  hold  the 
different  aggregates  which  led  down  to  the  measuring  hop- 
per. This  hopper  was  situated  over  the  mixer  and  on  the 
same  level  as  the  shed  for  the  storage  of  cement.  Each 
chute  was  provided  with  a  quarter  pan,  so  that  the  workmen 
could  run  out  the  required  amount  of  the  different  aggre- 
gates. Two  workmen  were  stationed  here  to  fill  the  measur- 
ing hopper  and  another  workman  whose  function  it  was  to 
oiien  the  cement  sacks,  pour  them  into  the  measuring  hopper, 
trio  the  outlet  and  chute  it  down  to  the  mixer.  Two  men 
were  stationed  on  the  mixer  floor  to  look  after  the  water 
and  dump  the  mixer  into  a  specially  made  car,  which  was 
placed  on  the  cage  and  low-ered  to  the  forms  below.  When 
the  pouring  was  completed,  the  car  was  taken  off  and  the 
cage  used  to  hoist  all  material  taken  out  of  the  shaft,  such 
as  old  timbei's  and  lagging,  and  also  for  lowering  and  hoist- 
ing the   men. 

No  Time  Gained  in  Sending  Concrete  Through  a  Pipe  for 
Short  Distances. — Before  the  work  was  started  it  was  thought 
that  the  method  of  dropping  the  concrete  through  a  pipe 
would  be  speedier.  If  the  depth  had  been  greater,  this 
might  have  been  so,  but  not  in  this  instance,  because,  com- 
paring the  working  time  with  that  consumed  at  "A"  shaft. 
in  which  all  concrete  was  dropped  through  a  pipe  for  a  depth 
of  250  to  350  ft.,  the  time  taken  to  lower  45  to  50  batches  at 
"C"  averaged  'iVo  to  4  hours,  the  same  as  at  "A."  On  timing 
several  batches  sent  down  250  ft.,  it  took  on  an  average  of 
2%   to  3  minutes,  with   less  time   for  shorter  distances. 

Elbow  Used  to  Stop  Force  of  Concrete  Dropped  Through 
a  Pipe. — Comparing  the  two  methods  of  conveying  the  con- 
crete from  the  collar  to  the  forms  below,  certain  conditions 
will  have  to  be  met  successfully,  such  as  stopping  the  con- 
crete when  it  is  dropped  through  the  pipe.  At  "A"  shaft, 
where  as  the  cpncrete  was  dropped  through  a  4-in.  pipe, 
a  hopper  built  at  the  top  of  the  pipe  at  the  collar  conveyed 
the  concrete  to  the  pipe  from  the  surface  car.  At  the  bot- 
tom of  the  pipe,  in  order  to  convey  t,he  concrete  to  the  car 


on  the  cage,  and  regulate  Ihe  flow,  a  long  sweep  elbow  was 
screwed  to  the  column  pipe.  This  elbow  reduced  the  force 
of  the  rush  of  concrete  to  a  medium  flow,  but  so  quickly  did 
the  concrete  wear  a  hole  through  the  elbow  that  it  hart  to, 
be  replaced  at  every  pouring,  and  finally  an  extra  heavy 
cast-steel  elbow,  with  a  short  piece  of  pipe  screwed  on,  was 
tried,   with   better   success. 

In  depositing  the  concrete  in  the  forms,  essentially  the 
same  methods  were  used  in  both  shafts.  The  door  at  the 
bottom  of  the  hopper-shaped  car  on  the  cage  was  opened, 
and  the  concrete  flowed  through  a  hole  in  the  cage  floor 
into  a  section  of  a  funnel-shaped  pipe.  This  pipe  had  an 
opening  about  IS  in.  in  diameter  at  the  top.  tapered  w^ith  a 
slight  curve,  and  was  reduced  in  section  to  about  ,S  in.  at 
the  other  end.  so  as  to  fit  a  light  steel  pipe  having  lengths  of 
1.  2  and  4  ft.,  and  so  made  as  to  telescope  into  each  other 
by  means  of  a  pair  of  eyes  riveted  at  one  end  and  a  pair  of 
hooks  at  the  other.  This  arrangement  made  a  flexible  pipe 
that  would  reach  any  part  of  the  forms,  and  in  almost  any 
position  desired  for  depositing  concrete. 

Among  the  difficulties  encountered  in  drojjping  concrete 
through  a  pipe  is  the  liability  to  clog,  for  care  is  not  always 
taken  to  see  that  all  large  stones  are  removed.  Several 
times  during  the  pouring  in  "A"  shaft,  the  column  pipes  had 
to  be  disconnected  to  determine  where  the  clog  was  situated, 
and  it  was  necessary  to  hammer  the  pipe  until  the  concrete 
was  loosened,  in  which  case  all  the  material  remaining  in 
the   pipe   was  wasted. 

Six  Men  Per  Shift  Lower  and  Distribute  Concrete, — At  "C" 
shaft  all  the  concrete  was  low-ered  with  the  cage,  using 
the  same  car  as  einployed  at  "A,"  down  to  a  sill  placed  across 
the  shaft  on  the  wall  plates  for  each  consecutive  pouring. 
The  same  flexible  pipe  was  used  to  distribute  the  concrete 
to  any  part  of  the  forms.  A  shaftman,  stationed  on  a  plat- 
form built  level  with  the  sills,  opened  the  door  of  the  hopper- 
shaped  car  as  soon  as  the  cage  came  to  rest  on  the  sills, 
and  it  was  a  matter  of  a  tew  seconds  for  the  contents  of 
the  car  to  flow  out.  The  cage  was  then  hoisted  to  the  surface, 
where  another  batch  was  in  the  mixer  and  ready  to  be 
dumped  into  the  car.  The  process  continued  until  a  form 
was  completely  poured.  The  men  knew  their  respective 
duties,  and  became  more  proficient  as  the  work  continued, 
so  that  extra  help  was  not  necessary.  Of  the  six  men  em- 
ployed, including  the  foreman  for  each  shift,  three  were 
generally  required  in  the  shaft  and  the  other  three  at  the 
surface,  although  an  additional  man  was  always  at  the  shaft 
to  look  after  the  odds  and  ends  and  to  run  the  mixer  when 
concreting  was  being  done. 

Manner  of  Placing  First  Form  at  Shaft  Bottom. — If  the 
lining  is  to  start  at  the  bottom  of  the  shaft  and  the  lines, 
surface  plant,  and  all  else  is  in  readiness,  the  shaftmen 
first  clean  the  bottom  of  the  shaft  of  all  dirt  and  remove 
all  the  old  lining  sets  for  10  ft.  or  more,  depending  on  con- 
ditions, if  the  bottom  is  in  rock,  no  bearers  will  be  re- 
quired, but  if  not,  hitches  must  be  cut  in  the  sides  of  the 
shaft  to  permit  the  placing  of  steel  bearers,  the  length  of 
which  depends  on  the  size  of  the  shaft.  These  hitches  should 
be  at  least  from  1  to  1%  ft.  deeper  than  the  bottom  of  the 
shaft,  so  that  a  spread  footing  can  be  secured.  In  order  to 
gel  the  full  benefit  of  the  steel  used  for  the  bearers,  concrete 
is  slushed  in  and  reinforced  with  short  steel  rails  or  other 
rods  that  can  always  be  found  in  the  scrap  pile,  and  placed 
so  as  to  form  a  grillage  which  is  built  to  the  level  required 
for  the  bearers.  The  first  form  in  the  shaft  is  built  as  high 
as  the  top  of  the  bearers.  This  is  made  of  plank,  set  carefully 
to  line  and  leveled  up  and  the  botton  of  the  form  made  to 
fit  the  profile  of  the  shaft  bottom  so  that  the  concrete  will 
not  flow  out.  After  the  form  is  poured,  it  is  allowed  to  stand 
for  a  few  days,  and  during  this  time  the  sides  of  the  shaft 
are  trimmed  out  to  the  next  line  required  for  the  thickness 
of   the  lining. 

Wooden  Forms  Superseded  by  Steel. — T'ntil  the  regular 
forms  arrived,  a  few  sets  were  placed  by  means  .of  wooden 
forms  in  "C"  shaft,  hut  these  were  found  to  be  uneconomical. 
The  steel  forms  used  by  the  Oliver  Mining  Co.  were  panel 
sections  of  such  dimensions  as  to  be  easily  handled  by  rope 
and  block,  and  made  of  3/f6-in.  plate  stiffened  at  the  edges 
by  2V4-in.  x  2i/2-in.  x  3/16-in.  angles.  The  panels  varied  in 
size,  the-  smallest  being  6%  in.  x  12  in.  and  the  largest 
2  ft.  11  in.  X  5  ft.  111/4  in.  In  all,  46-  panels  were  required  for 
one  complete  fi-ft.  set,  and  32  for  a  4-ft.  set.  In  forming  an 
end  lining,  six  panels,  and  for  a  wall  plate  lining,  eight  panels, 
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w«.rf  u*.-*!  utH>ve  the  dividers  and  oiid  pleies.  with  nine  small 
nillnK  puiifl.-  In  bt'twofii  the  end  pieces  tind  dividers.  In 
between  tiie  panels  «ere  placed  Insert  keys  of  Mi  '"  ^  ■*  '"• 
fiat  steel  that  «ere  made  a  little  short  of  the  reiuilred  heluhl 
of  a  full  panel.  If  these  ke.\  s  had  not  been  so  placed,  II 
would  have  been  next  to  Impossible  to  remove  the  panels 
So  the  ke>s  were  Ursl  removed,  and  this  Kave  the  panel  an 
additional  space,  so  that  all  panels  could  readily  be  removed, 
and  whenever  one  panel  was  removed  In  a  lier,  the  others 
werf   slwpl>    unbolted   In   consecutive   order. 

Reinforcfd  Concrete  Dividers  and  End  Pieces  Secure  Shaft 
Rigidity.  Ti>  Khe  the  shaft  line  a  mealer  slalillily  and  a 
niians  b>  which  the  skip  Ruldes  could  be  fastened,  cast 
concn'le  dividers  and  end  pieces,  reinforced  by  steel  rods 
and  of  sumclent  length  to  be  well  Imbedded  In  the  lining. 
».T»'  placed  at  Intervals  and  the  reinforcement  was  allowed 
:  b.-yond  the  end.  These  end  pieces  and  dividers 
,  ,.rl.>d  the  steel  forms  in  rigid  alignment  by  means 
ot  »oi J  holes  so  spaced  that  a  bolt  of  short  steel  rod  could 
tH'  lus.-rt.tl  throujsh  the  angles  of  the  forms  and  Into  the  end 
pieces  or  dividers.  A  set  of  end  pieces  and  dividers  was 
first  placed  on  the  bearers  previously  set  and  leveled  up. 
and  the  first  set  of  forms  placed  and  bolted  together,  the 
slab  reinforcement  having  been  previously  fabricated  by 
wiring  together  vertical  and  horizontal  reinforcing  rods. 

Inside  the  shaft  forms,  braces  made  of  2  or  2t4-ln.  pipe 
were  placed  transversely.  These  braces  were  flattened  and 
had  holes  made  in  each  end.  so  Ihal  when  they  were  fastened 
at  an  angle  the  correct  dimensions  necessary  to  hold  the 
forms  rigid  could  be  secured.  The  braces  were  also  used 
to  support  staging  planks.  .Another  set  of  spacers  was  re- 
quired to  keep"  the  end  pieces  and  dividers  in  alignment,  and 
these  were  made  of  3-in.  x  Gin.  plank,  armored  at  each  end. 
with  strap  steel  securely  fastened  and  of  such  length  as 
required  between  the  end  pieces  and  dividers.  The  forms 
were  then  shifted  to  conform  with  the  plumb  lines,  and  tem- 
porarily wedged  to  keep  them  in  place  during  the  pouring 
of  the  concrete.  The  reinforcing  was  held  in  place  by  a 
steel  template  fastened  to  the  top  of  the  forms.  The  lower 
end  of  the  forms  was  tied  to  the  rods  of  the  preceding  sets, 
which  were  cut  long  enough  to  extend  3  or  4  in.  out  of  the 
concrete. 

Kverything  being  ready  for  the  pouring  of  the  concrete, 
temporary  sills  were  laid  across  the  shaft  on  a  wall  plate 
S  to  12  ft.  above  and  used  to  support  a  funnel-shaped  spout 
having  an  l.Sin.  opening  and  slightly  curved  and  reduced 
at  the  other  end  of  telescope  into  the  short  section  of  the 
light  steel  pipe,  which  has  been  previously  described.  A 
number  of  shaftmen  were  then  sent  to  surface  to  handle  the 
mixing,  and  other  work.  The  hopper-shaped  car  was  placed 
on  the  cage,  the  first  batch  of  concrete  started  in  the  mixer. 
and  when  the  desired  consistence  of  the  concrete  was  obtained 
it  was  sent  on  its  way  to  form  an  integral  part  of  a  lasting 
structural  unit.  Immediately  after  the  forms  were  placed, 
the  concrete  was  covered  with  planks,  and  the  work  of  re- 
moving the  old  timber  and  trimming  for  another  set  of 
forms  was  begun.  Removing  the  old  timber  was  dangerous, 
and  care  and  watchfulness  were  absolutely  essential,  for 
paint  rock  and  the  other  materials  which  have  little  or  no 
support  are  generally  loose,  and  it  seemed  at  times  that  little 
was  required  to  bring  down  a   mass  of  the  ground. 

Void  Behind  Shaft  Lining  Filled  With  Excavated  IVIaterial. — • 
All  unnecessary  material  was  hoisted  to  the  surface  in  a 
bucket  hung  underneath  the  cage.  In  case  too  great  a  space 
between  the  form  and  the  wall  was  left,  a  back  form  was 
built,  and  the  space  filled  with  the  excavated  material.  When 
the  sides  were  trimmed  to  the  required  dimensions,  the 
work  tor  the  next  form  was  placed  and  lined  up  the  same  as 
the  preceding  one. 

Six  complete  sets  of  forms  were  used  in  both  shafts. 
making  a  section  of  24  ft.  of  lining,  and  this  gave  sufficient 
time  for  the  concrete  to  set  and  become  strong  enough  to 
support  the  superimposed  load. 

Six-Foot  Sets  Used  in  Uniform  Ground. — During  the  prog- 
ress of  the  work  some  unfavorable  ground  was  encountered, 
and  room  for  a  6-ft.  set  was  Impossible.  In  these  cases,  a  4-ft. 
set  was  poured,  and  the  method  as  for  the  6-ft.  set  used. 
Several  such  cases  were  encountered  in  the  "A"  and  "C" 
shafts  when  working  the  surface  above  the  ore.  At  every 
tliird  set,  when  the  sets  were  spaced  6  ft.  apart,  an  extra 
divider  was  inserted  to  support  a  steel  solar  deck,  which 
had  an  opening  for  a  ladderway.     Steel  ladders  long  enough 


to  reach  from  one  solar  to  another  and  boiled  at  the  foot  to 
the  deck  and  stiffened  by  struts  fastened  to  the  wall  were 
used.  These  ladders  are  made  of  I'/i-in.  x  lV4-in.  x  ',4 -in. 
angles,  using  -^-in.  pipe  spaced  12  in.  on  centers  for  rungs. 

The  table  shows  the  comparison  In  progress  nuide  at  "A" 
and  "C"  shafts: 

ritOCKlOS.I   M.VDh:   at    ••.V    .VND    •C"    SUAFTb.    TICNlill   MINK. 
IM-IISHOLM,    MINN. 

"A"  "C" 

shaft.       shaftj 

.Niimlii'V  of  woi'ks  worlioil 18  19 

.Womm"  proKioss  i)i>r  week,  ft 16'A  IBVi 

.VviraKi'  proBi I'SM  per  month,  ft 7B  Ii8 

(iPi'iitosI   progress  iH-r  work,   ft ;...       30  48 

Creali'st    iiionri'ss   per   month,    ft 112  132 

n.'pth  of  lOiuMote,    ft 304  292 

At  "A"  shaft,  colunin  openings  were  made  at  the  pump 
station  and  at  the  level.  At  "0,"  a  skip  tender's  drift  and 
small  pump  station  were  concreted;  also  column  openings 
for  two  levels.  In  both  shafts,  concrete  covered  I-beams 
were  used,  15-in.  beams  for  columns  and  12-ln.  beams  for  caps. 

Widening  Wheels  of  (Jrader  for  Work  Over 
Soft  Ground 

A  method  of  increasing  the  bearing  areas  of  elevating 
giaders  that  should  be  of  interest  to  dirt  movers  was  em- 
ployed in  the  construction  of  the  Sieberling  Division  of  the 
Lincoln  Highway  across  the  Great  Salt  Lake  Desert  of  Utah. 
Heavy    rains    made    the   soil   so   soft   that    it    was   diflicult   to 


Padles  on  Wheels  of  Elevating  Grader, 
operate  the  road  machinery.  Extra  bearings  accordingly  were 
placed  on  the  wheels  of  the  elevating  graders  and  the  cater- 
pillar treads  of  tractors.  On  the  graders  the  outer  ends  of 
the  planks  were  supported  by  a  ring.  Diagonal  brace  rods 
extended  from  the  hubs  of  the  wheels  to  the  planks.  The 
arrangement    is   shown   in   the   accompanying   illustration. 


Method  of  Thawing  Ground  for  Trenching 

In  the  construction  of  the  Rideau  River  intercepting  sewer 
at  Ottawa.  Ont.,  work  was  carried  on  during  the  winter 
months.  As  the  frost  penetrated  deeply  into  the  ground,  the 
thawing  device  shown  in  the  sketch  was  employed.    This  con- 


Thawing  Device  for  Trench  Excavation. 
sists  of  a  box  6  ft.  wide  by  1  ft.  high,  and  a  steam  pipe.  The 
box  was  placed  each  night  to  cover  a  section  of  the  proposed 
trench  about  60  ft.  in  length — the  amount  that  would  be  ex- 
cavated next  day.  The  pipe  had  perforations  every  18  in. 
The  steam  was  kept  on  all  night  at  high  pressure. 


$1,000,000,000  Damage  to  Belgian  Railroads — The  Belgian 
Commission  investigating  damage  done  by  the  Germans  to 
railroads  in  occupied  territory,  estimates  the  damage  to 
railroad  material,  tracks,  bridges  and  other  equipment  at 
more  than  $1,000,000,000.  Nearly  690  miles  of  railroad  tracks 
were  destroyed  and  nearly  260  miles  virtually  destroyed  and 
rendered  useless  out  of  a  total  mileage  of  approximately 
2.600  in  Belgium. 
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How  the  Cornell  Society  of  Civil 

Engineers  Find  the  Right  Job 

for  the  Right  Man 

Jn  view  of  the  large  number  of  engineers  in  the  military 
and  naval  service  the  United  States  who  will  soon  be  can- 
didates for  positions  in  civil  life,  and  in  view  of  the  awaken- 
ing interest  that  is  being  manifested  by  various  organizations 
in  the  scientific  placing  of  men  in  positions  which  they  are, 
by  training  and  temperament,  qualified  to  fill,  the  methods  of 
the  Cornell  Society  of  Civil  P^ngineers  may  be  of  consider- 
able interest.  The  following  description  of  the  system  devel- 
oped by  the  registration  bureau  of  the  society  is  abstracted 
from  an  article  by  C.  S.  Rindfoss  in  the  February  Cornell 
Civil  Engineer. 

Nothing  is  more  sad  than  to  see  a  man  doing  work  for 
which  he  is  not  fitted.  Many  men  start  on  the  wrong  path 
or  become  sidetracked  and.  being  burdened  with  a  family 
or  other  private  responsibilities,  lack  the  time,  capital,  abil- 
ity, or  nerve  to  change  to  that  position  where  their  native 
talents  have  a  chance  to  display  themselves.  A  helping  hand 
at  this  juncture  pointing  the  way  to  greater  opportunities,  is 
a  fine  thing  not  only  for  the  man  but  for  the  professions 
and  society  in  general,  tending  to  efficiency  and  greater 
productiveness. 

Keeping  this  in  mind  the  first  step 'in  the  plan  of  the  Cor- 
nell bureau  was  to  catalogue  every  man  who  had  ever  at- 
tended the  college  whether  he  was  satisfactorily  employed 
or  not.  whether  he  was  a  beginner  or  a  man  of  high  attain- 
ments. A  questionnaire  was  sent  to  every  Cornell  civil  engi- 
neer, some  2.000  in  number.  The  idea  in  cataloging  all  the 
men  was:  first,  that  in  no  other  way  could  it  be  determined 
how  many  were  desirous  of  a  change;  second,  that  any  man 
at  any  time  might  become  a  candidate  for  a  new  position; 
third,  that  every  man,  practically  speaking,  will  consider  a 
change  if  offered  sufficient  inducement,  either  in  salary,  re- 
sponsibility or  chance  for  service;  and  fourth,  that  the  sym- 
panthy  and  help  of  the  satisfied  men  were  necessary  to  the  bu- 
reau and  that  they  would  support  a  bureau  more  readily  if 
they  were  a  part  of  it  and  received  the  various  notices  sent 
out  from  time  to  time. 

These  questionnaires  are  four  pages,  letter  size  and  are 
filed  by  number  (without  reference  to  the  alphabet!.  All 
correspondence  with  reference  to  a  man's  record  received 
subsequently  is  filed  with  the  questionnaire,  so  that  thb 
questionnaire  becomes  a  folder  with  complete  data — up-to- 
date — and  immediately  available.  Follow  up  cards  are  sent 
from  time  to  time  to  keep  the  records  up-to-date  and  these 
also  go   into   the   questionnaire  folder. 

A  card  index  (size  3.\5)  is  maintained  to  go  with  the 
Questionnaires,  arranged  alphabetically,  each  card  containing 
the  name  of  the  man  and  his  number — nothing  more.  By 
means  of  this  inde.x,  given  a  man's  name,  his  number  can  be 
immediately  determined  and  from  the  number  his  ques- 
tionnaire is  located. 

Another  card  index,  (size  3x5)  is  maintained  which  is  ar- 
ranged by  classes.  This  index  is  divided  into  two  main 
groups  labeled  "satisfied"  and  "not  satisfied."  Unemployed 
men  are  filed  in  the  latter  group  until  employed,  when  their 
cards  are  transferred  to  the  "satisfied"  group.  Should  a  man 
become  dissatisfied  with  his  employment,  his  card  is  trans- 
ferred from  one  group  to  the  other  without  disarranging  the 
regular  files. 

Each  of  the  two  main  groups  is  subdivided  by  salaries.  For 
example,  cards  of  all  men  who  place  a  value  on  their  services 
of,  say  $250  per  month,  are  placed  between  the  tabs  200 
and  300.  Men  who  value  their  services  /it.  say  $350,  have 
their  cards  placed  between  the  tabs  300  and  400,  and  so  on. 
Should  a  man's  value  increase  so  that  his  subsequent  reports 
show  that,  whereas  at  one  time  he  would  consider  a  $250 
position  and  his  card  was  so  filed,  he  now  would  consider 
nothing  less  than  $350,  his  card  is  simply  transferred  without 
deranging  the  regular  files. 

Each  salary  group  is  further  subdivided  by  symbols  which 
indicate  whether  a  man  is  a  candidate  for  an  "executive." 
"administrative."  "engineering."  "sales,"  "clerical."  "commer 
cial,"  etc.,  position.  The  card  is  so-  ruled  that  the  symb(jl 
and  salary  may  be  changed  from  time  to  time  so  that  without 
even  knowing  what  the  symbols  mean  the  card  can  be  placed 
in  the  right  slot  by  a  clerk  with  a  maximum  of  speed  and 
accuracy.     For    example,    if    the    last   symbol   on   a   card    is 


l-4oO-NS  his  card  belongs  in  the  "Not  satisfied"  group,  sub- 
division 400-500  (salary)  sub-subdivision  (executive).  Further 
reference  lo  the  questionnaire  here  illustrated  will  show 
the  basis  of  the  classification  on  these  cards. 

The  procedure  in  practice  in  using  the  file  would  b(>  about 
as  follows: 

Suppose  an  employer  calls  for  a  man  to  fill  the  following 
position — 

1.  Superintendent  of  construction; 

2.  Salary — $450  per  month; 

3.  Age  wanted— 30  to  40; 

4.  Type  of  work— factory  building;  reinforced  concrete; 
pile  foundation. 

It  would  require  but  a  moment  to  pick  the  group  of  cards 
classified  Administrative — 400-500.  The  corresponding  ques- 
tionnaires are  then  taken  from  the  questionnaire  file  and 
those  selected  which  represent  men  of  about  the  age  and 
professional  attainments  required.  Any  special  requirement, 
such  as  "married  man  preferred,"  "man  capable  to  design 
as  well  as  construct  wanted,"  etc.,  can  be  determined  from 
the  questionnaire.  An  exact  copy  of  each  questionnaire  of 
each  logical  candidate  is  then  sent  the  employer  and  the 
original  returned  to  the  file.  A  metal  signal  is  then  placed 
on  the  card  of  each  man  recommended  for  purposes  of 
"follow-up."  A  notice  is  also  sent  to  each  man  telling  him 
he  has   been   recommended   for  the   position. 

It  will  be  seen  that  every  effort  is  made  to  serve  the  em- 
ployer by  only  sending  "logical"  candidates.  If  no  man  seems 
available,  the  inquiry  is  referred  to  one  of  the  other  college 
bureaus  who  reciprocate  in  like  manner. 

Many  other  forms  and  devices  for  follow-up  purposes,  ten- 
obtaining  inquiries  from  employers,  and  to  save  dictation 
in  correspondence,  are  used,  but  it  is  thought  the  method 
here  explained  gives  the  gist  of  such  features  as  are  novel. 


The  Relations  Between  Engineers 
and  Contractors* 

By  JOHN  F.  O'ROURKE. 
The  growth  of  things,  the  necessity  for  having  better  en- 
gineers, for  having  larger  contractors,  for  having  a  differ- 
ent sort  of  construction,  for  having  a  building  lot  that  com- 
prised something  beyond  the  building  that  was  25  ft.  front 
and  100  ft.  deep  and  five  stories  high  (which  everybody  who 
knows  anything  about  New  York  building  laws  knows  was 
the  building  law  of  New  York  up  until  about  1892  or  1S93), 
all  this  great  concentration  in  cities,  this  great  growth  of 
wealth,  this  great  independence  of  depending  upon  some- 
body aTjroad  to  furnish  you  with  plans,  evolved  the  mod- 
ern  engineer  and  the  modern  contractor. 

The  modern  contractor  is  the  man  who.  even  in  front  of 
the  modern  engineer,  would  be  entitled  to  membership  in 
the  American  Society  of  Civil  Engineers,  because  that  says 
in  order  to  be  an  associate  of  the  American  Society  you  must 
be  able  to  make  plans  and  build  work  and  that  you  have  had 
at  least  one  year's  experience  in  independent  charge  of 
work;  to  be  a  full  member,  which  at  the  present  time  is  re- 
stricted to  people  over  30  years  of  age,  you  must  have  had 
at  least  five  years'  experience  in  independent  charge  of  work. 
Now  w'here  is  there  a  contractor  who  belongs  to  what  we 
call  the  educated  class  who  can't  fill  that  bill?  So  when  I 
talk  about  the  relations  between  engineers  and  contractors, 
T  don't  want  it  to  be  understood  that  the  engineer  I  mean 
is  the  man  that  makes  the  plans,  and  the  contractor  I  mean 
is  the  man  the  engineer  tells  how  to  carry  out  the  work,  be- 
cause that  is  what  they  did  in  the  very  beginning  when  it 
was  easy.  I  am  going  to  talk  about  tlie  engineer  and  the 
contractor  in  the  sense  of  the  two  parties  to  the  contract. 

There  is  first  the  owner  and  his  representative,  the  engi- 
neer; and  the  engineer  is  to  tell  the  contractor  everytning 
that  the  specifications  say  and  everything  that  the  plans 
mean,  and  if  there  is  anything  missing  he  can  tell  him  a 
great  deal  more  than  anybody  else  can  tell  him  that,  they 
mean.  That  is  where  we  get  down  to  what  I  am  talking 
about  now  as  the  relation  between  the  engineer  and  the  con- 
tractor. The  thing  that  appeals  to  many  engineers  that 
started  a  good  many  years  ago.  was  the  fact  that  in  making 
iheir  plans  they  had  a  great  deal  more  trouble  in  having 
thrin  carried  out  than  if  they  did  the  work  themselves. 


•I'l-oMi    a   stHfcli    at    tlir   oreanization    meeting   of   the   A.isociated 
<  Ifmeral    ( "orit  i-;icfors  of  -Ainf-rica. 
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There  woie  others  who  were  i\ot  eiiRineers,  liut   were  nno 

men     i.  -  i.    with   :i  IitiBe   liuslness   who   were   piU    "!>  iiKiilnsI 

,h,.  iiient  of  lonstnullon  thiil  they   hml  never 

,m  liieiiiise   there    wiis   no   experience    \n    It. 

,T^   with   themselves  to  eniihle  them 

Those  lUKhieers  1  nm  soliiK  to  eall 

ameers.     Thiit  Is.  the  engineer  whom  the 

-  Hiul   without    whom   hl>  eoiilil   not   do  his 

work,    onliiiunlv.    is    the    eontnulors    entslneer.      The    engl- 

i„.,T  «?>  •  ;••  •aine  n  rontriietor.  1  iitn  Kolnt;  to  eall  ii  eontraet- 

l,m   ,  The  owner's  engineer   Is   the  on.'   who  maUes 

the   .  I'lMiis. 

What  IS  the  situation  lo.lny  In  the  relations  of  those  peo- 
pier  In  u  certain  society  any  man  who  Is  i\ot  working  for 
s-.me  city  or  corporation,  or   who  does  not  act   as  the  engl- 

,, i'|„.  imrty  of  the  first  part  has  no  more  voice  In  one 

lui'lonnl  societies  than  If  he  were  very  obscure   in 
...    , ..  .1  sslon. 

rher.'  lire  other  brunches  of  engineers  who  have  gotten  to 
the  point  that  they  have  an  ollke.  They  have  hiietl  an  ollUe 
and  call  themselves  consulting  engineers,  and  many  of  them. 
of  course,  are  among  the  most  eminent  men  In  the  world.  But 
tttke  them  as  a  body.  In  their  body,  if  one  of  them  resigns 
his  Job  as  ;>  consulting  engineer,  and  looking  for  a  consult- 
ing fee  here  and  there,  has  a  chance  to  do  something  real 
big  and  takes  a  part  in  the  execution  of  a  contract,  his  flrsl 
duty  to  that  organl/.ution  is  to  resign— no  longer  is  he  eligi- 
ble. 

In  all  these  cases  there  has  grown  up  a  feeling  that  il  a 
man  is  an  engineer  and  is  not  making  the  original  plans 
thowever  shadowy  they  may  he  as  to  the  final  execution  of 
thenit.  unless  he  belongs  to  that  party  of  the  first  part,  he  is 
not.  strictly  speaking,  an  engineer. 

Now.  as  V>  the  part  of  the  first  part — engineers,  and  the 
party  of  the  second  part— engineers.  It  is  safe  also  to  say 
that  in  one  case  they  are  so  underpaid  that  1  don't  know 
any  class  of  professional  men  who  are  so  much  the  victims 
of  the  employers  as  the  straight  engineers  in  America.  The 
other  one  is  the  fellow  who  comes  in  where  there  are  four 
dimensions.  A  lot  of  people  are  greatly  troubled  to  know 
where  the  fourth  dimension  is.  Unless  they  are  very  poor 
ind'eed.  they've  got  it  in  their  pocket. 

Take  length,  breadth  and  thickness — from  that  you  get 
quantity.  Multiply  that  by  this  thing  that  you  may  have  in 
your  pocket  as  the  fourth  dimension,  then  you  get  cost.  You 
get  everything  that  applies  really  to  the  practical  side  of 
anything  because  you  can't  talk  about  building  billion  dollar 
way.  You've  got  to  get  down  to  something  that  is  practical: 
you've  got  to  get  down  to  something  within  the  bounds  of 
railroads  or  ten  billion  dollar  courthouses  or  anything  that 
reason,  compared  by  the  standards  of  the  fourth  dimension 
Also  you've  got  to  get 'that  fourth  dimension  in  before  you 
get  any  dimension  at  all  on  a  contract  as  a  contractor.  You 
din't  count  if  it  is  too  large,  and  that's  what  I'm  after. 

The  thing  that  I've  got  in  my  mind  outside  of  the  organiza- 
tion of  this  body,  the  making  of  an  association  in  which  alT 
the  contractors  of  the  United  States  will  get  their  rights 
made  known  and  their  power  felt  and  their  possibilities  of 
doing  good — get  that  all  in  national  dimensions  both  for 
bui'idings  and  builders  of  any  other  kind  of  a  structure — I 
am  getting  after  the  engineers  where  they  will  get  some- 
thing and  where  among  other  things  they  will  get  out  of 
their  shell  and  come  out  and  shake  hands  with  the  fellow 
that  is  showing  them  how  the  work  is  being  done  because 
most  of  them  know  nothing  about  it. 

They  are  simply  the  products  of  the  civil  service  which 
takes  into  view  the  capability  of  answering  a  lot  of  the- 
oretical questions,  most  of  which  don't  apply  to  engineer- 
ing at  all  and  which  is  one  of  the  curses  today  of  doing  work 
for  any  body  that  is  covered  by  civil  service. 

We  have  got  to  broaden  ourselves:  we  have  got  to  have 
contracts  in  which  there  will  be  something  more  than  the 
statement  that  the  engineer  is  the  sole  judge  without  pro- 
viding any  standard  by  which  he  can  be  judged  as  to  his 
judging.  We've  got  to  make  the  contractors  free  in  the 
sense  .that  when  they  undertake  to  do  anything  and  feel 
honestly  that  they  are  going  to  do  it  and  that  they  are  go- 
ing to  do  it  in  the  best  and  most  efficient  way.  that  they 
will  be  able  to  do  that  witho'ut  having  somebody  that  does 
not  know-  anything  at  all  about  the  work  starting  in  to  tell 
them  how  they  shall  do  it  wrong. 


The  only  way  this  can  be  done  Is  to  make  ourselves  felt 
as  a  body  of  contractors,  a  body  of  contractors  who  (as  my 
first  definition  slates)  are  really  «  hody  of  engineers.  They 
are  called  conlraclors  because  they  draw  the  thing  together, 
not  because  they  draw  them.  Note  the  dilYerence.  And 
we've  got  to  have  It  so  that  wiiether  a  num  is  on  one  side 
or  the  other,  il  has  got  to  be  fully  understood  that  there 
is  a  particular  side  that  he  Is  on  and  that  they  are  all  on, 
and  that  is  the  elllcient,  economical,  rapid  perfornumce  of 
the  work.  This-  is  more  to  the  owner  than  il  is  to  the  engi- 
neers of  either  side  ai\d  it  is  more  to  the  people  in  general 
than  it  is  to  the  owiu'r. 

Automatic    Elevator    Bucket   Dis- 
charge 

A  simple  device  for  procuring  discharge  of  the  bucket  when 
the  material  elevated  has  a  tendency  to  pai  k  in  it  is  described 
by   .\lr.  H.  M.  Schleicher  in  Kngineering  and   Mining  .Journal. 

The  method  is  illustrated  in  the  accompanying  sketch. 
A  given  point  on  the  belt  starts  around  the  head  pulley  before 
any  point  below  it.  The  ends  of  a  wire  U-shaped  loop  are 
fastened  to  I  he  belt  just  above  a  bucket  and  projncl  down  into 


Device    for    Insuring     Automatic     Discharge    of     Bucket. 

the  bucket.  As  the  ends  of  the  loop  start  around  the  head 
pulley,  the  bottom  ot  the  loop  describes  an  arc  across  the 
bottom  of  the  bucket.  Furthermore,  and  more  important. 
as  the  ends  ot  the  loop  leave  the  head  pulley  on  the  down 
side,  the  action  is  reversed,  and  at  this  time  the  bucket 
is  inverted  and  in  the  proper  place  and  position  to  discharge. 

The  wire  loop  is  provided  with  eyes  at  the  ends  of  its 
arms,  by  which  it  is  fastened  to  the  belt  with  small  belt 
bolts  over  large  washers.  The  bottom  of  the  loop  is  made 
to  conform  closely  to  the  form  ot  the  bucket.  The  loop 
should  be  of  such  length  that  it  does  not  touch  the  bucket 
anywhere,  either  when  the  belt  is  straight  or  giong  around 
:i  pulley:  that  is,  the  arc  described  by  the  bottom  ot  the 
loop  should  be  shorter  than  the  distance  across  the  bucket. 
The  bucket,  in  traveling  around  the  pulley,  remains  tangent 
to  it  and  does  not  change  in  relation  to  the  belt  at  any  time, 
although  the  loop  does  change  in  its  relation  to  the  bucket 
when  it  starts  around  and  again  when  it  leaves  the  pulley. 
The  first  sweep  of  the  loop  through  the  bottom  ot  the  bucket 
loosens  its  load  and  the  second  sweep,  taking  place  while 
the  bucket  is  inverted,  insures  discharge. 

Trials  of  this  method  were  made  with  ordinary  telegraph 
wire  bent  into  shape  by  hand  around  four  nails  driven  into 
a    mill   post.      The   nails    were   positioned   so   that   the   wire. 
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when  bent  around  them,  took  the  desired  shape,  and  by 
reuoving  the  heads  of  two  of  the  nails  the  eyes  on  the  loops 
could  be  made  at  the  same  time.  These  loops  were  tried 
at  varying  lengths  until  the  proper  length  was  ascertained. 
Those  made  of  soft  wire  did  not  show  much  wear  after 
two  months'  operation,  but  were  rather  soft  for  the  best 
work.  They  tended  to  bend,  which  would  be  avoided  if 
spring-steel  wire  were  used.  Loops  made  of  steel  should 
give  long  and  satisfactory  service. 

The  device  will  work  satisfactorily  on  fine,  wet  materials. 
The  wire  should  be  stiff  enough  to  penetrate  the  load,  and 
should  be  fastened  to  the  belt  over  the  large  flat  washers. 
As  the  material  in  the  buckets  has  little  opportunity  to  pack. 
the  wire  need  not  be  as  thick  as  would  at  first  thought  seem 
necessary. 

It  is  desirable  to  find  the  correct  length  of  the  loops  so 
as  to  avoid  contact  of  the  wire  and  the  bucket.  In  order  to 
have  a  starting  point  for  ascertaining  the  proper  length, 
the  following  formula,  which  gives  the  approximate  length, 
is  offered:  Let  D  be  the  diameter  of  the  head  pulley  in 
inches.  iMeasure  the  distance  from  the  tip  to  the  back  of  the 
bucket,  divide  by  two  and  call  this  W.  Then  L=  V  Dw  —  W- 
;^  length  of  the  loop.  This  can  be  only  approximate,  as  the 
shape  of  the  buckets  varies  and  in  deriving  the  formula  the 
loop  is  assumed  to  be  in  a  position  which  may  hold  good  only 
for  a  particular  case.  It  will  be  necessary  to  adjust  one 
loop  properly  and  then  make  the  remainder  the  same,  both 
■ds  to  length  and  the  distance  the  loop  projects  into  the  bucket. 


Equating  Track  Section  for  Main- 
tenance of  Way  Work 

Labor  constitutes  the  largest  single  item  of  maintenance 
of  way  expense;  in  fact,  it  is  larger  than  all  other  expendi- 
tures combined,  aggregating  approximately  ad  per  cent  of 
all  charges  of  this  department.  From  its  nature  it  is  the 
expenditure  in  which  there  is  the  greatest  opportunity  tor 
the  display  of  economy  and  likewise  the  greatest  danger  of 
waste  and  inefficiency.  It  would,  therefore,  naturally  be  ex- 
pected that  the  distribution  of  this  expenditure,  aggregating 
over  $500,000  A  day,  would  be  surrounded  with  elaborate 
safeguards  to  insure  the  greatest  return.  Yet  investigation 
shows  that  the  reverse  is  true.  As  a  result,  the  allotments 
are  commonly  made  on  an  arbitrary  basis  of  so  many  men 
per  section,  with  only  very  general  consideration  of  the  rela- 
tive amounts  of  work  to  be  done.  This  question  has  been 
considered  by  the  Committee  on  Economics  of  Railway 
Labor  of  the  American  Railway  Engineering  Association,  and 
in  a  report  submitted  March  l.S  at  the  20th  annual  convention 
of  the  Association,  the  following  information  was  given: 

In  general,  section  limits  have  been  established  by  giv- 
ing each  gang  an  equal  mileage  of  main  line  with  whatever 
auxiliary  tracks  come  between  these  limits.  The  gangs  are 
then  allowed  an  equal  number  of  men.  The  result  is  that 
some  gangs  have  much  more  work  to  perform  than  others 
because  of  unequal  mileages  of  sidetracks  and  special  local 
conditions.  With  an  unequal  distribution  of  the  work,  it  is 
evident  that  the  greatest  return  is  not  being  secured  from 
the  total  expenditure  and  loss  occurs. 

The  importance  of  equating  sections  on  a  more  equitable 
basis  has  been  recognized  for  years  and  some  study  has 
been  given  to  its  solution.  As  a  result,  certain  more  or  less 
arbitrary  ratios  have  been  established  on  a  few  roads,  and 
while  perhaps  crude  and  inaccurate,  are  a  step  in  advance 
of   the   common    practice. 

Thus,  on  the  New  York  Central  two  miles  of  sidetracks,  or 
15  switches,  are  considered  equivalent  to  1  mile  of  main 
track.  Allowance  is  also  made  for  special  local  conditions, 
such  as  soft  subgrade.  high  rock  cuts,  excessive  curvature, 
character  of  traffic,  etc.  An  ordinary  section  is  given  about 
six  equated  miles  of  main  track. 

On  tiie  Southern  Pacific  2  miles  of  branch  lines,  or  4  miles 
of  sidings,  are  considred  equivalent  to  1  mile  of  main  line. 
Sixteen  switches  are  also  considered  equivalent  to  1  mils  of 
track  of  the  kind  in  which  the  switches  are  placed.  Con- 
sideration is  also  given  to  the  nature  of  the  rail,  ballast, 
curvature,  density  of  traffic,  etc. 

On  the  Cleveland,  Cincinnati,  Chicago  &  St.  Louis  track 
sections  have  been  equated  where  the  line  has  been  double- 
tracked,  the  length  of  such  sections  being  made  equvalent 
to  6  miles  of  single  track  on  the  following  basis:  Second 
track.  85  per  cent  of  main  track;   passing  tracks,  50  per  cent 


of  main  track;  yard  tracks  in  heavy  terminal  yards.  5(i  per 
cent;  other  sidetracks,  'M)  per  cent;  tui-nouts,  each  equivalent 
to  300  ft.  of  main  track. 

On  the  New  York,  New  Haven  &  Hartford  a  mile  of  main 
track  has  been  taken  as  a  unit.  Two  miles  of  sidetrack,  or 
15  switches,  are  considered  equivalent  to  1  mile  of  main 
track.  The  various  lines  of  this  road  have  been  classified 
lietWHPU  main  line,  secondary  main  line,  and  branches,  par- 
tially on  the  basis  of  the  tonnage  passing  over  them  and  in 
liart  on  tlie  importance  of  the  lines  from  a  passenger  stand- 
point where  the  t(mnage  alone  is  not  sufficiently  heavy  to 
bring  them  into  what  is  considered  the  proper  class.  Differ- 
ent allowances  of  men  per  equated  track  mile  are  made  on 
the  lines  of  these  different  classes,  consideration  being  given 
to  the  fact  that  on  divisions  of  two  and  four  tracks  the 
shorter  distance  sectionmen  have  to  go  compensating  them 
slightly   for   the   heavier  ti-afiic. 

An  equation  was  worked  out  on  one  division  of  the  Mich- 
igan Central  about  five  years  ago.  covering  300  miles  of  sin- 
gle main  track  and  500  miles. of  branch  tracks  and  sidings. 
As  the  result  of  a  12  montlis'  study  of  the  actual  distribution 
of  work  on  this  division,  the  following  relations  were  estab- 
lished, 1   mile  of  single   main  track   being  considered   as  the 

unit:  .  . 

I'ei-  cent 

One  mile  of  sin.ele  track.  Class  "B" 100 

( in-^  mile  of  single  br;in<h  track   65 

One  mile  of  passiiis  track  46 

( 'lie  mile  of  yard   tracli    .  . .  .* -52.4 

iiie  mile  ot   industrial  track   24 

line  main  tra<-k  turnout •''.4 

1  tiu    side  traclv  turnout 1-4 

One  railroad  crossin.a:  (one  track  crossin-;  oidyi :i.l 

I 'ne  highway   crossin.?    i  highway   over   one   track  i 2.0 

( ine  mile  offence   (one  side) 2,7 

one  ndle  of  riKht-of-way   (HiO  ft.   wide! 4.2 

( >ne  farm    ero.-sina    (o\'er   one    track    oniy) 0.4 

On  the  Toledo  division  of  the  Pennsylvania  Lines  West  of 
Pittsburgh,  consisting-almost  entirely  of  single  track,  with  only 
a  small  amount  of  second  track,  1  mile  of  main  track  is  con- 
sidered equivalent  to  3  miles  of  sidetracks,  4  miles  of  yard 
tracks,  20  main  line  turnouts,  40  turnouts  in  side  and  yard 
tracks,  25  railroad  crossings,  40  public  highway  crossings 
and  60  private  crossings. 

The  Baltimore  &  Ohio  has  given  careful  attention  to  the 
subject  of  equating  track  sections  in  connection  with  the 
development  of  its  standard  track  work  system,  as  the  de- 
termination of  standard  performances  is  essential  to  the 
computation  and  payment  of  bonuses.  The  details  of  this 
system,  including  the  determination  ot  units  of  track  work, 
were  described  in  a  monograph  by  Earl  Stimson,  published 
in  the   Proceedings  of  this  Association  for  1916. 

The  Grand  Trunk  has  given  careful  consideration  to  thifi 
problem.  Based  upon  its  extended  studies,  the  following 
basis  has  been  approved   for  equating  track  forces; 

"       miles  of  i)assinK  track =  1   mile  of  main  track 

;;i..  miles  all  other  sidings =  1    mile  of  main   tracl; 

IS    "  s^v itches    ^  1    mile  of   main   track" 

-1       single  derails  connected  with   lower  or 

s\\  itch  stand    =   1    mile  of   main   Iraik 

l:;       simile  track  railway  <  io.«Kin,i;s — -  1    iTiile  of  main   track 

I.".       siiiKle  liiKhway  cros.«ing.s  I  public  roads)=  1    mile  of  main  track 
111       single  highway  ciossings  (city  streetsir^  1    mile  of  main  trai'k 
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i;.ich  Kiipci  visor  has  a  ptrmanent  extra  gang  on  his  district, 
hased  cm  the  following  pcrcenfage  of  the  actual  main  line  and 
siding-  miU'ag*     i  not    cini.-itedl: 

('lass     .\     Summer    10  per  cent 

Winter  -5  per  cent 

I  'lass    1!    and   C : ."Summer       fi  per  cent 

Winter  :'.  per  cent 

|-I..\SS1FI(".\T10N    OF    TR.\rK. 
Class  .\  —  Kailways   having   more   than   one   track,   or  a    sin.gle   track 
with    the    following-   traffic   fier   mile: 
Freight  cars  per  year  =  ir.ii.nOi)  or  5.000,000  tons. 
I*asseng-ei-  ears  jier  year  —    10.000. 
MaNimum   fiassenger  speed  of  50  miles  per  hour. 
Class  B — Single   track    line.s   having    the   following   traffic    ]icr    mile: 
P'reight   cars  per  year  =:  50,000  or  l.(>70.0(iO  tons. 
Passenger  cars  per  year    —   5.0(10. 
.Maximum  iiassenger  sfieed  of  40  miles  per  hour. 
Class  C — Single  track  lines  not  meeting  the  luinimum  reiiniiemenls 
of    class    B. 
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riu"  Osjjood  18  Railroad  Ditcher 

Thf  rallroml  tliuliiT  is  ilio  ■  iiiaii  of  all  work"  In  tin-  miiln- 
tenancf  of  way  Ilolil.  Primarily  doslKiioil  for  slilo  illtching,  it 
alHu  IR  puiployoil  In  tIfaiiliiK  slUles.  1"  inlniollaiioous  oxoava- 
tlon  ttiiii  In  various  ollior  operations,  doponilliiK  upon  the  nood 
of  lli»>  nionii'nt  and  tlu-  hiKcnultv  of  Iho  opi-ralor.  Th.>  aocom- 
panylnK  lllustrntlon  show*  tin-  Osgood  IS  rallroa<i  dllchor. 
This  ninchlne  hiix  throo  Indopendent  sets  of  engluos  for  con- 


Osaood    18    Railroad    Ditcher. 

trolling  the  hoisting,  swinging  and  crowding  motions.  It  is 
self-propelling  in  either  direction  with  double  axle  drive,  and 
revolves  In  a  complete  circle.  The  hoisting  engines  are  double 
5>4-ln.  bore  x  6-in.  stroke  with  link  reverse.  These  en- 
gines are  arranged  horizontally  and  spaced  apart  sufticiently 
so  the  hoisting  drum  can  be  mounted  up  between  and  sup- 
ported on  the  engine  bed.  The  swinging  engine  is  double 
cylinder.  4Vslu.  bore  x  Sin.  stroke,  reversible  by  central  valve. 
The  boom  engines  are  duplicates  of  the  swinging  engine.  The 
ditcher  has  a  »,  cu.  yd.  dipper,  a  17-ft.  dipper  handle  and  a 
17-ft.  boom.  The  specified  digging  radius  at  8-ft.  elevation  is 
L'8  ft.  6  in.;  height  of  dump  from  top  of  flat  car  8  ft.;  dump 
Ing  radius.  26  ft.  9  in.:  digging  depth  below  top  of  fiat  car, 
11  ft.    The  ditcher  is  made  by  The  Osgood  Co..  Marion.  O. 


Device  for  Pulling  Trucks  from  Mud  Holes 

An  ingenious  device  by  means  of  which  a  truck  can  pull 
itself  out  of  a  mudhole  with  its  own  power  has  been  placed 
on  the  market.  This  skid  consists  of  a  2-in.  board  about  8 
ft.  long  and   12  in.  wide,  having  at  one  end  a  bar  of  %-in. 


Mud  Hole  Skid. 

iron  bent  to  shape  and  fitted  with  rings  to  which  a  chain  is 
attached.  The  chain  is  passed  through  the  wheel  spokes. 
as  indicated  in  the  cut.  When  the  engine  is  started  the 
wheel  travels  along  the  board  and  also  pulls  the  board  un- 
derneath, tlius  enabling  the  truck  to  pull  out  of  the  mudhole. 


Personals 

A.  A.  Mathews  Iihh  Itooii  apiioinu-il  rliiof  onKincer  of  all  lines  of 
Ihi*  Si.  i-ouis  Southw  o.-itorn  li.  It. 

William  S.  Wilson  liii.-<  boon  ap|>olntcd  division  engineer  of  the 
r.'iiiisylviiiila  U    K..  with  lu'mhniarlcis  at  Oil  City,  Pa. 

E.  L.  I^nrtln  has  boon  apjioliUed  chief  enBliicor  of  the  Missouri. 
Kan.sas  ami  Texas.  i>nialu».  l!elt  ami  Mi.s.souri,  t)klalionia  ami  (-Julf; 
l>allas.  lills.souri,  Kausas  ami  Texas  of  Te.xas,  Wlcliila  Kails  & 
Noiili western    Kallroads. 

Harvey  L.  Gamer,  electrical  onglnoor  for  the  Union  Pacific 
R.  R,  has  rcHlgiiod  and  will  move  to  a  farm  of  'MO  acres  that  he 
has  purclmsed  In  Cass  county,  near  Louisville,  Neb.  lie  is  suc- 
leeiied  by  ICdwani  K.  lloBenslck,  lornierly  in  charyo  of  overhead 
work  on  the  Omaha  street  railway  lines. 

F.  C.  Jonah  lias  been  appointed  chief  cnBineer  of  the  St.  IvOuls- 
.>^iin  IVanelsio,  Kansas  City,  Clinton  and  SprinKlield,  J'aris  and 
lireat  Northern.  West  Tulsa  Belt,  Rock  Island- Frisco  Terminal; 
Kort  Worth,  St.  Ixiuls-San  I'Yanei.-Joo  and  Texas,  Fort  Worth  and 
Rio  nrando,  lirownwood  North  and  South,  Quanah,  Acme  &  Pacific 
Kallroads. 

William  C.  Perkins,  for  the  past  six  years  chief  engineer  of 
The  Piinn  Wire-Cut  Lug  Brick  Co.,  of  Conneaut,  C,  has  been 
oleetcd  chief  ■iiKlncer  and  Keneral  manager  of  the  Eastern  Paving 
l>riek  Manufaeturers'  Assoeiation.  eoniprising  35  companies,  with 
shipping  territory  covering  Pennsylvania,  West  Virginia,  Maryland, 
Delaware,  Nc\v  .Tersey,  Now  York  and  the  New  England  states. 
Headiiuarters  will  be  established  in  Philadelphia.  Mr.  Perkins 
was  formcrl.v  resident  engineer  at  Buffalo  for  tlio  New  York  State 
Ilighwav  Commission.  Ho  went  with  the  Dunn  Wire-Cut  Lug 
Bricli  Co.  in   liiKt. 

Arthur  H.  Blanchard,  consulting  highway  engineer,  has  been  ap- 
pointed chief  of  the  Bureau  of  Public  Works  Department  of  Citizen- 
ship under  the  Armv  Overseas  Educational  Commission.  Gen- 
oral  Pershing  has  requested  tlie  Y.  M.  C.  A.,  through  Its  com- 
mission, to  take  charge  of  the  development  of  instruction  and 
cour.-;es  for  all  educational  work  of  the  Army  overseas.  The  staff 
of  the  Bureau  of  Public  Works  and  Army  instructors  in  500  post- 
schools  tlirougliout  I'^ance  will  give  lectures  and  courses  relative 
to  waterways,  railways,  highways,  bridges,  water  supply,  sew- 
erage, waste  disposal,  public  utilities  and  irrigation.  Special 
emphasis  will  be  placed  on  the  economic  value  of  good  roads  to 
the  n.^tion.  state,  county  and  town,  and  on  ofilcient  methods  of 
highway,  railway  and  waterway  transportation. 

'  Obituaries 

Carl  B.  P.  Et<vall,  formerly  borough  engineer  of  Torrlngton, 
Conn.,  died  March  8,  aged  72. 

Charles  Whitehead,  a  railroad  contractor  of  Western  Canada, 
died  March  10  at  Brandon.  Man.,  ajed  83.  He  carried  out  several 
contracts  for  the  ("anadian  Pacific  Ky.  on  the  main  line  and  on 
the  prairies  as  well  as  in  tlie  Rockies  and  along  the  north  shore 
of  L;ike  Superior. 

John  S.  Wolf,  a  pioneer  railroad  builder  of  the  Middle  West,  died 
March  5  at  Cedar  ISapids,  I.a..  in  his  100th  year.  He  learned  the 
trade  of  blacksmith  and  wagon  maker  but  when  the  first  railroad 
was  to  be  built  out  of  Harrisburg,  Pa.,  near  his  home,  he  engaged 
in  that  work  and  continued  :n  the  business  during  the  rest  of  his 
active  life.  He  helped  build  some  of  the  first  sections  of  the 
Pennsvlvania  road  west  of  Harrisburg.  then  went  to  Ohio  and 
in  1856  came  to  Iowa,  building  the  first  railroad  into  Cedar  Rapids. 
.\t  the  time  of  the  Civil  War  he  was  in  Wisconsin  building  roads 
at  the  direction  of  the  government.  He  was  later  the  builder 
of  the  old  Cedar  Rapids,  Burlington  and  Northern  road  from  Cedar 
Rapids  to  Grundv  Center,  and  of  the  North  Western  west  of  Cedar 
Rapids,  to  Jlarshailtov/n  and  Ames.  He  also  did  a  great  deal  of 
work  in  Missouri,  Kansas  and  Minnesota. 


Skid   Attached   to   Truck   Wheel. 

The  skids  also  can  be  used  in  backing  out.  and  in  cases  of 
emergency  the  chains  can  be  detached  and  used  as  skid 
chains.  The  device  is  known  as  Moore's  Mud  Hole  Skid.  It 
is  manufactured  by  Langlev  &  Schultze,  426  S.  Sd  St.,  Louis- 
ville, Ky. 


Industrial  Notes 

The  Chicago  Pneumatic  Tool  Co.  has  r>[>pned  offices  and  ware- 
houses at  Tulsa.  Okla.,  and  El  Dorado,  Kan.  The  Boston,  Mass., 
offices  and  warehouse's  have  been  removed  to  182  High  St. 

The  Sullivan  Machinery  Co.  has  established  a  branch  sales 
office  and  warehouse  at  Edificio  Oliver  No.  .3,  Mexico  City,  Mexico. 
Joseph  F.  Bennett,  for  a  number  of  years,  sales  engineer  in 
Jiexico.  associated  with  the  Kl  Paso  branch  of  the  company,  has 
been  placed  in  charge  of  tiie  Mexico  City  office. 

The  Sullivan  l\flachlnery  Co.  announces  the  appointment  of 
Chester  Mott  as  manager  of  its  branch  office  at  Denver,  Colo., 
s.;7  Enuitalili  lUdg..  succeeding  Wallace  T.  Roberts,  recently  re- 
signed. Mr.  Mott  has  been  associated  with  this  company  for  sev- 
eral years  past  in  the  capacity  of  sales  engineer  at  its  Spokane. 
Wash.,  ofTiCe,  and  more  recently  at  its  Chicago  office  in  charge  of 
the  company's  interests   in  Iowa.    Northern  Illinois  and  Minnesota. 

The  Chicago  Pneumatic  Tool  Co.  announces  the  following  ap- 
pointments: J.  I.  Edwards  as  manager  rock  drill  sales  division, 
succeeding  E.  Eklund.  who  has  been  appointed  special  foreign 
representative  and  who  will  leave  shortly  for  Europe  in  the  in- 
terests of  the  Company.  Fred  H.  W'aldron.  formerly  Minneapolis 
representative.  hAs  been  appointed  manager  pneumatic  tool  sales 
division,  succeeding  J.  G.  Osgood,  resigned.  Mr.  W^aldron's  oiTices 
are  now  at  the  company's  headquarters  in  the  Fisher  Bldg..  Chi- 
cago. Nelson  B.  Gatch  was  recently  appointed  district  manager 
of  sales  at  Minneapolis,  with  offices  at  301  Metropolitan  Bank 
Bldg.  J.  K.  Haigh  has  recently  been  appointed  assistant  dis- 
trict manager  of  sales  at  the  San  Francisco  office  at  175  First  St. 


Trade  Publications 


The  Lakewood  Engineering  Co.,  Cleveland,  O..  has  issued  a  new 
24-page  bulletin  describing  its  clam  shell  buckets. 

The  J.  D.  Fate  Co.,  Phinouth,  O.,  has  issued  two  bulletins  de- 
voted to  descriptions  of  the  use  of  the  Plymouth  gasoline  loco- 
motives on  construction   work. 

The  Ingersoll-Rand  Co.,  New  York,  has  issued  a  24-page  catalog 
on  Imperial  Tie  Tamping  Outfits.  Catalog  is  profusely  illustrated, 
showing  application  of  the  tie  tamping  outfits  on  many  of  the 
important  railroads  in  the  United  States. 

The  Insley  Manufacturing  Co.,  Indianapolis,  Ind.,  has  brought 
out  a  20-page  bulletin  describing  its  steel  guy  and  stiff  leg 
ilerrick.  Details  of  the  equipment  are  illustrated  and  described. 
The  bulletin  contains  a  useful  table  indicating  the  number  of 
sheaves  required  to  lift  certain  loads  with  given  engine  pulls. 

The  Pulsometer  Steam  Pump  Co.,  222  W.  42nd  St.,  New  York 
City,  has  just  issued  a  52  page  catalog  of  the  Pulsometer  steam 
pump.  It  contains  numerous  illustrations  of  interesting  installa- 
tions on  construction  jobs,  and  information  on  the  cost  of  pump- 
ing. Several  pages  are  devoted  to  descriptions  of  applications 
of  the  pulsometer  to  various  classes  of  work. 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roads  <c)   Street   cleaning 

(b)  Streets  (d)   Municipal    Miscellaniea 

Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Waterworks  (c)   Irrigation    and    Drainage 

(b)  Sewers  and    SanI-        (d)    Power 

tatlon 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  and  (c)   Quarries  and   Pits 

Dredging  (d)   Railway       Construction — 

(b)  Rivers  and  Canals  Steam   and    Electric 

Buildings  and   Structures — 4th  Wednesday 

(a)  Buildings  (c)   Harbors  Structures 

(b)  Bridges  (d)   Miscellaneous    Structures 
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Are   War  Wages  Consistent  with 
Peace  Prices 

While  one  department  of  our  federal  government  has  been 
telling  us  that  we  need  not  look  foi*  lower  prices,  another 
department  has  been  urging  manufacturers  of  steel,  cement, 
lumber  and  other  building  materials  to  make  substantial 
price  concessions.  The  Department  of  Labor  had  no  sooner 
published  Prof.  Irving  Fisher's  report  stating  that  the  present 
high  price  level  is  here  to  stay  than  Secretary  Redfield 
announced  that  the  steel  manufacturers  have  agreed  to  10 
to  15  per  cent  reduction  in  prices. 

The  Department  of  Labor  is  obviously  worried  over  the 
increasing  surplus  of  idle  labor,  and  in  its  effort  to  stimulate 
construction  activity  is  telling  the  investing  public  to  begin 
building  at  once  because  nothing  will  be  saved  by  waiting. 
The  department  finds  a  well  known  political  economist 
whose  theories  jibe  with  the  department's  desires,  so  it  issues 
bulletins  such  as  "The  New  Price  Revolution,"  by  Prof. 
Irving  Fisher  of  Yale.  Prof.  Fisher  argues  that  the  great 
influx  of  gold  and  the  increase  in  circulating  credit  com- 
pletely explain  high  prices  and  assure  their  permanence. 
He  says: 

"The  fundamental  practical  question  confronting  business 
men  is  whether  the  general  level  of  prices  is  going  to  fall. 
In  my  opinion,  it  is  not  going  to  fall  much,  if  at  all.  'We  are 
on  a  permanently  higher  price  level,  and  the  sooner  the  busi- 
ness men  of  the  country  take  this  view  and  adjust  them- 
selves to  it  the  sooner  will  they  save  themselves  and  the 
nation  from  the  misfortune  which  will  come  if  we  persist  in 
our  present  false  hope. 

"The  availability  of  the  vast  issues  of  war  bonds  as  bases 
for  future  credit  expansion,  coupled  with  the  fact  that  our 
banking  system  has  still  many  unused  reefs,  sure  to  be  taken 
out  later,  when  business  wishes  to  spread  more  sail,  is  the 


chief  reason  why  prices  will  keep  up  permanently;  that  is, 
for  many  years. 

"Business  men  should  face  the  facts.  To  talk  reverently 
of  1913-14  prices  is  to  speak  a  dead  language  today.  The 
buyers  of  the  country,  since  the  armistice,  have  made  an 
unexampled  attack  upon  prices  through  their  waiting  atti- 
tude, and  yet  price  recessions  have  been  insignificant.  The 
reason  is  that  we  are  on  a  new  high-price  level,  which  will 
be  found  a  stubborn  reality.  Business  men  are  going  to  find 
out  that  the  clever  man  is  not  the  man  who  waits,  but  the  one 
who  finds  out  the  new  price  facts  and  acts  accordingly." 

Business  men  cannot  forget,  however,  that  the  predictions 
of  political  economists  relative  to  the  economic  effect  of  the 
war  have  proved  to  be  wrong  in  many  respects."  Moreover, 
business  men  realize  better  than  professors  of  political 
economy  that  "commercial  credits"  are  not  the  primary  cause 
of  high  prices.  Increasing  demand  for  labor  and  products 
precedes  an  increase  in  "credits";  hence  "credit  money"  is 
only  a  later  link  in  the  cause-effect  chain. 

The  leading  banking  houses  that  issue  bulletins  have  been 
forecasting  a  drop  in  prices  followed  by  a  drop  in  wages. 
They  have  avoided  predicting  when  tnis  drop  will  occur. 
Business  men  are  apparently  in  accord  with  the  opinions  of 
the  bankers. 

If  the  influx  of  go'd  into  America  has  been  a  large  factor 
in  raising  prices  here,  as  the  political  economists  affirm, 
then  why  has  the  efflux  of  gold  from  England  not  lowered 
prices  there?  The  fact  is  that  prices  in  England  have  risen 
more  than  in  America.  The  cause  is  evidently  the  war 
demand  for  materials  and  labor.  Now  that  that  demand  has 
disappeared,  there  is  a  deadlock  between  workers  and  em- 
pU>yers,  the  former  demanding  maintenance  of  war  wage 
schedules,  the  later  hesitating  to  cut  prices  because  of  this 
demand,  yet  fearful  of  not  securing  adequate  business  orders 
unless  a  cut  is  made. 

American  copper  producers  have  reduced  the  price  of  cop- 
per nearly   40   per   cent   since  the   war  ended,   but   they  are 
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I  inn  tluiii  art'  pioduc-ers 

•  ^  i>f  iiipj)t'r  iiiliu'i's  me 

uu  .:  '1  nil  (ht5  iiiiuket  price  of  copper. 

V  itiios«liiK  is  a  stupondouB  conflii't  oe- 

.iiul  capllnliNls.     In  (iiont   Hrilaiii  this 

u'li  a  climax.     In  Aniorica  llic  conllict 

mIcik   bill  imno  llu-  li'.ss  sorious.     Al   lirsl   sight  it 

If  ono  side  or  tho  otlu<r  iniist  necessarily  yield.    Yet 

war  (roD)  which  both  sides  may  emerge  victorluus. 

I'jte  to  maintain  high  wages,  while  at  the  same  time 

reducing    prices.      This    can    certainly    be    acconi- 

■    workers    will    generally   abandon    their   efforts    to 

lion    and    cordially    cooperate    In    the    use    of 

machines  designed  to  increase  output.     If  the 

and   most   economic   machines  already    in   use 

lily  used,  the  average  output  of  American  work- 

;    be   doubled.      No   experienced    industrial    engineer 

this  statement.     Obviously  if  the  average  output  is 

the  price  level  will  fall  greatly.     Instead  of  forcing 

■wn.  the  attempt  should  be  made  everywhere  to  force 

output  up.     Employes  should  be  induced  to  join  in  this  effort. 

for  It  Is  the  only  way  In  which  they  can  all  hope  to  secure 

shorter  working  hours  and  a  larger  share  of  worldly  goods. 

U  may  be  that  Uie  coal  miners  of  Kngland  will  force  the 
public  to  let  them  work  only  30  hours  a  week  and  pay  twice 
ns  much  per  ton  for  coal  as  is  now  paid  in  America.  But 
such  a  gain  to  Kngllsh  miners  will  occur  only  at  the  expense 
of  other  Knglish  workers.  Then  other  unions  will  retaliate. 
and  In  the  end  the  condition  of  the  average  Knglish  worker 
will  be  worse  than  it  was  before  the  war.  It  will  approach 
the  condition  of  many  Russian  bolshevists.  who.  having 
cut  out  working  almost  entirely,  find  that  their  enormously 
high  wages  fall  to  keep  them  far  from  the  brink  of  starvation. 


small  part  of  the  public  perceives  this  fact,  and  it  is  not  the 
politiciil    part    llial    perceives   it. 


Wivat  the  Fiasco  Conference  of  Gov- 
ernors and  Mayors  Should 
Teach  Engineers 

Congress  adjourned  without  pa,s.-,ing  a  single  bill  providing 
for  public  works  on  a  large  scale:  and  the  President  has  .said 
that  he  will  not  call  a  special  session  till  he  returns  from 
Europe.  Fortunately  it  is  likely  that  this  will  occur  within 
four  or  five  weeks.  By  that  time  it  will  be  even  more  evident 
than  it  is  now  that  the  federal  government  should  make 
large  appropriations  for  public  works. 

It  was  well  that  the  President  called  a  convention  of  gov- 
ernors and  mayors  and  urged  them  to  advocate  large  pro- 
grams for  public  improvement.  But  it  was  not  a  good  ex- 
ample that  he  set  when  he  failed  to  outline  a  similar  program 
of  federal  construction. 

It  is  significant  that  though  the  President  asked  governor.^ 
and  mayors  to  discuss  ways  and  means  of  providing  work  for 
returning  soldiers  he  did  not  ask  the  engineers  of  America 
to  outline  what  should  be  done.  Civil  engineers  in  every 
case  must  plan  the  proposed  public  improvements.  Then 
why  were  the  planners  ignored  when  state  and  city  political 
leaders  were  asked  to  confer  upon  public  works  programs? 
Clearly  the  time  has  not  yet  come  when  an  American  presi- 
dent can  be  expected  to  look  beyond  the  political  executives 
to  the  real  executives  of  public  works — the  engineers.  So 
it  hehoovis  civil  engineering  societies  to  force  themselves 
upon  the  attention  of  the  President  and  other  political  lead- 
ers Engineering  societies  should  prepare  definite  programs 
for  public  improvements.  They  should  not  wait  for  less 
competent   men  to  initiate  programs  of  this  sort. 

The  almost  complete  fizzle  of  the  governors  and  mayors' 
conference  is  sufficient  evidence  of  the  inability  of  political 
executives  to  prepare  a  definite  program  for  public  improve- 
ments. Some  20  governors  and  liJS  mayors  listened  three 
days  to  the  oratory  of  a  few  lawyer  politicians,  drew  up  a 
set  of  high  sounding  resolutions  and  went  home  little  wiser 
than  they  came.  How  could  it  have  been  otherwise?  First, 
they  did  not  have  time  to  prepare  adequate  programs  for 
public  works.  Second,  they  were  not  personally  competent 
to  prepare  such  plans,  no  matter  how  long  the  time  cop- 
sumed.  The  only  class  of  men  competent  to  execute  such  a 
task,  the  engineers  of  America,  were  not  even  asked  to  mail 
in  a  suggestion.  Yet  we  engineers  have  been  congratulating 
ourselves  that  the  war  had  at  last  made  it  clear  to  the  public 
that  back  of  every  great  modern  achievement  is  the  man  of 
applied  science,  the  «:ngineer.     The  truth  is  that  only  a  very 


Will    the    "Mucker"    Become    the 
Aristocrat  of  the  Labor  World? 

Having  always  had  an  aliuiulaiuc  of  •coinumn  labor  in 
this  country  uiilll  recently,  we  have  become  so  habituated 
to  paying  low  wages  to  that  class  that  it  causes  somewhat 
ot  a  .-iliock  when  it  is  suggested  that  the  day  may  be  at 
hand  when  there  will  no  longer  be  any  cheap  common  labor 
in  America.  In  his  "Looking  Backward"  lOdward  i^ellamy 
pictuied  a  time  when  men  engaged  in  the  most  menial  work 
would  receive  the  highest  pay.  In  Bellamy's  Utopia  the 
streetsweeper.  tho  pick-and-shovel  man,  and  all  that  one- 
time host  of  dollar  a  day  laborers  had  ceased  to  be  recipients 
of'  crumbs  from  their  masters'  tables,  and  had  become  the 
aristocrats  of  the  working  classes.  Twenty-odd  years  ago 
we  smiled  at  that  hit  of  fantasy.  Would  we  smile  so  broadly 
at  it  today? 

The  wages  of  the  common  laborer  in  .America  now  aver- 
age about  Jo.  With  immigration  prohibited  for  five  years. 
as  has  been  seriously  proposed,  it  is  probable  that  common 
laborers  would  soon  receive  .$5  or  more  a  day.  Why  not? 
If  the  supply  of  men  willing  and  able  to  do  hard  muscular 
work  dwindles  relatively  to  the  demand,  it  may  readily  come 
about  that  common  laborers  will  receive  higher  wages  than 
clerks  or  carpenters.  Indeed,  it  is  conceivable  that  these 
gladiators  of  toil  may  eventually  be  envied  for  their  strength 
as  were'  the  ancient  gladiators  of  the  arena.  Has  it  not 
been  said  that  "the  lowly  shall  be  exalted?" 

In  metal  mining  districts  the  "muckers"  who  do  the  heavy 
work  of  loading  the  ore  already  earn  almost  as  much  as  the- 
skilled  drill  runners.  What  man  would  not  sooner  run  ai» 
air  di-ill  than  shovel  rock?  So  a  moderate  decrease  in  emigra- 
tion may  readily  result  in  there  being  more  men  able  and 
willing  to  run  drills  than  those  willing  to  "muck."  If  that 
time  comes  we  shall  see  common  "muckers"  earning  higher 
wages  than  skilled  drillers. 

One  thing  is  already  certain,  there  is  no  longer  any  con- 
siderable number  of  low  priced  common  laborers  in  America. 
At  the  time  of  our  revolutionary  war  common  laborers 
received  50  cts.  a  12-hour  day.  Now  they  receive  |3  to  $3.50 
an  8-hrur  dav.  Their  wage  rate  per  hour  has  increased 
ten-fcld.  And  the  l:uying  power  of  a  dollar  is  fully  half  asi 
great  as  it  was  then,  if  we  consider  all  the  things  that  the- 
average  person  buys. 


Some  Useless  Psychological  Tests 

It  is  announced  that  Columbia  College  is  about  to  abandon 
the  old  style  of  examinations  and  substitute  psychological 
tests  to  determine  the  mental  fitness  of  applicants  for  admis- 
sion. Each  applicant  will  be  required  to  show  a  graduatiorp 
certificate  from  a  high  school  or  its  equivalent,  and  this  will 
be  the  sole  criterion  of  his  fitness  by  virtue  of  having  studiecf 
the  standard  subjects.  His  fitness  to  continue  as  a  student 
is  to  be  determined  by  measurements  of  his  mental  qualities. 
The  measurements  are  to  be  similar  to  those  used  by  the  pro- 
fessional psychologists  in  their  examination  for  admissions 
to  the  Students'  Army  Training  Corps,  we  are  told. 

Psychological  tests  of  this  sort  have  been  published  re- 
cently in  several  magazines,  and  some  of  these  will  be  re- 
printed in  our  next  week's  issue.  Our  readers  will  then  be- 
able  to  gage  their  practical  utility.  Our  own  conclusion  is 
that  these  psychological  tests  are,  at  best  merely  crude  at- 
tempts to  weigh  mental  ability.  That  they  serve  to  show- 
whetlier  a  man  is  habituated  to  use  language  intelligently 
is  admitted,  but  that  they  distinguish  strong  from  mediocre- 
mentality  we  deny. 

But  this  is  the  day  of  the  psychologist,  and  in  the  name- 
of  mental  science  he  is  offering  the  public  many  an  alleged' 
short  cut  to  knowledge  about  our  fellow  man's  gray  matter. 
It  will  be  well  to  read  what  the  greatest  American  psycholo- 
gist. .Tames,  said  a  few  years  ago  in  his  "Talks  to  Teachers 
on  Psychology."  He  stoutly  maintained  that  the  brain  is 
too  coinplex  an  organism  to  permit  analysis  of  its  capabilities 
by  any  simple  set  of  tests. 

In  our  next  week's  issue  we  intend  discussing  the  logical 
absurdity  of  some  of  the  methods  of  measuring  a  man's- 
mental   fitness   with   psychological  calipers. 
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What  Shall  Be  Done  with  the 
Engineering  Pamphlet? 

To  the  Editor:  I  note  witli  interest  the  articles  on  pages 
206  and  209,  respectively,  of  your  issue  of  Feb.  26  concern- 
ing the  pamphlet  and  I  hope  you  are  going  to  get  some  light 
upon  the  subject  for  Mr.  Fleming  and  everyone  else.  These 
questions,  "How  shall  the  existence  of  a  pamphlet  be  made 
known  to  those  who  would  be  interested  in  it?"  and  "What 
shall  be  done  with  the  pamphlet?"  seem  to  be  very  niucli 
to  the  point.     Let  me  offer  the  following  suggestions: 

1.  That  we  consider  the  possibility  of  having  an  index  serv- 
ice somewhere  in  this  country  that  would  specialize  on 
pamphlets. 

2.  That  we  try  to  have  a  center,  perhaps  the  same  one. 
from  which  pamphlets  of  all  descriptions  can  be  loaned  at  1 
ct.  a  day. 

3.  That  people  publishing  pamphlets  should  send  a  residue 
of  upwards  of  ten  to  H.  W.  Wilson  Co.,  9.58  University  Ave., 
New  York  City.  I  published  a  pamhplet  in  1907  entitled  "The 
Library  and  the  Business  Man."  "When  the  supply  was  about 
exhausted  I  sent  them  10  copies,  suggesting  that  they  charge 
25  ct.  apiece  for  them.  I  believe  they  do  this  and  I  am  very 
glad  to  have  them  keep  the  money.  When  people  nowaday.^ 
want  a  copy  of  "The  Library  and  the  Business  Man"  I  refer 
them  to  H.  W.  Wilson  Co.  and  they  probably  get  it  for  25  ct. 
This,  you  see,  furnishes  an  elastic  method  of  hanging  onto 
waning  editions. 

The  pamphlet  problem  should  be  put  up  to  the  American 
Library  Association  for  consideration  by  a  special  commit- 
tee and  action  at  its  annual  convention.  It  is  a  problem  that 
bothers   everybody. 

I  am  sending  a  copy  of  this  letter  to  Dr.  William  Warner 
Bishop,  who  is  president  of  the  American  Library  Associa- 
tion and  is  librarian  of  the  University  of  Michigan.  Ann  Ar- 
"ibor.     I  hope  he  will  have  some  suggestion  to  send  you  also. 

G.    W.    LEE,    Librarian, 
Boston,  Mass.  Stone  &  Webster. 


Engineering  Societies  and  Con- 
structive Legislation 

To  the  Editor:  On  the  principle  that  a  constant  dripping 
■■o(  water  will  wear  away  stone,  it  is  possible  that  eventually 
the  engineering  profession  will  become  aroused  to  the  neces- 
sity of  taking  a  more  active  part  in  the  initiation  and  fram- 
ing of  fundamental  constructive  legislation,  providing  a  few 
•enthusiasts  like  yourself  apply  an  irritant  at  frequent  inter- 
vals. 

Here  in  Missouri,  we  are  confronted  today  with  the  spec- 
tacle of  important  road  legislation  pending  while  the  several 
■engineering  societies  in  the  state,  oblivious  to  their  opportuni- 
ties, are  making  no  effort  to  impress  upon  the  legislature  a 
tew  fundamental  facts  and  principles,  upon  which  such  legis- 
lation should  be  based  for  the  greatest  benefit  to  the  public. 

One  of  these  facts  is  that  the  selection  of  routes,  the  de- 
termination of  lines  and  grades,  the  designing  of  pavements, 
bridges,  and  culverts  and  supervising  their  construction  are 
oall  very  largely  engineering  work  and  should  be  handled  by 
an  engineering  organization.  While  road  boosters  are  needed 
for  arousing  public  interest  in  a  road  project,  a  different  kind 
of  talent  is  needed  to  carry  on  the  technical  end  of  road 
building. 

If  the  engineering  talent  is  made  subservient  to  a  group 
•of  politicians  and  a  board  of  laymen,  the  better  type  of  en- 
gineers are  driven  away  by  such  hampering  conditions  and 
the  result  is  detrimental  to  the  entire  road  organization. 
There  is  no  more  reason  for  a  highway  department  to  be 
hampered  by  the  presence  of  non-technical  men  in  its  or- 
ganization than  there  is  for  the  Attorney  General's  office  to 
be  under  the  control  of  a  board  of  laymen.  It  would  seem 
tliat  the  engineering  profession  could  openly  support  such  a 
sentiment  without  a  dissenting  voice.  Yet  the  opporfunitv 
passes  by  and  the  engineers  fail  to  react. 

To  get  a  proper  and  efficient  engineering  organization,  it 
-must  be  removed  as  far  as  possible  from  political  influence 
a,nd  must  be  headed  by  a  competent  engineer  who  ha« 
•specialized  in  road  work  and  who  has  had  executive  experi- 

( 


ence  in  addition  tliereto.  Such  an  engineer  should  have  the 
endorsement  of  his  professional  brethren.  The  selection  of 
such  a  man  can  best  be  made  by  allowing  each  of  the  various 
engineering  societies  of  the  state  to  furnish  to  the  Governor 
a  list  of  eligibles.  From  these  lists,  the  6t)vernor  would 
choose  the  man  having  the  highest  recommendation  of  his 
profession  throughout  the  state.  The  engineer  so  selected 
should,  by  virtue  of  his  office  and  the  responsibilities  rest- 
ing upon  him,  be  the  head  of  the  highway  department,  or 
chairman  of  the  board,  if  one  exists,  and  on  a  par  at  least 
with  the  other  commissioners. 

Is  there  an  engineer  worthy  of  his  profession  who  cannot 
unqualifiedly  support  such  a  proposition? 

Kansas  City.  Mo.  ROBERT  C.  BARNETT. 


Demobilization  of  Engineer  Reg- 
iments 

To  the  Editor:  On  page  232  of  the  March  5.  1919,  issue  of 
Engineering  and  Contracting  there  appeared  an  editorial 
headed,  "Why  Engineering  Regiments  Should  Be  Mustered 
Out  at  Once,"  in  which  you  say:  "In  this  connection  we  won- 
der how  rapidly  the  engineer  regiments  are  being  den;obiliz«d. 
If  adequate  preparations  are  to  be  speedily  made  for  construc- 
tion work,  thousands  of  engineers  still  in  the  army  should 
be  permitted  to  return  to  civil  life  and  to  their  old  positions 
without  delay." 

It  may  interest  you  to  learn  that  all  of  the  engineer  regi- 
ments in  this  country  on  the  date  the  armistice  was  signed. 
Nov.  11,  1918,  have  been  demobilized,  with  the  exception  of 
the  8th,  9th,  210th  and  220th  Engineers,  also  a  few  small 
detachments.  The  first  two  are  regulars  on  duty  on  the  Mex- 
ican border;'  the  210th  and  220th  Engineers  are  now  under 
orders  to  be  demobilized.  The  5th  Engineers,  Regulars,  ar- 
rived at  Hoboken,  N.  J.,  from  overseas  Feb.  25,  1919,  to  re- 
lieve the  210th  and  220th  Engineers.  The  men  in  the  5th 
Engineers  that  are  eligible  for  discharge  will  be  released  at 
once.  Speaking  broadly,  all  engineers  returning  from  France 
are  immediately  discharged  except  those  men  that  enlisted 
prior  to  April  1,  1917,  or  elect  to  remain  permanently  or  tem- 
porarily in  the  military   service. 

Demobilization  has  been  carried  on  at  such  a  rate  that  there 
is  a  prospect  of  a  serious  shortage  of  men  to  properly  guard 
valuable  property,  equipment  and  records,  including  all  the 
records  of  the  local  boards  throughout  the  country  stored  at 
one  of  the  engineer  stations,  until  such  time  as  recruits  are 
received  under  the  recent  Act  of  Congress  authorizing  enlist- 
ments for  the  regular  army.  The  scarcity  of  enlisted  men  is 
such  that  at  one  engineer  post  where  the  usual  garrison  is 
1.200  men  there  will  shortly  be  only  about  200  men  available 
for  guard  and  all  other  purposes;  at  the  principal  engineer 
camp  where  the  ordinary  garrison  is  20,000  men  there  will 
be  less  than  2,000  left.  The  engineer  activities  at  other  train 
ing  centers  have  ceased  because  the  engineer  units  at  them 
have  been  disbanded. 

The  engineer  organizations  in  the  American  Expeditionary 
Forces  are  being  sent  home  as  rapidly  as  the  situation  in 
Europe  will  permit  and  transports  are  available. 

You  are  probably  aware  that  all  engineers  entering  the 
service  during  the  war  did  not  join  engineer  regiments;  many 
of  them  went  into  other  branches  of  the  service  and  into  the 
Navy.  It  is  not  practicable  to  select  them  for  preferential 
release. 

It  is  possible  that  you  are  chiefly  concerned  in  the  release 
of  engineer  officers.  It  is  safe  to  say  that  there  is  not  a  sin- 
gle engineer  officer,  commissioned  for  the  emergency,  in  this 
country  who  is  being  held  in  the  service  against  his  will. 

FREDERIC  V.  ABBOT, 
Brigadier  General  of  Engineers. 


Unit  Displacement  of  Commodities. — The  U.  S.  Bureau  of 
Standards.  Washington,  D.  C,  has  published  a  circular  con- 
taining a  comprehensive  list  of  commercial  commodities  ar- 
ranged alphabetically,  giving  the  weight  per  cubic  foot,  cubic 
feet  per  long  ton,  cubic  feet  per  short  ton,  and  in  many  in- 
stances how  the  commodity  is  packed  for  shipment.  The 
information  is  primarily  intended  for  use  in  estimating  cargo 
and  warehouse  space  requirements. 
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Kiitfhtecriuf)  and  Conlracting  for  Marcli  26,  1919. 


Desijin  and  ConsiriK'tion  Features 

of   Coiicrere   Oil   Storage 

Tanks 

l!y  L".   \V.   Van  U)ki'.  i"    K  .  I't  Olli  Ave.   lirooklyii.   N.  Y. 

S«<v>>rul  v»itrH  iiKo.  I  ho  coutitMisus  of  opiuiutt  among  engl- 
Off:  .lots  was.  thiit  It  mlKht  bo  possible  to  sntls- 

fuii  .il  cuiiHtruci  u  foncrt'to  oil  tank.    SInco  that 

Uiue.  iuau.\  comrKlo  mlnoral  oil  storuRO  tanks  have  boon 
built,  only  a  fow  of  which  havo  boon  unsuccossfiil.  A  nilniito 
oxnmluntlon  of  thoBo  tanks,  from  yoar  to  year,  was  made 
both  us  to  the  doslKii  and  construction.  In  addition,  tho 
I'nltpd  Slutt's  nopurtinont  of  Agriculture,  Ollico  of  Public 
Koads.  carried  on  exporlmonts  In  which  5  per  cent,  by  weight, 
of  mineral  oil  was  nilxod  in  llio  concrete  to  determine  whether 
the  oil  would  assist  In  inaklntt  concrete  waterproof.  These 
experiments  proved  that  oil  did  not  cause  disintegration  of 
concrete,  which  was  tho  former  belief  of  many.  Therefore, 
tho  I  iii;iueer  and  contractor  concluded  that  mineral  oil  tanks 
mils!  Ill'  doslKned  correctly;  the  concrete  proportioned  cor- 
rectly, and  mixed  and  placed  correctly,  in  order  to  secure 
permanent  and  satisfactory  results.  By  satisfactory  results 
is  meant  that  there  shall  be  no  leakage  or  seepage  whatso- 
ever. This  conclusion  has  been  put  into  actual  practice  and 
the  result  is  that  today  we  have  several  hundreds  of  concrete 
oil  tanks  that  are  absolutely  successful. 

The  successful  construction  of  a  concrete  oil  tank  is  de- 
pendent upon:  (1)  the  design,  (2)  using  only  good  materials. 
and  i3)  exercising  great  care  in  doing  the  work. 

The  design  should  be  made  only  by  a  competent,  concrete 
designing  engineer  or  architect,  or  one  thoroughly  capable 
for  this  work.  There  Is  a  diversity  of  opinion  among  de- 
signers as  to  how  much  stress  the  reinforcing  steel  should 
be  computed  to  withstand.  In  common  practice  the  range 
of  strength  for  the  reinforcing  steel  varies  from  a  maximum 
of  16,000  lb.  per  square  Inch,  to  as  low  as  6.000  lb.  per  square 


Fig.  1.— 182.000-Gal.  Fuel  Oil  Tank  of  American  Brakeshoe  Co.,  Erie. 
Pa.     Designed   and   Built  by  Con-Oil   Tank   Co.,   Pittsburgh,   Pa. 

inch.  This,  of  course,  is  very  indefinite.  It  has  been  learned 
by  tank  building  experience  that  the  steel  should  be  figured 
for  a  fiber  stress  of  10.000  lb.  per  square  inch.  It  is  consid- 
ered good  practice  to  compute  the  required  amount  of  tem- 
perature reinforcing  separately.  By  this  is  meant  that  the 
required  temperature  steel  should  be  computed  and  placed 
in  addition  to  all  other  steel.  This,  of  course,  is  different  tor 
each  tank  according  to  the  location.  The  temperature  range 
should  be  ascertained  and  the  greatest  variations  used,  in 
computing  the  required  temperature  steel.  The  designer 
should  visualize  the  construction  as  he  works  and  plan  to 
make  the  placing  of  concrete  as  simple  as  possible.  This  can 
often  be  accomplished  by  using  rods  of  a  larger  size,  which 
leaves  a  greater  space  for  placing  the  concrete,  and  in  many 


other  ways  Iho  designer  can  be  of  material  assistance  to  the 
construolor. 

How  to  Determine  Good  Sand. — Too  nuK'h  care  cannot  be 
overcisod  in  soloctlng  u  good  grade  of  clean,  well-graded 
Blind.  A  large  number  of  concrete  failures  can  bo  directly 
traced  to  the  use  of  poor  sand  and  not  to  tho  design  or  to  the 
methods  of  construction.  A  good  sand  consists  of  natural 
sand  or  screenings,  from  hard,  durable,  tough,  crushed  rock 
or  gravel,  composed  of  quartz  grains  or  other  hard  material, 
graded  from  fine  to  coarse,  with  the  coarse  particles  pre- 
dominating. Sand,  when  dry,  shall  pass  a  screen  having  four 
meshes  to  tlie  linear  inch;  not  more  than  2,^  per  cent  shall 
pass  a  sieve  having  50  meshes  per  linear  Inch;  and  not  more 
than  5  per  cent  shall  pass  a  sieve  having  100  meshes  per 
linear  inch.  Sand  containing  vegetable  or  other  organic 
matter  should  never  be  used;    neither  should  one  containing 


Fig.    2 — Interior    View    of    Fuel    Oil    Tank    of    American    Brakeshoe 
Company. 

more  than  3  per  cent  (by  weight)  of  clay  or  loam  be  consid- 
ered. If  the  sand  in  your  community  meets  these  require- 
ments with  the  exception  of  the  clay  or  loam  content,  then  you 
can  utilize  the  same  by  resorting  to  washing,  for  which  you 
can  inexpensively  construct  a  good  sand  washer. 

How  to  Determine  Organic  Impurities. — Fill  a  12-oz.  pre- 
scription bottle  with  sand  to  the  4i^-oz.  mark.  Then  add  a 
3  per  cent  solution  of  (NaOH)  sodium  hydroxide  (which  you 
can  buy  at  nearly  all  drug  stores),  until  the  volume  of  sand 
and  solution  after  shaking,  amounts  to  7  oz.  Shake  the  con- 
tents thoroughly  and  let  stand  for  24  hours.  It  the  solution 
resulting  from  this  treatment  is  colorless  or  has  a  light, 
yellowish  color,  the  sand  may  be  considered  satisfactory, 
insofar  as  the  organic  impurities  are  concerned.  If  you  find 
a  dark  colored  liquid  above  the  sand,  wash  the  sand  thor- 
oughly to  remove  the  organic  impurities. 

Well  Graded  Crushed  Stone  or  Pebbles  Should  Be  Used. — 
The  crushed  stone  or  pebbles  must  be  clean,  hard,  tough 
and  graded  in  size,  tree  from  vegetable  or  deleterious  matter. 
The  size  should  preferably  range  from  1  in.  down  to  not  more 
than  5  per  cent  passing  a  screen  having  4  meshes  per  linear 
inch,  and  no  intermediate  sizes  shall  be  removed.  The  objec- 
tion to  crushed  stone  or  pebbles  larger  than  1  in.  is  the 
difficulty  of  being  able  to  properly  work  these  larger  sizes 
in  and  around  the  steel  reinforcing  rods. 

Water. — Undoubtedly,  much  inferior  concrete  is  produced 
by  using  too  much  water.  We  have  not.  until  quite  recently, 
been  able  to  intelligently  appreciate  just  what  it  means  to 
use  an  excessive  amount  of  water.  Recent  laboratory  experi- 
ments show  that  a  wide  range  in  compressive  strength  of 
concrete  at  the  age  of  28  days,  was  obtained  by  using  the 
same  mixture  of  concrete  (concrete  mixture  1:4  ft.,  aggre- 
gates graded  0:1%  in.;  mix  1  minute;  1  bag  mix)  but  by  vary- 
ing the  amount  of  mixing  water,  as  per  the  following: 

28-aay  compressive 
Gallons  of  strength, 

water.  L.b.  per  sq.  In. 

5,75 

fi25 

7.0   

S,0   

10,0 

ir,.ft 

The  above  table  shows  that  the  greatest  strength  of  con- 
crete is  obtained  when  the  least  amount  of  water  is  used. 
Using  5 '4  gal-  of  water  for  a  one  bag  mix,  a  strength  of  2700 
lb.  per  square  inch  is  obtained,  whereas,  when  using  10  gal. 
of  water,  the  strength  diminishes  to  830  lb.  per  square  inch. 


2,700 
2.400 
1,<>50 
1.470 
S30 
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or  in  other  words,  only  two-fifths  of  the  strength  is  obtained.  It 
would  seem  ridiculous  to  the  contractor  to  have  the  inspector 
tell  him  to  leave  out  three-fifths  of  the  cement  as  required 
by  the  specifications.  Any  good,  reputable  contractor  would 
not  lower  the  cement  content,  even  it  allowed  by  the  inspec- 
tor. But  remember,  that  the  ultimate  strength  is  reduced 
by  using  too  much  water,  just  as  much  as  by  using  too  little 
cement.  It  has  therefore  been  shown  that  the  water  is  one 
of  the  principal  ingredients  of  concrete,  and  should  be  meas- 
ured with  the  same  precision  as  the  other  materials.  In  par- 
ticular is  this  true  of  concrete  structures  containing  liquids. 
The  greatest  possible  strength  should  be  built  into  the  tank. 
and  one  of  the  most  important  points  to  watch  is  the  water 
content  of  the  concrete. 

Time  of  Mixing, — The  time  required  for  properly  mixing 
concrete  has  always  been  a  matter  of  much  argument  and 
discussion.  Mixing  concrete  for  one  minute  after  all  materials 
are  in  the  drum  of  the  mixer  has  always  been  considered  ample 
time,  and  it  is  embodied  in  most  specifications.  Although 
it  has  been  known  that  a  longer  period  of  mixing  Increases 
the  strength  of  the  concrete,  it  has  always  been  thought  that 
the  progress  of  the  work  would  be  reduced  too  greatly  to 
warrant  the  change.  This  condition  does  not  affect  tanK 
construction,  as  the  required  amount  of  concrete  is  small,  and 
it  should  therefore  be  recommended  that  a  two-minute  mix 
be  used.  This  increases  the  strength  by  10  per  cent  and  also 
makes  a  denser  concrete  which  is  one  of  the  most  essential 
requirements   of  tank  construction. 

Too  much  emphasis  cannot  be  given  the  importance  of 
an  adequate  foundation  for  the  concrete  tanks.  Some  tanks 
have  failed,  and  the  cause  has  been  traced  directly  to  foun- 
dation deficiencies.  The  site  should  be  inspected  by  an 
experienced  engineer. 

Monolithic  construction  is  desired  and  recommended,  al- 
though placing  the  concrete  continuously  is  often  impossible. 
The  arrangements  for  placing  the  concrete  should  be  care- 
fully planned  and  each  operation  worked  out  in  detail,  so  that 
when  the  placing  of  concrete  is  started,  the  work  can  be 
carried  on  continuously,  thereby  using  the  smallest  number  of 
construction  joints. 

Curing  of  Tank. — There  are  two  methods  successfully  used 
for  this  purpose:  (1)  about  24  hours  after  all  concrete  has 
been   placed,   fill   the   tank   with   clean   water   for   about   one 


not  available  for  curing  purposes.     It  is  not  a  process  of  oil 
proofing  for  light  oils. 

The  vital  reciuirements  for  oil  tank  concrete  are  plasticity 
(for  placing),  and  density  (for  oil-proofing).  Concrete  mixed 
in  the  proportion  of  1:1%:  3  has  these  qualities,  if  the  mate- 
rials are  well  graded,  the  water  content  is  correct,  the  proper 
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Fig.    3 — Section    Through    Tanl<. 


mixing   time   adhered 
cement   used. 


to.   and   a   standard   brand   of   Portland 


Oil-Proofing, — Concrete  oil  tanks  have  been  constructed 
to  contain  oils  of  all  gravities.  It  has  been  found  necessary 
to  oil-proof  the  concrete  for  the  lighter  oils.  There  are  a 
great  many  satisfactory  oil-proofing  materials  on  the  market. 
The  quality  of  the  material  is,  of  course,  important,  but  the 
workmanship  and  the  methods  used  in  applying  the  oil- 
proofing  should  be  emphasized  as  being  also  of  utmost  impor- 
tance. A  great  many  of  the  oil-proofing  materials  are  applied 
to  the  inside  surface  as  a  plaster  coat.  This  work  should  be 
placed  in  the  hands  of  the  most  expert  water-proofing  or 
plastering  contractors.  Many  such  reliable  contractors  are 
willing  to  guarantee  and  furnish  a  bond  for  their  work.  It  is 
advisable  to  secure  the  services  of  a  reputable  firm  or  indi- 


Fig.  4 — Construction  View  of  200.000-Gal.   Fuel  Oil  Tank  of  Pullman     Co.,    Pullman,    III.     L,    J,    Mensch,    Contractor,    Chicago,    III, 


month;  (2)  coat  the  floor,  interior  walls  and  interior  roof  with 
silicate  of  soda.  For  this  purpose  use  three  or  four  coats  of 
a  1:4  solution,  40°  Be.  sodium  silicate,  followed  by  a  finish 
coat  of  1:2  solution.  This  forms  a  glazed  coat  on  the  concrete, 
but  does  not  last  more  than  a  year,  and  when  its  purpose  of 
allowing  the  concrete  to  harden  has  been  fulfilled  its  presence 
is  no  longer  required.  The  concrete  should  be  allowed  to 
harden  and  age  for  one  month  before  filling  the  tank  with  oil, 
as  this  increases  the  oil  tightness  of  the  tank. 

The  second  curing  process  is  usually  used  when  water  is 


vidual  w'ho  is  willing  to  make  this  guarantee. 

Concrete  tanks  can  be  placed  underground,  partially  or 
entirely  above  ground.  When  conditions  are  favorable,  the 
underground  tank  should  always  be  given  first  choice.  The 
advantages  of  an  underground  tank  are:  that  the  tempera- 
ture stresses  of  the  tank  are  reduced  to  a  minimum,  the  oil 
is  maintained  at  a  more  uniform  temperature  than  that  of  a 
tank  partially  or  entirely  above  ground;  the  available  ground 
area  can  be  utilized  for  storage,  transportation  or  building 
purposes. 
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Maintenance  and  Painting  of  High- 
way Bridj^es" 

By  I'llAHI.KS  n.  SNKAD. 

,     jjtuir   1  "f    IMlillc   Itoiiils  of   Koniuiky. 

,„..,.  ,,,-  1  II  l).'  a»  effective  ns  innliite 

I'lU'h  yeiir  ami  the  necessiirv  repiilis 

il  Inspeelloii  or  the  strucliiies.    Kveiy 

»leel.  wood  or  pipe,  slioulil  be   liispoit<'<i 

.  ry   yeur  mill   u   denilleil   report    made   upon 

■1.      Mori-   frequent    Inspections  should   be   made 

,„  a   bad   Slate  o.'  repair,  while  small  eulverls 

should  !•  1  "fter  every  hard  ruin,     Hy  such  a  system 

r,.,„,lrs ide  where  and   when   needed.     The  cost  ot 

repairs  will  not  be  alloweil  to  aocunilate  nor  will  the  struc- 
ture be  allowed  to  suffer  from  the  lack  of  repairs, 

ClaMlflcatlon  of  Structures  According  to  Structural  Condi- 
tions,- I  will  explain  what  1  shoul.l  do  wi;h  the  funds  you 
ninv  have  available  were  I  county  road  ensineer  in  your 
county,  and  will  try  to  suggest  something  helpful  which  may 
be  done  by  everyone  and  which  must  he  done  if  existing 
structures  lirc  to  be  preserved  In  suitable  condition  for  trallic. 
KIrst-  A  complete  Inspection  would  be  made  as  heretofore 
suggested  and  a  complete  report  made  of  every  existing  struc- 
ture within  the  county. 

Second— The  structures  would  then  be  subdivided  into 
three  classes:  (A)  Structures  needing  no  repair  or  main- 
tenance. (D)  structures  which  must  be  rebuilt  immediately, 
(ft  structures  which  may  be  repaired  or  strengthened. 

Third-The  classes  noted  under  (B)  and  (C)  would  again 
be  subdivided,  the  class  noted  under  (B)  under  three  sub- 
heads as  follows: 

1.  Structures  which  must  be  permanently  renewed  both 
the  substructures  and  superstructures. 

;.  Structures  in  which  the  substructure  only  shall  be  re- 
newed permanently  and  a  temporary  superstructure  built 
thereon. 

X  Structures  in  which  the  substructures  are  serviceable 
and  require  a  permanent  superstructure. 

The  bridges  noted  under  (C)  would  be  subdivided  as  fol- 
lows : 

1.  Bridges    requiring    strengthening    to    trusses    and    floor 

systems. 

2.  Bridges  requiring  no  strengthening  but  new-   floors. 

3.  Bridges  requiring  only  painting. 

4.  Bridges   requiring  partial   painting  and   repairs  to   floor. 

5.  Bridges   requiring   complete   repainting   and   new    floors. 

6.  Bridges  requiring  repairs  to  the  substructure. 

What  would  be  the  value  of  such  a  complex  system  of  di- 
viding and  subdividing?  There  are  many  things  it  would 
show  quickly.  First,  it  would  give  a  complete  list  of  struc- 
tures in  your  county  with  a  classification  which  would  allow 
the  only  correct  distribution  of  the  bridge  fund.  Second,  it 
would  show-  your  court  what  was  necessary  on  every  bridge 
in  the  county  during  the  coming  year.  Third,  it  would  quickly 
afford  a  basis  for  estimating  the  money  necessary  for  this 
maintenance  and  construction  during  the  year  and  would  be 
in  such  a  form  that  it  would' appeal  to  every  business  man 
in  the  county  because  he  would  know  you  had  investigated 
conditions.  Fourth,  it  would  emphasize  the  want  of  funds 
for  this  work.  Fifth,  it  would  outline  this  work  for  your  men 
in  advance  for  the  year  in  every  district  and  eliminate  bring- 
ing the  forces  back  and  forth  as  these  conditions  were  dis- 
covered  or  reported. 

Having  completed  the  report  and  an  estimate  of  the  cost 
of  the  work,  it  should  be  published  in  every  newspaper  with- 
in the  county  with  a  statement  of  the  funds  available  and 
your  policy  for  expending  such  funds  in  each  district.  Every- 
one would  then  see  that  the  money  had  been  allotted  where 
needed.  This  is  the  only  reason  for  a  common  pool  of  the 
county's  funds  in  the  county  treasury,  and  the  only  equitable 
way  of  spending  money  raised  by  taxation. 

Strengthening  and  Repairing  Old  Bridges. — Only  ""lass  (C) 
structures  will  be  discussed  under  maintenance.  These  are 
l^ridges  which  are  to  be  strengthened,  painted,  refloored,  or 
upon  which  work  is  required  on  the  substructure.  This  work 
through  necessity  must  be  handled  both  by  force  account  and 
bv  contract  and  it  is  well  that  we  consider  the  most  impor- 


•From    an   .iddress   presentftl    Feb.    26   at    the    Road    School.    T'ni 
versity  of  Kentucky-. 


tanl  fe:'.tures  of  t^uch  work,  uanioly.  slrtniBthe;iing  old  bridges,, 
reflooring  and  repainting. 

The  old  wooden  trusses  if  too  light  for  modern  traflic  do 
not  offer  nnuli  opportunity  for  strengthening  at  an  economical 
cost.  These  trusses  should  be  temporarily  repaired  and  their 
lloor  systems  brought  up  to  the  maximinn  capacities  of  the 
trusses.  These  bridges  should  be  posted  with  signs  warning 
the  traveling  public  against  overloading.  The  maximum  al- 
lowable load  should  be  clearly  stated  on  the  sign.  Jt  is  possi- 
ble that  the  lloor  systems  can  be  increased  by  increasing  the 
number  of  the  lloor  beims  and  stringers,  or  else  by  increasing 
the  size  of  floor  beams  and  stringers.  This  can  bo  economically 
done  al  a  time  when  the  floor  has  been  removed  for  stringer 
retiair  or  reflooring. 

Miiny  of  the  light  steel  truss  bridges  can  be  strengthened 
by  changing  the  sizes  of  floor  beams  and  increasing  the  num- 
ber of  stringers  so  that  they  may  be  made  to  carry  safely 
double  or  perhaps  three  times  the  present  wagon  or  truck 
loading.  It  may  be  necessary  to  make  changes  in  connec- 
tions and  in  certain  web  members  to  increase  the  capacity, 
but  it  can  be  done  far  clreaper  than  rebuilding  in  many  cases. 
It  IS  far  cheaper  to  spend  a  few  dollars  in  strengtliening  than 
to  allow  structures  to  be  daily  overloaded  and  their  cost  of 
maintei-.ance  to  soar.  There  is  a  certain  bridge  I  have  in 
mind  in  which  it  is  impossible  to  keep  the  floor  nailed  down 
in  place  due  to  the  fact  that  the  stringers  and  floor  beams 
deflect  so  great  under  the  heavy  loads  that  they  pull  the  nails. 

There  is  a  suggestion  too  with  regard  to  strengthening 
bridges  which  may  he  accomplished  with  little  additional  ex- 
penditure. It  is  more  important  to  be  able  to  get  your  loads 
over  a  structure  than  it  is  to  save  time  getting  them  over.  It 
is  possible  in  some  cases  to  reduce  both  the  dead  load  on  a 
structtire  and  to  confine  the  moving  load  to  the  center  of  the 
bridge  and  thus  carry  over  with  safety  greater  loads.  This 
can  be  accomplished  by  reducing  the  width  ot  travel  way  of 
the  bridge.  The  proper  fences  and  guard  rails  must  be  in- 
stalled to  prevent  accident  or  traffic  from  using  the  remain- 
der of  the  structure. 

Bridge  Floors. — The  day  when  bridge  floors  2%  in.  to  3 
in.  thickness  can  be  economically  used  for  modern  traffic  has 
passed.  For  heavy  traffic  the  maximum  span  for  4-in.  floor- 
ing should  be  about  27  in.  This  span  can  be  somewhat  in- 
creased for  loads  of  10  tons  or  less,  or  3-in.  floor  used  when 
the  spacing  of  stringers  do  not  exceed  24  in.  Investigation 
of  your  bridge  floors  will  show  that  few  of  them  remain  long 
enough  for  decay  to  destroy,  but  instead  traffic  wears  them 
out.  In  replacing  wooden  floors,  if  the  span  is  not  strong 
enough  and  cannot  be  economically  strengthened  to  carry  a 
better  type  of  floor,  it  is  to  be  recommended  that  a  2-in.  x 
4-Ln.  wooden  floor  be  used,  the  lumber  being  laid  on  edge 
and  all  contact  surfaces  thoroughly  swabbed  with  hot  tar  and 
cambered  to  shed  water.  This  type  of  floor  has  been  ex- 
tensively employed  on  new  structures  and  is  giving  complete 
satisfaction.  I  have  just  recently  had  occasion  to  inspect 
such  a  floor  which  had  been  down  for  a  period  of  nearly  fi 
years  and  it  showed  no  signs  of  decay  or  wear,  yet  it  was  sub- 
jected daily  to  a  large  volume  of  heavy  traffic,  both  horse  and 
motor  drawn.  The  cost  of  this  type  of  floor  is  about  50  ct. 
per  square  foot  of  floor  surface.  In  laying  this  type  of  floor 
on  old  truss  bridges  whose  stringers  in  the  end  panels  merely 
rest  on  the  concrete  or  masonry,  it  will  be  necessary  to  an- 
chor at  least  the  outside  stringers  to  the  masonry  or  else  the 
floor  will  lift  these  stringers.  About  1  bbl.  of  tar  is  required 
for  every  30  ft.  of  length  if  the  bridge  has  a  16-ft.  roadway. 

Painting. — Where  the  paint  shows  signs  of  deadness  or 
rust  has  begun  on  the  steel,  these  portions  at  least  of  a  steel 
bridge  should  be  thoroughly  cleaned  and  repainted  with  red 
lead  paint.  It  is  not  always  necessary  to  repaint  a  bridge 
throughout  and  it  is  a  poor  policy  to  allow  a  portion  of  the 
structure  to  rust  because  the  whole  does  not  need  repaint- 
ing. This  protection  of  your  steel  where  needed  may  save 
repainting  the  eijtire  structure  for  several  years. 

When  a  bridge  is  to  be  repainted,  the  steel  must  be  thor- 
oughly cleaned  of  rust,  dirt,  grease  and  dead  paint.  Too  much 
emphasis  cannot  be  laid  upon  the  necessity  of  a  thorough 
cleaning.  A  span  may  be  cleaned  by  scraping,  brushing  with 
a  wire  brush,  burning  off  the  dead  paint  with  a  torch  and 
then  scraping  or  by  a  sand  blast.  The  sand  blast  is  the  most 
eflScient  method  of  cleaning. 

When  it  is  necessary  to  repaint  a  bridge  entirely  and 
thoroughly  clean  it;  red  lead  next  to  the  metal  itself  is  rec- 
ommended.    The  red  lead,  if  in  paste  form,  should  be  mixed 
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with  boi'.ed  linseed  oil  in  tlie  field,  about  18  lb.  of  red  lead 
to  1  gal.  of  oil.  After  this  coat  of  paint  has  thoroughly  dried 
an  additional  coat  of  paint  should  be  applied.  For  the  addi- 
tional coats  of  paint,  some  light  colored  paint  is  recom- 
mended because  it  betrays  the  presence  of  rust,  harmonizes 
with  the  substructure  and  makes  highway  bridges  readily 
visible  at  night.  This  paint  should  be  mixed  in  about  the 
same  proportion  by  weight  to  the  gallon  of  oil  if  mixed  in 
the  field  as  specified  above  for  red  lead.  The  cost  of  the  paint 
itself  is  comparatively  small  to  the  cost  of  labor  applying  it 
and  to  the  cost  of  cleaning  the  structure.  Only  the  very  best 
paints  should  be  used. 

Estimating     Amount     of     Paint     Required. — Knowing     the 
weight,  or  by  estimating  the  weight  of  a  structure,  we  may 
approximate   the   amount    ol    paint    required.      The   old    rule, 
namely,  %  gal.  of  mixed  paint  for  the  first  coat  and  %   gal. 
for  the  second  and  third  coats  per  ton  of  steel  give  fair  ap- 
proximations.    The  weight  of  light  steel  bridges  may  be  cal- 
culated  approximately   from  the  following  formula  by   Kunz: 
W=(0.12  L  +  121    (1.6~0.(i3B)   BL. 
W  =  weight  of  steel   in   pounds. 
L  ^  length  of  span  in  feet. 
B  =;=  width  of  roadway  in  feet. 

The  estimated  weights  of  the  bridges  built  under  the  state 
are  listed  on  the  plans. 

Cost  of  Painting. — The  cost  of  applying  the  paint  will  vary 
due  to  different  prices  paid  the  labor  and  the  same  is  true 
with  regard  to  cleaning.  This  cost  may  be  approximated  by 
assuming  a  painter  to  cover  600  sq.  ft.  of  surface  per  day. 
Applied  to  gallons  of  paint  it  means  that  a  painter  will  apply 
about  1%  gal.  of  paint  in  an  S-hour  day  or  if  applied  to  tons 
or  steel,  one  painter  should  cover  about  three  tons  per  day. 
This  appropriation  will  be  found  to  agree  fairly  close  to  the 
actual  cost  if  much  scaffolding  is  to  be  done.  The  cost 
01  cleaning  will  vary  still  more.  It  may  be  esti- 
mated if  the  steel  is  in  bad  condition  that  it  will  require  one 
man  one  day  to  clean  a  %  ton  of  steel,  while  if  there  are 
places  which  may  be  skipped,  one  may  clean  a  ton  within  the 
same  period  of  time.  With  the  data  expressed  in  hours,  it 
can  at  once  be  referred  to  any  scale  of  wages. 

Paint  to  be  effective  must  be  elastic,  must  retard  and  pre- 
vent as  far  as  possible  rust:  it  must  be  a  non-conductor  of 
electricity  and  must  be  insoluble  in  water  or  else  it  will  break 
-down  and  disintegrate.  Moisture  cannot  be  excluded  between 
the  steel  and  paint,  if  paint  is  applied  during  wet  or  freez- 
ing weather.  The  second  coat  of  paint  must  never  be  put  on 
until  the  first  coat  has  thoroughly  dried. 


Readjustment    Work    of    Government    Departments. — In    an 

address  at  the  conference  of  Mayors  and  Governors,  March  o. 
4  and  5.  at  Washington,  D.  C,  Mr.  Rodger  W.  Babson,  Direc- 
tor, Division  of  Statistics  and  Kducation  of  the  U.  S.  Depart- 
ment of  Labor,  outlined  as  follows  the  readjustment  work  of 
the  various  Federal  departments; 

Interior:  Secretary  Lane  is  seeking  to  utilize  arid,  swamp 
and  cut-over  lands;  Dr.  Claxton  is  seeking  to  interest  the  na- 
tion in  spending  $.500,000,000  for  new  schools.  War  and  Navy; 
Liquidation  Commission  appointed  to  dispose  of  military 
stores  and  facilities  in  the  hands  of  our  over-seas  forces. 
Sales  agent  of  the  War  Department  is  disposing  of  unused 
materials  in  a  way  to  protect  both  industry  and  labor.  Com- 
merce: Secretary  Redheld  has  taken  the  lead  in  a  plan  to 
stabilize  prices  of  raw  materials  through  the  purchasing 
power  of  the  Government,  thus  creating  a  firm,  or  rising 
market,  favorable  to  business  activity.  Treasury;  Secured 
from  Congress  authority  to  pay  the  informal  contracts  of  the 
War  Department.  This  department  is  also  on  the  verge  of 
starting  construction  of  several  million  dollars'  worth  of 
buildings,  held  up  by  the  war.  Agriculture:  Makes  a  con- 
tinuing offer  to  the  states  for  building  highways  on  a  fifty- 
fifty  basis — about  $27.5,000,000  now  available.  Labor:  Mak- 
ing strenuous  efforts  to  revive  public  and  private  building 
and  construction  development  of  all  kinds,  a  special  division 
having  been  created,  under  charge  of  Mr.  Franklin  T.  Miller. 
It  collects  data  relative  to  plans,  cost  of  building  material, 
where  and  how  loans  may  be  obtained,  etc..  all  placed  at  the 
disposal  of  states,  mimicipalities,  corporations  and  private 
individuals,  with  a  view  to  stimulating  public  and  private 
construction  of  schools  and  other  public  buildings,  residences, 
including  wage  earners'  homes,  sewers,  water  works  and 
other  municipal  improvements. 


(55) 


Methods  of    Depositing   Concrete 
Under    Water 

In  a  report  submitted  last  week  at  the  annual  conventioa 
of  the  American  Railway  Engineering  Association  a  sub- 
committee of  the  Committee  on  Masonry  presented  the  fol- 
lowing data  as  representing  in  its  opinion  the  best  practices 
to  be  followed  in  depositing  concrete  under  water: 

Of  the  methods  used,  the  following  seem  to  give  the  best 
results: 

The  concrete  is  lowered  in  large  buckets  having  a  hinged 
bottom  which  sets  sufficiently  far  above  the  lower  edge  of 
the  bucket  so  that  it  may  open  freely  downward  when  the 
bucket  reaches  the  surface  upon  which  the  concrete  is  to 
be  deposited.  The  top  of  the  bucket  is  left  open,  and  care 
is  taken  to  see  that  the  bucket  is  completely  filled  before 
lowering.  Efforts  made  to  use  a  closed  top  bucket  have  not 
been  successful,  due  to  the  disturbance  of  the  deposited  con- 
crete by  inrush  of  water  as  the  bucket  is  withdrawn. 

The  concrete  may  be  passed  through  a  vertical  tube  or 
tremie  reaching  down  to  the  surface  upon  which  the  concrete 
is  to  be  deposited.  In  this  case  the  tube  should  be  kept  filled 
with  concrete  at  all  times,  and  the  flow  should  be  as  nearly 
continuous  as   practicable. 

.lute  or  cloth  bags,  frotn  two-thirds  to  three-fourths  filled, 
have  been  used  successfully.  These  are  placed  in  a  header 
and  stretcher  system  so  that  the  whole  mass  is  interlocked. 

Where  it  is  difficult  to  construct  a  cofferdam  or  monolithic 
work  is  not  required,  premolded  concrete  blocks  of  large  di- 
mensions have  been  used  successfully. 

A  concrete  depositing  bag  made  of  canvas  or  other  suitable 
material  is  a  variation  of  the  bucket  system.  This  is  filled 
and  the  mouth  of  the  bag  closed  by  one  turn  of  a  line  so 
looped  that  a  pull  on  the  line  will  release  it.  The  bag  is 
lowered  mouth  down  to  the  surface  upon  which  the  concrete 
is  to  be  deposited,  and  a  sharp  pull  on  the  line  opens  the  bag 
and  permits  the  concrete  to  be  deposited.  This  method  does 
not  have  the  disadvantage  of  the  closed  ton  bucket,  since  the 
bag  will  collapse  as  the  concrete  flows  out. 

There  are  a  number  of  other  methods  that  have  been  used, 
such  as  depositing  directly  through  the  water;  depositing  a 
portion  of  the  concrete  by  one  of  the  above  methods  in  the 
corner  of  the  form  and  the  balance  progressively  from  wheel- 
barrows or  buckets  on  the  sloping  surface,  thus  gradually  fill- 
ing the  form;  allowing  the  concrete  to  partially  set  in  air  and 
then  depositing  it  in  a  plastic  condition;  depositing  the  con- 
crete dry  without  the  use  of  water;  attempting  to  grout  a 
foundation  composed  of  riprap  or  coarse  gravel  by  means  of 
pipes  sunk  at  intervals  into  the  foundation.  .-Vlthough  oc- 
casionally fair  results  have  been  obtained,  all  of  these  meth- 
ods are  dangerous,  as  they  almost  uniformly  result  in  segrega- 
tion of  the  materials  or  the  washing  out  of  the  cement. 

Depositing  With  Drop  Bottom  Buckets. — The  drop  bottom 
bucket  should  be  so  arranged  as  not  to  discharge  the  load 
until  the  bucket  reaches  the  surface  upon  which  the  concrete 
is  to  be  deposited.  In  lowering  the  bucket,  care  should  be 
taken  that  unnecessary  wash  is  not  produced.  This  may  be 
avoided  by  slowing  up  the  operation  when  the  bucket  is  pass- 
ing through  the  water.  The  bucket,  when  the  load  is  dis- 
charged, should  be  withdrawn  slowly  until  clear  of  the  con- 
crete. In  depositing  concrete  under  water  by  this  method 
it  is  imperative  that  the  work  be  continuous  and  sufficiently 
rapid  to  insure  bonding  of  the  successive  layers.  By  this 
means  the  laitance  formed  can  be  brought  to  the  finished 
surface  and  later  removed  after  the  concrete  has  hardened. 
There  are  a  number  of  other  types  of  buckets,  such  as  the 
tipping  bucket  or  bottom  dumping  bucket.  The  use  of  all 
these  should  be  avoided,  as  they  tend  to  stir  up  the  material 
and  wash  out  the  cement. 

Depositing  Through  Tremie  or  Vertical  Tubes. — This  device 
should  be  about  14  in.  or  16  in.  in  diameter,  made  up  in  sec- 
tions so  that  the  length  may  be  adjusted  to  the  depth  of  the 
water.  The  joints  should  be  made  flanged  and  the  tube  put 
together  with  gaskets,  in  order  to  avoid  leakage  of  the  water 
into  the  tube.  The  top  should  be  flared,  in  order  to  receive 
the  concrete  properly.  The  tube  should  be  suspended  in  such 
manner  that  it  may  be  moved  laterally  as  required.  The 
upper  end  is  placed  ne'ar  the  level  of  the  working  platform, 
while  its  lower  end  rests  on  the  surface  upon  which  the  con- 
crete is  to  be  deposited.  When  the  operation  starts  the  tube 
should  be  filled  in  such  manner  that  the  concrete  is  not  per- 
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ultted  »o  drop  down  ihrouRU  tUo  wnier.  This  is  nccompllshed 
In  -  Is  to  plui-e  tho  bottom  of  the  tulio  in  a 

bi.\  Willi  concrete  so  nn  to  soul  llie  bottom, 

thi'u  U  .  Into  ilie  position  in  which  it  Is  to  bo 

used.     A  Is  to  plnK  tlio  tube  witli  cement  snclis 

or  other  :;i.i:.  rl:il.  «liicli  will  be  forced  down  ns  the  tube  is 
Oiled  with  concn>te.  In  both  these  methods  nndeslniblp 
mnteriul  Is  Introduced  into  the  concrete,  but  if  the  iireu  to 
bo  covered  is  liirgo  this  Is  n  mutter  of  minor  Importiiuce. 
However,  the  lirst  deposits  from  the  tube  should  bo  kept 
uwnv  rr<vm  the  edge  of  the  work.  One  reiiulslte  of  this  method 
|«  '  'ibo  must  at  nil  times  be  kept  filled  with  concrete 

an.:  .test  cure  exercised  to  see  that  the  charse  Is  not 

lo«t  111  i::o\iiiK  It  about  the  bottom.  In  case  it  is  lost,  the  tube 
should  KKMin  be  filled  as  at  first.  One  of  the  disadvantages 
of  ■  .id  is  that   unless  the  sreatcst  care  is  e.xorcised. 

It  '.:  mposslble  to  avoid  losing  the  charge  occasionally. 

This  will  ill  pend  very  largely  on  the  iiuality  of  tho  supervision 
exercised  over  the  work.  Another  disadvantage  of  this  method 
is  that  the  area  over  which  it  can  be  used  Is  limited,  and  if 
It  is  necessary  to  deposit  concrete  over  a  large  area  a  number 
of  tubes  should  be  used.  With  this  method,  as  with  all  others. 
It  is  desirable  that  the  concrete  be  deposited  continuously 
from  the  time  the  work  is  started  until  it  is  brought  above 
the  water  level  or  to  the  finished  surface,  which  can  later  be 
cleaned  In  the  air  after  the  concrete  has  hardened. 

Considerable  difference  of  opinion  exists  among  engineers 
ns  to  whether  the  concrete  to  be  deposited  by  this  method 
should  be  made  wet  or  dry.  In  the  first  case  the  concrete 
is  made  quite  wet  and  the  bottom  of  the  tremie  submerged 
several  feet  below  the  surface  of  the  concrete  as  deposited. 
The  material  is  allowed  to  flow  out  of  the  tube  and  seek  its 
own  level.  In  depositing  the  concrete  dry,  just  sufficient 
water  is  used  to  make  it  plastic  and  the  concrete  is  distributed 
by  moving  the  foot  of  the  tremie  over  the  surface.  Good 
results  apparently  have  been  obtained  from  each  of  these 
methods,  but  the  opinion  of  the  committee  is  that  th«  dry 
method  is  preferable.  If  the  concrete  Is  deposited  wet  con- 
siderable difficulty  is  encountered  in  keeping  the  tremie 
full  and  more  or  less  segregation  of  the  materials  is  bound  to 
occur.  It  is  extremely  difficult  to  move  the  tube  where  suffi- 
ciently submerged  in  the  concrete  to  permit  the  wet  concrete 
being  used. 

Bagging  Method. — While  the  bagging  method  insures  good 
concrete  and  will  prevent  the  formation  of  laitance,  it  is  open 
to  the  objection  that  a  monolithic  foundation  is  not  secured. 
■Where,  however,  the  walls  of  the  foundation  formed  by  the 
bags  will  not  be  exposed  to  scour,  the  committee  is  of  the 
opinion  that  the  method  will  give  satisfactory  results.  This 
method  can  be  used  to  advantage  in  sealing  the  foundations  of 
cofferdams  where  it  is  impracticable  to  prevent  inflow  of 
water  through  crevices  in  the  bottom.  In  using  this  method 
It  must  be  borne  in  mind  that  satisfactory  results  cannot  be 
obtained  unless  the  bags  are  carefully  placed  by  hand,  and 
this  makes  the  service  of  a  diver  necessary  except  where 
placed  in  very  shallow  water. 

Premolded  Concrete  Blocks. — Premolded  concrete  blocks 
can  be  used  to  advantage  on  a  prepared  foundation  in'  large 
structures  such  as  breakwaters,  bulkheads,  lighthouse  foun- 
dations, seawalls — any  heavy  construction  where  the  units 
can  be  large  enough  not  to  require  bonding.  The  blocks  are 
usually  molded  in  the  air  in  units  weighing  from  1.5  to  20 
tons,  and  are  deposited  in  place  by  the  use  of  derricks. 

Materials  and  Mixing. — Concrete  to  be  deposited  in  water 
should  be  of  a  richer  mixture  than  when  deposited  in  air,  and 
a  leaner  mLxture  than  1-2-4  should  not  be  used.  U  is  the 
opinion  of  the  committee  that  only  so  much  water  should  be 
used  as  will  make  the  concrete  of  a  plastic  consistency.  Very 
dry  concrete  is  as  undesirable  for  this  purpose  as  wet  con- 
crete. It  is  the  opinion  of  the  committee  that  washed  grave! 
of  somewhat  smaller  size  than  used  in  the  open  air  concrete 
will  give  the  best  results.  This  is  particularly  true  where 
the  tremie  method  is  used.  The  sand  should  be  free  from 
loam  and  other  material,  and  it  is  preferable  that  washed  sand 
be  used  where  possible  to  obtain  it.  The  aggregate  should 
be  capable  of  producing  dense  concrete,  and  it  is  recom- 
mended that  tests  be  made  of  the  materials  available  to  de- 
termine the  best  aggregate  for  this  purpose. 

Precautions, — In  depositing  concrete  under  water  it  is 
imperative  that  the  water  be  still  and  that  the  concrete  shall 
not  be  exposed  to  current  until  it  is  fully  set.  This  requires 
that  a  cofferdam  be  constructed  in  such  manner  as  to  insure 


quiet  water  within  the  cofferdam.  One  of  tho  essentials  of 
depositing  concrete  by  any  of  the  above  methods  is  that 
the  concrete  be  disturbed  ns  little  as  practicable  during  the 
doposltlng.  thus  avoiding  the  formation  of  laitance.  It  is 
impracticable  In  depositing  concrete  in  water  by  any  method 
to  I'litlrely  avoid  laitance.  and  it  is  thorel'oro  necessary  on 
completing  a  section  of  concrete  to  see  that  the  laitance 
is  enlirely  removed  after  the  concrete  has  thoroughly  set 
and  before  the  work  is  resumed.  For  this  reason  it  is  the 
opinion  of  the  committee  that  when  a  job  is  started  the 
concrete  should  be  deposited  continuously  until  tho  finished 
surface  is  reached  or  the  concrete  brought  above  the  water 
level  so  that  the  laitance  may  be  removed  in  the  air,  as  it 
is  diflicult.  if  not  impracticable,  to  entirely  remove  it  under 
water.  Tlu'  I'ornuition  of  horizontal  construciion  joints  under 
water  should  be  avoided. 

The  ordinary  preciuitions  used  in  depositing  concrete  In  the 
air  are  not  sufficient  when  depositing  concrete  in  water,  and 
additional  care  must  be  observed  in  the  latter  case  to  prevent 
segregation  of  the  materials,  the  formation  of  laitance,  and 
to  insure  proper  setting  of  the  mass.  Because  of  tho  fact 
that  cold  retards  setting,  the  concrete  should  not  be  deposited 
in  water  the  temperature  of  which  is  low  enough  to  cause 
serious  retardation.  Concrete  should  bs  thoroughly  mixed 
before  it  is  deposited  in  water  and,  therefore,  hand  mixing 
should  never  be  permitted,  but  a  batch  mixer  used 


How   to   Distinguish   Douglas   Fir  from 
Sitka  Spruce  Lumber 

Douglas  fir  and  Sitka  spruce  are  frequently  put  to  the  same 
uses,  particularly  In  the  building  of  airplanes,  but  they  do 
not  have  exactly  the  same  properties.  This  fact  makes  it 
desirable  to  have  a  ready  means  of  identifying  the  lumber  of 
these  species.  The  use  of  the  following  key  prepared  by 
the  Forest  Products  Laboratory  should  help  in  telling  the  two 
woods   apart: 

General  Characteristics. — Douglas  fir  is  darker  in  color  than 
Sitka  spruce,  and  lias  more  pronounced  annual  rings.  Of 
the  two,  Douglas  fir  is  decidedly  the  more  resinous. 

Color. — The  color  of  Douglas  fir,  as  seen  on  a  freshly  cut 
longitudinal  surface,  is  orange-red  to  red;  that  of  Sitka 
spruce  is  pale  pinkish  brown.  The  color  varies  in  both 
species,  however,  so  that  the  darker  spruce  is  about  the, 
same  as  the  lighter  fir.  There  is  a  marked  contrast  in  color 
between  the  heartwood  and  sapwood  in  Douglas  fir;  in  Sitka 
spruce  the  difference  is  less  pronounced,  both  being  quite 
light  in  color.  Douglas  fir  is  not  so  lustrous  as  Sitka  spruce 
which  has  a  very  noticeable  "silky  sheen." 

Annual  Rings. — In  both  species  each  annual  ring  is  made 
up  of  a  light,  soft  band  or  layer,  known  as  springwood.  and  a 
dark,  dense  band  known  as  summerwood,  the  suramerwood 
being  on  the  side  toward  the  bark.  In  Douglas  fir  the  bands 
of  summerwood  are  usually  very  conspiiJuous  and  clearly  de- 
fined from  the  springwood,  but  in  Sitka  spruce  the  spring- 
wood  merges  gradually  into  summerwood. 

Resin. — Douglas  fir  is  more  resinous  than  spruce  and  often 
shows  abundant  exudations  on  cuts  made  before  the  lumber 
was  seasoned.    Such  exudations  of  resin  are  scarce  in  spruce. 

Tangential  Surface, — Tangentially  split  surfaces  (surfaces 
made  by  splitting  along  the  rings)  of  Sitl<a  spruce  usually 
have  numerous  slight  indentations  giving  it  a  "pocked"  or 
dimpled  appearance  never  found  in  Douglas  fir.  This  char- 
acteristic is  more  pronounced  in  spruce  with  narrow  annual 
rings  and  may  be  missing  entirely  in  wide-ringed  material, 
especially  that  near  the  center  of  the  tree.  Therefore,  this 
observation  should  be  made  where  the  rings  are  narrowest. 
Occasionally  the  eastern  spruces  also  show  this  uneven  tan- 
gential surface  to  a  slight  extent.  Some  trees  of  western 
yellow  pine  also  develop  a  "pocked"  appearance  of  the  wood, 
but  the  pine  can  be  distinguished  by  the  larger  and  more 
numerous  resin   ducts. 

Bark. — Pieces  of  bark,  if  found  on  the  lumber,  afford  a  re- 
liable means  of  distinguishing  between  Douglas  fir  and  Sitka 
spruce.  Douglas  fir  has  a  thick  bark  with  characteristic 
whitish  layers.  Spruce  has  a  thin  bark  without  whitish  ly- 
ers. 

Cell  Walls. — With  the  aid  of  a  compound  microscope,  Doug- 
las fir  can  easily  be  distinguished  from  Sitka  spruce.  Douglas 
fir  has  spiral  thickenings  on  the  inside  of  the  cells  similar 
to  the  thread  in  a  nut,  but  the  cell  walls  of  spruce  are  with- 
out  such   spirals. 
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Effect    of     Quantity    of     Mixing 
Water  and    Curing    Condi- 
tions on  the  Strength 
and    Wear    of 
Concrete 

The  necessity  for  careful  restriction  in  the  quantity  of 
mixing  water  used  in  concrete,  and  the  importance  of  proper 
curing  conditions  during  the  period  of  setting  and  hardening 
are  not  generally  appreciated  by  engineers  and  contractors. 
In  view  of  these  facts  the  recent  experimental  studies  of  Prof. 
Duff  A.  Abrams  of  the  Lewis  Institute,  Chicago,  on  the  effect 
of  water  content  and  curing  conditions  on  the  compression 
strength  and  wearing  resistance  of  concrete  are  of  particular 
interest.  The  tests  were  made  as  a  part  of  the  experimental 
studies  of  the  properties  of  cement  and  concrete  materials, 
and  were  carried   out  at   the  Structural   Materials   Research 
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fig.    1. — Effect   of   Quantity   of    IVIixing   Water   on    Strength   of   Con- 
crete. 
Compression    tests    of    6xl2-in.    cylinders    at    age    of    4    months. 
Each  value  i<<  average  of  4  tests  made  on  two  different  days.  Same 
data  as  in  Fig.  3. 

Laboratory  of  Lewis  Institute,  through  the  co-operation  of 
the  Institute  and  the  Portland  Cement  Association.  The  re- 
sults of  the  studies  were  summarized  by  Prof.  Abrams  in  a 
report  presented  last  week  at  the  annual  convention  of  the 
American  Railway  Engineering  Association.  The  matter  fol- 
lowing is  taken  from  this  report. 

The  series  comprised  compression  tests  of  120  6xl2-in- 
cylinders  and  wear  tests  on  300  blocks.  8  in.  square  and  5  in. 
in  thickness.  A  1-4  mix  was  used  throughout,  that  ia,  1  vol- 
ume cement  and  4  volumes  mixed  aggregate.  This  mix  Is 
about  the  same  as  the  1-1  %-3  or  1-2-3  mixes  generally  used 
for  concrete  which  is  to  withstand  high  stresses  or  to  forrn 
the  wearing  surface  of  pavements.  Most  of  the  tests  were 
made  on  sand  and  pebble  aggregates.  One  group  was  re- 
peated with  crushed  limestone  as  coarse  aggregate. 

Concrete  of  six  different  consistencies  was  used,  each  being 
stored  under  four  different  conditions: 

(1)   Damp  sand  4  months,  tested  damp. 
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Fig.   2. — Effect    of    Quantity    of    IVIixing 
Concrete. 


Water     on      Strength      of 


(2)  Damp  sand  21  days,  air  59  days. 

(3)  Damp  sand  3  days,  air  117  days. 

(4)  Air  of  laboratory  for  entire  curing  period  of  4  months. 
Parallel  tests   were  made  throughout  on  compression  and 

wear.    All  tests  were  made  at  the  age  of  4  months. 

The  term  "consistency"  refers  to  the  plasticity  of  the  con- 
crete; that  is,  the  relative  and  not  the  actual  quantity  of 
mixing  water.  It  has  been  found  convenient  to  express  the 
quantity  of  water  used  in  the  concrete  in  terms  of  volume 
of  cement.  This  so-called  water-ratio  has  been  shown  to  be 
the  best  criterion  of  the  strength  of  the  concrete. 

The  consistency  taken  as  "normal"  (relative  consistency 
=:1.00)  is  of  such  a  plasticity  that  a  6xl2-in.  cylinder  of  1-4 
concrete  will  "slump"  %  to  1  in.  upon  removal  of  the  metal 
form  by  a  steady,  upward  pull  immediately  after  molding  the 
specimen.  Concrete  of  relative  consistency  of  1.10  will  show 
a  slump  of  .5  to  6  in.;   1.2.5.  a  slump  of  8  to  9  inches. 

Effect  of  Quantity  of  Mixing  Water  on  the  Strength  of 
Concrete. — Figure  1  gives  the  results  of  the  tests  on  the  effect 
of  quantity  of  mixing  water  on  the  compressive  strength  of 
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Fig.    3. — Effect   of    Curing    Conditions    on    Compressive    Strength    of 

Concrete. 

Compres.sion  tests  of  6xl2-in.  cylinders  at  age  of  4  months, 
value  is  the  average  of  4  tests  made  on  two  different  days, 
data  as  in  Fig.  2. 


Each 
Same 


concrete.  A  separate  curve  has  been  drawn  for  each  curing 
condition.  An  average  curve  from  these  tests  will  be  found 
in  Fig.  6.  The  remarkable  influence  of  the  quantity  of  mixing 
water  on  the  strength,  other  factors  being  the  same,  }s  clearly 
shown  by  these  curves.  It  will  be  remembered  that  the  con- 
sistency called  1.00  (normal  consistency)  is  such  that  a  1-4 
mix  gives  a  slump  of  %  to  1  in.  when  the  form  is  slipped 
off  the  freshly  molded  cylinder.  A  consistency  of  .90  contains 
90  per  cent  of  the  amount  of  water  required  for  normal  con- 
sistency; a  consistency  of  1.50  contains  1%  times  the  quan- 
tity of  water  used  in  the  normal  consistency  concrete,  etc. 
The  normal  consistency  concrete  may  be  characterized  as 
plastic;  the  .90  is  somewhat  dry;  the  1.50  quite  wet,  but 
contains  much  less  water  than  the  "sloppy"  mixes  frequently 
seen  in  reinforced  concrete  work. 

It  will  be  noted  that  there  is  a  rapid  falling-off  in  strength 
as  the  water  content  Is  increased  from  normal  consistency. 
With  a  consistency  of  1.25  the  strength  is  reduced  to  about 


Compression  tests  of  6xl2-in.   cylinders  at  age  of  2S  days, 
value  is  the  average  from  five  tests. 


Each 
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Fig.  4. — Effect  of  Quantity   of  Water  on   Wear 

Wear  tests  of  SxSx.'i-in.  blocks  at  agf  of  4  mont 
is  tlie  average  of  10  blocks  made  on  two  different  d 
as  in  Fig.  5. 
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nly  on»'-h«lf  that  which  iimy  bo  obtained  with  tho 
■  c«ntont.  For  wetter  mixes  the  strength  wovild 
.I'r  mluccil. 

.  It  will  not  b»>  ft>«8ibli>  to  use  t-oncreto  of  a  con- 
u-h  will  Klvi-  ninxinuini  strength,  since  II  Is  some- 
whot  loo  stiff  for  satlsfiiclory  workability.  In  concrete  road 
work  «!■•••■  I'  ""1  nnlshInK  is  used  the  concrete  iniisl  be  mixed 
to  n  c.  vuryiiiK  from  1.10  lo  1.15.     In  other  words. 

we  mn.-.     >  >■  «  portion  of  the  possible  strength  of  the 

coucrotc  In  order  lo  secure  n  workable  mix.  This  consistency 
will  give  B  slump  of  5  to  7  In.  If  machine  nnishing  is  em 
ployed  the  concrete  can  be  mixed  to  u  consistency  correspoiid- 
Ing  closely  to  nm.xlmiim  strength.  In  reinforced  concrete  work 
there  Is  In  general  little  excuse  for  using  mixes  welter 
than  1.25  consistency,  corresponding  to  a  slump  of  8  to  !•  in. 
The  average  curves  in  Fig.  6  have  been  platted  in  terms  ol 
the  water  ratio  instead  of  the  relative  consistencies,  although 
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Fig.  5. — Eftect  of  Curing  Conditions  on  Wear  of  Concrete. 
Wear  lesls  of  SxSx.=>-in.   blocks  at  age  of  \   months.     Kach  value 
Is  thi-  average  of  10  blocks  made  on  two  dilTereiit  days.     Same  data 
ns  in  Pig.  4. 

relative   consistencies  are   also  shown.     The   ■water-ratio   is 
the  ratio  by  volume  of  water  to  cement  in  the  batch. 

Further  Discussion  of  Effect  of  Quantity  of  Mixing  Water 
on  the  Strength  of  Concrete.-  Many  scries  oi  tests  made  in 
this  laboratory  have  fully  established  the  fundamental  impor- 
tance of  the  quantity  of  mixing  water  on  the  strength  of 
concrete. 

Figure  2  gives  the  average  values  from  a  series  of  tests 
of  this  kind  in  which  the  compressive  strength  is  platted 
against  the  water-ratio  of  the  concrete.  In  this  series  the 
mixes  ranged  from  1-15  up  to  neat  cement.  The  consistencies 
were  varied  over  a  wide  range.  The  size  of  the  aggregate 
ranged  from  a  very  fine  sand  to  a  coarse  concrete  aggregate. 
for  all  combinations  of  mix  and  consistency. 

In  the  figure  distinguishing  marks  were  used  for  each  mix, 
l)ut  no  distinction  was  made  between  aggregates  of  difTerent 
sizes  or  concretes  of  different  consistencies.  When  the  com- 
pressive strength  is  platted  against  the  water  content  in 
this  way  a  smooth  curve  is  obtained,  due  to  the  overlapping  of 
the  points  for  different  mixes,  consistencies,  etc.  Values  from 
the  dry  concretes  have  been  omitted  from  the  diagram:  if 
these  were  used  we  should  obtain  a  series  of  curves  dropping 
downward  to  the  left  from  the  curve  shown.  It  is  seen  at 
once  that  the  size  and  grading  of  the  aggregate  and  the 
quantity  of  cement  are  no  longer  of  any  importance  except 
in  so  far  as  these  factors  influence  the  quantity  of  mixing 
water  required  to  produce  a  workable  concrete.  This  gives 
an  entirely  new  conception  of  the  function  of  the  constituent 
materials  entering  into  a  concrete  mixture. 

The  equation  of  the  curve  in  Fig.  2  is  of  the  form 

A 


S  =  — 

B-^  , 

where  S  is  the  compressive  strength  of  the  concrete  and  x  is 
the  ratio  of  the  volume  of  water  to  volume  of  cement  in  the 
batch  (water-ratio).  A  and  B  constants  whose  values  depend 
on  the  quality  of  the  cement  used  and  on  other  conditions 
of  the  test. 

The  values  of  the  constants  in  these  tests  are  shown  on 
the  diagram.  This  equation  expresses  the  law  of  the  strength 
of  concrete  so  far  as  variations  in  the  proportions  of  materials 
are  concerned.  It  is  seen  that  for  given  concrete  materials 
the   strength    depends   on    only    one    factor — the   water-ratio. 


ICqiialions  which  have  been  proposed  for  tliis  purpose  In  the 
past  contains  terms  which  take  into  account  such  factors 
as  i|i!antlty  of  cement,  proportions  of  fine  and  coarse  aggre- 
gate, voids  in  aggregate,  etc..  but  tliey  iiave  uniformly  omit- 
ted the  only  Item  which  is  of  any  importance:  that  is.  the 
water.  The  relation  given  above  holds  so  long  as  the  con- 
crete is  not  loo  dry  for  maximum  strength,  and  the  aggregate 
not  loo  coarse  for  a  given  (luantlly  of  cement:  in  other  words. 
so  long  as  we  have  n  workable  concrete. 

The  strength  of  the  concrete  responds  to  cluuiges  in  water, 
regardless  of  the  reason  for  these  changes.  The  water-ratio 
may  be  changed,  due  to  any  of  the  following  causes: 

(1)   Change  In  mix  (cement  content). 

(21  Change  in  size  or  grading  of  aggregate. 

(:i)  Change  in  relative  consistency. 

(•I)  Any  combination  of  (1)  to  (3). 

Ill  certain  instances  a  1-9  mix  is  as  strong  as  a  1-2  mix. 
depending  only  on  water  contpnt.     It  slionid  not  he  concluded 
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Fig. 


6. — Effect    of    Quantity    of    Water    on    Strength    and    Wear    of 
Concrete. 

Average  curves  from  FiR.s.  2  and  1.  Tlie  iiuantity  of  mixing- 
v.-ater  is  expressed  as  .a  r.atio  to  thu  volume  of  lemcnt  in  the  Ijatoh 
Each  value  of  compression  is  the  average  of  20  tests  (from  curing 
conditions).  Each  value  for  wear  is  the  average  of  50  tests  (frc#ii 
curing  conditions). 

that  these  tests  indicate  that  lean  mixes  can  be  substituted 
for  richer  ones  without  limit.  We  are  always  limited  by  tlie 
necessity  of  using  sufficient  water  to  secure  a  workable  mix. 
So  in  the  case  of  the  grading  of  aggregates.  The  workability 
of  the  mix  will  in  all  cases  dictate  the  minimum  quantity  of 
water  that  can  be  used.  The  importance  of  the  workability 
factor  in  concrete  is  therefore  brought  out  in  its  true  relation. 

The  problem  of  designing  concrete  mixes  resolves  itself 
into  this: 

To  produce  a  workable  concrete  with  a  given  water-ratio 
using  a  minimum  of  cement;  or  the  converse,  to  produce  a 
workable  concrete  which  has  the  lowest- water-ratio  for  a 
given  quantity  of  cement.  The  methods  of  securing  the  best 
grading  of  aggregate  and  the  use  of  the  driest  practicable 
concrete  are  seen  to  be  only  devices  for  accomplishing  the 
above  mentioned  results. 

The  influence  of  the  water-ratio  of  concrete  on  its  strength 
will  be  shown  by  the  following  considerations:  One  pint 
more  water  than  necessary  to  produce  a  plastic  concrete  in  a 
1-4  mix  reduces  the  strength  to  the  same  extent  as  it  we 
should  omit  2  to  3  lb.  of  cement  from  a  one-bag  batch. 

The  studies  give  an  entirely  new  conception  of  the 
function  performed  by  the  various  constituent  materials 
The  use  of  a  coarse,  w-ell-graded  aggregate  results  in  no  gain 
in  strength  unless  we  take  advantage  of  the  fact  that  the 
amount  of  water  necessary  to  produce  a  plastic  mix  can  thus 
be  reduced.  In  a  similar  way  we  may  say  that  the  use  of 
more  cement  in  a  batch  does  not  produce  any  beneficial 
effect,  except  from  the  fact  that  a  plastic,  workable  mix  can 
be  produced  with   relatively  less   water. 

The  reason  a  rich  mixture  gives  a  higher  strength  than  a 
,  lean  one  is  not  that  more  cement  is  used,  but  because  the 
concrete  can  be  mixed  (and  usually  is  mixed)  with  a  lower 
water-ratio  in  the  case  of  the  richer  mixtures  than  for  the 
lean  ones.  If  advantage  is  not  taken  of  the  fact  that  in  a 
rich  mix  relatively  less  water  can  be  used,  no  benefit  will  be 
gained  as  compared  with  a  leaner  mix.  In  all  this  discussion 
the  quantity  of  water  is  compared  with  the  quantity  of  cement 
in  the  batch  (cubic  feet  of  water  to  one  sack  of  cement)  and 
not  to  the  weight  of  dry  materials  or  of  the  concrete,  as  is 
generally  done. 
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Effect  of  Qiuantity  of  Mixing  Water  on  the  Wear  of  Con- 
crete.— Figures  4  and  «  give  the  results  of  tests  to  determine 
the  effect  of  quantity  of  mixing  water  on  the  wear  of  concrete. 
It  will  be  noted  that  the  depth  of  wear  is  expressed  in  inches. 
The  wear-water-ratio  relation  is  just  opposite  to  that  found 
in  the  strength  tests;  in  other  words,  a  high  strength  is 
accompanied  by  low  wear,  and  vice  versa.  If  the  wear  curve 
in  Fig.  6  were  inverted  we  should  have  almost  a  duplicate  of 
the  strength  curve.  In  general,  the  lowest  wear  is  found  at 
about  the  same  water-ratio  as  the  highest  strength.  The 
average  curves  (Fig.  6)  show  that  maximum  strength  and 
minimum  wear  come  at  a  consistency  of  about  .95,  or  a  water- 
ratio  of  about  .70.     It  should  be   pointed  out  that  for  other 
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[Fig.   7. — Effect   of   Curing    Condition   on   the   Strength    and    Wear   of 

Concrete. 
Average  curves  from  Figs.  3  and  5.  Each  value  for  compre.=:sion 
is  the  average  of  24  tests  (four  each  for  six  consistencies).  Each 
value  for  wear  is  the  average  of  60  blocks  (10  each  for  six  con- 
.sistencies).  The  upward  trend  of  the  wear  curve  results  from  the 
.■abnormal  wear  of  the  4-month  sand-stored  blocks  on  account  of 
being  tested  in  damp  condition. 

mixes  the  best  results  would  probably  be  found  at  about 
the  same  relative  consistency,  but  at  a  different  water-ratio. 
For  a  given  consistency  the  water-ratio  is  higher  for  lean 
mixes  and  lower  for  rich  mixes. 

Water  Required  for  Concrete  Mixes. — Since  the  quantity 
•of  mixing  water  exerts  such  an  important  influence  on  the 
strength  and  other  properties  of  concrete,  it  will  be  of  interest 
to  examine  the  factors  which  influence  the  amount  of  water 


plastic  or  workable  mix.  The  exact  quantity  required  for  this 
purpose  depends  on  the  materials  used,  nature  of  the  work, 
and  methods  of  handling  and  finishing. 

It  is,  in  general,  impracticable  to  state  in  definite  quantities 
the  amount  of  water  which  should  be  used,  since  this  depends 
on  many  different  factors,  such  as  the  following: 

(1)  The  relative  consistency  which  must  be  used,  which  is 
dictated  by  the  nature  of  the  work. 

(2)  The  normal  consistency  of  the  cement. 

(3)  The  quantity  of  cement. 

(4)  The  size  and  grading  of  the  aggregate. 

(5)  The  absorption  of  the  aggregate. 

(6)  The  moisture  content  of  the  aggregate. 

(7)  Admixtures  which  may  be  used. 

The  quantity  of  water  which  affects  the  water  ratio  as 
given  in  Fig.  6  is  only  such  a  part  of  the  whole  as  affects  the 
cement.  In  other  words,  the  water  which  is  absorbed  by  the 
aggregate  is  not  considered  as  influencing  the  water-ratio. 
This  makes  it  plain  that  the  absorption  of  the  aggregate  must 
be  taken  into  account  if  concretes  from  widely  different  aggre- 
gates are  being  compared.  Many  serious  errors  have  been 
made  in  drawing  conclusions  from  tests,  due  to  failure  to 
take  into  account  the  influence  of  absorption,  grading  of 
aggregates,  etc.,  on  the  water  content  of  the  concrete. 

In  general,  it  is  impracticable  to  determine  in  advance  the 
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Fig.  8. — Relation    Between   Compressive   Strength   and   Wear  of 
Concrete. 

Compression  tests  of  6xl2-in.  cylinders  and  wear  tests  of  Sx8xo-in. 
■Mocks  at  age  of  4  months.  Each  value  .is  based  on  averages  of 
;four  compression  tests  and  10  wear  tests.     All  consistencies. 

required  for  satisfactory  results.     The  function  of  water   in 
concrete  is  twofold: 

(1)  To  supply  the  water  necessary  tor  hydration  of  the  ce- 
ment. 

(2)  To  produce  a  plastic  mixture. 

While  the  exact  quantity  of  water  required  under  (1)  has 
not  been  determined  except  in  certain  instances,  it  is  gen- 
erally agreed  that  the  quantity  used  in  concrete  is  greatly  in 
■excess  of  that  necessary  for  hydration  of  the  cement.  The 
bulk  of  the  ■water  in  concrete  is  used  in  order  to  produce  a 
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Fig.     9. — Relation     Between     Compressive     Strength     and     Wear    of 
Concrete. 

Same  data  as  in  Fig.  S.  except  curve  platted  on  losarithmic 
scales.     The  points  shown  are  taken  from  the  curve  in  Fig.  ^. 

exact  quantity  of  water  required  for  concrete  mixes,  largely 
due  to  two  causes:  (1)  Inability  to  determine  in  advance  the 
lowest  relative  consistency  which  may  be  used  and  still  pro- 
duce a  workable  concrete;  (2)  varying  moisture  content  of 
aggregates. 

Table  I  may  be  of  interest  in  indicating  the  approximate 
quantities  of  water  necessary  for  certain  mixes.  It  is  assumed 
that  a  well-graded  aggregate  up  to  1%  in.  in  size  will  be  used. 
Only  under  the  most  favorable  conditions  can  the  minimum 
values  be  used;  in  general,  the  maximum  values  need  not  be 
exceeded. 

TABLE  I. 


Mix. 

Usi 

^'olume  of 

.Aggregate 

Cerrent.  AftPT  Mixing. 

Cem 

1                 5 

1 

1                 4^4 

1 

1                 4 

1 

1                3 

1 

Appro.xiniate  Mix  as 
Usually  Expressed. 


Water  Roquired  (Gals, 
per  .Sack  of  (_'i-nient) 


Aggregate. 

Cement.  Fine.   Coarse.  Minimum.  Maximum 
2               4                   fi  fi'-. 

2  3  3%  '''4 

\Vi  3  5V4  « 

Hi  2^  5  .-':.. 

Without  regard  to  the  actual  quantity  of  mixing  water, 
the  following  rule  is  a  sate  one  to  follow: 

"Use  the  smallest  quantity  of  mixing  water  that  will  pro- 
duce a  workable  mix." 

The  importance  of  methods  of  proportioning,  mixing,  han- 
dling, placing  or  finishing  concrete  which  will  enable  the 
builder  to  reduce  the  water  content  to  a  minimum  is  at  once 
apparent. 

Effect  of  Curing  Contrition  on  the  Streno.th  of  Concrete. — 
The  eft'ect  of  curing   condition   on  the  compressive  strength 
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of  concrete  Is  xhown  In  Kig.  3;  an  average  curve  is  given  In 
Fig.  7.    All  0'  ^  o(  roiicroie  show  great  liu'renses  In 

BtroDgth  uml'  ii-  oiirliig  conditions  as  compared  with 

gpeclnicuii  «hU'U  »uiv  ullowod  to  dry  out  at  once.  The  dryer 
tnUeii  show  a  more  rapid  Improvement  due  to  storage  in  a 
damp  place  during  the  tlrst  few  days  than  the  wetter  ones. 
Even  3  days  In  damp  sand  shows  an  Increase  In  strength 
of  the  dryer  concretes  of  about  ;15  per  cent  as  compiived  with 
the  specli!it'!is  !!tored  in  open  air  for  the  entire  period.  It 
should  1  n   mind  that   In  the  most  unfavorable  case 

used  In  inents  the  concrete  was  In  the  steel  form 

for  1  day  »uh  only  the  top  exposed,  conseiinently  the  condi- 
tions were  more  favorable  than  those  freijuently  found  in 
summer  weather  or  In  arid  regions  where  the  concrete  Is  ex- 
po.sed  to  mi'id  ev:iporatlon  of  the  mixing  water  from  the  mo- 
ment It  : 

The  Ci  'red  for  4  months  In  damp  sand  and  tested 

damp  Is  2^  to  3  times  as  strong  as  similar  concrete  which 
has  been  exposed  to  room  atmosphere  for  the  same  period. 
Protecting  the  concrete  from  drying  out  for  only  10  days 
(taking  values  from  Figs.  3  and  7)  gives  an  Increase  In 
strength  of  about  75  per  cent  for  the  dryer  mixes. 

Effect  of  Curing  Condition  on  the  Wear  of  Concrete. — The 
effect  of  curing  condition  on  the  wear  of  concrete  Is  no  less 
striking  than  the  effect  on  the  strength. 

It  will  be  seen  In  Fig.  7  that  the  blocks  stored  for  the 
entire  period  of  A  months  in  damp  sand  showed  more  wear 
In  most  Instances  than  those  which  had  been  stored  for  21 
days  in  damp  sand  and  the  remainder  of  the  time  in  air.  This 
peculiar  result  is  no  doubt  due  to  the  fact  that  the  concrete 
was  tested  in  a  damp  condition,  and  does  not  indicate  that 
the  longer  period  In  damp  sand  Is  injurious.  The  comparison 
would  have  been  more  nearly  correct  if  the  blocks  had  been 
allowed  to  dry  out  a  few  days  before  testing.  These  results 
do  show  that  concrete  in  a  wet  or  damp  condition  suffiers 
more  from  wear  than  when  dry.  It  is  a  matter  of  common 
experience  that  non-metallic  materials,  such  as  timber,  terra 
cotta.  concrete,  stone,  etc..  which  absorb  water,  show  a  lower 
strength  in  a  wet  condition  than  when  dry.  Additional  tests 
will  be  required  to  show  the  exact  effect  of  moisture  content 
on  strength  and  wear  of  concrete,  other  factors  being  the 
same. 

It  is  not  necessary  to  speculate  on  the  probable  effect  of 
moisture  In  the  concrete  in  order  to  secure  valuable  informa- 
tion from  these  tests.  The  dryer  mixes  show  an  increase  in 
wear  from  .50  for  concrete  stored  in  damp  sand  for  21  days. 
to  1.10  in.  for  concrete  in  air  for  entire  period;  the  tests  indi- 
cate that  10  days  in  damp  storage  would  give  a  wear  of  about 
6.5  in.  For  the  wetter  mixes  the  wear  after  21  days  in  damp 
sand  is  about  .85  in.;  for  10  days  1.15  in.;  for  air  storage 
throughout  probably  2  in.  In  the  wetter  consistencies  the 
tests  were  not  carried  to  completion  on  account  of  disin- 
tegration of  certain  blocks,  which  caused  the  entire  ring  to 
collapse. 

Recapitulation  of  Effect  of  Consistency  and  Curing  Condi- 
tion.— In  view  of  the  important  influence  of  consistency  and 
curing  conditions  of  concrete  shown  by  these  tests,  it  seems 
doubtful  if  there  is  any  phase  of  concrete  work  which  will 
pay  such  high  dividends  as  a  little  care  to  see  that  proper 
consistency  is  used  and  desirable  curing  conditions  are  pro- 
vided. In  many  instances  the  quality  of  the  concrete  could 
be  vastly  improved  at  trifling  expense,  but  nothing  is  don-s 
because  those  in  charge  do  not  appreciate  the  importance  of 
care  in  these  directions.  The  writer  is  convinced  that  prac- 
tically all  of  the  faults  from  concrete  floors  follow  from  these 
two  causes.  •  Excessive  wear  and  dusting  are  certain  to  result 
in  a  floor  in  which  the  concrete  is  never  allowed  to  have  the 
water  necessary  for  hydration  of  the  cement.  It  is  notable 
that  dusting  never  occurs  on  a  concrete  road,  for  the  reason 
that  it  gradually  gets  the  water  necessary  for  hydratioi! 
from  rain  or  snow.  However,  due  to  low  wearing  resistance 
at  early  periods,  resulting  from  premature  drying,  it  may  be 
badly  worn  before  rain  comes. 

An  excess  of  mixing  water  is  a  serious  fault  in  concrete.  If. 
in  addition  to  too  much  water  the  concrete  is  allowed  to  dry 
out  at  once  it  is  almost  certain  to  be  a  failure  if  subjected 
to  wear  and  will  give  very  low  strength.  For  the  two  wettest 
consistencies  and  the  two  most  unfavorable  curing  conditions. 
the  compressive  strength  of  the  pebble  concrete  was  1300  lb. 
per  square  inch;  for  the  two  most  favorable  curing  condi- 
tions and  the  three  dryest  consistencies  the  average  compres- 


sive strength  was  4850  lb.  per  square  inch— an  increase  of  275 
per  cent.  In  the  case  of  the  wear  tests  the  corresponding 
values  are  1.70  in.  and  .50  in.;  an  increase  of  240  per  cent. 
The  comparison  in  the  wear  test  is  not  as  unfavorable  as  it 
should  have  been,  since  the  poorer  blocks  broke  up  before 
the  test  was  completed. 

Proper  curing  of  concrete  is  second  only  in  importance  to 
the  control  of  water  content.  The  rule  stated  above  with 
reference  to  water  content  may  now  be  extended  to  the  fol- 
lowing: 

Use  the  smallest  quantity  of  mixing  water  that  will  pro- 
duce a  workable  concrete,  then  allow  the  concrete  to  have 
as  much  water  as  possible  during  the  period  of  curing. 

.Ml  concroto  should  bo  protected  against  premature  drying 
for  at  least  one  week,  and  longer  if  practicable.  This  period 
should  be  extended  to  10  days  or  two  weeks  in  cool  weather, 
or  where  the  concrete  is  to  be  subjected  to  heavy  traflic  at  an 
early  age. 

Covering  with  damp  sand  or  earth,  or  wet  burlap  are 
excellent  metliods  of  curing.  The  practice  of  "ponding"  is 
common  in  road  construction.  The  writer  wishes  to  dffer  a 
word  of  caution  with  reference  to  the  use  of  wet  sawdust 
lor  covering  concrete  floors.  Sawdust  may  have  most  harm- 
ful results,  on  account  of  the  organic  acids  present. 

Compression  tests  of  concrete  made  in  other  series  show 
that  the  strength  of  concrete  increases  indefinitely,  so  long 
as  it  is  not  permitted  to  dry  out. 

Relation  Between  Strength  and  Wear  of  Concrete. — The 
relation  between  strength  and  wear  of  concrete  in  this  series 
is  shown  in  Fig.  8.  All  tests  have  been  platted.  Each  value 
is  based  on  the  average  of  four  compression  tests  and  10  wear 
tests.  This  diagram  shows  that  a  definite  relation  exists 
between  strength  and  wear  at  least  for  the  conditions  of  these 
tests;  that  is.  for  concrete  of  different  consistencies  and 
curing  conditions.  Further  tests  will  be  necessary  to  show 
whether  or  not  this  relation  is  entirely  general  for  other 
aggregates,  etc. 

Figure  9  is  the  same  curve  platted  to  log.  scale.  The 
straight  line  in  this  diagram  enables  us  to  devise  the  equa- 
tion: 

2230 
S  = 

as  showing  the  relation  between  the  variables;  where  S  = 
compressive  strength  in  pounds  per  square  inch  and  W  =  the 
depth  of  wear  in  inches. 

Comparison    of    Pebble    and    Crushed    Stone    Aggregate.— 

Crushed  limestone  was  used  as  coarse  aggregate  in  one  group 
of  tests.  In  general  the  limestone  concrete  gave  somewhat 
higher  strength  and  lower  wear  than  the  gravel  concrete  using 
the  same  sand  and  the  same  water  and  cement.  However,  the 
tests  do  not  cover  a  sufficient  range  to  justify  definite  com- 
parisons of  the  merits  of  the  two  types  of  aggregate.  Both 
the  aggregates  used  in  this  series  were  of  high  grade  and 
gave  good  results  in  the  tests. 


Cost  of  Forms  for  Concrete  Bridges  and  Culverts.— It  has 
been  found  in  bridge  and  culvert  work  in  Kentucky  that  a 
fair  approximation  of  the  cost  of  forms  for  the  different 
classes  of  reinforced  concrete  superstructures  or  culverts  In 
state  work  may  be  estimated  per  cubic  j'ard  of  concrete  (if 
the  forms  are  not  to  be  used  the  second  time)  by  allowing 
100  ft.  B.M.  of  lumber  per  cubic  yard  and  four  hours'  time 
each  for  the  carpenter  and  helper  for  the  erection;  and  for 
the  substructures  of  slabs  or  girder  bridges,  2%  hours'  car- 
penter's time  and  2%  hours'  helper's  time  for  the  plain  con- 
crete. These  figures,  stated  Mr.  Charles  D.  Snead,  Bridge  En- 
gineer of  the  State  Department  of  Public  Roads,  in  an  address 
at  the  recent  Kentucky  Road  School,  are  based  upon  actual 
work  done  with  the  ordinary  type  of  labor  available  in  the 
state.  Where  the  forms  are  used  twice  it  has  been  found 
that  it  requires  about  one-half  the  time,  estimated  tor  build- 
ings,   to    re-erect    them. 


Only  121/2  Per  Cent  Capacity  of  Fabricating  Shops  Con- 
tracted for  In  February — The  records  of  the  Bridge  Builders 
and  Structural  Society,  as  collected  by  its  secretary,  show 
that  during  the  month  of  February,  1919,  12%  per  cent  of  the 
entire  capacity  of  the  bridge  and  structural  shops  of  the 
country  was  contracted  for. 
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Methods,  Economies  and  Standardi- 
zation in  Preparation  of  Plans 
for  School  Buildings* 

By  CLARENCE  E.  DOBBIN. 

The  term  "plan  production"  may  be  objected  to  by  some 
as  resembling  too  ciosely  the  term  "shop  production"  used 
almost  exclusively  by  manufacturers;  but  the  fact  remains 
that  there  is  a  distinct  problem  of  this  kind  in  any  architec- 
tural office  with  a  volume  of  work  such  as  we  have  in  hand. 
It  is  a  problem  of  sufficient  importance  to  merit  thoughtful, 
scientific  treatment  and  if  it  handled  without  sacrifice 
either  i«  architectural  design,  planning  or  construction  there 
can  be  no  valid  objection  to  any  appropriate  term  used  to 
designate  it. 

In  order  to  obtain  uniform  practice  for  all  jobs  in  course 
of  preparation  at  any  one  time,  we  have  reduced  to  writing 
all  instructions  and  decisions  that  go  to  make  up  our  office 
practice.  These,  together  with  tabulations,  small  drawings 
showing  typical  arrangements  of  the  various  standard  rooms, 
and  other  details  that  may  be  of  assistance  to  draftsmen,  are 
bound  in  loose-leaf  form  with  subjects  alphabetically  ar- 
ranged and  make  up  what  is  termed  our  Office  Manual.  A 
copy  of  this  is  placed  in  the  hands  of  each  squad  leader  for 
ready  reference. 

Each  new  question  that  arises  is  investigated  and  consid- 
ered with  great  care  and  when  a  satisfactory  solution  is 
reached  the  necessary  instructions  are  placed  in  the  manual. 
If  later  on  a  better  solution  is  evolved,  new  instructions  are 
issued  to  replace  the  earlier  ones.  The  manual  keeps  every- 
one informed  as  to  the  latest  decisions  so  that  all  effort  may 
be  directed  towards  the  same  objectives.  The  squad  leaders 
are  expected  to  see  that  their  assistants  follow  these  stand- 
ards, or,  it  a  variation  seems  advisable,  to  refer  the  matter 
to  the  chief  for  decision. 

In  this  way  only  can  the  practice  of  the  office  be  kept 
standard.  In  the  absence  of  such  a  manual  the  office  prac- 
tice must  be  transmitted  from  one  draftsman  to  another  by 
word  of  mouth.  This  is  the  usual  method  and  it  Is  responsi- 
ble for  great  loss  of  efficiency,  becaus->  the  same  questions 
are  asked  and  answered  repeatedly,  and  the  same  problems 
solved  again  and  again,  with  attendant  discussions,  delays 
and  variations  in  practice.  New  men  have  no  definite,  ac- 
curate way  of  acquiring  the  office  practice  and  often  proceed 
along  incorrect  lines. 

The  planning  of  our  new  school  buildings  is  accomplished 
through  the  co-operation  of  the  four  divisions  into  which  the 
office  is  divided— General  Drafting  and  Plumbing,  Heating 
and  Ventilation,  Electrical  and  Furniture.  Each  of  these 
divisions  has  its  own  head  and  all  are  under  the  immediate 
direction  of  the  Architect  in  Chief,  who  also  has  jurisdiction 
over  the  inspection  force  connected  with  the  construction 
and  equipment  of  the  buildings. 

In  our  steel  designing  many  of  the  factors  are  constant. 
The  dead  weight  of  our  typical  floor  construction  is  always 
the  same  and  the  live  loads  for  certain  groups  of  rooms  are 
alike.  We  have  therefore  developed  tabulations  of  various 
kinds  that  enable  the  engineers  to  select  the  steel  shapes 
much  more  quickly  than  by  computation  or  by  reference  to  a 
hand  book.  One  such  table  gives  the  safe  I-beams  for  dif- 
fererit  lengths  and  spans,  assuming  our  typical  dead  load 
and  a  live  load  of  75  lb.  There  are  other  tables  for  live  loads 
of  100  lb.,  120  lb.,  etc.  Having  worked  out  a  beam  plan  and 
fixed  the  lengths  and  spans  of  the  beams,  their  sizes  can  be 
obtained  from  these  tables  with  the  least  expenditure  of 
time.  Similar  tables  have  been  provided  for  many  other 
structural  members  for  which  we  have  constant  use:  chan- 
nel columns  for  our  standard  story  height  of  15  ft.  0  in.,  safe 
loads  for  struts  made  up  of  one,  two  and  four  angles  in  va- 
rious positions,  etc. 

The  volume  of  work  is  such  that  a  number  of  jobs  must 
be  put  forward  at  the  same  time.  The  work  naturally  segre- 
gates itself  into  subdivisions,  such  as  general  planning,  de- 
signing, scale  detailing,  full-size  detailing,  structural-steel 
and  other  engineering,  plumbing,  specification  writing  and 
computing. 

The   first   essential   is   a  properly  organized   and   balanced 

•From  a  paper  pre-sented  Feb.  26  before  the  Municipal  Engi- 
neers of  the  City  of  New  Tork. 


drafting  force.  The  employes  of  this  division  are  divided  into 
appropriate  squads,  each  of  which  is  continuously  engaged  in 
one  kind  of  work.  While  the  personnel  of  the  squads  may 
change  from  time  to  time  the  leaders  at  least  are  compara- 
tively permanent  and  become  thoroughly  familiar  with  the 
established  methods  in  their  particular  branches  of  the  work. 
The  qualifications.  Inclinations  and  aptitude  of  each  man  are 
studied  so  that  he  may  be  placed  where  he  will  count  for  the 
most.  This  is  a  matter  of  great  importance  and  careful  at- 
tention to  it  has  led  to  the  discovery  of  special  ability  in 
some  men,  which  when  developed  has  produced  surprisingly 
good  results. 

The  next  step  is  to  standardize  the  details  for  features 
which  occur  repeatedly  in  different  buildings;  for  example,  a 
standard  detail  is  made  covering  the  entire  construction  of 
the  ordinary  double-hung  window.  This  drawing  is  made 
on  tracing  cloth  and  once  prepared  can  be  used  for  any  num- 
ber of  buildings  without  further  drafting,  by  striking  off  the 
necessary  number  of  blue  prints.  Similar  standard  details 
are  made  for  pivoted  windows,  hollow  metal  windows,  steel 
windows,  steel  doors,  wood  doors,  kalamein  doors,  skylight 
construction,  vault-light  construction,  interior  trim,  cabinets, 
wardrobes,  lockers — in  fact,  for  every  possible  feature  of  the 
building  from  column  bases  to  the  flagpole  on  the  roof.  These 
standard  details  do  not  entirely  obviate  the  necessity  for 
special  details,  but  their  number  is  thereby  reduced  to  the 
minimum. 

The  advantages  of  these  standards  are  threefold:  First,  the 
entire  subject  is  very  thoroughly  studied  when  the  standard 
is  prepared  and  the  detail  is  made  to  cover  every  phase  of 
the  construction,  so  as  to  furnish  all  the  information  required 
on  that  subject.  Second,  the  draftsmen  become  familiar  with 
the  standards  and  are  able  to  proceed  with  the  plans  much 
more  expeditiously.  Third,  the  contractors  after  becoming 
familiar  with  them,  are  able  to  systematize  their  methods  of 
production  and  to  reduce  their  estimates  accordingly. 

This  division  has  at  the  present  time  about  100  standard 
details  of  this  kind.  A  complete  file  of  these  is  furnished  to 
each  squad  leader  and  each  is  required  to  plan  his  work  in 
conformity  with  them  as  far  as  practicable.  This  does  not 
discourage  suggestions  on  the  part  of  assistants.  These  are 
always  welcomed  and  the  standards  are  revised  whenever 
better  methods  are  found.  It  does  prevent  waste  of  time  in 
study  of  unauthorized  variations  of  no  practical  value,  under- 
taken often  for  no  better  reason  than  the  desire  to  do  the 
thing  differently. 

When  conditions  are  such  that  a  type  building  cannot  be 
used,  the  general  plans,  framing  plans  and  plumbing  plans 
must  all  be  specially  made;  but  the  standard  details  are  ap- 
plicable to  these  as  well  as  to  the  type  buildings,  which  mini- 
mizes the  labor  of  detailing. 

Where  the  drawings  for  one  building  are  to  be  substantially 
like  those  for  another  building  we  take  advantage  of  meth- 
ods of  process  reproduction  in  order  to  reduce  the  amount  of 
tracing.  It  is  necessary  to  have  a  full  set  of  tracings  for  each 
building,  because  additional  prints  may  be  needed  at  any 
time,  either  during  the  progress  of  building  or  after  comple- 
tion. 

An  earlier  attempt  to  curtail  drafting  by  making  prints  for 
all  similar  buildings  from  one  set  of  tracings  and  then  apply- 
ing pasters  covering  the  variations,  had  to  be  abandoned  ow- 
ing to  the  difficulty  of  keeping  the  great  number  of  paster 
tracings,  and  of  assembling  sets  of  prints  made  up  of  the 
original  sheets  with  innumerable  pasters.  There  was  also  too 
great  a  liability  to  error. 

Where  the  ornamental  features  of  buildings  of  the  same 
type  are  alike,  the  details  for  these  are  made  in  standard 
form,  so  that  having  once  prepared  tracings  of  these  details 
for  the  first  building  they  apply  without  change  to  any  extent 
desired. 

If  all  buildings  could  be  made  to  conform  to  one  or  another 
of  the  standard  types,  plans  could  be  produced  with  great 
rapidity,  but  unfortunately  this  is  impossible.  The  present 
building  "schedule  comprises  five  new  buildings  of  Type  A, 
one  of  Type  B,  two  of  Type  C,  three  of  Type  E,  six  of  no 
standard  type,  and  seven  additions.  This  schedule  of  24  items, 
made  up  prior  to  the  adoption  of  the  type  buildings,  offers 
only  seven  opportunities  for  duplication.  In  future  building 
schedules  it  is  expected  that  greater  use  will  be  made  of  the 
standard  types. 

Buildings  requiring  additions  arc  usually  old,  badly  planned 
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ii~d  !ii  mnnv  cHpe*  do  not  lend  themselves  to  extension.     The 
•  il  sillily  reqiilretl  for  a  conipiinitlvely  small 
%   i-nnMl  or  .•xi-oed  that  for  a  new  bulldlnK 
■  present  hulUlInK  si-hoilule.  there- 
by  the  opportunity   to  ilnpllcate 
Bt>*t?u  Uuliaiiijis  Ik  lurj;cl>  tounterbnlanced  by  the  seven  ailUl- 
lions. 

Before  :  Riven  out  for  blildlng  they  are  made  com 

,,lP(e  In  ,11.  so  that  there  Is  no  room  for  inlsinuier 

;lii-  extent  or  character  of  the  work  to  bo  per- 

ilruwlni!*  for  a  Typo  .\  bulldhiK  Comprise  the 

(uiluuluK- 

.:.!.  r>!   xArsv.o                                              1"  "IniwjiiKS 

9  I'rnwInK.s 

10  (IruwlDK--' 

29  'IrawlnKS 

.s:aiuUr,l    .1.  !:.1U                 JS  ilrawliiss 

Total   H3    drawliiKS 

.Ml  pf  these  are  completed  and  available  to  the  contractors 

' ■'  — ntlng  and  all  are  Issued  to  the  successful  bidder  as 

s  contract  has  been  approved,  which  enables  him  to 
i.. ...... I   «lth  his  work  without  delay. 

This    practice    Insures    complete    checking,    cross-checking 
and  correction  of  drawings  before  any  of  them  are  given  out. 
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Face  and   Back  of  8  2-in.  x   11. in.   Building   Efficiency   Record   Card. 
Complete   Record   of   Each    Building    Is   Kept   on   These   Cards. 

Il  also  tends  to  lessen  the  number  of  extras  on  the  contracts, 
due  to  omissions  or  errors.  In  proof  of  this  it  may  be  stated 
that  in  eight  years'  work,  the  contracts  for  which  amounted 
to  $28,000,000,  extras  of  this  kind  amounted  to  only  $24,000, 
or  less  than  0.1  per  cent.  When  it  is  realized  that  the  extras 
on  one  building  frequently  equal  that  amount,  the  advantage 
of  complete,  accurate  drawings  and  specifications  becomes 
apparent. 

The  adoption  of  the  standard  specification  with  amend- 
ments has  resulted  in  a  great  saving  In  the  labor  and  ex- 
pense of  writing,  editing  and  printing  the  specifications.  No 
time  or  thought  has  to  be  devoted  to  the  standard  specifi- 
caiions,  which  comprise  about  80  per  cent  of  the  whole.  It 
is  only  necessaiy  to  take  care  of  the  variations  from  the 
standards,  or  about  20  per  cent. 

By  the  exercise  of  determination  and  against  the  judgment 
of  some  of  the  men,  It  has  been  found  not  only  possible,  but 
advantageous,  to  limit  the  size  of  drawings  to  dimensions 
that  are  practical  for  drafting  as  well  as  for  use  on  the  build- 


ing. It  Is  no  longer  necessary  for  our  draftsmen  to  recline 
full  length  on  their  work  nor  to  wear  carpet  slippers  so  that 
they  may  walk  on  it.  Neither  Is  it  necessary  for  the  con- 
tractor to  cut  his  drawings  into  sections  before  attempting  to 
use  them.  Tracing  cloth  is  purchased  in  sheets  of  standard 
size  with  a  margin  line  and  the  department  and  signature 
stamp  prlnli'd  on  each  sheet.  The  printing  is  less  expensive 
than  lining,  lettering  and  stamping  by  hnnu. 

rjiyments  on  the  contracts  are  made  on  tlie  basis  of  !10  per 
cent  of  the  amount  earned  at  various  fixed  stages  of  the  op- 
eration. Thi>  work  included  in  these  various  payments,  to- 
gether with  llu"  percentage  of  the  contract  price  to  be  paid. 
Is  jirinted  In  I  he  specillcation.  This  metliod  as  distinguished 
from  the  usual  monthly  payments,  has  been  found  highly  sat- 
isfactory, because  it  eliminates  all  controversy  as*  to  the 
amounts  earned  and  all  opportunity  for  contractors  to  obtain 
excessive  payments  as  a  i)reliminary  to  abandonment  of  the 
contract.  In  order  to  fix  the  percentages  for  the  various  pay- 
ments, an  accurate  quantity  estimate  is  made  and  this  is  seg- 
regated Into  the  payments  determined  upon. 


Hints  on  Storing  Timber  to  Prevent  Decay 

Many  serious  losses  from  decay  in  wooden  structures  are 
possibly  due  to  the  fact  that  the  timbers  used  were  infected 
with  wood-destroying  fungi  while  in  storage.  These  losses 
can  be  greatly  reduced  by  keeping  lumber  storage  yards  in 
a  sanitary  condition.  The  following  hints  as  to  how  to  do 
this  are  given  by  the  Forest  Products  Laboratory: 

Strong  efforts  should  be  made  to  store  the  products  on 
well-drained  ground,  removed  from  the  possible  dangers  of 
Hoods,  high  tides,  and  standing  water, 

AH  rotting  debris  scattered  about  yards  should  be  col- 
lected and  burned,  no  matter  whether  it  be  decayed  foundation 
and  tramway  timbers  or  stored  lumber  which  has  become  in- 
fected. In  the  case  of  yards  already  filled  in  to  considerable 
depfhs  with  sawdust  and  other  woody  debris  the  situation 
can  be  improved  by  a  heavy  surfacing  with  soil,  slag,  or  sim- 
ilar material.  Weeds  should  be  cut  away  from  the  piles  to 
allow  good   ventilation. 

More  attention  should  be  given  to  the  foundations  of  lum- 
ber piles  in  order  to  insure  freedom  from  decay  and  better 
ventilation  beneath  the  stacks.  Solid  foundations  should 
never  be  used.  In  humid  regions  the  stock  should  not  be 
piled  loss  than  18  to  24  in.  from  the  ground.  Wood  block- 
ing used  in  direct  contact  with  wet  ground  should  be  pro- 
tected by  the  application  of  creosote  or  other  antiseptic  oils 
or  else  replaced  by  concrete,  briclv,  or  other  durable  materials. 
Treated  skid  timbers  would  also  be  highly  advantageous. 

Foundations  should  be  built  so  that  the  piles  will  slope  ap- 
proximately 1  in.  to  every  foot  of  length. 

In  most  regions  lumber  should  not  be  close  piled  in  the 
open,  but  should  be  "stuck"  with  crossers  at  least  1  in.  thick. 
Lateral  spacing  is  also  very  desirable.  Roofing  or  cover 
boards  on  the  piles  should  not  be  neglected,  and  should  ex- 
tend over  for  several  inches  in  front  and  back. 

Instead  of  throwing  the  "stickers"  about  on  the  ground  to 
become  infected  with  decay,  they  should  be  handled  carefully 
and  when  not  in  use  piled  on  sound  foundations  and  kept  as 
dry  as  possible.  If  pine  saturated  with  resin,  or  the  heart- 
wood  of  such  durable  species  as  white  oak  or  red  gum  be 
employed,  the  danger  of  possible  infection  will  be  greatly 
decreased. 

In  storage  sheds  the  necessity  for  piling  higher  from  the 
ground  is  very  apparent  in  many  cases.  The  same  remedies 
apply  here  as  for  pile  foundations  in  the  open.  The  sheds 
should  be  tightly  roofed  and  the  siding  should  not  be  run 
down  below  the  bottom  of  the  foundation  sills.  Free  air 
circulation  should  be  allowed  from  all  sides  beneath  the  in- 
closure.  Only  thoroughly  dry  stock  should  be  stored  in  close 
piles  under  cover. 

Should  fungus  outbreaks  occur  in  storage  sheds  not  con- 
structed to  meet  sanitary  needs  the  Infected  foundation  tim- 
bers should  all  be  torn  out  and  replaced  with  wood  soaked 
in  an  antiseptic  solution  or  by  concrete  or  brick.  In  all  cases 
the  new  foundations  should  be  so  constructed  as  to  keep 
the  lumber  well  off  the  ground,  and  the  soil  and  timber  im- 
mediately adjoining  the  infected  area  should  be  sprayed  or 
painted  with  an  antiseptic  solution  of  a  water-soluble  salt, 
like  sodium  fluorid,  mercuric  chlorid,  zinc  chlorid,  or  copper 
sulphate. 
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Building    Heights    in    the    United 
States 

An  interesting  resume  of  the  regulations  in  various  cities 
regarding  tlie  height  of  buildings  is  given  by  M.  R.  Fleming, 
engineer  American  Bridge  Co.,  in  the  Journal  of  the  Western 
Society  of  Engineers.     An  abstract  of  the  paper  follows: 

The  term  "height  of  a  building,"  according  to  the  New 
York  code  means  the  vertical  distance  measured  in  a  straight 
line  from  the  curb  level  to  the  highest  point  of  the  roof 
beams  in  the  case  of  flat  roofs  and  to  the  average  height  of 
the  gable  in  case  of  roofs  having  a  pitch  of  more  than  20°. 
According  to  the  Chicago  code  for  non-fireproof  buildings  it 
is  measured  from  the  average  establislied  sidewalk  level  to 
the  highest  point  of  the  roof  thereof  and  for  fireproof  build- 
ings it  is  measured  from  the  average  grade  of  the  street 
frontage  of  the  building  to  the  top  of  the  highest  point  of  the 
external  bearing  walls.  Other  definitions  differing  slightly 
from  those  of  New  York  and  Chicago  may  be  found.  Cornices, 
parapet  wall,  .penthouses  and  bulkheads  are  not  often  con- 
sidered in  determining  height,  but  building  codes  generally 
place  limitations  upon  their  height  and  area. 

Frame  buildings  outside  of  fire  limits  are  variously  limited 
to  2,  2V2  and  3  stories,  or  35,  40,  45  and  50  feet  in  height. 

Buildings  having  bearing  walls  of  hollow  terra  cotta  or 
concrete  building  blocks  are  limited  to  3  stories  and  40  ft. 
in  height. 

The  code  of  Terre  Haute  has  a  clause.  "No  school  building 
hereafter  erected  shall  be  more  than  two  stories  and  base- 
ment in  height."  The  code  of  Dayton  fixes  a  maximum  dis- 
tance to  the  upper  floor  level  for  different  kinds  of  buildings, 
the  distance  for  the  primary,  grammar  and  high  school  build- 
ings being  38  feet  above  the  average  grade. 

A  long  list  of  cities  fixes  the  maximum  height  foi  non- 
fireproof  buildings  at  65  or  70  ft.  Kansas  City  (Kansas) 
allows  but  50  ft.  Detroit  for  a  certain  type  allows  100  ;t. 
In  Rochester  the  height  of  a  tenement  house  "shall  not  ex- 
ceed by  one-quarter  the  width  of  the  street  on  which  it 
stands." 

The  storm  center  of  the  whole  subject  of  building  heights 
is  the  fireproof  commercial  building.  The  factors  that  enter 
into  its  regulation  are  many  and  complex.  Much  has  been 
written  on  the  subject.  The  "Report  of  the  Heights  of  Build- 
ings Commission  of  New  York  City,"  1913,  is  a  book  of  195 
pages  with  maps,  diagrams  and  illustrations.  The  literature 
on  city  planning  that  is  becoming  so  abundant  is  at  one  in 
charging  the  skyscraper  with  being  a  detriment  to  the  ideal 
city.  The  old  idea  that  within  his  lot  lines  a  man  owned 
as  far  down  as  he  could  dig  and  as  far  up  as  he  could  build 
is  being  outgrown.  His  neighbors  and  the  community  now 
have  an  interest  in  the  use  to  which  he  puts  his  property. 

The  arraignment  against  the  liigh  building,  briefly  stated, 
is  that  it  shuts  out  sunlight  from  the  street  and  opposite 
buildings,  it  puts  the  city  to  heavy  expense  in  providing  fire 
protection,  water  supply  and  sewage,  it  is  the  cause  of  con- 
gestion on  the  street,  adding  seriously  to  the  traflSc  problem. 
There  are  also  economic  considerations  raised  by  the  dis- 
turbance of  land  values.  This  particular  phase  of  the  subject 
is  ably  presented  in  an  article.  "City  Taxation  and  Skyscraper 
Control,"  by  George  L.  Hoxie,  in  the  "Journal  of  Political 
Economy,"  February,  1915. 

Factors  Influencing  Control. — The  matter  of  sunlight  enters 
prominently  into  any  proposed  regulation  limiting  the  height 
of  buildings.  How  much  sunlight  shall  be  shut  from  the 
building  across  the  street?  The  altitude  of  the  sun  at  noon 
is  equal  to  90° — (Latitude  +  Declination).  From  this  equa- 
tion it  is  easily  found  that  on  the  22d  of  December  a  build- 
ing 100  ft.  high  in  New  York  City  on  the  south  side  of  a 
street  running  east  and  west  shuts  off  the  direct  rays  of  the 
sun  for  a  distance  of  202  ft.  from  the  base. 

Two  interesting  charts  are  given  in  the  report  of  a  com- 
mittee of  the  Minneapolis  Civic  and  Commerce  Association  on 
Limitation  of  the  Heights  of  Buildings.  The  first  shows  that 
if  the  south  side  of  an  80  ft.  street  running  east  and  west 
should  be  built  up  solidly  with  buildings  140  ft,  high,  similar 
buildings  on  the  north  side  will  receive  no  direct  sunlight 
below  the  10th  floor  for  a  period  of  several  weeks  in  December 


ofeacli  year,  no  direct  sunlight  below  the  7t!c  H'oor  until  after 
March  21st  of  each  spring  and  no  direct  sunlight  on  the  first 
floor  except  for  a  few  weeks  in  June  of  each  year.  The  second 
chart  shows  that  the  12th  floors  of  buildings  140  ft.  high  on 
an  80  ft.  street  running  north  and  south  have  the  greatest 
amount  of  sunlight,  namely,  5  hours  at  the  equinoxes,  while 
the  lower  floors  have  the  least  amount,  1%  hours  at  the 
same  date. 

The  natural  angle  of  light  is  45°.  With  this  assumption  a 
height  no  greater  than  the  width  of  the  adjoining  street  will 
not  shut  off  light  from  the  opposite  neighbor.  The  code  of 
New  Rochelle,  N.  Y.,  has  the  provision,  "No  building  shall 
project  above  a  line  of  45°  from  horizontal,  taken  from  the 
building  line  opposite  on  the  widest  street  on  which  it  fronts." 
However,  with  natural  light  and  sunlight  a  certain  amount 
of  reflected  light  is  obtained.  Assuming  this  at  15°  we  have 
a  60°  light  angle,  which  the  Minneapolis  report  referred  to 
above  states  should  be  the  maximum  angle  used  in  establish- 
ing heights.  This  allows  the  height  of  a  building  to  be 
1%  times  (1.73  to  be  exact)  the  width  of  the  street. 

It  is  evident  that  if  light  alone  were  considered  in  limiting 
building  heights,  tower  buildings  would  be  shut  out,  "One 
of  the  glories  of  New  York  is  its  towers."  A  scheme  pro- 
posed by  the  architect,  Ernest  Flagg,  limits  three-quarters  of 
every  plot  of  land  to  a  building  height  not  to  exceed  1% 
times  the  width  of  the  street  on  which  it  faces  with  a  maxi- 
mum height  of  100  ft.  No  limit  is  to  be  placed  on  the  re- 
maining portion  of  the  plot.  An  owner  is  allowed  to  dispose 
of  his  right  to  build  high  in  favor  of  any  adjoining  plot. 

It  has  been  suggested  that  volume  be  limited  rather  than 
height.  A  regulation  worked  out  for  the  City  of  Houston  is, 
"A  building  may  occupy  the  entire  lot  to  a  height  not  ex- 
ceeding the  width  of  the  principal  street  upon  which  it  faces, 
and  not  exceeding  in  any  case  100  ft.  Above  this  height  the 
cubage  of  the  building  shall  not  exceed  one-fourth  of  such 
height  multiplied  by  the  area  of  the  lot."  ("The  Regulation 
of  the  Height  of  Fireproof  Commercial  Buildings."  by  Arthur 
C.  Comey  in  "Proceedings  of  the  Fourth  National  Conference 
of  City  Planning.")  This  regulation  does  not  seem  to  have 
been  adopted;  at  least,  it  is  not  a  part  of  the  present  build- 
ing code  of  Houston. 

In  England  and  on  the  Continent  the  skyscraper  is  un- 
known. The  maxim.um  heights  allowed  in  29  Euroiiean  cities 
range  from  43  ft.  in  Zurich  to  82  ft.  in  Vienna.  (Table  in 
Report  of  the  Heights  of  Buildings  Commission  of  New  York 
City.) 

Present  Limiting  Heights. — A  common  limitation  of  heights 
of  fireproof  buildings  is  2%  times  the  width  of  the  street 
with  an  absolute  limit.  Boston  has  a  commission  on  the 
heights  of  buildings.  The  first  commisison  was  appointed 
in  1904  by  an  act  passed  that  year  the  city  was  divided 
into  two  districts.  No  building  in  district  "A"  can  be  carried 
to  a  height  of  more  than  125  ft.  above  the  grade  of  the  street; 
in  district  "B"  the  height  is  limited  to  80  ft.  The  height  of 
no  building  in  the  city  may  exceed  2%  times  the  width  of 
the  street.  The  Ames  building,  189  ft.  high,  and  two  or  three 
others  over  125  ft.,  were  built  before  the  act  of  1904  was  in 
force.  The  litigation  that  arose  from  the  Boston  restriction 
forms  an  interesting  chapter  in  legal  history. 

Other  cities  in  which  an  absolute  limit  of  125  ft,  is  in 
force  are  Augusta  (Ga.),  Cambridge,  Charleston.  Kansas  City 
(Kan.»,  Houston.  Manchester.  Portland  (Me.),  Seattle,  Shreve- 
port,  Springfield  (Mass.).  Waltham  and  Worcester.  Kansas 
City  and  Houston  reduce  the  limit  of  125  to  100  ft.  if  the 
building  is  used  for  stores,  factories  or  as  a  warehouse.  In 
Altoona  no  building  can  be  more  than  125  ft.  high  "except 
by  special  permission."  Columbia,  S.  C,  has  a  limit  of  2% 
times  the  width  of  the  street  with  a  maximum  of  125  ft., 
"except  it  be  used  exclusively  for  an  office  building," 

In  Brookline  the  limit  is  2  times  the  width  of  the  street 
with  a  maximum  of  80  ft.  Fitchburg  has  an  absolute  limit  of 
100  ft.  and  Providence  120  ft.  In  Washington  the  height  can 
not  exceed  130  ft.,  "except  on  the  north  side  of  Pennsylvania 
avenue  between  First  and  Fifteenth  streets,  northwest,  where 
an  extreme  height  of  160  ft.  will  be  allowed."  Los  Angeles, 
Pasadena,  St.  Louis,  San  Diego,  Oakland  and  South  Bend 
permit  a  height  of  150  ft.,  though  in  the  latter  two  the  height 
may  not  exceed  1%  times  the  width  of  the  street. 

The  code  of  Portland,  Ore.,  has  a  classification  of  building 
heights  based  upon  the  occupancy  of  building  and  the  ratio 
of  height  to  least  dimension  at  base.  For  skeleton  frames 
the  maximum  height  is  160  ft.  and  five  times  the  least  hori- 
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son.  ;'Hi  It  :  in  .Muwuukoo.  225  ft.;  In  Now  York  and  St. 
Paul.  250  ft. 

Buftalo  limits  the  holsht  to  four  times  the  lonst  horizontal 
dlmon.-ilon  of  the  butldlnR  and  Oonver  to  tonr  times  Its  least 
dlmensloD,  but  not  to  be  more  than  12  stories.  In  LIneoln 
the  llmltinR  hclRht  Is  four  times  the  smallest  horizontal 
dimension  at  the  first  floor  level.  In  Seattle  "the  height  ot 
fireproof  bulldlnKS.  except  as  otherwise  provided,  shall  bo 
regulated  by  n  successive  reduction  of  the  areas  of  the  floors 
above  the  third  floor." 

The  "BulldlnR  Zone  Resolution"  ot  New  York  City,  adopted 
July  26.  1916.  provides  "Kor  the  purpose  of  regulating  niul 
limltlnR  the  height  and  bulk  of  buildings  hereafter  erected. 
the  City  of  New  York  Is  hereby  divided  Into  Ave  classes  ot 
districts:  (at  one  times  district,  (b)  one  and  one-quarter 
times  districts.  (c>  one  and  one  half  times  districts,  (d)  two 
times  district,  (e)  two  and  one-half  times  districts,  as  shown 
on  the  height  district  map  which  accompanies  this  resolution 
and  Is  hereby  declared  to  be  part  hereof."  As  may  be  in- 
ferred, the  width  of  the  street  is  the  base  for  determining 
height,  although  from  2  to  5  ft.  may  be  added  to  the  height 
of  the  building  for  every  foot  It  Is  set  back  from  the  street 
line.  On  streets  more  than  100  ft.  in  width  the  same  height 
regulations  are  in  force  as  on  streets  100  ft.  wide.  This 
makes  the  absolute  limit  250  ft.  as  previously  mentioned. 

Cincinnati.  Detroit.  Louisville.  Philadelphia  and  San  Fran- 
cisco are  among  the  large  cities  in  which  there  is  no  re- 
striction upon  the  heights  of  fireproof  buildings.  The  code 
of  Detroit  expressly  states.  "Fireproof  construction  buildings 
shall  not  be  limited  In  height."  The  codes  of  San  Francisco 
and  Salt  Lake  City  have  a  paragraph,  "Class  'A'  buildings 
with  all  wall  loads  above  the  third  floor  carried  on  the  steel 
frame  shall  not  be  limited  as  to  height." 

The  Skyscraper  of  the  Future,— In  1910  only  a  dozen  cities 
restricted  the  height  of  fireproof  buildings.  The  number  lias 
now  increased  to  50.  Other  cities  will  doubtless  be  added  to 
the  list  In  a  few  years.  A  dominant  factor  in  bringing  this 
about  wUI  probably  be  the  desire  to  stabilize  property  values. 
Ib  a  large  city  without  restriction  and  already  having  sky- 
scrapers, "the  system  of  control  to  be  adopted  must,  unless 
it  be  cruelly  unjust,  apply  equally  to  the  existing  skyscraper 
and  to  new  skyscraper  construction.  .  .  .  The  problem  ot 
equalizing  the  lot  ot  real  estate  owners  who  have,  and  who 
have  not,  already  put  up  skyscrapers  Is  one  of  the  most 
serious  character."  Had  New  York  and  other  large  cities 
taken  hold  of  the  subject  25  years  ago,  the  situation  would 
be  far  different  from  what  it  is  at  present.  The  obvious 
lesson  for  the  smaller  city  is  to  ordain  from  the  start  the 
control  that  will  probably  be  needed  in  its  future  growth. 
The  state  building  code  ot  Wisconsin  will  be  quoted:  "This 
is  felt  that-this  Is  a  matter  of  general  community  welfare 
code  sets  no  limit  to  the  height  of  a  fireproof  building,  as  it 
rather  than  the  safety  of  the  Individual  occupants.  The 
Industrial  Commission  strongly  recommends  that  each  mu- 
nicipality adopt  such  a  limit,  before  the  rise  in  central  land 
values  makes  such  action  a  hardship  to  the  property  owner." 

The  altruistic  suggestion  has  been  advanced  that  no  single 
freeholder  should  be  permitted  to  build  to  a  greater  height 
than  would  be  permissible  for  all  others  to  build  in  a  similar 
way.  If  this  Vere  done  the  height  limit  would  be  low,  much 
less  than  the  125  ft.  limit  of  Boston.  Imagine  long  streets 
banked  solidly  on  each  side  with  10-story  buildings!  If 
extended  over  wide  areas  the  city  would  be  uninhabitable. 
That  such  a  condition  should  come  to  pass  is  too  improbable 
to  be  anticipated. 

However,  ideal  regulations  for  skyscrapers  include  limits 
for  area  as  well  as  limits  for  height.  A  building  that  fully 
covers  a  lot  is  entirely  dependent  upon  the  adjacent  streets 
and  lots  for  light  and  air.  If  several  adjoining  lots  are  thus 
built  upon  there  can  be  but  an  Insufficiency  of  these  essen- 
tials to  convenience  and  health. 

The  City  ot  St.  Louis  has  recently  passed  an  ordinance 
regulating  the  -height,  area  and  use  of  all  new  uildings. 
The  city  is  divided  into  three  types  of  districts:  five  heights 
^stricts  (known  respectively  as  the  45-ft.,  60-ft.,  80-ft.,  120-ft. 

Bd  150-ft.  heights  district),  four  area  districts  and  five  use 

\tricts.     The  practical  working  of  this  latest  word  in  city 

ping  will  be  watched  with  interest. 


Reduced  Wages  Not  Necessary  to 
Resumption  of  Building 

That  a  riHliicod  wage  scale  is  not  an  indispensable  prelim- 
inary 10  roaumptlon  ot  activity  in  I  ho  building  trades  is  the 
opinion  ot  Morton  Chase  Tutllo.  who  has  just  returned  to 
Boston  after  more  than  a  year  of  serviio  as  production  nian- 
agor  for  the  Culled  States  Einorgoncy  Floot  Corporation.  Mr. 
Tultlo  bases  his  judgment  on  some  very  recent  investigations 
ot  largo  construcllon  enlorprlBes  located  at  various  points 
from  New  ICngland  to  Florida,  aupplemontod  by  careful  stud- 
ies carried  out  under  his  lilroclion  by  tho  .Vborthaw  Construe 
tion  Co.  of  Boston,  ot  which  he  is  general  manager  These 
unmisUtkalily  indicate  that  increased  elllcloncy  of  labor  Is 
bringing  down  costs  even  while  wages  remain  at  existing  al 
titudes. 

"In  the  course  of  viewing  numerous  undertakings  more  or 
less  closely  associated  with  interests  of  the  Govornmont," 
says  Mr.  Tuttle,  "I  have  lately  been  impressed  to  (ind  the 
statement  commonly  made  that  costs  ot  operation  are  be- 
ginning to  show  a  noticeable  decline.  And  this,  almost  with- 
out exception,  was  attributed  to  increased  elliciency  ot  the 
labor  force,  due  in  part  to  the  opportunity  for  weeding  out 
the  less  dependable  workers,  in  part  to  the  growing  desire 
ot  all  members  of  the  force  to  retain  their  jobs. 

"Owing  to  inadequate  or  otherwise  unsatisfactory  cost  sys- 
tems maintained  in  connection  with  most  of  these  undertak- 
ings. I  found  it  impossible  fully  to  check  the  statement  by 
actual  figures.  Accordingly.  I  asked  my  own  company  to 
make  out  the  cost  ot  any  one  process  in  an  operation  con- 
tinued over  a  period  of  several  weeks.  That  which  was  se- 
lected was  a  piece  of  concrete  work;  the  costs  studied  were 
those  for  the  common  labor  employed  on  this  work  from 
Jan.  7  to  Feb.  4  of  the  present  year  inclusive.  During  this 
period  the  wage  scale  remained  unaltered;  but  the  person- 
nel ot  the  labor  force  underwent  frequent  changes. 

"A  graph  of  the  labor  cost  of  the  work  during  the  period 
noted  shows  a  sharp  and  almost  undevlating  decline  from 
day  to  day.  On  Feb.  4  these  costs  were  exactly  50  per  cent 
less  per  unit  than  were  those  of  Jan.  7.  It  is  my  belief  that 
the  experience  of  my  company  is  by  no  means  isolated,  and 
that  in  almost  any  labor  force  there  lies  the  opportunity  ot 
realizing  economies  ranging  from  20  to  50  per  cent  without 
interferiug  with  the  wage  scale. 

"This  implies,  of  course,  that  there  is  now  increased  op- 
portunity for  selecting  men  according  to  their  suitabilty  for 
a  given  task,  and  an  increased  eagerness  on  the  part  of  the 
men  to  make  good.  But  this  is  as  it  should  be,  and  the  whole 
country  ought  soon  to  feel  the  effect  of  it  in  general  improve- 
ment at  all  points.  It  is  a  case  of  supplanting  so-called 
liquidation  of  labor  by  proper  adaptation  of  labor  as  a  means 
of  keeping  the  cost  of  doing  things  within  the  bounds  of 
utility. 

"And  in  this  connection  it  may  well  be  urged  that  state 
of  mind  is  often  as  potent  a  factor  in  ultimate  labor  costs  as 
is  the  rate  per  hour.  Any  one  experienced  in  handling  work- 
men has  recognized  the  difference  in  output  between  a  cheer- 
ful, capable  man,  anxious  to  hold  his  place,  and  one  who  is 
a  little  disgruntled  and  quite  conscious  that  he  can  get  an- 
other job  the  moment  he  drops  the  present  one.  Multiply 
either  case  by  thousands  of  individual  instances  and  I  believe 
that  there  will  be  found,  in  shifts  ot  mental  attitude,  the  ex- 
planation of  much  of  the  variation  which  occurs  in  unit  cost. 
And  this,  after  all,  is  the  element  of  labor  which  directly 
affects  the  profits  of  the  employer." 


They  Do  Things  in  a  Big  Way  in  the  Army. — A  new  use  for 
construction  equipment  has  been  "invented"  by  an  ingenious 
doughboy  now  with  an  engineer  regiment  in  France.  Writ- 
ing to  his  home  town  newspaper  he  describes  the  army 
kitchen  as  follows:  The  building  is  928  ft.  long  and  300  ft. 
wide  and  it  takes  IS  firemen  to  keep  it  warm  enough  to  work 
in.  We  have  579  cooks  and  700  on  kitchen  police  duty.  We 
mash  our  potatoes  with  a  pile  driver  and  grind  our  coffee 
with  a  350-HP.  Liberty  motor.  Our  empty  pans  are  hauled 
out  on  railroad  trains.  The  kitchen  police  go  around  on 
roller  skates.  The  mess  sergeant  rides  around  on  a  motor- 
cycle shouting  orders  through  a  megaphone.  Now  for  flap- 
jacks, we  mix  the  batter  with  12  concrete  mixers.  We  also 
have  steam  shovels  moving  egg  shells  away  from  the  door 
and  six  kitchen  police  with  bacon  rinds  strapped  on  their  feet 
keep  the  griddles  greased. 
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Bridge  Substructure  Construction 

With  Concrete  Caissons  Sunk 

by  Open  Excavation 

Method 

In  the  construction  of  ordinary  railroad  bridges  it  is  fre- 
quently necessary  to  put  the  footings  a  considerable  distance 
below  the  ground  line,  or  the  bed  of  the  stream,  in  order  to 
obtain  a  good  foundation  or  to  eliminate  danger  from  scour. 
In  foundation  work  of  this  kind  the  concrete  caisson  sunk 
by  the  open  method  of  excavation  has  its  field.  The  caisson 
can  either  be  completely  built  over  its 
final  location,  before  sinking  operations 
start,  or  it  can  be  partly  built,  sinking 
started  and  additional  sections  of  concrete 
added  from  time  to  time  as  the  sinking 
progresses.  If  the  location  of  the  pier  is 
in  the  wet  part  of  the  channel,  the  caisson 
may  be  built  on  temporary  staging  and 
lowered  to  position  on  the  bed  of  the  stream 
by  means  of  lowering  screws.  In  other 
cases  the  caisson  may  be  built  on  an  ar- 
tificial island.  An  interesting  discussion  of 
the  experiences  of  the.  Chicago,  Burlington 
&  Quincy  Railroad  with  concrete  caissons 
in  bridge  foundation  work  was  given  by 
Mr.  L.  W.  Skov,  assistant  engineer,  bridge 
department,  in  a  paper  presented  before 
the  Western  Society  of  Engineers.  The 
matter  in  this  article  is  taken  from  Mr. 
Skov's  paper. 

Design  and  Construction  of  Concrete 
Caissons. — The  walls  of  the  caissons  are 
designed  for  a  variable  unit  load  equal  to 
that  usually  used  in  designing  retaining 
walls  holding  an  earth  fill.  In  cases  where 
a  considerable  head  of  water  is  expected 
the  hydrostatic  pressure  is  added  to  the 
above  unit  pressure.  When  the  caissoas 
w  1- 

are  rectangular  in  shape,  is  used  for 

8 
computing    the    bending    stresses,     no     ac- 
count   being    taken    of    continuity    between 
the  several  sections  of  wall  formed  by  the 
cross  struts,  no  reinforcing  being  placed  on 
the   outside   face    of   the   caisson   at   points 
opposite  the  cross  walls.     While  this  is  not 
theoretically    correct,    no    signs    of    failure 
have  been  noted  from  this  cause.    The  bot- 
tom of  the  sidewalls  and  interior  struts  are 
tapered  down  to  a  width  of  from  3  in.  to 
1  ft.  on  the  bottom,  to  form  a  cutting  edge. 
Where  caissons  are    sunk    through  clay  or 
sand  it  is  customary  to  leave  the  concrete 
cutting    edge    unprotected;     where    gravel, 
rip  rap  or  other  hard  materials  are  encoun- 
tered the  cutting  edge  is  protected  by  steel  angles  or  hard- 
wood timbers,  depending  on  the  material  through  which  the 
caisson  is  to  be  sunk.     Steel  protected  cutting  edges  are  not 
used  except  where  the  material  penetrated  is  very  hard  and 
offers   a   great   resistance   as   the   hardwood   cutting   edge   is 
found   to   give  better   protection   to  the  concrete  and   on  ac- 
count   of   its   greater   width   gives   a    much    stronger   caisson 
wall  near  the  bottom. 

One-half  inch  square  bars,  spaced  about  1  ft.  centers  are 
placed  vertically  in  the  walls  to  tie  the  concrete  together 
and  to  help  distribute  local  loads  over  a  greater  area  of  wall. 
Openings  are  left  in  the  interior  walls  of  sufficient  size  to 
allow  the  free  passage  of  men  and  tools  from  one  chamber  to 
another  in  caissons-  where  the  excavation  is  to  be  done  by 
hand.  The  walls  of  the  caissons  are  made  of  1:2:4  concrete 
and  the  core  of  1:3:6  concrete.  The  only  reinforcing  used 
in  the  core  are  the  stub  bars  for  tieing  on  the  neat  work. 
These  bars  are  spaced  about  2  ft.  centers  and  are  only 
counted  on  to  prevent  temperature  cracks.  In  the  larger 
caissons  where  the  excavation  is  removed  by  the  use  of  grab 
buckets  or  pumps,  the  interior  walls  are  usually  stopped  off 
about  2  ft.  above  the  cutting  edge  and  no  holes  left  between 
the  various  compartments. 


In  cases  where  caissons  are  sunk  to  eliminate  danger  of 
scour,  it  may  be  found  necessary  to  drive  piling  to  carry  the 
load.  In  this  case  the  piles  are  driven  in  the  usual  way, 
after  the  excavation  has  been  completed.  Caissons  sunk 
under  these  conditions  are  usually  full  of  water  and  require 
sealing  around  the  piles  with  a  tremie.  After  the  concrete 
has  sufficiently  set.  the  water  is  pumped  out,  the  piles  cut 
off,  and  the  balance  of  the  caisson  filled  with  concrete. 

When  it  is  desirable  not  to  have  the  caisson  project  above 
the  ground  line  a  triple  lap  wooden  cofferdam  is  built 
on  top  of  the  concrete  caisson,  the  lower  wale  being  bolted 
to  the  concrete.  When  the  pier  has  been  constructed  it  is 
an  easy  matter  for  a  diver  to  remove  this  wooden  crib  by 
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Fig.  1. — Type  of  Caisson  for  Sinking  to  Great  Depths. 

the    nuts    on    the    bolts    holding    down    the 


just    unscrewing 
cofferdam. 

Methods  of  Sinking  Caissons. — In  one  of  the  first  concrete 
caissons,  built  in  1912,  by  the  C,  B.  &  Q.  R.  R..  steel  angles 
and  plates  were  used  to  protect  the  concrete  cutting  edge, 
the  cutting  edge  being  made  very  narrow  to  insure  sinking 
of  the  caisson  by  its  own  weight.  It  has,  however,  been 
found  by  experience  that  it  is  not  necessary  to  employ  as 
narrow  a  cutting  edge  as  the  one  used  for  this  caisson. 

This  caisson  was  excavated  by  hand,  the  material  being 
removed  by  a  hoisting  engine  having  two  nigger-heads  placed 
on  the  ends  of  the  drum  shafts,  from  which  ropes  were  run 
through  sheaves  attached  to  the  old  bridge,  directly  over  the 
caisson  locations.  These  ropes  were  provided  with  sling 
arrangements  which  hooked  onto  the  wheelbarrow  wheel  and 
handles.  The  loaded  barrow  upon  reaching  the  top  of  the 
caisson  was  pulled  over  to  one  side  rf)f  a  platform  and  then 
wheeled  over  and  dumped  on  the  river  bank.  The  excavating 
gang  consisted  of  12  men.  and  an  average  of  12  cu.  yds.  was 
excavated  daily.  A  boulder  4  ft.  in  diameter,  resting  on  the 
bedrock  and  located  directly  under  one  of  the  caisson  walls, 
was  encountered.  As  the  boulder  rested  on  bedrock,  it  was 
thought  best  not  to  move  it  as  this  would  require  a  great 
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Fig.  2. —  Details  of  Sand   Pump. 

count  of  the  greater  cost  of  forming.  Xo  opening  was  made 
in  the  strut  wall  as  the  caisson  was  not  a  very  high  one. 

This  caisson  was  hand  excavated,  the  material  being  re- 
moved by  shoveling  in  stages.  As  the  caisson  was  sunk  for 
the  purpose  of  getting  below  the  scour  line,  and  as  there  was 
no  hard  ground  here  near  the  surface,  softwood  piles  were 
driven  to  carry  the  load.  This  caisson  was  sunk  through  clay, 
and  only  a  small  amount  of  water  was  encountered. 

In  another  caisson  built  in  1912.  on  account  of  the  greater 
height,  an  opening  for  communication  between  the  various 
compartments  was  built.  This  caisson  was  sunk  through  stiff 
clay,  and  for  a  while  considerable  trouble  was  being  experi- 
enced in  making  the  caisson  settle.  Even  after  the  excava- 
tion had  been  removed  below  the  cutting  the  box  would  re- 
main suspended.  It  so  happened  that  the  old  bridge  at  this 
point  was  a  pile  trestle,  the  new  caissons  being  built  between 
the  old  pile  bents.  The  foreman  one  day  conceived  the  idea 
that  it  would  be  possible  to  put  up  struts  resting  on  the  top 
of  the  caisson  and  long  enough  to  reach  the  bottom  of  the 
stringers  of  the  trestle  bridge  which  would  deflect  under 
load,  and  then  let  a  train  across  the  bridge,  and  in  this  way 
give  the  box  an  initial  start.  This  scheme  w'as  tried  and 
worked  very  well.  After  the  caisson  was  once  started  in  this 
way  the  skin  friction  was  reduced  enough  to  allow-  it  to  sink 
down  as  far  as  the  excavation  had  been  made.  Not  a  great 
deal  of  water  was  encountered.  The  piling  was  driven,  and 
the  caisson  sealed  as  previously  explained. 

In  the  reconstruction  of  a  bridge  over  the  Black  River  near 
Lytle.  Wis.,  the  caissons  were  built  on  platforms  resting  on 
piling.  The  piles  under  the  old  truss  were  driven  by  a  loco- 
motive driver:  the  piles  outside  of  the  trusses  were  driven 
by  a  floating  driver.  The  pilings  w-ere  driven  in  a  rectangle, 
clearing  the  outside  dimensions  of  the  caissons  about  1  ft., 
the  spacing  varying  from  5  to  7  ft.  along  the  perimeter  of  the 
caisson.  The  piles  were  then  cut  to  grade  and  capped  with 
one  12-in.  x  12-in.  fir.  timber  halved  at  the  joints  and  fastened 
to  each  pile  with  a  %-in.  x  2-ft.  drift  bolt.  Wedges  3  in. 
thick  were  placed  on  top  of  the  cap  at  intervals  of  3  ft.  and 
a  4-ui.  X  12-in.  bolster  placed  on  them.  On  these  4-tn.  x  10-in. 
bolster  stringers  were  placed  1-ft.  6-in.  centers,  with  one  12- 
in.   X  12-in.   timber  imder  each   end   wall.    This   construction 


was  then  floored  over  with  3-in.  x  lu-in.  i)lank  and  forms 
erected,  reinforcing  steel  placed  and  concrete  poured.  The 
concrete  was  delivered  In  V^-yd.  dump  cars  run  on  a  track 
built  on  tics  extended  beyond  the  trusses. 

After  a  lapse  of  time  sufficient  to.  let  the  concrete  set,  the 
caissons  wore  raised  clear  of  the  platform  by  tightening  up 
the  six  2V4ln.  lowering  scpews.  The  lowering  screws  were 
supported  on  pairs  of  old  j^'irders  resting  on  pile  bents  driven 
outside  the  platform  piles.  The  wedges  were  then  removed 
thus  leaving  clearance  to  remove  the  plan  flooring  and  striup- 
ers  with  ease. 

Lowering  was  then  started  by  simultaneously  slacking  up 
the  nuts  on  the  six  suspension  rods.  This  required  2  men 
for  each  screw  using  wrenches  with  gas  pipe  handles.  The 
weight  of  the  concrete  alone  in  each  of  those  caissons  is  105 
tons. 

As  these  caissons  could  not  be  built  more  than  7  ft.  high 
and  clear  the  old  bridge,  it  was  necessary  to  extend  them 
by  the  use  of  limber  cribbing  on  top  of  the  concrete,  as  lower- 
ing progre9,spd.  The  caissons  had  to  be  lowered  about  16  ft. 
before  landing.  This  lowering  was  accomplished  at  the  rate 
of  about  1  ft.  per  hour. 

The  underlying  material  was  sand  and  old  logs;  the  sand 
was  removed  by  submerged  centrifugal  pumps.  During  the 
sinking  of  one  of  the  caissons  219  water-logged  logs  were 
encountered  and  were  removed  by  breaking  them  up  with  a 
spud  bar  just  outside  of  the  caisson  walls  and  then  pulling 
them  up  through  tlie  inside  of  the  caisson. 

Next  the  foundation  piling  was  driven  under  water,  a  loco- 
motive driver  being  used  for  the  piles  coming  under  the  old 
truss  spans  and  a  floating  driver  for  the  remainder;  a  follower 
was  used  in  both  cases.  Upon  completion  of  pile  driving  the 
caissons  were  sealed  to  a  depth  of  about  3  ft.,  the  concrete  be- 
ing deposited  through  a  tremie. 

The  caissons  w-ere  then  pumped  out.  the  piles  cut  off  and 
the  pier  completed. 

The  caisson  used  from  pier  No.  8  of  the  Metropolis  Bridge 
was  the  largest  concrete  caisson  ever  built  by  the  Burlington. 
This  caisson  was  sunk  through  a  sandy  clay  to  a  depth  of 
50  ft.  below  tlie  ground  line  where  a  sand  foundation  was 
obtained.  Originally  it  was  planned  to  sink  this  caisson 
about  35  ft.,  but  when  this  depth  was  reached  the  soil  was 
still  unsatisfactory  to  carry  the  large  loads  coming  on  this 
pier,  so  it  was  decided  to  continue  sinking  until  satisfactory 
foundation  could  be  had  at  a  depth  of  50  ft.  This  caisson  was 
started  just  before  one  of  the  greatest  high  water  periods 
ever  known  on  the  Ohio  River  set  in,  and  had  to  be  tempo- 
rarily abandoned  as  the  water  rose  way  over  the  top  of  it. 
After  the  water  had  fallen  sufficiently  to  make  the  ground  dry 
around  the  pier,  work  was  again  started.  The  timber  coffer- 
dam had  been  wrecked  by  the  high  water  and  was  substituted 
by  building  an  additional  16  ft.  of  concrete  caisson  on  top 
of  the  original  one.  On  top  of  this  a  timber  crib  consisting 
of  12-in.  by  12-in.  timbers  laid  one  on  top  of  the  other  was 
built.  Struts  of  12-in.  x  12-in.  timbers  divided  this  crib  into 
the  same  number  of  compartments  as  the  concrete  caisson 
below. 

The  excavation  was  removed  by  two  clamshells  operated 
from  stiff-leg  derricks  resting  on  pile  supports  driven  at  op- 
posite corners  of  the  caisson.  Upon  completion  of  excavation, 
129  soft  wood  piles  were  driven  with  long  leads  extending 
down  into  the  caisson.  The  driver  rested  on  top  of  the 
wooden  crib  and  was  easily  moved  from  pile  to  pile.  After 
all  the  piles  had  been  driven  the  caisson  was  sealed  through 
40  ft.  of  Water,  a  tremie  being  used. 

After  the  concrete  had  sufficiently  set  the  caisson  was 
pumped  out  and  the  remainder  of  the  concrete  poured  in  the 
dry. 

The  caisson  was  not  completely  filled  with  concrete,  but 
open  pockets  were  left  along  the  two  sides  of  the  pier,  re- 
sulting in  a  considerable  saving  of  concrete.  Upon  comple- 
tion of  the  pier  to  the  top  of  the  concrete  "caisson  the  tim- 
ber crib  was  removed,  letting  the  dirt  fall  into  the  ????  ?  ???? 
side  pockets.  All  the  timber  was  salvaged,  which  conse- 
quently made  a  pier  strut  without  any  timber  stVuts  running 
through  it  as  would  have  been  the  case  had  open  cofferdam 
construction  been  employed. 

Figure  9  shows  a  type  of  caisson  used  where  it  is  necessary 
to  sink  to  a  great  depth.  The  caisson  was  built  on  an  island 
of  sand,  pumped  in  from  the  riverbed  by  the  same  dredge 
that  was  used  for  placing  the  railwa-y  embankment  along  the 
river.     Numerous   soundings   were   taken   at   the   location   of 
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the  outside  faces  of  the  caist-ons  in  order  to  determine  the 
exact  shape  of  the  rock  bottom  at  the  site  of  each  pier.  The 
cutting  edges  were  then  built  to  conform  to  these  contours. 
This  feature  would  greatly  have  complicated  the  framing  of 
timber  caissons. 

The  sand  was  removed  partly  by  a  clamshell  operated  from 
a  stiff-leg  derrick  set  up  on  piling  driven  before  the  tempo- 
rary island  was  made  and  by  the  use  of  sand  ejectors.  The 
details  for  this  are  shown  in  Fig.  2.  This  ejector  works  on 
the  same  principle  as  the  self-lifting  boiler  injector,  except 
that  a  stream  of  water  is  passed  through  the  nozzle  instead 
of  steam.  The  water  was  delivered  through  a  4-in.  pipe  line 
to  the  3  21^-in.  flexibles  from  a  Deane  duplex  10-in.  suction 
8-in.  discharge  pump  set  up  on  the  river  bank  at>  the  north 
end  of  the  bridge.  The  pump  was  operated  by  an  old  loco- 
motive boiler  of  about  100  HP.  capacity  and  the  water  pres- 
sure was  maintained  at  about  200  lb.  per  square  inch. 

The  caisson  was  constructed  to  a  height  of  about  10  ft.; 
the  forms  removed  and  sinking  began  additional  sections  S 
to  10  ft.  high  being  added  as  the  sinking  progressed.  The 
same  forms  were  us_ed  ."i  or  6  times  and  were  made  of  wood. 

At  the  time  the  sinking  of  the  caisson  for  pier  No.  5.  or 
rather  the  north  abutment,  had  progressed  to  within  6  or  7 
ft.  from  rock,  a  strata  of  very  hard,  somewhat  cemented  sand 
was  encountered  which  offered  considerable  resistance  to 
sinking,  as  it  would  not  flow  away  from  under  the  cutting 
edge  even  when  the  center  of  the  caisson,  was  excavated  con- 
siderably below  the  cutting  edge. 

The  caisson  was  finally  landed  on  rock  after  sand  boxes 
containing  a  large  amount  of  sand  had  been  added  to  the  top 
of  the  caisson,  a  trench  from  5  to  6  ft.  deep  excavated  along 
the  entire  perimeter  of  the  caisson,  the  hard  strata  broken 
up  by  explosion  of  several  half  sticks  of  dynamite  at  various 
points  by  jetting  and  enough  water  pumped  out  to  allow  the 
material  under  the  cutting  edge  to  flow  into  the  caisson. 

Figure  3  shows  a  design  of  caisson  especially  adopted  for 
deep  foundation  work.  This  caisson  was  one  of  several  sunk 
in  the  Platte  River  near  Ashland,  Neb. 

The  new  substructure  consisted  of  20  new  piers,  so  located 
as  to  miss  the  old  piers.  Caissons  for  piers  6  to  16,  inclusive, 
and  pier  18  were  made  of  reinforced  concrete  as  shown  in 
Fig,  3.  All  forms  for  moulding  these  cais-^ons  were  of  wood, 
and  so  constructed  fliat  they  could  be  removed  and  used 
again. 

The  excavation  was  made  with  a  clamshell  bucket  operated 
from  a  track  derrick  on  the  temporary  bridge,  or  from  a  stiff- 
leg  derrick  and  hoist,  the  latter  being  used  wherever  possi- 
ble. After  the  removal  of  each  5  or  8  cu.  yd.  of  sand  a  %- 
lb.  stick  of  40  per  cent  dynamite  was  exploded  in  the  exca- 
vated pit.  By  this  method  it  was  possible  to  prevent  the  sand 
from  rushing  into  the  working-chamber:  and  it  seemed  also 
to  materially  help  starting  the  caissons  to  settle,  after  a  depth 
had  been  reached  where  the  skin  friction  was  large. 

The  perpendicular  position  of  the  caissons  was  maintained 
by  regulating  the  excavation  in  the  bottom,  and  by  the  use 
of  shores  against  the  outside  of  the  shaft.  At  times  it  was 
necessary  to  employ  a  diver  to  remove  rocks,  boulders,  and 
logs  from  under  the  cutting  edges. 

The  excavation  was  usually  from  3  to  4  ft.  below  the  cut- 
ting edge  before  the  caissons  would  settle.  In  founding  the 
caisson  on  the  rock  the  last  3  or  4  ft.  of  sinking  was  done  bv 
lowei'ing  the  water  in  the  caisson,  thereby  causing  the  sand 
to  be  washed  in  under  the  cutting  edge,  and  permitting  the 
caisson  to  settle  by  its  own  weight  to  within  a  few  inches 
of  bedrock.  The  small  amount  of  sand  around  the  cutting 
edges  which  could  not  be  removed  was  then  thoroughly 
grounted  with  cement,  applied  through  a  2-in.  steam  jet.  The 
bottom  was  then  sealed  with  a  5-ft.  course  of  1:2:4  concrete 
placed  in  the  water  by  a  %-yd.  drop-bottom  bucket.  After 
this  had  set  for  12  hours,  a  second  course  was  placed,  mak- 
ing a  total  of  from  10  to  14  ft.  of  concrete  in  the  bottom  of 
the  caisson.  This  was  allowed  to  set  24  hours  before  the 
caissons  were  unwatered.  After  the  caissons  had  been  un- 
watered  they  were  filled  with  1:3:6  concrete.  The  piers  were 
completed  to  proper  height  by  placing  reinforced  concrete 
caps  on  top  of  the  caissons,  and  anchored  to  them  as  shown 
in  Fig.  3. 

With  a  track  derrick  using  1  yd.  Browning  orange-peel 
bucket,  a  maximum  of  6  ft.  was  sunk  in  10  hours;  with  the 
stiff-leg  derrick  and  hoisting  engine  rig,  a  maximum  of  10 
ft.  in  10  hours  was  made.  The  loss  of  time  with  the  track 
derrick  on  account   of  traflnc  amounted  to   2.5   per  cent.     All 

(67) 


the  concrete  caissons  except  two  were  started  on  artificial 
islands  constructed  as  follows:  a  diversion  dam  consisting 
of  brush  and  rock  was  placed  in  the  shallow  water  just  above 
the  pier  site.  In  the  still  water  back  of  this  dam  a  wooden 
cofferdam  24  ft.  square,  and  from  4  to  6  ft.  deep  was  coa- 
structed.  and  tilled  with  sand,  on  which  forms  for  the  base 
of  the  caisson  were  erected.  After  sinking  the  caisson  from 
10  to  12  ft.  the  cofferdam  was  removed  and  reused  for  the 
next  pier. 

At  pier  No.  11  the  water  was  12  ft.  deep.  Here  the  caisson 
was  constructed  on  a  suspended  platform,  and  lowered  into 
place  by  means  of  six  2'/^-in.  screws  24  ft.  long.  The  plat- 
form was  supported  from  two  60-ft.  girders  placed  13  ft.  cen 
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Fig.   3. — Caissons  for   Deep   Foundations. 

ters  on  pony  bents  set  on  the  oUi  bridge  piers.  The  weight 
of  the  caisson  was  about  125  tons. 

Pier  18,  which  was  the  last  to  be  completed,  presented 
many  difficulties,  owing  to  the  fact  that  an  old  oak  crib  filfec) 
with  rip-rap  and  sheeted  with  boiler  iron  on  the  upstream 
end,  had  tipped  over  and  settled  somewhat  below  the  river- 
bed. Here  a  sheet  pile  cofferdam  19  ft.  sq.  was  driven  after 
the  proposed  line  of  the  cofferdam  sides  had  been  sufficiently 
cleared  of  debris.  The  clearing  was  done  by  drilling  holes  IS 
in.  part,  with  a  Davis  Calyx  core  drill  and  exploding  from  5 
to  15  lb.  of  60  per  cent  dynamite  in  each  hole. 

Upon  completion  of  the  driving  of  the  cofferdam  the  debris 
was  removed  by  the  use  of  dynamite,  divers,  dredge  buckets 
and  sand  pumps.  When  this  work  had  been  completed  the 
cofferdam  was  filled  with  sand  from  the  riverbed  to  a  little 
above  the  water  level,  the  forms  for  the  caissons  placed  and 
concreted.  Thereafter  the  work  progressed  without  inter- 
ruption. 


Meeting  of  New  York  Chapter  American  Association  of  En- 
gineers.— The  New  York  Chapter  of  the  Association  will  hold 
a  meeting  at  8  p.  m.,  March  28,  ai  the  Hotel  McAlpin,  New 
York  City.  Mr.  C.  E.  Drayer.  National  Secretary  of  the  As- 
sociation, will  deliver  an  address. 
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Reqiiircinents  of  Sla^  for  A^^re^ate 
in  Concrete 

'  ■■  mlty  in  .•ipocllU-iillon  ri'ijiilriMuoiUs  for  slug  ns 

u  •  ^.iti'  wore  puliiloti  out   In  ii  i-omniittee  report 

BUbmltti'd  laol  week  to  the  20th  niiiiuni  convention  of  the 
Amorlcan  Knilwny  Knglnoorlng  Association.  In  the  report 
the  coninilttee  suiumariKcd  as  follows  the  rctiiiirenients  in 
10  specifications  for  slag  to  be  used  in  concrete: 

A>  to  orlKln,  only  two  spcciUcations  definitely  called  lor 
blast  rtirnnco  slag,  all  others  read  so  as  to  permit  the  prod- 
ucts of  the  steel  furnace  as  well  us  the  blast  furnace. 

Air  coolluK  is  general  and  represents  the  typo  of  material 
desired.  This  can  be  required  without  causing  any  commer- 
cial diinculties.  When  It  comes  to  the  matter  of  age  or  lime 
of  seasoning,  the  case  Is  not  so  clear  and  the  requirements 
vary.  Some  specllications  demand  a  year's  seasoning,  others 
permit  the  use  of  the  material  after  two  or  thi"ee  weeks.  The 
necessity  for  this  depends  on  the  nature  of  the  slag.  Accord- 
ing to  Sauford  E.  Thompson,  a  liin.'si.ni.-  -;liig   (one  contaln- 


Constructive  Criticism  of  the 
Architect* 

Hy   F.  W".  FITZI'ATIUCK. 

It  seems  lo  mo  that,  all  summed  up,  everytliiuK  consiilerea, 
service  should  be  the  slogan,  the  watchword  and  the  battle 
cry  of  the  architect,  and  elliciency  his  aim  in  rendering  the 
highest  quiillly  of  that  service.  He  Is  not  manuracluriug  a 
certain  grade  of  goods  that  the  public  can  buy  or  leave  alone; 
rather  is  he  creating  something  special  in  every  case  that 
should  be  preeminently  suitable  to  the  particular  purpose 
or  wants  of  the  client. 

How  thoroughly  does  the  average  architect  do  tliis? 

All  too  often  he  deems  the  client  merely  a  necos.sary  evil, 
a  nuisance;  liis  lofty  ambition  Is  to  erect  beautiful  biiildings, 
monumental  e.xteriors  to  his  own  skill  in  copying  the  work 
of  masters  of  past  times  and  conditions.  He  bring:;  neither 
the  experience  with  the  varied  problems  of  business  or  other 
specialized  buildings,  nor  the  earnest  study  these  w^ould  jus- 
tify, to  bear  upon  the  solution  of  the  problem  in  hand. 

He  worships  too  fervently  at  the  shrine  of  the  Front.  The 
plan,  the  client's  greatest  wants,  the  prime  purpose  of  the 
building,  the  cost,  the  revenue,  all  must  be  beaten  into  shape 
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.MKCIFICATION  REQUraEMENTS  FOR 

SLAG. 

Sulphur, 

IJnie, 

Silica, 

Air 

Weight, 

not 

not 

not  less 

Strength 

Origin. 

cooled. 

Age. 

lb.   per 

over 

over 

than 

cu.    ft. 

Per  cent. 

Per  cent. 

Per  cent. 

Blast  furnace 

Tea 

2  mo. 

70 

l.T* 

48 

33% 

Yes 

i  ■  y  r. 

65t 

1.7 

48 

32 

t 

74 

Blast  furnace 

Yes 

75 

1.3 

•  V 

70 

1.5 

45 

32 

•  4" 

Yes' 
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66 

68 
70 

20 
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•No  free  sulphur,  chemical  analysis  everv  2.000  cu.  yd.  tAfter  shaking  to  refusal.  tAbrasion  loss  not  more  than  ten.  Factor  of 
hardness  not  lei=s  than  twelve.  Factor  of  toughness  not  less  than  six.  "Toughness  not  less  than  five.  ttLive  slag  3  months;  Mag. 
slag  less. 


tng  only  1  to  2  per  cent  of  magnesia)  is  not  stable  until  sea- 
soned for  considerable  periods,  while  a  magnesia  slag  (one 
containing  4  per  cent  or  more  of  magnesia)  is  commonly 
used  within  two  or  three  weeks  after  banking,  as  no  chem- 
ical change  is  apparent  on  exposure. 

The  weight  is  the  most  definite  requirement  and  concern- 
ing which  there  is  the  greatest  uniformity;  70  lb.  per  cubic 
foot  would  seem  to  be  a  conservative  yet  reasonable  figure. 

Strength  requirements  are  considered  as  impractical  and 
without  adequate  precedent.  Those  discovered  apply  only  to 
materials  to  be  used  in  pavements  where  resistance  to  abra- 
sion or  surface  impact  is  important. 

Chemical  limitations  are  placed  in  specifications  for  slag 
presumably  to  exclude  materials  containing  unstable  com- 
pounds or  elements  of  a  disintegrating  or  corrosive  nature. 
The  content  of  sulphur  receives  the  widest  attention  in  this 
regard  and  the  limitation-has  been  variously  stated  at  from 
1  to  2  per  cent  where  it  is  covered  in  the  specification. 

The  presence  of  unslaked  lime  seems  to  be  of  more  vital 
importance  since  the  presence  of  this  material  would  ob- 
viously tend  toward  unsoundness  of  the  slag  on  exposure  to 
moisture  unless  neutralized  by  acid  ingredients.  It  is  because 
of  this  that  some  specifications  place  the  limitations  on  the 
lime  content  and  specify  a  minimum  amount  of  silica  to 
insure  that  enough  of  the  SiO;  radical  shall  be  present  to 
stabilize  the  CaO.  As  some  users  of  slag  are  of  the  opinion 
that  the  seasoning  of  the  material  in  a  bank  exposed  to  the 
weather  would  insure  the  elimination  of  any  free  lime  and 
as  there  appear  to  be  no  test  data  available  tending  to  dem- 
onstrate the  adequacy  and  efficacy  of  these  chemical  require- 
ments for  sulphur,  lime  or  silica,  the  committee  does  not  feel 
qualified  to  make  any  definite  recommendation  in  this  re- 
gard. 

In  using  slag  in  concrete  it  is  necessary  to  include  a  re- 
quirement in  the  specification  tor  the  concrete  that  will  in- 
sure proper  proportions.  Very  strong  concrete  may  be 
made  with  slag  if  the  proportion  of  cement  and  fine 
and  coarse  aggregates  is  such  as  to  provide  high  density, 
but  owing  to  the  porous  nature  of  most  slags,  somewhat 
larger  quantities  of  cement  and  fine  aggregate  will  be  re- 
quired to  obtain  the  desired  density  than  is  the  case  of  most 
ordinary-  materials  used  as  coarse  aggregates. 
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or  sacrificed  to  fit  some  wondrous  exterior  copied  from  great 
antiquity. 

Strange  what  a  fascination  the  past  has  for  us.  The  old 
boys  of  aeons  ago,  other  times  and  crfmes,  built  beautifully 
and  appropriately  to  their  times  and  climes.  Their  temples 
and  tombs  were  refined,  graceful,  marvels  of  "frozen  music," 
as  architecture  has  been  most  aptly  termed.  Sometimes  it 
took  centuries  to  build  those  structures.  Time  counted  tor 
little.  The  world  was  leisurely  romantic  and  offered  much  in- 
cense to  the  arts.  But  tell  me,  what  sense  is  there  in  attempt- 
ing to  beat  our  intensely  practical,  rushed,  modern  and  cli- 
matic requiretnents,  every  blessed  one  of  them,  into  the  ex- 
ternal shape  of  some  tomb  or  temple  of  B.  C.  times?  Frankly, 
loving  the  classic  as  I  do,  enraptured  as  I  am  over  it  in  its 
natural  surroundings  and  settings,  I've  gotten  so  that,  as 
beautiful  and  perfect  as  you  can  make  a  classic  design,  I  am 
soured  on  it.  tired  and  weary  and  sick  at  seeing  modern  office 
buildings,  churches,  schools,  theaters,  warehouses,  residences, 
stables  and  dog  kennels  all  a  la  Baths  of  Diocletian  or  Tem- 
ples of  Diana.  Why  not  be  consistent  and  clothe  the  ticket 
seller  at  your  classical  railway  stations  and  the  elevator  boys 
at  your  temple-like  oflRce  buildings  in  Roman  togas,  fillets, 
and  sandals? 

Granted  that  the  wondrous  buildings  of  the  Chicago  World's 
Fair  and  some  of  our  great  governmental  structures  grace- 
fully fill  and  fit  the  classic  garb  borrowed  from  antiquity, 
still  it  at  least  shows  most  appalling  paucity  of  expression 
that  we  should  continue  to  follow  that  style  right  along  and 
force  it  to  do  duty  tor  our  every  need. 

We  go  at  architecture  from  the  wrong  angle,  and  the  re- 
sults are  a  bit  heart-breaking.  Grave  errors  and  bungles  are 
common  in  every  profession  and  trade,  for  human  nature  is 
indeed  most  fallible,  but  it  seems  to  be  that  in  no  profession 
are  errors  so  common  as  in  ours,  unless  it  be  in  the  medical 
one.  and  there  they  can  at  least  bury  their  mistakes  out  of 
sight.  No  other  profession  involves  so  much  detail,  the 
blending  of  so  many  lines,  the  keeping  together,  the  har- 
monizing of  so  many  different  forms  of  human  endeavor,  but 
all  that  presupposes  the  greater  skill  and  more  earnest  prep- 
arations tor  all  calling,  yet  as  a  matter  of  tact  and  exacting 
as  are  our  duties,  no  profession  is  easier  to  butt  into  than 
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is  architecture.  And  there  is  so  little  check  upon  those  er- 
rors until  it  is  too  late  to  mend  them.  Plans  are  something  of 
a  mystery  to  the  average  client.  He  sees  a  drawing  showing 
a  lot  of  rooms  opening  into  a  light-court,  the  latter  is  labeled 
"light,"  therefore  he  surmises  that  "light"  really  means  light. 
Only  when  the  building  is  completed  does  he  realize  that  3  ft. 
of  space  between  two  buildings  10  stories  high  doesn't  really 
mean  bona  fide  light.  The  architect  shouM  kndw  it,  but  he 
wants  light  there,  and  fondly  deludes  himself  that  marking  It 
on  the  plans  will  produce  it  in  reality. 

So  with  the  costs.  A  man  has  $10,000  to  spend  on  a  build- 
ing and  for  that  $10,000  he'd  like  to  get  $20,000  of  building. 
The  architect  aids  and  abets  the  illusion.  He  really  hopes 
to  produce  the  miraculous  and  he's  afraid  that  if  he  doesn't 
promise  the  client  the  earth  with  a  chunk  of  moon  thrown 
in,  his  client  will  go  elsewhere.  The  miracle  is  never  per- 
formed. To  get  anywhere  nearly  what  he  wants,  Mr.  Owner 
will  spend  $30,000  perhaps  where  his  architect  talked  $10,- 
000.  The  profession  gets  cussed  accordingly.  I  submit  the 
architects  should  know  the  real  cost  of  construction  and 
should  tell  his  client  the  whole  truth. 

So  few  prospective  builders  really  understand  a  plan  when 
they  see  it  that  it  is  not  reasonable  to  expect  an  owner  .to 
know  whether  those  plans  truly  supply  their  needs,  whether 
they  conform  to  the  building  code  or  not,  whether  the  build- 
ing will  receive  a  high  or  low  rate  of  insurance,  whether  it 
will  really  be  fireproof  or  not,  whether  the  construction  is 
regular  or  expensively  special,  whether  the  light  will  be  good 
or  poor;  all  these  things  are  left  confidingly  to  the  architect. 
Sometimes  he  manages  to  take  good  care  of  them,  and  other 
times  he  falls  down  miserably  in  one  and  often  in  a  dozen 
particulars, 

Tt  is  conceded  that  not  one  architect  in  a  hundred  really 
appreciates  the  importance  of  fireproof  construction  or  knows 
all  about  its  very  simple  essentials.  At  least  the  facts  are 
that  in  this  entire  country,  with  something  like  20.000.000 
buildings  in  it.  there  are  but  40  really  fireproof  buildings  and 
certainly  not  over  8.000  fairly  fire-resisting  ones. 

The  profession's  sins  of  commission  and  omission  are  in- 
deed many  and  costly.  Ornament  is  apnlied  and  where  it 
adds  nothing  to  the  appearance  of  the  builoing,  just  increased 
cost,  waste:  materials  excessively  strong  in  one  place  and 
barely  adequate  in  another;  so  many  rooms  crowded  in  that 
the  light  space  is  insufficient  for  the  entire  building,  result- 
ing in  large  unrentable  areas;  arrangement  sacrificed  to  ex- 
ternal appearance;  I  have  dozens  of  cases  in  mind  where  one 
or  two  rooms  to  every  story  in  a  tall  building  have  been 
sacrificed,  utterly  spoiled,  in  order  to  get  in  some  fool  col- 
umn or  arch  on  the  sacred  "front."  Everything  is  subservient 
to  that  "front";  and  there's  the  inaderiuately  heated  build- 
ing and  the  over-heated  building;  the  leaky  roof,  the  damp 
walls,  the  undrained  cellar.  And  the  sins  of  omissions;  for- 
gotten details,  the  hastily  written  or  form-specification,  made 
to  do  duty  for  every  class  of  building,  the  inaccurate  plans, 
the  extras,  the  fusses  with  the  buildings,  the  loss  of  time, 
rent  and  interest. 

The  architect  should  be  artist  and  business  man  combined. 
His  is  not  the  function  of  merely  interpreting  a  dream,  as 
does  a  sculptor  or  painter,  giving  tangible  expression  to  his 
thoughts  and  selling  the  product  to  whomsoever  has  the 
price;  he  does  not  build  fantasies,  buildings,  and  then  place 
them  upon  the  market.  His  function  is  infinitely  more  specific, 
more  real,  more  commercial,  if  you  will.  The  purpose  of  a 
building  is  decided  upon  before  he  is  called  in,  it  is  very  defi- 
nite, it  rarely  is  purely  monumental,  and  almost  invariably  a 
building  is  planned  to  produce  revenue,  or  to  house  some 
special  function  in  life,  a  home,  a  house  of  worship,  whosc^ 
occupants  have  especial  needs  or  notions  and  limitations  that 
must  be  served.  His  is  the  task  of  putting  those  ideas  into 
reality,  of  producing  that  revenue,  of  making  convenient  and 
easy  of  operation  that  factory  or  school.  Advantages  must  be 
taken  of  the  site  already  selected  or  owned,  consideration 
must  be  given  to  the  surroundings;  a  perfect  structure,  with 
all  its  complexity  of  details  and  specialties,  must  be  pro- 
duced, and  the  whole  must  be  kept  within  a  limit  of  cost  that 
has  been  prophesied,  anticipated  by  the  architect.  On  top 
of  all  that,  if  he  be  a  true  architect,  he  will  make  that  build- 
ing beautiful,  whatever  its  purpose,  whatever  its  cost,  how- 
ever humble  it  may  be.  And  such  a  task  elevates  his  work 
into  the  most  ideal,  the  noblest,  the  grandest,  the  finest  of 
the  fine  arts,  and,  without  exception,  the  greatest  and  most 
complex  of  all  the  sciences,  for  it  must  take  into  account  and 


actually  comprehend  at  least  the  rudiments  or  some  of  the 
details  of  them  all. 

Sad  to  relate,  however,  distressingly  few  practitioners  in 
our  profession  look  at  it  that  way,  who  seem  every  to  in- 
vert the  process;  they  mistakenly  put  what  they  deem  the 
"art"  before  the  essentials,  looking  upon  the  latter  as  irk- 
some, burdensome  restrictions  the  owners  of  property  cruelly 
put  upon  their  great  talent.  To  such  an  extent  indeed  that 
seven  out  of  ten  of  them  will  begin  the  solution  of  a  prob- 
lem by  blocking  out  a  sketch  of  a  beautiful  exterior,  a  fine 
colonnade,  an  artistically  balanced  lot  of  "voids  and  solids." 
and  then  do  their  blamedest  to  beat  the  interior  requirements 
into  a  shape  that  will  fit  that  exterior. 

All  this  may  sound  like  a  plaint,  a  bit  of  captious  criticism, 
just  fussing  with  the  architects.  I've  told  you  before  that  I 
believed  in  constructive  criticism;  I  show  the  sore  simply 
that  it  may  demonstrate  the  need  of  a  salve  or  cure,  and  this 
paper,  instead  of  being  merely  critical,  is  a  most  earnest 
and  prayerful  exhortation  to  the  architects  to  devise  and 
supply  a  cure,  but  it  will  have  to  be  a  mighty  one,  for  it 
must  be  calculated  to  save  the  profession.  In  every  large 
city  one  sees  what  is  becoming  of  the  architect.  He  is  be-  _ 
coming  the  hired  man  of  the  big  construction  companies. 

Many  things  are  to  blame  for  all  this,  some  troubles  within 
the  profession  and  some  outside.  Among  the  latter  is  that 
the  public  is  not  discriminating  in  selecting  an  architect. 
Here  is  an  example;  it's  a  silly  performance,  but  not  at  all 
out  of  the  ordinary;  A  lady  in  Washington  is  going  to  build 
quite  a  mansion  and  has  selected  her  architect.  The  man  has 
done  fairly  good  commercial  work,  but  he  never  did  a  de- 
cent house  in  his  life.  Curiosity  was  eating  me  up  and  I  asked 
her  how  she  had  made  the  selection.  Her  naive  reply  was 
that,  not  knowing  any  of  them  and  getting  such  varied  ad- 
vice from  her  friends,  she  just  took  the  directory  and  picked 
out  a  name  that  sounded  artistic  and  clever,  and  the  fellow 
certainly  has  a  flossy,  artistic  hyphenated  cognomen — albeit 
he  didn't  happen  to  pan  out  according  to  his  ma's  specifica- 
tion. 

Some  internal  troubles  are  directly  attributed  to  the  schools. 
It  sounds  paradoxical  and  it  is  so,  but  they,  the  schools,  are 
too  severely  academic.  They  give  the  wrong  angle  to  the 
whole  subject  of  architecture.  The  youngster  is  allowed  to 
dally  with  castles  and  grand  operas  and  just  the  fluff  of  archi- 
tecture, and  from  the  very  first  is  impressed  with  the 'idea 
that  Art  is  the  Front,  and  that  the  proper  way  of  putting 
up  a  good  front  is  to  make  as  nearly  a  copy  as  one  can  of 
something  else  done  for  an  entirely  different  purpose  2,000 
or  3.000  years  ago. 

Modern  construction  is  looked  upon  as  the  province  of  the 
engineer.  Modern,  commercial,  educational,  manufacturing 
and  religious  conditions  are  bugbears  to  be  tolerated  but  not 
loved  and.  in  fine,  the  youngster  is  treated  as  a  mere  pur- 
veyor of  pretty  frills  for  a  building,  while  his  real  task  is  far 
ahead  and  above  that.  He  should  be  a  creator,  an  artist  if 
you  wish,  but  also  he  must  be  intensely  practical. 

How  many  of  us  live  up  to  that  specification?  All  who 
feel  that  they  are  fully  up  to  the  standard  may  raise  their 
right  hands.     Thank  you.  the  ayes  have  it! 

Aim  by  study  and  tireless  effort  to  give  your  clients  su- 
perior service,  keep  harping  away  at  efficiency,  be  artistic 
but  also  be  practical.  True  art  in  our  line  is  to  do  all  things 
well  and  to  clothe  perfectly  articulated,  muscled  and  fleshed 
skeletons  in  raiment  that  is  suitable  of  today,  and  beautiful 
because  it  clearly  expresses  the  purpose,  the  mode  of  life 
and  character  of  the  created  thin.g.  Take  a  larger  part  in 
public  affairs,  don't  let  the  lawyers  do  it  all;  your  training 
and  your  work  fit  you  better  than  they  are  fitted  to  handle 
public  improvements  and  the  city's  welfare. 

Go  after  business  legitimately  and  boldly.  First  prepare 
yourself  to  do  your  work  well;  do  it  so  well  that  it  speaks 
for  itself  and  is  your  best  recommendation  and  then  tell  peo- 
ple about  it  in  a  businesslike  manner.  The  rules  of  the  In- 
stitute are  no  longer  against  advertising.  After  you've  done 
some  good  work,  tell  people  about  it,  advertise  it  in  a  straight- 
forward, direct  way  that  will  challenge  and  make  appeal  to 
a  direct  business  man. 

I  have  an  architect  in  mind  in  an  Eastern  city  who  never 
lacks  good  and  profitable  work.  When  he  hears  of  a  build- 
ing project  he  sends  an  ad  to  the  man — a  letter,  telling  him 
what  his  rates  are,  what  he  has  done,  gives  his  bank  and 
other  references,  solicits  his  business,  and  encloses  a  list  of 
S6  buildings,  important  ones,  too,  80  of  which  have  been  com- 
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pk'ted  ut  within  3  per  cent,  one  wny  or  tlip  other,  of  his  es- 
tlnialt's  luul  with  brief  notes  from  the  owners  ^snyhiR  so. 
Thni'K  an  Intlnllely  more  manly  ami  businesslike  procoodinc 
anil  a  fur  stronger  appeal  to  a  business  man  than  a  procession 
of  sisters-in-law.  reverend  and  Masonic  friends  coming  In  to 
tell  one  how  pleased  they  would  be  to  have  the  .job  Riven 
to  So-an-So  beruuse  ho  is  such  a  nice  man: 

Wow     One     lui^iiieerin^    Society 

Aids     in    Shapinj^    Lejiislation 

on    Matters    of    Interest 

to    Enj^ineers 

Some  1  oi  .">  vears  ago  the  t'oiineitunit  Society  of  Civil  En- 
Rineers  appointed  a  committee  consislin.s;  of  11.  W.  Buck. 
Hartford:  K.  L.  Ford,  New  Haven,  ann  K.  \V.  Uush,  Hartford. 
to  watch  le:.;lslall\e  matters  and  to  represent  the  society  at 
hearings  either  for  or  asainst  bills  that  the  committee  con- 
sidered were  those  in  which  the  enpineers  of  the  state  were 
Interested.  The  committee  is  supposed  to  use  its  discretion 
tn  these  matters  and  to  act  promptly  should  occasion  arise. 
M  times  it  has  appeared  for  or  against  measures  on  very 
short  notice  or  preparation.  Whenever  the  members  of 
the  committee  appear  at  a  hearing  they  very  distinctly  say 
that  they  are  there  to  represent  the  engineers  of  the  state 
and  to  give  an  engineerins  opinion  after  a  careful  study  of 
the   subject 

The  two  Hartford  members  of  the  committee  endeavor  to 
closely  follow  the  bills  introduced  in  the  legislature  and  pick 
out  those  which  n\ight  have  an  engineering  side  or  bearing 
In  their  make-up.  At  the  annual  meeting  of  the  society 
the  committee  comments  on  bills  then  current  in  the  legis- 
lature and  is  able  to  receive  a  vote  of  the  society  instructing 
it  to  appear  for  or  against  certain  projects.  However,  as 
mentioned  above,  the  committee  often  has  to  appear  at  hear- 
ings on  subjects  which  the  society  as  a  whole  have  not  had 
the  opportunity   to   discuss. 

The  committee  has  been  influential  in  mouldins  legislation 
on  the  following  subjects:  Rewriting  the  law^  establishing 
the  State  Board  of  Civil  Engineers  having  supervision  over 
the  safety  of  dams  and  reservoirs  so  that  the  board  can 
organize  and  keep  records  and  plans  of  dams  constructed 
or  repaired:  reorganizing  the  State  Board  of  Health,  and 
the  subject  of  giving  t'^eni  authority  over  the  polution  of 
streams  and  other  sanitary  matters:  the  placing  of  two 
engineers  out  of  a  total  of  six  as  members  of  the  factory 
■wastes  commission,  advocating  the  establishing  of  a  state 
park  commission,  state  parks  and  adequate  appropriations 
for  same:  requiring  that  public  records  such  as  deed  and 
mortgage  records,  etc..  be  kept  in  fireproof  safes  or  vaults, 
and  for  the  suitable  indexing  of  same:  various  bills  in 
regard  to  the  bridges  and  highways  of  the  state,  etc. 

A  few  days  ago  a  committee  appeared  at  a  hearing  on  a 
bill  increasing  the  salary  of  state  highway  commissioner 
from  $5,000  to  $10,000  a  year,  and  presented  eight  or  ten 
letters  on  the  subject  in  favor  of  the  bill  from  prominent 
engineers  throughout  the  stale,  and  also  had  in  attendance 
several  engineers  •n>o  spoke  favorably  at  the  hearing.  In 
each  ease  the  engineers  gave  testimony  regarding  the  great 
responsibilities  of  the  office,  as  to  the  very  efficient  manner 
in  which  the  present  incumbent.  Mr.  Bennett,  had  filled  the 
position  and  their  opinion  as  to  the  value  of  engineering 
services  such  as  this. 

The  highway  commissioner  of  Connecticut  is  in  sole  au- 
thority in  all  matters  pertaining  to  his  department,  which 
expends  about  $4,000,000  per  year.  Acting  in  a  fiduciary 
capacity  alone,  he  sVould  be  paid  the  $10,000  asked  for  in 
the  bill,  but  in  addition  to  this,  he  determines  the  broad 
policy  of  the  department,  the  kind  of  roads  to  build,  the 
location  of  trunk  lines,  the  tyre  of  bridges  to  be  built,  the 
amount  of  repairs,  etc..  as  well  as  being  Ms  own  chief  engi- 
neer on  the  design  and  construction  of  all  this  work.  The 
engineers  pointed  these  things  out  at  the  hearing,  and  gave 
testimony  as  to  the  value  of  services  such  as  these,  and 
also  called  attention  to  t'e'very  efficient  manner  in  which 
5Ir.  Bennett  had  organized  and  conducted  this  work  during 
the  six  years  past  which  he  has  been  in  office.  The  com- 
mittee of  the  legislature  reported  this  bill  favorably. 

A  similar  appearance  by  the  engineers  will  be  made  when 
this  bill  comes  before  the  appropriations  committee,  and  it 


Is  hoped   that   the   legislature   will   raise   the   salary   of   the 
highway  commissioner  as  set  forth  in  the  bill. 

In  passing.  It  may  be  of  interest  to  say  that  Uv.  Bennett 
has  kept  his  department  out  of  politics.  Some  years  ago 
a  bill  was  introduced  changing  the  present  single-headed 
commission  to  a  three-headed  commission,  one  of  which  was 
supposed  to  bo  a  business  man,  one  a  lawyer,  and  one  an 
engineer,  the  work  of  the  commission  being  divided  into 
three  parts.  It  was  apparently  a  move  of  the  state  poli- 
ticians to  place  the  highway  department  where  it  would  be 
of  the  most  use  to  Ihem  and  the  legislative  committee  with 
other  engineers  of  the  state  appearing  in  force  at  the  hear- 
ings regarding  this  proposed  change  had  a  large  part  in  its 
defeat. 


How  an  Individual  Engineer  Can 

Help  Improve  Conditions  for 

the  Profession* 

By  HARRISON  P.  EDDV,  ' 
Of  Metcalf  &  Eddy,  Consulting  Snginoers,  Bcston.  Ma.s.s. 
I  Will  tell  you  of  my  impressions  gained  from  recent  con- 
tact with  engineers  in  the  northern  part  of  the  country,  be- 
tween the  Mississippi  and  the  Atlantic  Seaboard.  The  deep- 
est impression  was  caused  by  almost  universal  evidence  of  a 
very  general  feeling  of  unrest — discontent  among  the  mem- 
bers of  the  engineering  profession.  It  does  not  appear  to  be 
confined  to  any  class  or  grade,  but  to  be  general,  from  the 
rodman  to  the  chief  engineer.  The  causes  are  not  always 
evident  and  objectives  are  usually  less  clear.  Prolonged  dis- 
cussion, however,  has  generally  led  me  to  the  conclusion 
that  the  underlying  cause  of  the  discontent  is  compensation 
adjudged  to  be  inadequate  to  the  needs  of  the  engineer,  or 
disproportionately  low  for  the  services  rendered  and  the  ed- 
ucation and  experience  required  to  enable  the  engineer  to 
I)erform  such  service. 

For  example,  in  a  small  city  in  the  Central  States  the  city 
engineer  called  my  attention  to  a  railroad  crossing  tender 
who  was  paid  $125  per  month  for  raising  and  lowering  the 
gates.  The  engineer  did  not  state  what  his  salary  was,  but 
the  manner  in  which  he  spoke  led  to  the  conclusion  that  it 
was  at  most  but  slightly  more  than  that  of  the  gateman — 
yet  this  city  engineer  was  supplying  technical  knowledge, 
skill  and  judgment  for  the  successful  handling  of  the  city's 
engineering  problems — the  wise  and  economical  expenditure 
of  many  thousands  of  dollars  each  year — in  large  measure 
safeguarding  the  property,  limb  and  even  the  lives  of  the 
residents.  Similar  illustrations  could  be  multiplied  almost 
without  limit.     I  believe  they  are  general. 

This  feeling  of  unrest,  which  began  to  be  evident  in  a  small 
w^ay  several  years  ago  and  which  has  increased  remarkably 
during  the  period  of  the  war,  has  given  rise  to  a  great  deal 
of  study  to  determine  what  steps  can  be  taken  to  ameliorate 
the  hardships  and  to  right  the  many  cases  of  injustice. 

Some  have  suggested  the  formation  of  a  general  engineer- 
ing society  or  organization,  which  shall  comprise  all  branches 
of  the  profession  and  which,  by  shear  weight  of  numbers,  will 
exert  an  important  influence  in  raising  the  standard  of  the 
engineering  profession  throughout  the  country.  This  and  other 
suggestions  are  worthy  of  serious  consideration.  All  such 
movements  are  necessarily  slow,  and  it  is  well  for  us  to  pause 
occasionally  and  reflect  upon  the  things  which  have  actually 
been  accomplished.  It  will  aid  in  an  appreciation  of  the  fact 
that  progress  has  been. made,  if  occasionally  the  engineer 
looks  backward  for  a  moment  upon  the  things  which  have 
been  done. 

A  few  years  ago  the  engineering  prof«ssion  was  provided 
with  an  appropriate  home,  through  the  munificence  of  one 
of  our  masters  of  industry  in  this  country.  This  was  prob- 
ably the  first  bond  of  union  among  the  several  branches  of 
the  profession.  Its  influence  has  been  substantial,  has  grown 
remarkably  and  in  the  future  will  be  of  even  greater  value. 

In  1917  Engineering  Council  was  formed,  through  the  co- 
operative efforts  of  several  of  the  national  engineering  so- 
cieties, with  which  others  have  since  joined.  The  object  of 
Engineering  Council  is  to  provide  for  the  consideration  of 
matters  of  common  concern  to  engineers  as  well  as  those  of 
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public  welfare  in  whicli  the  profession  is  interested,  in  order 
that  united  action  may  be  possible. 

Within  the  past  few  months  a  NationHi  Service  Commit- 
tee has  been  established  at  Washing-ton  to  discover  public 
services  which  may  best  be  performed  by  engineering  socie- 
ties: to  speak  authoritatively  for  Engineering  Council 
before  committees  of  Congress  and  departments  of  the  Gov- 
ernment, on  all  public  questions  of  a  common  interest  or  con- 
cern to  engineers:  to  circulate  among  engineers  first-hand 
information  regarding  pending  legislation  and  executive  ac- 
tion, which  may  affect  the  interests  of  engineers:  and  to  per- 
form other  services  tor  the  general  good  of  the  engineering 
profession.  While  the  purposes  of  this  movement  have  not 
yet  been  fully  defined,  no  one  seems  to  have  questioned  that 
there  is  a  useful  work  for  such  a  committee  to  do. 

The  American  Society  of  Civil  Engineers — which  many  en- 
gineers believe  to  have  failed  in  large  measure  in  its  mission 
in  this  field — has  attempted  to  meet  current  needs  in  part 
ty  the  formation  of  local  associations  of  members  of  tho 
American  Society  of  Civil  Engineers.  There  are  now  22  such 
associations. 

This  society  has  also  within  the  past  year  created  a  Com- 
mittee on  Development  of  the  American  Society  of  Civil  En- 
gineers—one of  its  latest  efforts  to  meet  current  needs.  This 
committee  has  before  it  a  great  task.  Let  us  hope  it  is  not 
too  great  for  successful  accomplishment. 

It  must  be  evident  to  the  rank  and  file  of  engineers  that 
efforts  are  being  made  to  improve  conditions  and  that  good 
results  are  to  be  expected  from  such  a  general  forward  move- 
ment, but  we  cannot  all  take  active  part  in  such  special  com- 
mittee and  society  work,  and  the  general  body  of  engineer.^ 
is  anxious  to  have  a  personal  work  to  perform.  If  advantage 
can  be  taken  of  this  desire,  great  good  will  result,  probably 
even  greater  good  than  that  accomplished  by  the  more  formal 
organizations.  It  is  pertinent  to  inquire  what  the  individual 
engineer  can  do  to  help  the  cause  along.  From  my  observa- 
tion there  are  several  definite  things  which  can  be  done. 
They  are  somewhat  altruistic,  but  nevertheless,  if  undertaken 
hy  the  engineering  profession  as  a  body,  very  beneficial  re- 
sults will  certainly  be  obtained. 

1.  The  engineer  may  strive  to  render  better  service,  full 
measure  of  effort  and  excellence  of  workmanshiii.  After  all, 
these  characteristics  will  go  far  in  determining  his  position 
in  the  community. 

2.  He  may  avoid  "knocking"  his  fellow  engineers.  I  have 
been  appalled  recently  to  learn  of  the  frequent  criticism  in 
unmeasured  terms,  heaped  upon  engineers  by  other  engi- 
neers. This  is  particularly  distressing  and  unfortunate  when 
done  in  the  presence  of  laymen,  as  has  often  been  the  case. 

If  the  engineer  must  quarrel  with  his  fellows — be  it  po- 
litical or  otherwise — the  less  publicity  given  to  it  the  bet 
ter  it  will  be  tor  the  profession.  If  possible,  differences  of 
opinion  should  be  straightened  out  by  face  to  face  confer- 
ences and  never  by  ex  parte  mud  throwing.  Spirited  discus 
sions  of  opposing  opinions  may  be  had  upon  the  floors  of  the 
engineering  societies,  but  they  should  not  be  made  a  feature 
of  parlor  gossip.  How  often  we  have  observed  opposing  law- 
yers engage  in  bitter  recrimination  to  win  the  jury  and  then 
walk  arm-in-arm  to  their  offices.  There  is  a  valuable  object 
lesson  to  the  engineer  in  such  conduct. 

3.  Our  second  point  was,  in  a  sense,  a  negative.  It  is  de- 
sirable to  go  further  and  make  a  positive  step  in  advance — 
not  defensive  but  offensive.  Let  the  individual  engineer  take 
advantage  of  every  opportunity  to  speak  a  friendly  word  for 
other  engineers. 

4.  Every  engineer  should  be  proud  of  his  profession  and 
should  be  prepared  at  all  times  to  say  a  wopd  in  its  behalf, 
for  the  profession  was  never  more  noble  nor  more  deserv- 
ing of  popular  respect  than  it  is  today.  The  man  on  the 
street,  the  woman  at  home,  the  public  meetin.g,  the  house- 
hold party,  each  will  be  interested  in  the  engineer's  work 
if  properly  described  and  presented.  The  failure  of  the  en 
gineering  profession  to  command  full  recognition,  is  due  to 
the  popular  lack  of  knowledge  of  the  engineer's  work  more 
than  to  any  other  thing. 

A  line  of  activity  which  has  been  followed  by  a  few  engi- 
neering organizations,  is  that  of  taking  an  active  interest  in 
the  solution  of  civic  problems.  In  most  cases  the  engineer- 
ing society  is  peculiarly  well  qualified  to  render  valuable  serv- 
ice upon  such  matters.  Notable  among  the  societies  which 
have  undertaken  work  of  this  kind  is  that  of  the  city  of 
Cleveland,  which  has  come  to  be  recognized  to  such  an  extent 


that  its  advice  is  frequently  sought  by  the  city  authorities 
before  acting  upon  municipal  problems  of  an  engineering 
nature. 

The  action  of  the  Binghamton  Engineering  Society  in  ad- 
vocating the  creation  of  a  suitable  memorial  to  the  citizens 
of  Binghamton  who  have  served  in  the  military  forces  of  the 
country  during  the  late  war,  is  a  very  commendable  effort  in 
this  direction.  It  places  the  Engineering  Society  before  the 
public  in  a  favorable  light,  and  must  tend  to  increase  interest 
in  the  work  of  the  society. 

In  closing  I  desire  to  give  expression  to  my  conviction  that 
it  is  no  time  for  a  spirit  of  depression  or  pessimism  but,  on 
the  contrary,  that  the  prospect  of  the  future  public  recogni- 
tibn  of  the  work  of  the  engineer  should  compel  optimism  and 
that  if  there  be  a  concerted  effort  by  the  inidivdual  members 
of  the  profession  to  serve  as  efficiently  in  times  of  peace 
as  in  war,  little  fear  need  be  entertained  that  the  engineer 
will  fail  to  command  the  respect,  the  professional  standing 
and  the  compensation  to  which  he  is  justly  entitled. 


Cost  of  Painting  Steel  Truss  and  I-Beam 
Bridges 

The  cost  of  painting  steel  bridges  for  Franklin  County, 
Iowa,  in  1918,  averaged  $1,133  per  lineal  foot,  according  to 
figures  compiled  by  Mr.  F.  S.  Currie,  County  Engineer.  This 
figure  relates  to  the  painting  of  31  structures  of  an  aggregate 
length  of  1,639  lin,  ft.  All  these  structures  witlt  the  excep- 
tion of  three  of  a  total  length  of  175  lin.  ft.,  were  given  two 
coats.     The  detailed  cost  of  the  painting  was  as  follows: 

Per  lin.  ft. 
Total.  of  hridge. 

$    45.'!  $0,276 


^lefininpr  

Fainting    .  .  . . 

Paint    

Tenm     

Miscell.aneous 


.^25 

..320 

Gdi; 

.400 

197 

.121 

21 

.015 

Total  n.ean  iin.  ft.i $i.S5t  u.i-?.z 

Table  I  shows  the  cost  of  painting  each  bridge.  In  the 
table  Ic  designates  an  I-beam  bridge  with  concrete  floor; 
PTw  a  pony  truss  with  wood  floor;  HTa  high  truss  and  CC 
a  curved  chord.  The  small  letters  c  and  w  denote  wood  or 
concrete  floors.  Bridge  No.  72,58  had  a  20-ft.  roadway  and 
Bridge  No.  11158  had  an  18-ft.  roadway.  All  other  bridges 
had  16-ft.  roadways. 

As  noted  previously  all  except  three  bridges  were  given  two 
coats  of  paint.  The  end  posts  and  hand  rails  were  painted 
white.  The  paint  cost  $2.50  per  gallon  f.o.b.  Hampton.  la. 
White  lead  cost  $3.83  per  gallon.  Appixiximately  6  lin.  ft.  of 
bridge  were  covered   (two  coats)   by  1  gal.  of  paint. 

The  foreman  was  paid  55  ct.  per  hour:  painters.  32i/2  ct. 
per  hour:  one  team  was  employed  at  27%  ct.  per  hour. 

The  surfaces  were  thoroughly  cleaned  witli  putty  knives 
and  steel  brushes.  Radical  variations  in  the  table  in  rela- 
tive costs  for  different  lengths  of  spans  are  due  to  the  fact 
that  some  of  the  bridges  are  set  on  tubular  steel  piers,  and 
this  of  course  increased  the  cost  for  the  bridge,  as  these  piers 
were  painted. 

T.^BLE  I— CUST  OF  PAINTINO  STEEL  BRIDGES  IX  FH.\.\'KLIX 

COUNTY.    IOWA. 

Clean-      Paint-  Team 

Bridg-e  Length      ing-  ing  Paint  and  mis.  Total 

No.         Type.  ft.  per  ft.  per  ft.  per  ft.  per  ft.  per  ft. 

723S          I-c 16  $0.!50  ,?0.45ll  $0..'il2  $0,187  $1,393 

10064          I-c 20              .480  .,37,T  .12.'.  .9S1 

Ol.'.fi           I-<- 2t  .21!!  .300  .365  .130  1.013 

n0fi7           I-.- 21  .300  ..300  ,312  .153  1.065 

M.Sl          I-c...  26  .277  .277  .423  .120  1.007 

6226         I-w 32  .225  .225  .31.i  .102  .S62 

10173          I-e 40  .09.S  .262  .361  ,0S4  .SO.' 

11242    PT-w 40  .344  .244  .54S  .15r.  1.291 

11246    PT-%v 40  ,305  .262  .54.S  .152  1.26S 

10184    PT-vv 40  .409  .311  .579  .153  1.452 

;mS9     PT-\v 40  .360  .360  .312  .153  1.1S3 

11051     PT-w 40  .360  .263  .579  .153  1.355 

U142     PT-c 411  .180  .l.SO  .422  .083  .S65 

7260    PT-W 40  .300  .622  .375  .222  1.519 

lliri.5*    PT-i- 45  .130  .275  .322  .150  .877 

10177*  PT-w 60  .366  .210  .438  .126  1.110 

7128      PT-f ro  .366  .366  .400  .136  1.26V 

2045    PT-w 50  .420  .378  .488  .1,-,::  1.139 

7169     PT-w....  60  ,272  .298  .407  .116  lOO'l 

10117      PT-c 60              .537  .290  .1311  .057 

10107      PT-c...  60  .350  .47V  .36."  .181  1375 

•1081     PT-W 60  .210  .480  .292  .162  1.174 

7186     I"T-W 60  .360  .210  .375  .130  1.105 

V262     PT-w 00  %      .360  .415  .333  .176  1.2S4 

7039    HT-VV 75  .244  .214  .333  .103  .925 

2047       '^C-c 7".  .244  .28(}  .518  .125  1.16-: 

iai2S»'HT-w. ..  .  80  .221  .301  .281  .149  .956 

1069     rr'-c...       so  .360  .36ii  .1:25  .171         1.519 

2:44    HT-W....  SO  .311  .270  .I811  .13i;  1.147 

7121    HT-w 112  .245  .215  .357  .089  .937 

20.50     PT-v..  ...        t60  .256  .2".6  .319  .0;.:i  .961 


'  ( 'ne  coat  or!.\'. 


tTwo  span.^'  of  6i 
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A  Ilonie-Mado  Bridjie  in  Spain 

The  brldco  Bhown  In  tho  ncconumiiyliiK  lllustnillim  spans 
the  Vol'"-"  '  >  •I'lnrooii  Klvor  In  the  Province  of  Lerldii.  Spain. 
It  Is  \\-  11  ihf  nmtorlnl  einployeil.  rouKhly  hewn  logs, 

and  In   ...     .;i-lly  o(  "tloBlKn."     Moreover,  It  Is  the  work 

of  an  iinleltoreil  t'ntuUin  poasant  wlio  erected  the  structure 
alone.  That  It  occupies  the  legendary  site  of  departed 
bridges  the  nbiitnient  of  many  recesses  across  the  river  elo- 
quently testifies.  On  the  opposite  bank  may  also  be  seen 
tho  ruins  of  what  was  In  medieval  times,  n  fortified  bridge- 
bead,  toll-houso  and   wayside  Inn.  all   In   one. 

The  live  loads  supported  by  the  bridge  are  such  ns  are  de- 
livered by  pedestrians,  burros,  (locks  of  sheep,  etc.,  yet  this 


The  Work   of  a   Spanish    Peasant. 

structure  did  yeoman's  service  in  affording  passage  of  the 
river  for  much  heavier  loads  during  the  diamond-drilling  and 
tunneling  operations  of  an  American  construction  company  a 
few  years  ago. 


Steel  Prices  Reduced 

A  10  to  15  per  cent  cut  in  prices  of  iron  and  steel  was  an- 
nounced on  March  21.  In  announcing  this  reduction  the 
Industrial  Board  of  the  U.  S.  Department  of  Commerce 
states:  "In  giving  its  approval  to  the  schedule  of  prices  just 
decided  upon  for  the  principal  articles  of  iron  and  steel  the 
industrial  board  of  the  Department  of  Commerce,  carrying 
out  the  purpose  for  which  it  was  created,  believes  that  a  level 
has  been  reached  below  which  the  public  should  not  expect 
to  buy  during  the  current  year." 

Judge  E.  H.  Gary,  chairman  of  the  committee  of  the  Ameri- 
can Iron  and  Steel  Institute,  w-hich  represented  the  steel  in- 
dustry in  the  conferences  with  the  board,  gave  out  a  state- 
ment expressing  the  belief  that  while  some  of  the  steel  plants 
would  suffer  temporarily  because  of  the  cut,  they  would  more 
than  make  up  the  loss  by  increased  business  during  the  year 
He  said  he  looked  for  "great  business  progress  and 
prosperity  in  the  near  future."    His  statement  in  part  follows: 

"The  objects  to  be  secured  are  a  revival  and  a  stabilization 
of  business  by  establishing  a  reasonably  low  basis  of  prices 
which  would  be  satisfactory  to  the  consuming  public,  and  yet, 
so  far  as  practical,  would  include  a  moderate  and  reasonable 
return  to  the  investors  where  they  are  entitled  to  it  in  the 
application  of  sound  business  principles:  and  at  the  same 
time  would  not  disturb  wage  rates  or  interfere  with  wages 
agreements:  and  further,  having  determined  upon  prices 
which  it  is  expected  will  not  be  reduced  during  this  year,  it 
is  believed  that  the  volume  of  business  will  be  promptly  in- 
creased and  that  furnaces  and  mills  will  be  operating  at  a 
largely  increased  capacity,  thus  giving  employment  to  a  cor- 
respondingly increased  number  of  employes." 

Among  the  price  reduction  are  the  following: 

Rails,  standard  Bessemer,  from  $.5.5  gross  ton  to  $45:  rails. 
standard  open  hearth,  from  $57  gross  ton  to  $47;  slabs,  $46 
gross  ton  to  $41;  skelp.  sheared  $3  per  100  lb.  to  $2.65;  mer- 
chant bar  base.  $2.70  per  100  lb.  to  $2.35;  sheared  plates,  $3.25 
per  100  lb.  to  $2.65;  wire  rod,  $57  gros^ton  to  $52;  plain  wire. 
$3.25  per  100  lb.  to  $3;  nails,  $3.50  per  100  lb.  to  $3.25:  black 
sheets,  Xo.  28,  $4.70  per  100  lb.  to  $4.35:  tinplate,  $7.35  per 
100  lb.  to  $7:  hoops  base,  $3.50  per  hundred  lb.  to  $2.45. 

The  reduction  on  pig  iron,  basic,  Announced  last  night  was 
from  $.?0  per  gross  ton  to  $25.75;  billets.  4  in.,  from  $43.50 
per  gross  ton  to  $38.50,  and  billets,  2  in.,  from  $47  to  $42. 


Culvert  Openings  and  Drainage  Areas 

As  the  result  of  a  partial  study  of  the  rainfall  and  types  of 
soil  throughout  tho  state  of  Kentucky,  tho  tentative  table  that 
follows  was  prepared  by  the  Bridge  Department  of  the  Ken- 
tucky Department  of  Public  Uoads  to  show  the  standard  sizes 
of  culverts,  choir  cross-sectional  area,  and  tho  numbers  of 
acres  they  should  be  expected  to  drain  in  the  mountains  in 
steep,    hilly    country,  in  rolling  country  and  in  flat  sections. 

Sl'tlOESTlCn  SIZES   OF  STANDARD   CIII.,VEKTS   FOR 
DRAINAGE    AREAS. 

?  Id  „ 

§  £2  ^ 

I  5  .     -a  .       « .  .     I 

C  -.^cW'W  cm  M^ 

E  l^       gfc       £b  -ofc  St       £§ 

ft"  pipe  1.77  1.0  2.0  4.B  9.0  • 

2'xm'  con.  box 3.00  2.0  4.0  7.4  18.0         1' 6" 

21"  pipe  3.14  2.5  B.O         10  0  20.0  • 

2'x2'  con,  box 4.00  3.0  6.0         10.8  27.0         1' 6" 

3'xl'.'.'  con.  box 4. BO  3.8  7.5         11.4  32.0         1' 7" 

3'x2'"con.  box 6  00  5.3         10.5         18.6  47.0         1' 7" 

2V-'x2U'  con.  box 6.25  5.5         11.0         19.3  50.0         1' 6" 

4'x2'  con.  box 8.00  8.0         16.0         27.3  70.0         1' 7" 

3"x3'  con.  box 9.00  9.5         19  0         31.9  82  0         1' 6" 

4'xS'  con.  box 12.00         13.5         27.0         46.7         120.0         1' 7" 

5'x2V-'  con.  box 12  BO         15.0         30.0         49.3         125  0         1' 8" 

5'x3''con.  box '.  . .   15.00         17.5         37.0         62.9         160.0         1' 8" 

6'x2V.'  con.  box 15.00         17.5         37.0         62.9         160  0         1' 9" 

4'x-t' Von.  box 16.00         20.0         40.0         6.'.5         175.0         1' 7" 

5'x4'  con.  box 20,00         28.0         56.0         92,2         230  0         1' 8" 

O'xl'  con,  bo:-: 24.00         35.0         70.0  117,5         300,0         1' 9" 

•Dopcnd!^  jn  kind. 
Xotc — Dend   room    .shown    indicates    tbickness   slab   and   cu.shlon 
of  (ill  and  niotal. 

These  openings,  stated  Mr.  Charles  D.  Snead,  Bridge  Engi- 
neer of  the  Department  in  a  paper  presented  at  the  recent 

Kentucky  Boad  School,  have  been  more  or  less  checked  out 
from  existing  drains  which  have  proven  inadequate  and  from 

new  structures  which  do  not  appear  to  have  been  much,  if 
any,  too  large. 


Personals 

Lieut.  Thomas  Maddocks  bas  been  appointed  state  engineer  of 
Arizona, 

Robert  A.  McKenzie.  for  the  past  11  years  building  inspector  of 
Vanioiivcr.  H,  C.  has  resigned  and  has  accepted  a  position  with 
a  large  construction  company  engaged  in  work  in  China. 

Oscar  N.  Newstrom,  architectural  and  industrial  engineer,  has 
returned  to  Minneapolis  after  completion  of  his  work  witii  the 
McDoUfjall  niiluth  Co..  shipbuilders  and  engineers,  and  has  located 
in  lerr.porarv  ofnces  at  734  First  National  Soo  Line  building, 

A.  C.  Stewart.  2022  Elm  street.  Youngstown.  O.,  and  Charles 
Spnon.  409  West  Lafayette  street.  Youngstown.  have  organized  the 
firm  of  Ste\v;irt  &  Spoon,  and  will  engage  in  a  general  contracting 
business,  specializing  in  e?ccavating.  masonry  and  concrete  work. 

Maj.  C.  B.  Stanton,  formerly  professor  of  civil  engineering  at 
the  Carnegie  Institute  of  Technology,  who  has  been  with  the  Fif- 
teenth Engineers  in  France  nearly  two  years,  has  been  appointed 
a  professor  in  the  American  University  for  American  soldiers  at 
Beaune.  France, 

S.  F.  Kosters,  for  several  years  in  the  engineering  department 
of  Swift  &  Co,.  Chicago,  and  recently  in  an  engineering  regiment 
in  France,  has  been  appointed  chief  civil  engineer  of  the  South  St. 
Joseph  (Mo,)  Stockyards  Company.  He  succeeds  Harold  E.  Wors- 
Icy.   who  died  three  weeks  ago. 

IVIilo  S.  Ketchum,  assistant  director  of  U.  S.  Government  Ex- 
ptosives  Plant,  and  who  since  February.  191S,  has  been  in  charge 
of  the  construction  of  the  smokeless  powder  plant  at  Nitro.  W. 
Va,.  has  returned  to  the  I'niversity  of  Colorado,  where  he  is  dean 
of  the  College  of  Engineering  and  professor  of  civil  engineering. 

C.  W.  Price  has  been  elected  general  manager  of  the  National 
Safety  Council,  succeeding  W.  H.  Cameron,  who  resigned  to  be- 
come manager  of  industrial  relations  for  the  Eastman  Kodak  Co. 
Iti-,  Price  spent  12  years  with  the  International  Harvester  Co,,  the 
last  four  years  of  which  he  was  in  charge  of  safety  work  for  all 
the  plants.  For  five  years  he  was  assistant  to  the  Wisconsin  In- 
dustrial Commission,  during  which  time  he  worked  out  the  stand- 
ards on  safety  and  sanitation,  conducted  educational  safety  cam- 
paigns in  the  large  industrial  centers  and  organized  safety  in 
the  larger  plants.  For  the  past  2%  years  he  has  been  field  secre- 
tary for  i-he   Xat'onal   Safety  Council, 

Maj.  K.  C.  Grant,  Construction  Division.  United  States  Army, 
has  recei\'ed  his  discharge  and  returned  to  Dayton.  O..  where  he 
has  become  a  member  of  the  firm  of  Frank  Hill  Smith.  Inc..  Engi- 
neers, specializing  in  the  design  and  construction  of  reinforced 
concrete  industi-ial  and  mercantile  buildings,  with  offices  at  Day- 
ton. r>,,  and  120  Broadway.  New  York  City.  Maj.  Grant  entered  the 
armv  as  a  captain  of  engineers  in  April.  1917.  and  has  since  been 
in  charge  of  important  construction  work,  at  first  with  the  Signal 
Corps  and  later  with  the  Construction  Division,  Before  entering 
the  service  he  was  division  engineer  with  the  IMiami  Conservancy 
District.  Dayton.  O.  He  is  a  civil  engineering  graduate  of  the  Mas- 
sachusetts Institute  of  Technolozy.   class  of  1902, 

Maj.  Geo.  W.  Blackinton.  forraerly  office  manager  at  Denver 
for  the  Sullivan  Machinery  Co,,  has  been  awarded  the  distinguished 
ser\'ice  cross  by  the  Uriited  States  War  Department,  according 
to  recent  .idvicos  from  Washington.  The  official  citation  fol'ows: 
"Maj  Geo,  T^',  Blackinton.  353d  Infantry.  For  extraordinary  hero- 
ism in  action  near  Xamme.s,  France,  Sept,  12-13.  191.8.  Having 
moved  his  battalion  to  an  advanced  position,  in  accordance  with 
orders,  Maj,  Blackinton  found  himself  without  support  on  either 
flank  and  no  supporting  machine  guns  or  artillery,  two  kilometers 
in  ad^•ance  of  our  main  front  line.  In  spite  of  his  perilous  situa- 
tion this  officer,  with  the  utmost  coolness  and  good  judgment,  set 
to  work  intrenching  and  consolidating  the  position,  determined  to 
hold  it  at  all  costs,  thoxtsh  his  battalion  was  subjected  to  artillery 
and  machine-gun  fire  and  was  threatened  by  counter  attack  b"' 
'he  enemy  in  force." 
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Roads  and  Streets— 1st  Wednesday 

(a)  Koads  <c)   Street   Cleaning 

(b)  Streets  (<i)    Municipal    Miscellanies 

Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Waterworks  (c)   Irrigation    and    Drainage 

(b)  Sewers  and  SanI-        (d)   Power 

tatlon 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  and  <c)   Quarries  and   Pits 

Dredging  (d)   Railway       Construction — 

(b)  Rivers  and  Canals  Steam   and   Electric 

Buildings  and  Structures— 4th  Wednesday 

(a)  Buildings  (c)   Harbors  Structures 

(b)  Bridges  'd)   Miscellaneous    Structures 
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Has    the    Los  Angeles    Municipal 

Cement  Plant  Been  an 

Economic  Success? 

Ten  years  ago  a  municipally  owned  cement  plant  that  cost 
$890,000  was  put  into  operation  by  the  city  of  Los  Angeles. 
The  property  is  about  to  be  sold,  $450,000  being  the  mini- 
mum bid  that  will  be  considered. 

Designed  with  a  daily  capacity  of  1,200  bbls.,  this  cement 
plant  was  built  to  provide  cement  for  the  Los  Angeles  aque- 
duct, the  theory  being  that  the  cement  manufacturers  were 
asking  so  exorbitant  a  price  that  the  city  would  profit  by 
making  its  own  cement.  Evidently  the  Aqueduct  Bureau  still 
believes  the  theory  was  Justified  by  the  results,  even  though 
the  plant  may  be  sold  at  half  what  it  cost;  for  in  a  recent 
issue-  of  -Paciflc  Municipalities."  Burt  A.  Heinly,  secretary 
to  Chief  Engineer  Wm.  Mulholland,  Dept.  of  Public  Service, 
Los  Angeles,  says:  "The  Aqueduct  Bureau  never  contended 
that  it  could  make  a  better  cement  than  any  private  com- 
pany nor  did  it  assert,  for  reasons  explained  in  the  following, 
that  a  municipal  mill  could  produce  cement  at  a  cheaper 
price  per  barrel.  It  did  claim,  however,  and  with  good  reason, 
that  it  would  manufacture  at  a  cheaper  price  per  barrel  than 
the  price  at  which  private  mills  would  be  willing  to  sell  if 
the  city  should  not  own  and  operate  a  cement  mill. 

"It  has  been  the  claim  of  Aqueduct  engineers,  and  in  this 
one  cement  manufacturer  has  candidly  agreed,  that  even  had 
the  Monolith  plant  not  ground  a  single  barrel  of  cement,  it 
paid  for  itself  in  protecting  the  city  from  exorbitant  prices." 

On  the  other  hand  California  cement  manufacturers  have 
contended  that  this  municipal  cement  plant  has  proved  to  be 
a  very  unprofitable  experiment  in  municipal  ownership.  It 
has  produced  less  than  ]. 200,000  bbls.  during  its  10-year  life. 
If  the  plant  is  sold  for  $450,000,  a  depreciation  of  $440,000  will 
have   been   suffered.     The   interest   on   the   investment   at    5 


per  cent  simple  interest  for  10  years  amounts  to  another 
$445,000.  The  sum  of  interest  and  depreciation  alone  would 
therefore  total  $885,000  or  about  75  cents  per  bbl. 

At  the  time  the  city  was  manufacturing  cement,  private 
companies  bid  as  low  as  $1.12  per  bbl.  at  their  mill;  and  after 
the  city  ceased  (in  19091  manufacturing  cement  it  paid  $1.45 
per  bbl.  at  Mojave  for  200,000  bbls.  as  a  result  of  threatening 
to  resume  manufacturing.  Prior  to  making  this  threat  the 
cement  manufacturers  had  bid  $1.85  per  bbl.  That  the  city 
paid  $1.45  per  bbl.  rather  than  resume  manufacturing  cement 
is  significant  as  to  the  cost  to  the  city  for  operating  its  own 
plant. 

We  hold  no  brief  for  the  California  cement  companies.  It 
may  be  that  they  did  conspire  to  hold  up  cement  prices.  But 
we  are  a  long  way  from  being  convinced  that  the  building 
of  this  municipal  plant  was  justified. 

The  city  may  point  to  the  40  cts.  per  bbl.  saved  on  200,000 
bbls.  purchased  in  1909,  or  a  total  of  $80,000,  as  a  result  of 
its  threat  to  resume  manufacturing  cement.  But  what  of  the 
annual  $88,500  interest  and  depreciation  on  the  plant  every 
year  of  its   10-year  life? 

The  city  says  that  at  the  time  it  was  receiving  bids  of  $1.12 
per  bbl.  for  cement  at  the  mills  contractors  were  paying  the 
same  mills  $1.SG  per  bid.  The  apparent  inference  is  that  the 
cement  companies  were  therefore  making  an  excessive  profit 
of  the  difference  between  $1.12  and  $1.80,  or  74  cts.  per 
bbl.  Yet  this  is  by  no  means  a  sound  conclusion.  The  cost 
of  producing  anything  with  a  plant  decreases  as  its  load 
factor  increases.  Hence  a  plant  operating  at,  say,  half  its 
full  capacity  and  making  only  a  fair  profit  on  a  price  of  $1.86 
per  bbl.  might  be  able  to  make  a  fair  profit  at  $1.12  per  bbl.  on 
every  barrel  in  excess  of  its  50  per  cent  load  factor  output. 
Perhaps  it  is  not  an  ideal  thing  to  make  a  price  of  $1.SC  to 
one  buyer  and  a  price  of  $1.12  to  another  buyer,  but  it  may 
be  that  the  total  profit  resulting  from  thes'?  two  prices  is  not 
an  excessive  profit. 

Civil   engineers   inexperienced  in   industrial   economics   are 
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prone  to  seo  repri-lionslblo  piuctii-e  whonevor  thoy  seo  two 
Uifferont  unit  prioos  for  tln'  sumo  product  of  tlio  sumo  com- 
pany ut  llio  saiiio  llrno.  Such  ent;inoors  would  do  well  to 
study  no!  only  the  <»tT«>ct  i>f  lond  factors  upon  production  costs 
but  rdluK  as  a  byproduct  all  production  In 

exi .  .iverago.     It   Is  tills   byproduct  theory 

that  so  ottcu  has  hold  American  steel  manufacturers  to  sell 
at  a  loner  price  In  Kiiropo  than  In  America.  It  is  this  same 
theory  that  has  led  electric  companies  to  sell  current  dur- 
ing ■•off  peak"  hours  at  less  price  than  during  peak  load 
periods.  It  Is  this  theory  that  led  Vail  to  introduce  the 
"nUsht  letter"  mossuge  price  that  Is  onolltth  the  ordinary 
lO-word  day  niessage  price.  It  Is  this  theory  that  explains 
many  of  the  otherwise  puzzling  discrepancies  in  railway 
freight   rates. 

The  average  civil  engineer  knows  very  little  about  load 
factors,  and  even  less  about  the  pricing  of  products  or 
services  so  as  to  increase  load  factors.  It  behooves  him  to 
study  such  economic  matters  before  ho  condemns  manufac- 
turers for  quoting  different  prices. 

Los  Angeles  engaged  in  the  business  ol  making  cement, 
acting  under  the  advice  of  Mr.  Mulholland.  Nearly  a  million 
dollars  was  invested  in  a  cement  plant  that  has  been  idle 
for  many  ^'ears.  Was  this  experiment  justified?  We  doubt 
It.  After  the  plant  is  sold  it  would  be  well  were  the  city  to 
employ  a  disinterested  engineer  to  investigate  and  report 
not  only  the  actual  cost  of  the  cement  made  in  this  plant  but 
the  saving  to  the  city  in  the  cost  of  cement  purchased  from 
private  plants.  A  great  experiment  in  municipal  manufac- 
turing should  not  be  allowed  to  end  without  definite  knowl- 
edge, from  an  impartial  source,  as  to  its  economic  justifica- 
tion. 


What  Can  Be  Done  to  Protect  Con- 
tractors from  Ignorant,  Cut- 
Throat  Competition? 

The  cost-plus-a-fee  contract  has  been  condemned  by  Con- 
gress, for  in  the  Army  appropriation  bill  for  1919  this  form 
of  contract  is  prohibited  except  when  it  is  impracticable  to 
apply  any  other  form. 

To  those  that  are  acquainted  with  the  very  high  cost  of 
much  of  the  work  done  for  the  government  under  "cost  plus" 
contracts,  this  action  of  Congress  is  not  surprising.  There 
is  a  grave  defect  in  the  ordinary  "cost  plus"  contract.  The 
contractor  is  neither  rewarded  for  economy  nor  penalized  for 
lack  of  it.  Any  basis  of  compensation  that  ignores  the  eco- 
nomic law  of  "payment  proportionate  to  performance"  is 
not  ideal,  to  say  the  least. 

Yet  "cost  plus '  contracts  have  decided  merits,  whereas 
much  can  be  said  against  unit  price  or  lump  sum  contracts 
secured  under  cut-throat  competitive  conditions.  Doubtless 
both  forms  of  contract  can  be  improved.  "Cost  plus"  con- 
tracts can  be  bettered  by  the  introduction  of  penalty  and  re- 
ward clauses.  Unit  price  contracts  cnn  be  Improved  by  elim- 
inating ambiguous  clauses  and  by  providing  sliding  scale 
prices  dependent  on  changes  in  wages  and  material  prices. 
Furthermore,  incompetent  bidders  can  be  largely  eliminated 
by  requiring  surety  company  bonds,  and  by  permitting  the 
engineer  of  the  work  to  blacklist  inexperienced,  incompetent 
or  dishonest   contractors. 

No  public  works  contractor  should  be  permitted  to  fur- 
nish bonds  other  than  through  a  bonding  company,  for  there 
are  too  many  ignorant  people— usually  relatives  and  close 
friends  of  the  bidder — who  can  be  persuaded  to  act  as  bonds- 
men; whereas  surety  companies  are  much  more  competent 
to  judge  the  responsibility  of  a  contractor.  Perhaps  it  would 
be  well  were  surety  companies  forbidden  by  law  to  accept 
any  property  of  the  contractor  or  his  associates  as  security 
for  a  bond.  That  would  force  the  surety  company  to  write 
bonds  only  for  contractors  whom  they  regarded  as  being 
thoroughly   competent. 

Chicago  contractors  are  contemplating  organizing  a  mu- 
tual bonding  company,  and  the  idea  seems  to  have  merit. 
They  have  already  founded  a  mutual  accident  insurance  com- 
pany that  has  thus  far  proved  economic.  A  mutual  bonding 
company  would  have  the  merit  of  excluding  incompetent 
contractors. 


Migliway  contracting  is  no  more  risky  than  many  another 
business,  but  it  attracts  a  new  lot  ot  inexperienced  bidders 
every  year.  The  result  is  that  in  most  localities  experienced 
contractors  do  not  remain  long  in  "the  road  game."  In- 
experienced men  usually  get  the  jobs  at  prices  that  are  too 
low.  In  the  long  run  this  is  bad  not  only  for  contractors  but 
for  the  public. 

In  an  effort  to  escape  the  cut-throat  competition  of  incom- 
petent or  dishonest  contracts,  many  contractors  have  adopted 
the  "cost  plus"  contract.  When  this  form  of  contract  has  a 
^lenalty  and  bonus  clause,  it  Is  usually  very  satisfactory.  But 
unless  the  public  is  willing  to  place  entire  reliance  in  the 
judgment  and  integrity  of  the  ollicials  who  award  the  con- 
tracts, the  "cost  plus"  contract  is  not  likely  to  prove  satis- 
factory for  general  use.  Under  a  "cost  plus"  contract  the 
award  is  not  based  so  much  on  lowness  of  the  "plus"  or  fee 
as  on  the  competence  and  trustworthiness  of  the  contractor. 
Hence  this  form  of  contract  offers  a  splendid  chance  for  the 
public  press  to  accuse  the  awarding  officer  of  favoritism  or 
even  collusion  and  fraud.  Any  one  who  has  occupied  a  re- 
sponsible public  office  will  see  how  serious  is  this  objection 
to  the  general  use  of  the  'cost  plus"  contract  for  public 
works. 

Being  practical  men  we  should  not  forget  that  nearly  every 
city,  county  and  state  has  laws  that  prohibit  the  use  ot  any 
form  of  contra<'t  that  does  not  involve  the  award  to  "the 
lowest  responsible  bidder."  There  stand  the  laws.  It  will 
take  a  long  time  to  repeal  them.  May  it  not  be  better  first 
to  amend  them  moderately?  Was  not  the  recent  action  of 
Congress  indicative  of  the  most  practical  procedure?  Let  the 
present  general  method  of  calling  for  unit  price  or  lump  sum 
bids  be  retained  as  the  common  method,  but  with  permis- 
sion to  use  the  "cost  plus"  method  in  special  cases.  Then 
secure  a  further  amendment  that  will  give  real  significance  to 
the  term  "responsible  bidder." 

The  expression  "responsible  bidder"  should  be  either  de- 
fined, or  enlarged,  or  both.  It  might  be  enlarged  to  read 
■finacially  responsible,  reliable  and  expeiienced  contractor." 
To  this  might  be  added  that  the  engineer  in  charge  shall  be 
the  solo  judge  of  whether  a  bidder  is  financially  responsible, 
reliable  and  experienced.  And  finally,  as  an  essential  test  of 
responsibility,  it  should  be  required  that  the  contractor  fur- 
nish  bonds  signed  by  a  satisfactory  surety  company. 


Should  Civil  Engineers  Be 
Licensed? 

About  ten  years  ago  American  engineers  began  seriously 
to  discuss  the  question  ot  state  license  laws  to  control  the 
practice  of  engineering.  Louisiana  passed  i.uch  a  law  in  1908, 
and  four  more  states  have  followed  that  precedent.  There 
is  clearly  a  growing  disposition  on  the  part  of  civil  engineers 
to  favor  the  licensing  of  civil  engineers. 

Civil  engineers  in  the  field  ot  structural  engineering  find 
themselves  in  competition  w-ith  architects  who  are  protected 
by  license  laws.  Civil  engineers  in  the  county  and  municipal 
fields  encounter  the  competition  of  men  that  are  not  engineers 
at  all.  There  are  hundreds  of  city  and  county  engineers  who 
could  I  not  pass  the  simplest  sort  of  a  civil  service  examina- 
tion, but  hold  their  positions  through  political  pull  or  because 
they  were  elected.  Civil  engineers  perceive  more  clearly 
than  any  other  class  of  engineers  the  need  ot  some  sort  of 
law  licensing  those  that  practice  civil  engineering. 

Eight  years  ago  the  board  of  director.<^  ot  the  American 
Society  of  Civil  Engineers  declared  that  it  "did  not  deem 
it  necessary  or  desirable  that  civil  engineers  be  licensed  in 
any  state."  We  doubt  whether  the  same  board  would  adhere 
to  that  belief  today.  We  believe  that  a  ballot  by  the  members 
ot  the  American  Society  ot  Civil  Engineers  would  show  a 
large  majority  in  favor  ot  licensing  civil  engineers.  Would 
it  not  he  w-ise  to  take  such  a  ballot  after  permitting  pro- 
ponents and  opponents  ot  license  laws  to  present  their  rea- 
sons? Surely  the  question  of  licensing  engineers  is  important 
enough  to  warrant  taking  such  a  ballot. 

In  this  issue  will  be  found  a  preliminary  report  on  licensing 
engineers,  by  L.  K.  Sherman,  chairman  of  the  committe  on 
legislation,  American  Association  ot  Engineers.  Read  the 
report,  talk  it  over  with  other  civil  engineers.  Come  to  a 
decision,     .-^ct   upon   your  decision. 
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The  New  Director  of  the  Bureau  of 
Public  Roads  and  His  In- 
adequate Salary 

Engineers  will  be  greatly  pleased  to  learn  that  an  experi- 
enced highway  engineer  is  to  become  the  Director  of  the 
Bureau  of  Public  Roads,  succeeding  the  late  Logan  Waller 
Page.  In  another  column  is  given  a  brief  biography  of  the 
new  Director,  Thomas  H.  MacDonald,  at  present  chief  engi- 
neer of  the  Iowa  State  Highway  Commission. 

There  was  some  fear  that  the  successor  to  Mr.  Page  might 
be  a  politician  instead  of  a  highway  engineer.  We  are  glad 
that  this  fear  has  proved  groundless.  But  what  did  engi- 
neering societies  do  toward  securing  the  appointment  of  an 
engineer  to  this  important  federal  positions?  What  are  they 
going  to  do  to  secure  an  adequate  salary  for  its  incumbent? 

The  salary  of  the  director  of  this  great  bureau  is  pitifully 


leaders,  and  lead.  The  public  was  never  more  in  need  of 
leadership  in  formulating  policies  for  public  improvements. 
A  few  local  engineering  societies  have  perceived  this  fact  and 
are  taking  action.  But  what  are  the  numerous  other  local  so- 
cieties doing?  What  are  the  national  engineering  societies 
doing?  Talk  is  not  enough.  Definite  plans  for  ex- 
tensive public  works,  supported  by  convincing  economic  data, 
are  needed  by  the  the  public.  Who  can  supply  this  need  better 
than  the  engineering  societies  of  America? 


Study  for  Modified  Paving  Intersec- 
tions 

To  the  Editor:  The  accompanying  sketch  shows  a  study 
I  am  making  of  intersections  for  paving  in  village  streets. 
The  study  is  being  made  with  the  following  points  in  view: 
Securing  increased  room  in  the  intersections  for  the  turning 
and  movement  of  automobile  traffic  and,  second,  consideration 
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inadequate.  It  is  only  $4,500  a  year.  Considering  the  im- 
portance of  the  position  and  the  technical  skill  involved,  the 
salary  should  be  at  least  $15,000  a  year.  But  we  may  be  sure 
that  so  long  as  cabinet  officers  receive  only  $12,000,  it  will 
be  hard  to  convince  a  $7,500  congressman  that  any  federal 
engineering  position  should  carry  with  it  a  salary  of  more 
than  $10,000.  Nevertheless  the  effort  should  be  made  by  en- 
gineering societies  to  secure  an  adequate  salary  for  the  Direc- 
tor of  the  Bureau  of  Public  Roads. 
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It  Is  Your  Patriotic  Duty  to  Buy 
Horses" 

"My  follow  citizens,  it  is  your  patriotic  Outy  to  buy  horses. 
There  are  many  horses  rendered  idle  by  the  cessation  of 
the  war.  Buy  them,  feed  them,  make  them  comfortable,  and 
take  as  much  pleasure  as  you  can  in  doing  so." 

Thus  speaks  an  imaginary  political  orator.  Whereupon 
an  imaginary  listener  shouts:  "How  many  horses  are  you 
going  to  buy?" 

"Me?  Why,  I  don't  intend  to  buy  any.  My  province 
is  to  tell  others  what  to  do." 

For  the  imaginary  political  orator,  substitute  Uncle  Sam, 
and  for  the  imaginary  questioner,  substitute  yourself.  How 
would  you  feel  about  his  reply?  Well,  as  D.  A.  Garber, 
president  of  the  Associated  General  Contractors,  recently 
pointed  out,  the  federal  government  has  been  calling  upon 
the  cities,  counties  and  states  to  hire  a  lot  of  men,  buy  a 
lot  of  materials,  and  do  a  lot  of  construction,  but  precious 
little   has   the   federal   government   itself   undertaken   to   do. 

If  the  engineering  societies  of  America  wish  to  perform 
a  truly  great  public  service,  let  them  speedily  outline  definite 
plans  for  public  works  throughout  America,  and  present 
those  plans  to  legislative  and  administrative  political  organ- 
izations.    Let   engineers   do   a   little   less   talk   about   being 


of  the  feasibility  of  narrowing  the  main  run  of  the  paving 
and  effecting  a  substantial  saving  in  cost,  at  the  same  time 
maintaining  at  least  equal  facility  of  movement  on  the  whole 
by  virtue  of  the  enlarged  intersection.  An  outline  of  the 
conditions  is  as  follows: 

Space  in  the  intersection  modified  both  ways  as  in  Fig.  3 
would  compensate  to  light  automobile  traffic  in  residence 
streets  for  narrowing  the  paving  from  24  ft.  to  22  ft.  or 
20  ft.  Narrow  paving  leaves  more  room  for  grass,  trees, 
pipes  and  other  conveniences  back  of  the  curb.  Grass  and 
trees  in  place  of  brick  are  cooler  in  summer,  less  dust,  farther 
from  the  house  and  perpetually  cost  less  to  keep  clean  and 
therefore  are  kept  cleaner.  At  present  estimates  the  inter- 
section Fig.  3  costs  the  town  $84.40  more  than  standard. 
The  narrowing  of  the  paving  from  24  to  20  ft.  for  a  standard 
block  of  300  ft.  would  save  the  property  assessment  133  yd. 
paving  at  $2.50,  or  $332.50,  about  55  ct.  per  foot,  or  $27.50  to 
the  50-ft.  lot. 

I  shall  be  glad  of  any  comments  from  your  readers. 

C.  E.  VAUGHN, 

East  Palestine,   Ohio.  City   Engineer. 


How  to  Determine  When  to  Repave 

To  the  Editor:  Referring  to  your  leading  editorial  of 
March  5th,  1919,  "How  to  Determine  When  to  Repave,"  I 
would  offer  some  further  criticism  of  Mr.  Tillson's  as- 
phalt assumptions — 18  years  life  and  an  ultimate  repair 
rate  of  19  cents  per  square  yard,  even  if  deduced,  as  both 
are  somewhat  at  variance  with  our  Buffalo  experience.  We 
are  surely  getting  an  average  life  of  23  years  on  asphalt  pave- 
ments laid  under  all  varieties  of  conditions  and  in  a  vigorous 
climate.  An  ultimate  rate  of  19  cents  for  final  repairs  on  an 
assumed  life  of  18  years  would  indicate  that  these  repairs 
had  largely  been  made  within  a  few  years  and  should  con- 
stitute a  practical  resurfacing,  making  repaying  unnecessary. 
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While  we  do  oicttslonallj  run  u  rat,' as  high  us  that,  it  Is  with  U.^lJ     n^^iidn     'inrl     R  f'dlll'l  tiofl     r»-f 

the  exiH>cttttlon  that  ii  thorough  repair  will  put  the  street  in  IXOatl     UCSl^Il    dUiJ     IXegUiailOll    OI 

condition  for  Bovonil  years'  sorvUe  at  a  muih  lower  rate  TrsfflC 

We  have  had  over  67  million  yanlyears"  experience  In  as-  ^j     I     FIXMKH 

ph.-                 ■nance — all  fully  recorded.  ,  ,    „      ^    V -r       .  , 

1                     ur  thtH^retical  determinations,  but  for  immediate  ^«''"K  Rnglnocr.  with  Board  of  Local  Improvements.  Chicago.  HI. 

and  pr.4>.tUal  use  on  a  largo  number  of  streets  1   favor  the  The  subject  of  road  design  and  proper  reRulation  ot  traffic 

meUiod  of  mv  article  In  Knglneerlng  News  of  Sept.  2C,  1912.  is   both   Interesting   and    important.     I   shall   attompt   to   dis- 

Wlthout  working  out  a  continuous  cost  curve  it  is  only  neces-  cuss  the  principles  to   be  considered  and   established   before 

sary  to  know  the  cost  of  repairs  to  date.    It  may  bo  set  forth  any   rational    progress   can   be   made.     The   design,   construc- 

aa  foUowa:  ''""•    regulation   and   even    financing   of   roads    is   similar   to 

Coat  of  top  (new  or  old)  say  $1.50  per  yard;  at  end  ot  20  railway  construction  and  operation.     It  is  the  writer's  opin- 

veors  70  ct.  have  been  expended  In  repairs,  the  total  cost  of  Ion  that   practice  in  these  matters  should  be  intelligent  and 

providing  the  surface  (past  or  future)  is  then  Jl.SO  +  »0.70=  uniform   in  order  to  promote   the  development  and   free  use 

$2.20  for  20  years  or  11  ct.  per  year.  If  repairs  are  running  up  of  the  road.     Road  building,  from  the  modern  point  of  view, 

to  this  amount  then  give  the  street  a  detailed  study.    In  some  is  in  the  early  stages  of  organization.     The  advent,  or  rather 

cases  it  will  be  found  that  the  entire  top  is  in  a  generally  the    development    of    the    self-propelled    truck    has    rendered 

poor  condition— then  repave.     But  if  It  is  found   that   much  custom,  tradition  and  even  past  experience  of  little  value. 

of  the  surface  is  in  sound  condition  and  even  slightly  more  In  order  to  design  a  road   economically   and   wisely  there 

than  the  indicated  maximum  will   put  the  street  in  service-  are   three   fundamental   factors   that   must   be    known,   estab- 

able  condition  for  several  years  with  only  minor  repairs  then  lished    or   at    least    intelligently    assumed.     These    are:     the 

such  action  Is  warranted.  proper  width  of  roadway  to  safely  accommodate  the  traffic; 

Careful  study  of  the  printed  records  of  about  750  different  the  structural  efficiency  of  the  road  structure   (including  the 

contracts,   where   repairs  are  determined   by   the   same   men  sub-grade,   foundation  and   wearing  surface)    and   the   proper 

over  a  long  period,  falls  to  show  that  the  repairs  on  any  one  regulation    of   the   vehicles    composing   the   traffic    using   the 

street  follow  any  definite  law  or  rule.    By  averaging  a  largo  road   in  question. 

number  the  irregularities  are  eliminated.    As  an  example,  on  Width  of  Roadway.-  First,  the  width  of  the  roadway  must 

one  of  our  heavy  traffic  streets  two  adjacent  contracts  laid  be    determinod.    The   width   is   dependent   upon    the   amount 

the  same  year  by  the  same  contractor  show  as  follows:  of  traffic,   the   width  of  the   vehicles,   speed   of  vehicles  and 

Laid   1SS9,  guarantee  e.xpired   ISOt.  provision   for   "parking"   or  standing   vehicles.      The   amount 

Average  cost      Per  .«'(i^'yd  -yr  °^  ^^^^'^  '^  determined  by  a  traffic  census,  a  liberal  analysis 

Ct.      '                 ct.      "  of  the  tiallic  likely  to  jbe  attracted  by  the  improvement,  and 

Cost  repair'  1911   to  191? 355                      I' 93  ^    careful    prophecy    of    future    increase.      It    is    usually    ex- 

__       ,.  ■  ,j  .                "       ,,  ^   ..,,       .        .     ,^ '.          ,  pressed  in  terms  of  maximum  number  of  vehicles  per  hour. 

V^y  should  two  pavements  which  differed  so  m  their  early  ^he  number  of  lines  of  traffic   to  be   provided  for  is  deter- 

repatr  rates  come  to  so  near  an  equality  in  their  later  main-  ^^j^^^  ^^  ^^^^  .p^^^  ^„,,  j^eadwav   (for  safety)   of  the  class 

tenance    and  why  should  one  show  a  lower  rate  at  28  years  „f  ^.^^jeies  to  use  the  road.    On  city  streets  it"  is  often  neces- 

01  age  than  as  .1  years.                                 ,   -^   -     ,c.n,      ,,  ^^^y  ^°   Provide,   in  addition  to  the  lines   of  moving   traffic. 

Another  piece  adjoining  one  of  these^  laid  m     S91,  show;s  j„,.  ^^^  „^  ^^^  ^,^^^  ^^  ^^^             ^^  "parking"  vehicles. 

to  1910  a  cost  of  1.03  ct.  and  1911  to  1917  1..3  ct.  per  yard-  ^^^   ^.^^,^   ^^^         3^   ^^   ^^^  ^^^i^,^   ^^^^   ^^   regulated. 

year  which  is  more  consistent  but  abnormally  low    \et    hese  ^able  I  indicates  an  approximate  relation  between  width  of 

pavements  with  present  repair  rates    at  the  end  of  nearly  30  roadway,  width  of  vehicle  and  permissable  speed  of  vehicle. 

years,  running  at  about  o  ct^  per  yard-year,  are  worn  so  thin  p,„^   ^able   I   it   is   evident   that   the    width    of    roadway 

that  patching  is  difficult  and  "humpv, '  making  repaving  de-  oi,„„i,,   „,.,i;„o,.ii„  k„  „   „  t*-  i       «  »        j         j-          "•»"""J' 

sirable                                                                          e>       f        b  should  ordinarily  be  a  multiple  of  ten,  depending  upon  the 

-p»,„  '„K„r»    „■ t«        1      •      f  •  1              <  .     i       -i,.        i     ,  number  of  lines  of  traffic  to  be  provided  for.     If  one  or  more 

The    above    simple    rule    is    fairly    consistent    with    actual  u_„„  „f  *„offi„  o^„    f„„,q-„     *     a-     *,         -j.i.            i_          '""'c 

r>,,-.f:„«     I.  »,«„  .v,„          -»<.«-•             j-1         J       »     J  T.     XT.  '"^'^^  °f  traffic  are  standing  traffic  the  width  may  be  reduced 

practice.    It  has  the  merit  of  being  readily  understood  by  the  „„  ,-„/i,„,*„j  •„  r,.„,,,     ,     n?u                 v     ■             ^       ...  <^u"v.o" 

lo ,.„,»„  ^i,„  »,„     .       .     J         .     «  .V          "             «             •  ^3  indicated  m  Table  I.    Thus  on  a  business  street  it  is  cus- 

layman  who  has  to  stand  part  of  the  expense  of  repaying.  t,,rr,ov^  t^   r,,.„,.i,i«   f„_  *„,     i-            »     .     j-        »     «=          j     . 

If  o  n^oi  ••T„o.K-^.«.,.!„„l"  ,„i     ■     J     -     J   -»  •                 *  J  tomary  to   provide   for  two  lines   of  standing   traffic   and  at 

II  a  real     mathematical     rule  is  desired  it  is  suggested:  i *   t„.„   ,.  „  ■        .     „=        r„i  .,,..,. 

Cost  ot  too  -+-  cost  of  renairs  ''^'''^*-  ^^°  ^'''''^   °^  moving  traffic.     The   width   in   this   case 

(,ost  ot  top -f  cost  Of  repairs  ^.^^,j^   ^^   2  ^  ^^   pj^^   2x9    (maximum   width   vehicle)  =38 

A..O  nf  ,,,vo,^^.,»            -i-s.tuay   01   recora  jj     ^^  provide  for  a  third  line  of  moving  traffic  the  roadway 

A»e  01  pa^emeni  ^.^^j^  ^^  increased  to  48  ft. 

ot  previous  repairs  plus  intelligent  inspection  of  present  con-  rr„   <,„„„„„       t  t           ,   ti,                    •       »,.       •   ,  .     - 

dition  plus  requirements  of  traffic,  .equals  a  fair  determina-  „  J^h'Ted  of  vU^cle     of%L''fT-'''   '^A"T\f^T" 

tlon  of  "When  to  Renave "  '          ^              vehicles  of  6%  ft.  in  width  should  be  lim- 

f,„(^    r,    MnRTDM  'ted  to  2.5  miles  per  hour,  of  7  ft.  in  width  to  20  mlies  per  hour, 

Buffalo    V    T                                                          Citv  Fneineer  of  "%"  in  width  to  15  miles  per  hour,  and  of  8  ft.  in  width  to  10 

'  "  '      ■         ^   E-ueiueei.  ^,j[Qg  pgj.  jjQjjj,     j^jg^j  fggj  jjj  Width  should  be  the  maximum 

width  of  vehicle  allowed,  except  by  special  or  emergency  per- 

Finishing  Methods  for  Concrete  Pavements  ^^^   ^'^  approximate  method  of  estimating  adequate  roadway 

,         ,-.  widths,  based   on  average  speed  and  number  of  vehicles  to 

tor  Alleys  be  provided  for.  is  shown  in  Fig.  1.     This  diagram  is  based 

The  Bureau  of  Street  Construction  and  Repairs  of  Milwau-  on  average  conditions  for  clearance  and  headway.     A  single 

kee,  Wis.,  is  obtaining  good  results  in  concrete  alley  paving  roadway    should  not  be    permitted  where  the  average  speed 

by  working  dry  mixture  in  the  surface  and  thorough  floating.  exceeds   5   miles   per  hour  and   number  of  vehicles   exceeds 

The  concrete   in   the  pavement  is   a  1-2-3   mix;   It  is   placed  50  per  hour,  unless  the  traffic  is  restricted  to  one  way  only. 

6  in.  thick.     Expansion  joints  are  placed  not  more  than  25  ft  The  number  of  vehicles   per  day    (24   hours)   is  assumed  to 

apart,  and  V.  in.  elastite  expansion  joint  fillers  are  used.   The  equal  10  times  the  maximum  number  per  hour. 

finishing  clause  in  the  specifications  is  as  follows:  The  method  of  using  the  diagram  is  as  follows: 

After  the  concrete  is  deposited  and  brought  to  the  proper  con-  After  deciding  on  the  number  of  vehicles   per  hour  to  be 

'{^'utVi^\^in'"\rstTt!r^t  TtZ  li^'^fLinZ  V^^ryU°^n  '''°''^^^  '^'-  ^"""'^  "P  °^  ^he  vertical  line  above  the  given 

S-ft.  gas  pipe  handle.     Immediately  following  this,   a  drv  mixture 

L?ffi  '''sl"?,°l,  ^""^  ^  ,P^''*  9!^f  "•  ^^^'^  sand  that  has  passed   No.   8  T.^BLE    I.— RELATION'    BETWEEN   ROADWAY    WIDTH    AND 

screen,  snail  De  evenly  applied  over  the  entire  surface,  in  sufficient  WIDTH  OP  SELF-PROPELLED  VEHICLES 

quantity  to  absorb  all  water.     In  no  case  shall  the  quantity  of  the  , Width    of    Vehicles , 

dr>    mixture   be    less   than  at   the   rate    of   1   sack   of   cement    to   30       ' ' " -'-i^-f-^r--,,.^'      ^^        Ft        Ft        Ft        Ft        fT 

„.;  -    .1.       P^'^^'V®"'-     Jhe   cement  and   sand   must   not   be   mixed  Permissable   Speed   of  Vehicles.        6          6><.       7'        TW,       g"      *su, 

more   than   .lO   minutes  in  advance  of  its   use.   and   shall  be   mixed  Width  of  roadway  required  ner  line 

by  a  man   other  than  one  of  the  floaters.     After  placing  the  dry  ?— — of   vehkite    tra^^^ 

nj.'-\',"Zf   '^ll^''*'"^   ^^^^^   continue   until   it    is   thoroughly   incor-        Parked  or  standing  "^        "^V^^"^'^'*     8%       9  9% 

Porate<i   with   the   mortar  previously  flushed   to  the   surface.      Sub-  5  miles  per  hour   'U.       8  SU       9  gii     in 

?ri!"5-^^*""'P  ''''?"  f'^"°'^  **'  '"'''"■'I's  of  about  5  minutes  until       10  miles  per  hour  8  8%      9  <)«.     10 

l^r.u^       ,J^''^^'''^   '^^^    '"'«'"    floated    not    less    than    5    times    after        15  miles  per  hour   8%       9  9V.     10  " 

IS5  \.^       ^  i?"^  'T'^,'"'"''-      The    floaters    shall    float    continuously.        20  miles  per  hour   9  9%     10 

nJI^.^Lr,/'!'"!!    I   ^^^^    not    he    less    than    one    to    each    200    yd.    6f        25  miles  per  hour  qi^     10 

?».,\kIS   I      »'^    ''"''^v      ■•^'-  ^^"^   '"^t   floating  the   mortar   shall    have        .30  miles  per  hour   10 

jt-lSl     ,      ^^'^^fv.  '"i'^n   "^   '^   P3s«^y   and   adhesive   and    is   slightly       

drawn  along  with  the  float.                                                                    «      •  .city  of  Chicagc^Ma^.   width  =  S^.i  ft.     Max.  length   =   40  ft. 
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number  to  the  intersection  of  the  dash  line  denoting  average 
speed  in  miles  per  hour.  Continue  up  on  the  vertical  line  to 
the  first  heavy  horizontal  line  which  shows  number  of  lines 
of  moving  traffic  required.  The  width  of  roadway  is  given 
to  the  left  on  the  continuation  of  this  horizontal  line. 

If  provision  must  be  made  for  standing  vehicles  add  the 
width  as  given  in  Table  I  for  type  of  standing  vehicle  to  be 
provided  for.  Thus  for  2,400  vehicles  per  hour  of  average 
speed  of  10  miles  the  diagram  indicates  5  or  a  roadway  of 
50  ft.  For  standing  vehicles  (one  line  of  each  side  of  street) 
take  widest  truck  (Table  1^=9X2  =  18.  Thus  the  total 
width  of  roadway  would  be  50  +  18  =  08  ft. 

This  diagram  may  be  used  to  determine  congestion  on  a 
street  and  how  it  may  be  relieved  by  regulating  traffic  For 
•  'ehicle^  Per  Dau(L4hn'im  Thouiond:- 

!4   :6  Id  id  ,Y  :d  lb  .'3  Jg  3:  a  :s  .m  -w 
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Fig.  1 — Diagram  for  Design  of   Roadway  Width. 
MAXIMUM    Nl'>rBER    OF    A'f^HICLK.S    I'ER   HOUR. 
Note — All  horse  drawn  use  Av.  =  2  miles.     All  truck  drawji  use 
Av.  =  10  miles.     Mixed  horse  and  auto  use  Av.  =  .5  miles.     All  auto 
(mixed)  use  Av.  —  15  miles.     All  passenger  auto  use  Av.  =  20  miles. 
Xote — 10    ft.    is    taken    as    ne^essar^•    width    for    moving    traffic. 
Where    standing    trafHo    is    considered,    width    of    roadway    may    be 
reduced  as  per  Table  I. 

example:  A  50-ft.  roadway  will  accommodate  only  1,600  ve- 
hicles per  hour  at  the  horse-drawn  average  speed  of  2  miles 
per  hour.  Were  this  traffic  routed  on  another  street  or 
speeded  up  to  an  average  of  5  miles  per  hour,  the  capacity 
would  be  Increased  to  2.2C0  vehicles  per  hour,  etc. 

The  distance  required  to  stop  a  car  equipped  with  proper 
brakes,  road  in  average  condition,  and  driver  alert,  is  de- 
termined by  the  following  formulas: 

(speed  in  miles  per  hour)  = 

Distance   (in  feet)  = — — (Formula  1) 

10 

The  headway  required  for  fast  moving  vehicles  varies  with 
the  maximum  speed  of  the  vehicles,  the  factor  of  safety  as- 
sumed (to  allow  for  poor  brakes,  time  for  driver  to  act.  etc.), 
and  the  length  of  the  vehicles  in  service. 

Headway    (in   feet)  =  D  x  F  +  V  (Formula    2) 

Where  D^  distance  required  to  stop  as  determined  by 
Formula  1. 

F  =  factor  of  safety.     F  is  taken  to  equal  2  in  Fig.  1. 

V^  length  of  vehicles.  V  is  assumed  to  vary  from  1.5  to 
10  ft.     V  is  important  only  at  low  speeds. 

The  maximum  number  of  vehicles  per  hour  per  line  of 
traffic  is  estimated  from  Formula  3. 

Maximum  number  of  vehicles  per  hour  per  line  of  traffic  =^ 
5.280  X  Average  Miles  per  hour 

(Formula  3) 

Headway. 


TABLE  II, 


Assumed 

averatre 

speed. 


5 

10 
15 
?0 
25 


Assumed 

mnxiTTium 

speed. 

10 
15 
SO 
21! 
25 
.'SO 


Formula. 
5280  X  2 


10  X  2  +  15 
5280  X  5 


22  .".   -'2  +  15 
5200  X  10 


40  X  2  -*-  12 
.=;2S0  X  15 


53.0  V  2  +  10 
5280  X  20 


G2  5  y  *;  -4-  10 
5280  X  25 

90  X  2  -f  1 0  . 


Number  of  ve- 
hicles per  hour 
per  line  of 
traffic. 

300 
440 
57.-. 
685 
780 


Assumed  niaxiniuui  speed  is  arbitrarily  taken  to  fit  char- 
acter of  traffic  having  an  assumed  average  speed. 

Except  for  passing,  25  miles  per  hour  appears  to  be  the 
economical  speed  from  the  standpoint  of  providing  an  ade- 
(juate  roadway  and  safety  in  operation.  The  greatest  capacity 
is  secured  when  the  speed  is  uniform  or  average  speed  ap- 
proaches the  maximum  speed.  Formula  3  may  be  used  in 
regulating  speed  where  the  capacity  of  the  road  is  exceeded. 

Road  Structure. — Second:  The  structural  efficiency  of  the 
road  and  roadbed  construction  must  be  determined.  The 
road  structure,  comprising  the  base  and  wearing  surface.  Is 
considered  to  act  as  a  structural  unit.  The  function  of  the 
road  structure  is  to  resist  the  wear  and  strain  imposed  by 
the  traffic  and  to  transmit  the  resultant  pressure  over  an 
area  of  sub-grade  capable  of  supporting  such  loads.  While 
considerable  experimenting,  scientifically  directed,  must  be 
had  before  design  of  structure  can  be  said  to  rest  on  any 
but  an  empirical  basis,  this  lack  of  data  should  not  deter 
us  from  approaching  a  solution  In  a  rational  manner. 

To  design  a  proper  road  structure  three  factors  must  be 
known  or  intelligently  assumed.  These  are:  the  allowable 
pressure  the  sub-grade  can  safely  support;  the  structural  re- 
sistance or  strength  of  the  road  structure,  and  the  amount 
and  character  of  the  imposed  loads. 

The  first  two  factors  are  determined  by  engineering  inves- 
tigation or  experience.  The  fixing  of  the  third  factor,  namely, 
amount  and  character  of  the  Imposed  loads,  is  uncertain.  It 
is  now  recognized  that  this  factor  must  be  regulated  by  law. 
The  allowable  pressure  on  the  sub-grade  can  be  determined 
by  experiment  locally  applied,  or  carefully  assumed  in  the 
light  of  experience.  It  will  vary,  as  a  rule,  from  Vi  to  2  tons 
per  square  foot.  To  resist  a  given  load  the  road  structure 
and  sub-grade  may  conveniently  be  considered  to  act  as  a 
unit. 

Thus,  where  the  bearing  power  of  the  sub-grade  is  not 
uniform,  one  of  two  things  must  be  done.  The  sub-grade 
must  be  strengthened  by  drainage  or  construction  of  a  sub- 
base,  or  the  road  structure  must  be  of  stronger  section  at 
the  area  of  weakness  in  the  sub-grade.  Where  the  sub-grade 
is  not  uniform  and  no  effort  is  made  to  bring  all  weak  areas 
to  the  adopted  or  assumed  standard.  It  is  not  economical  to 
specify  a  constant  or  uniform  section  of  road  structure. 
Where  it  is  impractical  to  determine  weak  areas  until  the 
road  is  under  construction,  or  where  it  is  deemed  more  eco- 
nomical to  increase  the  strength  of  the  road  structure,  a 
uniform  thickness  or  composition  of  road  base  should  not 
be  specified,  but  bids  taken  on  the  basis  of  cubic  yards  of 
material  in  place,  rather  than  the  customary  item  of  square 
yards  of  pavement  surface.  The  diagram  (Fig.  2)  shows 
an  approximate  method  of  proportioning  road  bases  to  wlth- 


4      5      6       7      $     9      10     II     i:    13    14 
Tons  of  Traffic  on  One  Wheel  'fjof  Total  Load ) 

Fig.   2. —  Diagram   for    Design   of    Permanent   Foundations. 

Xote—Wearins'  surface  not  included  as  part  of  foundation,  ex- 
cept inonolithic  V>rick  which  may  be  considered  equal  to  a  1-3-6 
i-oncrete  base  1  in.  less  in  depth.  A  concrete  pavement  having  no 
wearing  surface  shall  be  considered  equal  to  the  same  class,  but 
1  in.  less  in  depth   (thickness). 

stand  an  assumed  wheel  load  on  sub-grades  of  various  bear- 
ing power.  This  diagram  must  be  regarded  as  educational 
rather  than  as  an  exact  solution  of  an  engineering  problem. 
Were  the  maximum  allowable  load  on  one  wheel  fixed  at. 
say  h  tons,  and  the  speed  restricted  a.s  outlined  in  a  subse- 
quent paragraph,  the  thickness  of  pavement  bases  could  be 
fairly  determined  for  various  sub-grades.  Thus,  where  the 
wearing  surface  adds  no  strength  to  the  base,  the  thickness 
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or   the    sf\oriil    typos   of   bnsos    would    be   appruximutely    iis  indioiittHi   in   Table   i.    Taking   tlio   passonser   automobile   as 

sbown  on  the  dlugoual  lines  in  Kig.  2.  Iho   basis,   tlio   speed   should   be   limited   by   consideration  of 

Regulation  of  Traffic  and  Load  Stresses. — Third:   The  amount  public  safety  to  from  10  to  30  miles  per  hour.    The  locations 

and  i-hiiracter  of  the  load  or  stress  imposed,  must  be  assumed  where   these   limits   would   be   imposed   would   range   from   a 

or    dellnltely    established.      The    regulation    of    the    vehicles  business   street   to  the  wide   through   route   or  unfrequented 

using  the  public  highway  Is  necessary   in  order  to  promote  country  road.     The  speed   of  trucks  should   be   reduced,  de- 

public  safety,  protect  road  structures,  nud   to  attain  n  satis-  ponding  upon  the  load  carried,  as  Indicated  in  the  following 

fnctor>'  and  harmonious  development  of  road  building,  truck  formula: 

manufacture,   .-ind    economic    motor   service.     Strictly    speak-  1' ^:  ci       \\)                                                         (Formula  6) 
ing.  It  Is  not  possible  at  this  time  to  strike  an  economic  bal-  St- 
ance between  the  maximum  size  load  and  the  economic  limit  10                                   , 

of  road  structure  to  accommodate  sudi  tralllc.  Where,  S  =  permissible  speed  for  trucks  in  miles  per  hour. 

It  Is  evident  that  a  road  structure  designed  to  support  all  P  =  established   permissible  speed   for  passenger  autos   in 

po.'islble  loads  is  not  economic,  and  since  it  is  based  on  mere  miles  per  hour. 

prophecy.   Is  w  asteful   and   of  uncertain   life.     If   we  digress  W  =   weight  of  load  in  tons  on  one  wheel. 
to  the   situation   of  the   railways   wo    And    that    they    have  The   above   formula    applies   where    vehicles    are   equipped 
definitely  established   the   width  and   height   of   their   rolling  "ith  rubber  tires.     When  steel  tires  are  used.' as  with  trail- 
stock.     They  have  found  it  necessary  to  limit  and  distribute  ers,  then, 
the  weight  of  their  heaviest  locomotives  and   cars,   because  PX  (9  — VV)                                                         (Formula  7) 

of  the  weakness  of  their  road   or  railway,  and   its   support.  S  =; 

Ksperlments   are   being    made,   where    the    volume   of   traffic  '                15 

warrants.  In  designing  a  more  substantial  roadbed.    But  this  The  character  of  the  highway  should  be  the  principal  basis 

Is  limited  to  special  lines  where  business  and   traffic  is  per-  for  establishing  the  maximum  speed  permissible  for  passenger 

manently  established   and  its  justiflcation   is  determined   by  automobiles.      The     speed    for    typical     locations     might     be 

cold  economic  analysis.  adopted  as  shown   in  Table  III,   provided   the  roadway  is  of 

It   appears,  at   this  time,   to   be   the  general  consensus   of  ample  width.     (See  Table  I.)    These  limits  should  be  properly 

opinion   that   the  truck   known  commercially  as   the  5   to   7-  posted  at  all  changes  in  the  character  of  the  highway,  and 

ton   truck   is   the   maximum   size   which   it   is   economical   to  effectively   enforced.     Proper   enforcement   will   require  ade- 

operate  in  general  service.     This  truck  weighs  from  C%   to  quate  policing  on  all   main  highways,  both  within  and  with- 

7H  tons  without  load.     When  loaded  the  weight  is  less  than  out  town  or  city  corporate  limits. 

15  tons.    Since  the  rear  axle  carries  approximately  two-thirds  The  "center  traffic"  is  the  usual  fast  traffic  using  the  mid- 

of  the  load,  there  would  be  a  trifle  less  than  5  tons  on  one  die  area   of  the   roadway.     The   "side  traffic"   is   the   slower 

rear  wheel.     It  is  the  writer's  opinion  that  a  maximum  load  traffic  usually  traveling  along  the  side  of  the  roadway.    The 

of  5  tons  on  any  one  wheel  should  be  the  established  limit.  "passing  speed"  refers   to  the  emergency  increase  of  speed 

The  factors  to  be  considered  in  determining  the  wear  and  allowed  to  pass  the  slower  moving  traffic.    It  will  be  noted 

stress  of  wheel  loads  on  a  pavement  are:  the  maximum  load  by  referrin.i;  to  Tables  I  and  III  that  the  maximum  speed  al- 

on  one  wheel,  the  diameter  of  the  wheel,  width  of  tire,  kind  lowed   on   public   thoroughfares   is   30   miles    per    hour.    The 

of  tire,   kind    of   springs,   smoothness   of   pavement    surface,  speed   of  trucks   or  heavy  loaded  vehicles  is   to   be  reduced 

and  speed  of  the  vehicle.  for  the  typical  location  shown  on  Table  IH  as  indicated  in 

The  maximum  load  on  one  wheel  should   be   limited   to  5  Formulas  0  and  7.     To  assist  in  enforcing  speed  regulation. 

tons.     This    loading,   while   apparently   arbitrary,    is    reason-  all  trucks  should  be  required  to  carry  a  sign  with  the  speed 

able,    because    of   a    combination    of   mechanical    limitations  ratio  for  the    given  truck.    Thus  the  ratio  for  a  truck  having 

which  sense  this  limit  as  the  proper  one.     The  old  ordinance  4  tons  on  one  wheel  would  be  "(,«  )  "(Formula  6.) 

of  the  city  of  Chicago  allows  l.OOO  lb.  per  inch  in  width  of  viuy- 

tire-  a  total  gross  load  of  15  tons,  and  a  maximum  of  6  tons  Design  of  Road  Structure.— From  the  preceding  discussion 

on  one  rear  wheel  ^^^  manner  of  determining  the  width  and  the  stress  the  road- 

The  width  of  the  tire,  if  rubber,  is  limited  by  the  strength  '^■^5'  must  bear  is  indicated.     The  regulation  of  traffic  is  em- 

of  the  rubber  structure,  which  has  been  experimentally  de-  Pnasized,  and   the  reasons  for  restrictions  as   to   width   and 

termined    to    be    about  SOD  lb.  per  inch  in  width.     The  me-  '^'°<'   °^  '"'^s.   maximum   loading,  and   speed   of   vehicles   on 

chanical  structure  of  the  wheel   and   effect  of  power  stress  P"'''''^  roadways  are  briefly  outlined.     There  remains  an  in- 

also  tend   to  limit  the  width  of  tire.     A  loading   of  800   lb.  ^'estigation  as   to  the  most  economic  materials  and  manner 

per  inch  width  of  tire,  when  applied  through  a  resilient  tire,  "^  '"''^'1  construction  to  meet  the  demands  of  the  traffic  which 

can  be  safelv  carried  bv  a  road  structure  up  to  a  reasonable  "^   '■°=*^    '°   question   must   accommodate.     Having   definite 

limit.     The  necessary  width  of  rubber  tire   (in  inches)  is  as-  conditions  established  it  is  the  province  of  the  road  engineer 

sumed  to  equal  the  tons  on  one  wheel  multiplied  by  2  5/10.  ^°  design  a  suitable  structure.    The  principles  of  structural 

(Formula   1.)     Because  of  the  less  area  of  contact  with  the  ^^^'Sn  will  not  be  discussed  at  this  time.     (See  Fig.  2.)    The 

road  surface,  and  effect  of  greater  impact,  a  steel  tire  must  ^^'^  should  be  designed  to  fit  traffic  conditions  and  not  to 

be  wider  than  a  rubber  tire  for  a  given  load.     The  necessary  ^^^^  arbitrary  financial  limitations. 

width  of  steel  tire  (ig  inches)  is  assumed  to  be  equal  to  the  Unfortunately  a  great  number  of  bond  issues  and  appro- 
tons  on  one  wheel  multiplied  by  4.  (Formula  5.)  The  di-  priations  for  road  aid  are  made  on  the  basis  of  building  a 
ameter  of  the  wheel,  efficiency  of  the  springs  and  the  smooth-  definite  number  of  miles  of  road.  This  is  illogical  and  will 
ness  of  the  pavement  surface  may  be  neglected  temporarily,  he  a  constant  source  of  friction  or  disappointment.  Roads 
since  the  diameter  of  wheels  varies  but  little,  and  the  effect  must  be  designed  up  to  a  standard  and  not  down  to  a  price, 
of  springs  and  smoothness  of  pavement  surface  are  of  little  particularly  when  the  basis  of  cost  ignores  the  fundamental 
consequence  where  the  pavement  is  properly  built  and  main-  elements  of  traffic  needs.  Improvement  in  practice  has  been 
tained.  rapid  the  past  few  years,  and  it  can  be  stated  with  confidence 
The  matter  of  allowable  ^peed  is.  however,  highly  impor-  tliat  the  experienced  road  or  paving  engineer,  with  proper 
tant.  This  must  be  regulated  because  of  public  safety,  effect  regulations  in  force,  can  design  a  road  structure  to  meet  the 
on  wearing  surface  and  pavement  structure,  and  effect  in  given  traffic  need  as  well  as  provide  a  surface  that  will  eco- 
determining  roadway  widths.     As  the  speed  increases,  more  nomically  satisfy  the  desirable  features  of  low  cost,  low  cost 

clearance  must  be  provided,  as  shown  by  Table  I  and  Fig.  1. 

The  permissible  speed   should  be  defined  and  enforced,  tak-  Table  m.— PERMISSIBLE   SPEED  OF  PASSENGER   AUTOMO- 

ing    into    consideration    such    factors    as    width    of   roadway,  ^^^^-               Permissible  speed  in  miles 

width  of  vehicle,  weight  of  load,  kind  and  width  of  tire,  and  per  hour.* 

character  of  highway  or  thoroughfare.     Were  the  permissi-  ^"'^^  °'  Thoroughfare.                 ^^^^^^       ^^^^     'J^^s-'" 

ble  speed  for  vehicles  of  excessive  width  reduced  as  shown  trafflc.       traffic.    Ing  speed, 

on  Table  I,  the  suggested  limit  of  8  ft.  in  width  for  vehicles  '^lVaffi?V'".°"'^^.*.^°'"..™.°';°.  .""*^.°'     30               20             so 

would  become  recognized  as  an  economic  limit.     Likewise  the  Boulevards  and  countrj-  roads  . . ......      25                20              30 

height  should  be  limited  to  12   ft.  on  account  of  bridge  or      ciJy  ?trli'tT'frJ's"deJ5?e)T  .™'!''^ lo  15  25 

subway  clearance,  and   the  overall   length  to  24   ft.   because  City  streets  (business)  ..'.'.'.'.'.'.'.'.'.'.'.'.'.'.      15               10              20 

of  the  space   required  in   turning   corners.     Adequate   width      City  streets  (heavy  traffic)   10  7  15 

or  roadway   must  be   provided   or  the     speed     reduced     ar  'State  of  Illinois— 10  to  25  miles  per  hour. 
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of    repairs    and    maintenance,    safe    traction,    durability    and 
general  acceptability. 

Financing. — The  method  of  financing  the  building  and 
maintenpnce  of  roads  and  streets  is  an  interesting  problem. 
The  funds  for  this  purpose  must  come  from  three  sources, 
namely:  the  user  of  the  road,  the  abutting  property  owner,  or 
the  taxable  public,  as  represented  by  a  governmental  unit. 
It  is  becoming  the  general  practice  to  tax  all  vehicles  (the 
user  of  the  road),  and  employ  the  proceeds  for  road  or  street 
maintenance,  repairs,  reconstruction  and  even  new  construc- 
tion. If  the  user  of  the  road  is  to  be  taxed,  the  amount  of 
the  tax  should  be  apportioned  according  to  both  the  damage 
done  or  the  wear  occasioned,  and  volume  or  extent  of  use. 
The  character  or  power  of  the  vehicle  and  load  capacity  is 
the  practical  measure  of  potential  wear  or  damage.  The  fol- 
lowing formula  has  been  developed  to  meet  average  condi- 
tions in  determining  a  fair  vehicle  tax  or  fee: 

Registration  Fee  (in  dollars)  = 
Horsepower  X  tons  on  one  wheel*  (Formula  8) 


*"Minimiini  load  assumert  at  one  ton.  "Miiiinunn  fee  at  .$5.ftO. 
To  limit  the  tax  to  a  uniform  fee  for  a  given  class  of  vehicle 
is  not  equitable.  The  extent  of  damage  or  rather  wear 
which  any  vehicle  may  be  assumed  to  produce,  would  vary- 
directly  with  the  mileage  of  such  vehicle.  The  application 
of  a  tax  or  charge  on  the  amount  of  mileage  could  be  done 
in  several  ways.  One  method  would  be  to  equip  all  vehicles 
with  a  tax-speedometer  under  seal,  and  to  charge  for  the 
excess  use  or  mileage  as  indicated  in  Formula  9. 

Users'  Tax  (in  dollars)  = 
Horsepower  X  tons  on  one  wheel    >;    (Total   mileage  —  o,000l 


10,000 

(Formula  9) 

In  this  formula  a  vehicle  having  an  annual  mileage  of  less 
than  5,000  would  not  be  taxed,  in  addition  to  the  registration 
fee.  These  formulas  are  only  tentative,  but  at  least  indicate 
a  fair  manner  of  apportioning  the  costs  of  road  maintenance. 
The  "user's  tax"  should  be  apportioned  between  the  state 
and  municipalities,  on  the  basis  of  use  of  road  or  street. 

Another  method  of  taxing  use  of  the  road  might  be  effected 
by  adopting  a  tax  on  motor  fuel,  with  a  modification  of  rate 
lo  apply  to  vehicles  of  a  more  destructive  tendency.  This 
method  has  been  used  abroad,  more  to  conserve  fuel  per- 
haps than  as  a  basis  for  taxation. 

The  abutting  property  owner  should  pay  some  portion  of 
the  cost  of  new  construction  and  even  reconstruction  where 
it  can  be  shown  that  he  derives  a  benefit  either  in  service  or 
enhancement  of  property  values. 

The  general  public,  as  represented  by  a  governmental  unit, 
should  pay  some  portion  of  the  cost  of  new  construction, 
when  the  character  of  the  improvement  or  its  use  is  not  en- 
tirely local. 

The  problem  of  distributing  the  proportionate  share  of  the 
cost  of  road  improvement  among  the  three  parties  interested 
is  determined  by  law.  custom  or  expediency,  rather  than  by  a 
complete  scientific  study  and  analysis.  Every  improvement 
is  a  different  proposition  and  the  method  of  taxation  must 
be  carefully  thought  out. 

In  justifying  an  expenditure  for  road  improvement  in  any 
given  locality  the  engineer  must  be  prepared  to  prove  that 
the  total  annual  loss  occasioned  by  the  use  of  the  present 
unimproved  road  is  more  than  the  annual  cost  of  an  improved 
road,  designed  to  meet  the  traffic  needs  of  such  locality. 

To  estimate  the  total  annual  loss  to  both  the  user  and  the 
community,  by  reason  of  suffering  an  unimproved  road,  is 
not  difficult,  although  not  readily  reducible  to  formula. 

In  comparing  wear,  life  and  maintenance  costs  of  all  types 
of  improved  roads,  it  is  often  convenient  to  use  the  cost  per 
ton-mile  or  vehicle  mile,  as  a  basis. 

Cost  per  ton-mile*  = 

Total  annual  cost  of  road  (Formula  10) 


Total  ton-miles* 

"^Vehicle  mile  may  be  .substituted  for  ton-mile. 

The  annual  cost  of  the  road  is  the  summation  of  interest  on 
first  cost,  average  cost  of  repairs  and  maintenance,  and 
amount  to  amortize  first  cost  at  end  of  life  of  the  road  struc- 
ture. 

This  third  factor  is  the  amount  set  aside  each  year  in  a 
sinking  fund  to  meet  the  bond  issue  when  it  falls  due  or  to 


accumulate  in  a  fund  to  be  used  to  reconstruct  the  pavement 
at  the  end  of  its  life.  It  is  evident  that  the  term  of  a  bond 
issue  should  not  exceed  the  estimated  life  of  the  pavement. 

There  is  another  phase  of  road  traffic  that  should  be  con- 
sidered. The  extensive  use  of  auto  trucks  for  local  and 
through  traffic  has  raised  the  question  whether  the  public 
should  pay  the  increased  cost  of  providing  this  "industry" 
with  adequate  traffic  ways  over  the  cost  of  lighter  construc- 
tion adequate  to  the  needs  of  ordinary  use.  In  promoting 
the  use  of  trucks  anj  extolling  their  advantages  over  rail 
service,  it  is  customary  for  truck  owners  and  manufacturers 
to  omit  any  charge  for  their  proportion  of  the  excess  cost  of 
road  construction  or  road  maintenance,  other  than  to  include 
the  moderate  annual  vehicle  tax.  Railways  include  in  their 
charges,  both  cost  of  road  or  rail  construction  and  mainte- 
nance, and  even  cost  of  right  of  way. 

Where  the  motor  truck  is  competing  with  the  railway  as  a 
lommon  carrier,  it  is  a  debatable  point  whether  the  public 
should  encourage  a  wide  range  of  competition  by  subsidizing 
truck  traffic  to  the  extent  of  building  abnormally  strong  road 
structures  for  their  free  use.  It  is  the  writer's  opinion  that 
the  so-called  "users'  tax"  should  be  applied  to  traffic  using 
the  road  as  a  business. 

If  motor  truck  users  expect  to  be  provided  with  suitable 
road  structures  at  public  expense  it  seems  reasonable  that 
they  should  admit  the  public's  right  to  regulate  the  character 
of  the  vehicle  and  its  use.  The  public  should  have  the  right 
to  tax  this  traffic  sufficiently  to  cover  the  cost  of  excess  main- 
tenance, and  excess  cost  of  building  a  road  structure  to  ac- 
commodate such  traffic.  When  this  is  generally  admitted, 
with  proper  regulations  and  adequate  taxation  adopted  and 
enforced,  roads  can  be  adequately  and  economically  designed 
as  well  as  repaired  and  maintained  in  a  highly  efficient  man- 
ner. 


Simple  Methods  of  Applying  Bonus  System 
for  Motor  Truck  Drivers 

There  is  no  more  conclusive  argument  in  favor  of  bonus 
systems  tor  motor  truck  drivers  than  the  fact  that  this 
method  of  stimulating  economy  has  proved  successful  to 
practically  all  the  operators  who  have  used  it,  states  the 
Power  Wagon.  In  planning  the  bonus  system,  the  motor 
truck  owner  must  instill  into  the  mind  of  the  driver  that 
the  vehicle  he  is  operating  is  temporarily  his  own;  that  he 
has  a  pecuniary  interest  in  getting  the  best  service  out  of 
it.  In  other  words,  as  the  earning  capacity  of  the  machine 
increases,  by  reason  of  reduction  in  running  costs,  the  driver 
must  earn  more  money.  The  question  is  how  this  condition 
is  best  achieved.  Some  motor  truck  operators  compile  a 
table  of  operating  costs  for  their  power  wagons  and  then 
offer  their  drivers  a  wage  increase  of  $2  per  week  every  six 
months,  provided  the  operating  cost  has  been  kept  within 
the  definite  limit  set.  This  plan  seems  m  work  out  well  in 
actual  practice,  because  during  each  six  months'  period  the 
driver  strives  in  every  way  to  keep  the  operating  cost  low, 
so  as  not  to  lose  his  $2  per  week  increase.  Many  operatives 
have  found  it  advantageous  to  handle  the  bonus  on  what 
may  be  called  the  percentage  basis.  In  this  case  the  opera- 
tive with  the  cost  sheet  before  him  sets  a  definite  average 
consumption  for  gasoline  and  oil,  an  average  for  repairs,  an 
average  for  tire  wear.  Then  he  offers  his  driver  a  percent- 
age of  any  saving  he  can  affect  in  fuel,  oil  and  tire  bills.  Say 
that  the  average  for  gasoline  consumption  is  1,000  gal.  per 
month.  If  the  driver  can  by  care  conserve  his  fuel  so  as  to 
get  the  mileage  from  9ii0  gal.,  he  will  receive  a  percentage  of 
the  cost  of  50  gal.  of  fuel,  the  amount  to  be  saved  of  the 
fixed  average.  Let  us  examine  tire  costs  under  this  system, 
a  big  item  under  any  circumstances.  Let  us  say  that  the 
a\erage  tire  life  is  4,500  miles.  From  this  the  owner  can 
readily  figure  the  cost  per  tire  per  100  miles.  If  the  driver 
can,  by  careful  driving,  increase  the  tire  life  by  500  miles 
he  receives  as  a  reward  for  his  skill  and  care  a  certain  per- 
centage of  the  saving  he  has  made.  With  this  system  in 
effect,  the  motor  truck  owner  will  be  surprised  to  find  that 
his  drivers  are  looking  over  the  tires  carefully,  cutting  away 
cracks  likely  to  destroy  the  tire,  and  that  they  are  avoiding 
running  in  car  tracks  and  doing  the  other  things  they  know- 
are  bad  for  the  tires,  but  which  they  will  persist  in  doing 
unless  it  is  made  worth  their  while  to  avoid. 
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.  .        .  c.'<.Il'<l  •  '''*'  pci'iuiiuciit  work  mooinpHslifd  lo  Novpiuber,  1918.  con- 

Convict      Labor     on     ^>tiltO    lll^IlWliy  sisis  of  tl-.e  cloiirin);.  grubblni;  mul  KnulinK  of   ;u;i/j   mlles  ot 

VV.'   \rh    ill   (^'"•l  1  i  f  <  »ril  i'l  roiiil.  Ioki'IIht  with  the  inalallation  of  pipe  and  concreto  cul- 

V\  OlK    111   ViailKHIlKl  ^.p^,^  ,„nl   r.'taiiiinK   walls.     Twciilysi-voii   mllos  of   road   are 

In    li'ir.    the    IcKisliilart'    of    laliti>iiila    onaclod    a    law    an-  f,,,„„  ^,;  ,„  j».  f^    |„   ^idth  mid  ;i  miles  from  12  to  14  ft.    The 

ihorUlng  tl>t>  fmplo.viiu-nl  of  i-onvlcts  on  tho  construflion  and  wovk  also   involved   tho   maintonanio  of  th(>   road   durinj;   its 

malntonunci>   of   Iho   cltUo   hUliwuy    sy.ttfni.     Tho    act     pro-  ooiislniction,  which  e-vtendod  over  a  i)i>riod  of  three  years  and 

vidod   th«l   the  State   Pepnrtment   of   EnglnocrlnR   should   sii-  inclnded  tlic  removal  of  lliousauds  of  yards  and  slides;   also 

pervlso  the  n^ad  work  and  provide  the  necessary  camps  and  ,|„,   maintenance  of  the  side   roads   used   for  the  transporta- 

comniUsarlat.  und  thai  the  Prison  Ilirectors  should  have  con-  jj,,,,  „f  s„,,piies  and  men;  all  of  which  Is  included  in  the  an- 

trol   over   tho  diKclpllne   and  conduct   of   the   men.      Convicts  „|ysis   of   the   cost   of  the  construction   of  the   road. 
employed  on  such  work  are  granted  additional  good  time  al-  Organization.     The  Highway  Commission  is  represented  at 

lownnce,  not  lo  exceed  one  day  for  each  two  calendar  days  ^,,,^,,,  ,.„,„,,  ),y  ;,  superintendent,  who  has  full  charge  of  the 

they  are  nwny   from   tho   prison.     I'nder   this   law   work   has  „ork,  assisted  by  two  or  more  foremen.     A  resident  engineer 

be«n  done  by  convicts  in  Mendocino.  Sierra.  Kl   Dorado  and  (^  engaged  to  lay  out  the  work  and.  witli  the  assistance  of  a 

rnlnverns    Counties.      Interesting    information    on    this    con-  commissary  clerk,  orders  and   disburses   the   supplies  to  the 

vIct  labor  work  is  given  In  the  recently  Issued  tlrst  biennial  re-  cookhouse  and  to  the  men. 

port  of  the  California  Highway  Commission.    The  matter  tol-  r,,,,^   ,,ris„n  authorities   are   represented    by   a   head   giuird, 

lowing  Is  taken  from  this  report  ^v)i„    .^vm,   („•„  o^  niore  subguards,  controlled   the  discipline 

Convict  Labor  in   Division   1,  Mendocino  County.  and  conduct  of  the  men. 

The  first  step  in   the  oxperttnent   of  working   prison   labor  The  n,en  were  not  guarded  and  the  guards  were  not  armed, 

on  state  roads  was  taken  when  on  Sept.  20.  liU.'i,  a  camp  of  there  being  no  firearms  in  evidence  either  in  the  <amps  or  on 

■IT  convicts  from  San  Quentin  was  established  by  the  High-  the  work. 

way  Commission  in  northern  Mendocino  County.     This  camp  .\    camp    pliysieian    was    constantly    in    attendance    at    the 
was  shortly  afterwards  increased  to  tiO  men  and  followed  by  camps  and  a  dentist  was  engaged  as  the  occasions  demand. 
the  installation  of  another  camp  of  CO  men.     l<>om  time  to          The  day's  work  consisted  of  eight  hours  on  the  grade,  Sun- 
time  the  capacity  of  the  camps  was  extended,  reaching  the  days  and  holidays  excepted. 
maximum  In  July.  19IT,  of  22,")  men.  The   men   are  housed   in  tents  and   frame   buildings.     The 

The  first  section  ol  road  selected  for  construction  by  convict  camps  are  well  lighted  and  heated.     The  sanitation  conforms 

labor  is  33.10  miles  in  length,  extending  from  what  is  known  to    the   regulations    of   the    Commission    of    Immigration    and 

as  Kattlesnako  Summit,  a  point  on  the  old  overland  road  to  Housing,   which   covers   everything   conducive  to  cleanliness, 

E^l^eka,  to  the  Mendocino-Humboldt  Coun:y  line.    The  camps  health  and  comfort,  including  bathing  facilities. 
were  first  located  centrally,  being  situated  21!  miles  from  the  The  food  is  wholesome  and  plentiful,  the  "convict  ration" 

nearest  coast  port,  T'nion  Landing,  the  base  of  supplies  during  not  being  at  all   in   evidence.     The  cooks  are  selected   from 

the  major  part  of  the  construction  of  the  road.   The  men  were  tho  convict  labor  and  the  services  satisfactory. 
shipped  from   the  prison  to  Fort  Bragg,  the  nearest  railroad  Method  of  Construction. — The  work   is  being  accomplished 

station.  45   miles  distant,   and   transported   by   motor   trucks  by  means  of  pick  and  shovel  and  station  cars,  wheelbarrows, 

to  the  camps.  steam  shovel,  teams  and  scrapers  and  road  graders  operated 

The   construction    progressed    in    either   direction,   until    in  by  tractors,  convict  labor  being  employed  in  all  methods  with 

the  course  of  time  the  camps  became  separate  units,  and  as  the   exception    of   the   operating   crew    on   the   steam   shovel, 

the  work   progressed   to   the   north   and   to   the   south,   more  The  drilling  is  accomplished  by  both  hand  labor  and  machine 

accessible  bases  of  supplies  were  readied  and  the  transpor-  drills.     Throughout  the  entire  construction  more  or  less  rock 

ta'ion  problem  became  easier.  has  been  encountered  and  drill  and  powder  have  been  an  im- 

Vpon  the  completion  of  the  work  described  above,  the  con-  portant  factor  in  the  prosecution  of  the  work.  The  blasting 
Vict  labor  was  extended  from  Rattlesnake  Summitt  to  Ar-  operations  have  been  extremely  hazardous,  involving  the  use 
nold.  a  station  on  the  Northwestern  Pacific  R.  K..  distant  24.53  of  2.')0  tons  of  powder,  and  the  men  have  displayed  a  remark- 
miles.  It  is  anticipated  that  the  construction  planned  will  able  aptitude  for  this  class  of  work,  both  in  caution  and  effl- 
occupy  the  season  of  1919.  when  .57. .53  miles  will  have  been  ciency.  Only  one  accident  has  occurred,  for  which  no  one 
constructed  by  convict  labor.  was  to  blame;  unfortunately,  this  accident  proved  fatal. 

Preliminary   Construction.— A    vast   amount   of   preliminary  Conduct   of   the   Camps. — The    honor    system    is    employed, 

work   was   necessary   before   the   actual   construction   of   the  the  men   being  unguahded   at   all  times,   and   it  may  be  said 

road  could  be  prosecuted,  including  the  reconstruction  of  an  H-p  men  have  as  a  rule  readily  responded  to  the  honor  system; 

abandoned  road  from  the  coast  to  the  camp  sites,  distant  1.5  this,   in   t^e   face   of   the   diversified   personnel   of  the   camp, 

miles:  the  erection  of  footbridges  (wire  suspension)  and  tern-  which  comprises  men  serving  sentences  from  a  few  months 

porary  wagon  bridges  at  several  crossings  of  the  South  Fork  to   life,  and   for  crimes  ranging   from   petty   larceny  to  mur- 

of  the  Eel   River;    the  installation   of  45   miles  of  telephone  der,  men  of  all  nationalities,  from  all  grades  of  society  and  of 

line,   together   with    the   construction   of   pack   trails   for   the  all   trades  and   professions. 

transportation  of  supplies  and   the   moving   of  camps   in  ad-  The  behavior  of  the  men,  both  on  the  work  and  in  camps, 

vance  of  the  construction  of  the  road.    Inasmuch  as  the  camps  and   their   efficiency   on   the   work,   compares   favorably   with 

were  inaccessible  during  the  winter  months  owing  to  the  im-  free  labor  camps,  and  the  exceptions  are  as  few.     As  a  rule 

passable   condition   of  the   roads   and   the   entire   absence   of  a  spirit  of  cheerfulness  and  contentment  prevails;    however, 

bridges  on  the  Eel  River,  the  transportation  of  supplies  for  occasionally    the    sense    of   freedom    is    irresistible,    although 

the  year  had  to  be  accomplished  during  the  summer  season.  the  percentage  of  escapes  is  small.     Unde.'^irable  characters, 

thus  requiring  motor  truck  service  and,  therefore,  side  roads  -"f'l  as  malcontents,  shirkers,  etc.,  are  promptly  returned  to 

of   substantial    construction.     The    transportation    difficulties  the  prison. 

encountered    and    the   inacessibility   of   the   country    may    be  The  following  is  an  analysis  of  costs: 

better  judged  w-hen  it  is  explained  that  the  crossings  of  the  Cost  per 

canyons  involved  the  erection  of  nine  bridges  of  from  130  ft.  Guards    '"fo"i2n''' 

to  300  ft.  in  length,  some  of  them  being  from  130  ft.  to  150  Transportation    '.'.'...'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.    iini 

ft.  in  height,  and  the  grading  of  the  road  was  accomplished  Suhiiiiitcnce    ........'.'.'.'.'.'.'.'..'..'.'.'.'.'.'.'.'.'.','.'..'.'.'.'..'.'.'.'.'.'.'.'.'. ..'.    sm 

in    advance   of   the    construction   of   the   bridges.      Naturally  Housing    130 

such  obstacles  created  the  necessity  of  transportation  of  con-  Me'rM?ar    '....'.'.'.['.'.'.'..'.'..'.'.'.'.[.['.['.'.'.[[[[['.'.'.  ]'.['.[[['.l\[[[[\'.'.    .'o53 

struction  supplies  and  equipment  and  food  supplies  by  round-  Tobacco    048 

about  detours.     The   transportation   difficulties   were   further  "jTsTO 

aggravated  by  the   frequent   suspension   of  steamboat  trans-  Cost  per  effective  man  day  .* 2.530 

portation   to  the  bases  of  supplies    on    the    coast    for    long  ?°1^J  ^^Z'l'i'i;:  of  men"shfpped  Vo  camps" : ! ! ! ! ! !  l ! ! !  i  i .' '^'Ito 

periods,    th'.is    necessitating    almost    prohibitive    hauls    from  Number  of  escapes  (27  captured)   38 

distant  points.    It  is  needless  to  say  that  such  conditions  were  The  cost  per  effective  man  day  is  arrived  at  by  the  applica- 

not  only  trials  at  times  to  the  conduct  of  the  camps,  but  the  tion  of  the  cost  per  man  day  of  the  percentage  of  time  not 

source  of  much  added  expense  to  the  cost  of  the  work,  and  employed  on  the  actual  construction,  whicli  includes  time  for 

consequently  a  severe  test  of  the  first  experiment  with  con-  men  employed   about   camp,   lost  time  on   Sundays,  holidays 

Vict  labor  in  California.  and  on  account  of  sickness. 
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The  work  accomplished  is  as  follows: 

Excavation — 

Solid  and  loose  rock   411,125  cu.  yd. 

Earth  and  clay 336,375  cu.  yd. 

Total     747, SOO  cu.  yd. 

Excavation  per  man  day   4  cu.  yd. 

.Average  cost  per  cubic  yard.  $0.r.fi9. 

EXPENDITl'RK.S. 

Excavation,  including  clearing  and  Krubbing: $500,077.10 

Culverts,  retaining  walls,   etc 50,1.50.00 

Total  expenditure  by  convict  labor  $550,227.10 

Total  miles  of  road  construction  36.5 

Cost  per  mile   $15,074.70 

The  expenditures  for  excavation,  culverts,  retaining  walls, 
etc..  include  overhead  and  engineering,  preliminary  work  and 
all  else  incidental  to  the  construction  of  the  road.  The 
bridges  were  constructed  by  free  labor  and  their  cost  is  not 
included  in  the  foregoing  statement  of  cotss. 

Conclusions. — The  efficiency  of  the  system  of  dual  author- 
ity as  prescribed  by  the  convict  labor  law  is  problematical, 
the  serving  of  two  masters  succea"{ully  being  one  of  the  un- 


191G,  a  convict  labor  road  camp  was  established  in  Yuba 
River  Canyon,  Sierra  County,  California.  The  work  was 
heavy,  running  8,50()  cu.  yd.  per  mile,  mostly  solid  rock. 
Food  and  accommodations  were  excellent  and  conditions  in 
general   ideal,   but  results   were  very  unsatisfactory  at   first. 

The  first  nine  months  were  spent  in  trying  to  work  under 
a  law  which  gave  the  prison  authoritie.!  and  the  highway 
commission  equal  authority  in  the  supervision  of  the  convicts 
and  their  work. 

"No  man  can  serve  two  masters,"  much  less  a  convict,  and 
the  project  was  a  failure  until  March,  1917,  when  the  prison 
authorities  gave  to  the  highway  commission  full  control. 
Since  that  time  the  organization  has  been  so  perfected  and 
the  interest  of  the  convict  in  the  work  so  improved  that  we 
are  doing  the  work  now  for  one-half  of  what  we  would  pay 
a  contractor,  or  about  3.5  ct.  per  cubic  yard  for  earth  exca- 
vation  and   50   to  60   ct.   for  rock  excavation. 

There  are  very  few  skilled  laborers  among  the  con- 
victs on  whom  much  dependence  can  be  placed.     It  is,  there- 


Upper  Left  View:   First  Convict  Camp   in   Mendocino  County    (60- Man   Camp).      Upper   Right   View:   Trimming    Road   with   Tractor  and 
Grader.     Lower    Left    View:    Making    Fill    on    State    Highway   With   Convict   Labor.      Lower   Right   View:   Convict   Work 

on   State    Highway. 


solved  problems  in  all  walks  of  life,  and  this  phase  of  the 
organization  is  one  that  merits  serious  consideration  in  the 
future  enactment  of  laws  relating  to  convict  labor. 

The  analysis  of  costs  shows  an  effective  cost  per  man  day 
nearly  equal  to  the  laborer's  wage  during  normal  times; 
a  logical  mathematical  conclusion  for  the  reason  that  ordi- 
narily the  free  laborer  simply  ekes  out  a  livelihood  from  the 
going  wages  in  normal  times  and  the  convict  laborer  is  given 
even  a  greater  share  of  the  necessities  of  life.  However,  in 
all  labor  camps  there  is  a  certain  percentage  of  skilled 
labor  demanding  a  higher  wage,  thus  affording  a  margin 
offsetting  in  a  more  or  less  degree  the  difference  of  efficiency, 
if  any,  as  compared  with  free  labor.  The  comparison  in 
efficiency  is  affected  by  the  times  and  the  labor  market. 

The  prison  labor  has  during  the  "work  or  fight''  period 
constructed  an  important  link  of  the  California  state  highway 
through  an  exceptionally  rugged  and  remote  country  and 
under  severe  climatic  conditions,  as  the  work  was  continuous 
through  three  winter  seasons  of  heavy  rainfall.  The  results 
from  both  humanitarian  and  economic  standpoints  may  be 
considered  as  being  satisfactory,  and  it  can  be  said  that  the 
men  from  the  California  state  prison  at  San  Quentin  have 
'done  their  bit  toward  winning  the  war." 

Convict  Road  Work  in  Division   II,  Sierra  County. — In  .luly, 


fore,  a  problem  of  getting  the  most  out  of  a  lot  of  simple- 
minded  laborers,  the  personnel  of  which  changes  rapidly. 
Machinery  and  other  refinements  must  be  introduced  very 
slowly  and  to  a  limited  extent  only.  Only  simple  methods 
and  equipment  are  therefore  used,  such  as  powder,  pick  and 
shovel,  the  wheelbarrow,  and  cars  with  track,  and  the  plow 
and  scraper  to  a  limited  extent. 

The  things  most  essential  are  complete  control  of  the 
forces,  full  co-operation  on  the  part  of  the  prison  authorities 
and  a  competent  superintendent.  There  are  very  few  men 
capable  of  handling  convicts  who  are  willing  to  take  a  posi- 
tion as  superintendent  and  live  with  them.  The  position 
requires  a  young,  big-hearted  chap,  full  of  energy,  who  can 
use  tact  and  firmness  and  still  be  pleasant  and  respectful. 

Another  matter  of  great  importance  is  the  selection  of 
convicts.  There  should  be  no  short-termers,  that  is,  those 
with  not  less  than  six  months  to  serve,  and  they  should,  of 
course,  all  be  healthy,  able-bodied  men.  Some  of  the  best 
men  are  life-termers  and  some  good  men  are  third  and  fourth 
termers,  though  they  are  long-termers.  The  short-term  "re- 
peater" is  a  weak,  dissolute  character,  who  is  physically  and 
mentally  unfit  for  work. 

At  present  (November,  1918)  the  camp  contains  about  100 
convicts,  four  guards,  four  foremen,  one  superintendent,  one 
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,  ..ering  Inspector,  who  is  really  a  fore-  The  llrst  laiiip   (ini  honor  camp)   was  establislied  in  Cala- 

■ ,                                   Hereto   work,  two  truck   lirlvers  and  a  veras  county  between  Valley  Springs  and  San  Andreas,  100 

.  ■',         ,                                            '  wiles  from  the  prison  at  Folsora. 

Ouurtis  are  not  used  as  foremen  but  for  police  duty  only,  The   work   consisted   of   grading,   graveling,   concrete   and 

except  that  when  It  Is  necessary  to  scatter  (he  men  to  such  an  corrugated  pipe  culverts  and  wooden  guardrail.     The  section 

extent  that  four  foremen  can   not   see  them   all.  the  guards  js  lo  miles  in  length  and  was  what  might  be  called  a  light 

are  depended  on  to  see  that  the  men  keep  working.  grading   job   as   tar   as   yardage    is   concerned.     For   a   mile 

Guards  seldom   make  good   foremen.     They   do   not   under-  or   more   on   each   side   of   the   Calaveras    Kiver   some   fairly 

stand  rwad  work.    It  is  out  of  their  line  of  business.     Further-  heavy  grading  was  encountered,  the  greater  percentage  being 

more,   the   placing   of   the   guards   in   authority   who   are   ap-  in   rock. 

pointed    by    the    prison    authorities    is    recognizing    the    dual  Throughout  the  balance  of  the  section,  though  the  grading 

authority    which    will    soon    destroy    the    organization    and  ^^.^^^^  UslM,  a  great  deal  of  it  was  in  rock  where  it  was  neces- 

cause  all  kinds  of  trouble  in  camp.  g,ip,.  ^o  shoot  and  handle  several  times  the  amount  of  material 

The    most   economical   and    satisfactory    housing    is    well-  ^hown  by  the  cross  sections. 

built  shacks  constructed   of  lumber  and   tar  paper.     Tents  ^^  ^.  p.r'cent  solid  rock  the  gradinp  cost  was. ..  .$0..^,si  per  cu.  yd. 

arc  expensive  and  unsatisfactory.  in  60  per  cent  earth,   50  per  cent  shale  and  solid 

•l-ho  bunk  houses  are  L'5  to  3o  ft.  wide  by  50  to  GO  ft.  long  rock  cost  was  0.3S4  per  eu.  yd. 

and  are  heated  by  two  large  wood  stoves  in  winter  and  ven-  The  total  expenditures  on  the  section  were  $08,195.    Of  this 

tltnted  bv  lurgo  screened  windows,  covered  by  shutters  hinged  amount  $13,500  was  spent  In  the  construction  of  five  concrete 

on  the  upper  edge.  bridges  lor  Calaveras  county  and  $18,000  to  $20,000  in  gravel- 

K.ich  man  is  provided  with  a  steel  spring  cot,  a  cotton  mat-  jng,   dragging   and   maintaining.     The   grading,   culverts   and 

tress  and  plenty  of  blankets,  and  warm   clothing,  and  he  is  guardrail  cost  $35,000,  or  $3,500  per  mile. 

required  to  keep  himself  and  his  clolhins  clean.  The  adjoining  section  on  the  west,  Cal-24-A,  is  now  being 

Shower  baths  are  provided  with  plenty  of  hot  water,  and  graded  by  contract  at  a  total  cost  of  $53,853,  or  $5,574  per 

the  convict  is  given  all  the  good  wholesome  food  he  can  eat  jj^j|g      jjjg  grading  on  this   section  is  lighter  and  of  easier 

and  plenty  of  tobacco.    He  is  better  cared  for  than  he  would  construction  than  the  section  built  by  convict  labor.    While 

be  In  any  free  labor  camp.     Criticism  has  been  made  that  ^^^  condition  of  relatively  light  grading  made  it  difficult  to 

we  treated  them  too  well  but  we  know,  by  experience,  that  ^ork   convict  labor   to  advantage,   nevertheless   the   results 

it  pays  to  treat  them  well.  secured  were  by  no  means  unsatisfactory  as  compared  with 

Between  July,  1916,  and  December,  1917,  the  convict  gang  ^jjg  probable  cost  had  we  used  free  labor  throughout. 

built  7.0  miles  of  road  in  the  Vuba  River  Canyon  at  a  cost  j^   ^^  ^^^^^^  ^^           however,  the  experience  has  been 

of  $11,340  per  mile,  or  about  $1.30  per  cubic  yard.    This  work  ^jffgrent. 

was  mostly  rock.  rpj^g    Calaveras    camp   was    an    hpnor   camp    while    the   El 

Between  Dec.  1.  1917,  and  November.  1918,  another  section  ^^^^^^  ^^^^^^  ^^  ^^^  ^^^^^  j^^^^    ^^  ^^  ^^^^^  ^^^p      ,j,jjg 

of  13  miles  has  been  built  at  a  cost  of  about  $o,500  per  mile,  ^^^    ^^^    brought    out    each    morning    from    the    prison    by 

or  about  40  ct.  per  cubic  yard.    This  work  was  mostly  earth  ^^^^^^^  ^^^  ^^^^^  ^^^^  ^^  ^.^^^     r^,^^  ,^^g  distance  traveled 

The  roads  are  being  built  12  ft.  wide  in  excavation  and  14  ^^^^^  ^.^^  j^^^^^  ^^  unsatisfactory  number  of  hours  on  the 

ft  wide  in  embankment  and  all  in  a  rough,  rugged,  moun-  ^,^^^      ;^^^^  ^^^  ^^^   ^^  ^^  inferior  grade  and   the  use  of 

talnous  country,   where   transportation  of  men  and   supplies  ^^^^.^^  ^^^^^  ^^  ^^  ^^^.^^^  ^^^^^^  ^^^  ^^^^  ^^^^  unsatisfac- 

is  expensive  in  summer  and  almost  out  of  the  question   m  ^^^^  ^^^  extremely  expensive,  and  its  continuance  was  justi- 

winter.     Enough  supplies   must  be  stored   in   camp   by  the  ^^^  ^^^^^  ^^  account  of  the  shortage  of  free  labor  due  to 

middle  of  November  to  last  until  the  middle  of  April.  ^^^  conditions  and  also  the  fact  that  such  free  labor  as  has 

Just  now  the  convict  camp  is  a  very  efficient  and  money-  ^^^^  available  has  been  inefficient  and  high  priced, 

saving  institution.     Comparing  it  with  free  labor,  the  convict  ,..•,.,«,  v.          ^-  .     ^     -i     *,          ~ 

work  dav  costs  about   $1.50,  while  free  labor  costs  $4  per  1°  or^er  to  work' this  kind  of  labor  satisfactorily  the  camp 

day  and' the  convict  will  do  more  work  than  the  average  should  be  an  honor  camp  and  there  should  be  sufficient  pick 

free   laborer  available  at  the  present  time.  and  shovel  work  to  keep  a  large  gang  constantly  busy   as  this 

Cost  of  Oonvict   Labor  Work.-The  cost  of  convict   work  c'ass  of  labor  can  certainly  be  worked  to  the  bes^  advantage 

day  for  the  period  of  five  weeks,  ending  Sept.  7,  1918,  was  as  "^'^^^  "P  against  a  bank. 

follows:  The  conditions  under  which  convict  labor  has  been  em- 

COST  OF  CO>r\aCT  workday.  ployed  in  Division  III  have  not  been  ideal  for  this  class  of 

JV°°4,  ^"nJI  labor  and  there  has  been  no  real  opportunity  to  determine 

Hauling     049  -  ,,  •        ,             .0,1. 

Transportation    056  the  efficiency  of  this  class  of  labor. 

Guarriine    127  

Guard   maintenance    023 

^'^i^S^lX                                            „,  Method  of  Preventing  Grade  Wash  in  Pot 

Medical    ( '■-°  TT     , 

Escapes  J                                                                           „^„  HOlCS 

Depreciation  of  camp  equipment    030 

Hauling  of  camp  equipment By  L.  U.  MARTIN. 

Miscellaneous  010 

Gimp  maintenance  ■••■■•• 0*9  In  our  road  work  in  this  section  of  the  state  we  frequently 

Preparmg  and  issumg  food vol  »•.,         ^t,         «            -j        i.ijii-i.-i.».                     — 

meet  with  pot  holes  of  considerable  depth  which  have  a  very 

"^"^^  DisTRiBUTioNCON\nCTTniE''''*^'  ^™a"   drainage  area   and   which,   owing   to   their  depth,   are 

Total  convict  workdays 2,444  not  easily  tiled  or  ditched  out.     As  the  country  is  composed 

Sundays  and  holidays" 352  of    glacerial   drift,   vertical    drainage   through  drainheads   is 

Bad  w^a^her   \\.\]\\]\[.\. ........■■.■■■...  .1  ■■■ not  as  a  rule  very  successful.     Roads  have  been  frequently 

Cook  house  days  224  i^i^  out  across   such  pot  holes  and  the  grades   built  across 

GeJTeraT^!"!^"^."':^.;;'.'.!!;:'.::; ;.::;:::::  :iii:;'.     U  them  at  times  when  they  contained  no  water. 

Total  convict  days  .3,215  Two   years   ago   we  had   an  unusually  heavy   precipitation 

1.113  X  3215  following  a  very  heavy  fall  of  winter  snow  which  had  drifted 

— —        =  $1.46  jjjjQ  these  holes,  in  some  cases  filling  them.  As  a  result  when  the 

Cost  of  convict  workday.  spring  rains  were  over  these  grades  were  nearly  covered  with 

Convict    Road    Work    In    Division    III,    Calaveras    and    El  water.  Waves  caused  by  heavy  winds  began  to  wash  them  out. 

Dorado  Counties.— Two  sections  of  state  highway  in  Division  As  we  have  no  ledge  rock,  and  to  collect  boulders  for  rip-rap 

III  have  been  worked  by  convict  labor  during  the  years  1916,  is  expensive  and  takes  considerable  time,  a  special  method  of 

1917  and  1918.     The  work  on  both  sections  has  been  under  saving   these   grades    and   keeping   the    road   open   to    traffic 

conditions  not  entirely   suited  to   the   use   of  convict   labor,  was   necessary.     The   plan   finally   adopted   was   as   follows: 

though  such  lack  of  success  as  there  may  have  been  is  partly  An  8  or  12-ft.  cedar  post,  depending  on  the  depth  of  water, 

due   to   the   restrictions   and   regulations   under   which   such  was  driven  out  on  the  slope  of  the  grade  from  a  raft  or  boat 

work  has  to  be  carried  on  under  the  California  convict  labor  until  it  was  firm,  then  a  string  of  4,  6  or  8-ft.  woven  wire  was 

law.  stretched  along  these  posts  and  fastened  as  well  as  possible. 

The  cost  per  convict  working  day  has   averaged   approxl-  Between  this  and   the  grade  flax   straw,  old  hay,   straw,   or 

matelv  $1.50  for  an  aggregate  of  44,000  davs.  manure,  was  packed.    This  completely  stopped  the  wash. 


Engineering  and  Contracting  for  April  2,  1919. 
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The  Highways  of  the  Future* 

By   H.   G.   SHIRLEY, 
Secretary,    Highway    Industries    Association. 
In   considering   "The   Highways   for   Tomorrow,"   we    must 
not  set  small  limits  for  them  in  our  minds,  for  the  picture,  as 
I  see  it,  is  one  of  magnitude,  beauty  and  great  material  and 
recreational  value   to   all   the   people.     For  the   sake  of  dis- 
tinction, I  have  separated  these  highways  under  two  heads; 
the  "Imaginative"  and   the  "Speculative,"  and  have  made  a 
further  separation  into  national,  state  and  county  highways. 
The    "Imaginative"    road    is    a    dream   of    what   the    roads 
of   our   country   will   be    10    or    20   years    from    today.     The 
"Speculative"  road  is  what  we  estimate  they  will  be,  basing 
our  assumption  on  past  experience  and  what  has  been  accom- 
plished,  as   a  basis   of   calculation.     National   highways   will 
be  built  and  maintained  by  the  federal  government,  the  state 
highway  by  the  state,  and  the  county  highv.ay  by  the  county. 
Furthermore,  each  group  will  be  composed  of  three  classes, 
such  as  Class  A,  B  and  C. 

Class  A,  National  Highways.— These  will  be  the  main  trunk 
highways  passing  through  a  state,  connecting  up  the  main 
centers  of  population,  and  serving  the  most  densely  populated 
sections,  where  the  greatest  volume  of  traffic  will  be  found. 
The  volume  of  traffic  on  a  Class  A  road  will  not  be  less  than 
2,500  tons  per  day.  The  width  of  the  right-of-way  will  not  be 
less  than  100  ft.  The  surfacing  will  be  let^s  than  60  ft.  wide, 
and  will  be  of  the  most  durable  materials,  and  designed  to 
carry  a  moving  load  of  20  tons;  12  tons  being  concentrated 
on  the  read  axle  of  the  vehicle. 

All  grade  crossings  of  railways  or  trolley  lines  will  be 
separated  by  overhead  or  undergrade  crossings,  and  inter- 
secting roads  will  have  a  clear  vision,  at  all  intersections,  of 
50  ft.  or  more.  Large  expenditures  will  be  made  to  straighten 
alignments  and  in  the  reduction  of  grades.  The  surface  will 
be  smooth,  giving  the  least  amount  of  tractive  resistance 
and  vibration. 

Curbs,  gutters,  inlets,  catchbasins,  and  a  complete  sub- 
surface storm-water  drainage  system  will  be  provided.  A 
sufficient  width  on  either  side  of  the  roadbed  will  be  set  aside 
for  the  planting  of  trees  and  the  laying  of  sidewalks,  conduits, 
pipe  lines  and  other  surface  or  subsurface  structures;  also  tor 
buildings  for  public  use,  such  as  rest  sheds  and  comfort  sta- 
tions. 

All  curves  will  have  a  vision  of  at  least  400  ft.,  and  the 
roadbed  and  surface  around  all  curves  will  be  elevated  from 
the  inner  edge  to  the  outer  edge,  the  elevation  being  com- 
puted for  the  degree  o£  curvature  and  for  a  speed  of  at  least 
35  miles  per  hour. 

Great  care  will  be  taken  in  laying  out  and  establishing 
a  Class  A  road.  Points  of  interest  and  of  historical  value 
will  be  marked  with  suitable  tablets,  or  monuments,  or  other 
devices — the  proper  arrangement  of  trees  and  shrubbery 
being  such  as  to  make  the  layout  most  attractive.  Care  will 
be  taken  to  have  the  slopes  of  the  embankments  and  cuts 
planted  in  grass  and  other  suitable  foliage. 

Direction  signs  of  neat  and  attractive  design  will  be  erected 
at  all  intersecting  roads.  Signs  giving  the  name  of  the 
city,  town  or  village  will  be  erected  where  the  national  road 
enters  and  leaves. 

Class  B,  National  Highway.— These  will  consist  of  those 
roads  having  a  density  of  traffic  of  over  1,000  tons  per  day. 
They  will  have  a  right-of-way  of  at  least  80  ft.  in  width  and 
a  surfacing  of  40  ft.  All  drainage  will  be  provided,  and 
where  necessary  a  subsurface  and  storm-water  drainage  sys- 
tem will  be  installed.  The  surface  will  be  designed  to  carry 
the  same  loads  as,  and  will  be  constructed  of  materials  similar 
to  those  used  in,  the  Class  A  highways.  The  treatment  of  the 
portion  outside  of  the  paved  surface  and  shoulders  will  be 
of  a  rural  character,  trees  being  planted  which  will  be  both 
productive  and   ornamental. 

This  class  of  highway  will  serve  sections  of  the  country 
where  the  land  is  practically  all  under  cultivation,  where  small 
towns  and  villages  are  not  far  apart,  or  where  industries 
are  established  requiring  considerable  tonnage  to  be  trans- 
ported over  the  highway. 

Class  C,  National  Highway.— This  class  will  be  where  the 
traffic  does  not  exceed  1,000  tons  per  day.  It  will  have  a 
right-of-way  of  not  less  than  60  ft.  in  width  and  a  surfacing 


•From  paper  presented   before  the  .Toint  Highway  Congress,  Chi- 
cago. 


of  20  ft.,  designed  for  the  same  loading  as  Classes  A  and  B. 
This  class  of  road  will  run  through  sparsely  settled  sections 
of  the  country,  tying  into  Class  B  highways,  and  be  the 
artery  that  will  serve  remote  and  densely  populated  sections 
of  our  country.  It  will  make  easy  and  convenient  communi- 
cation among  all  the  people,  inducing  social  intercourse  and 
thereby   making   us   all    one   great   family. 

Treatment  of  the  right-of-way  of  this  class  will  disturb 
its  natural  beauty  as  little  as  possible,  but  all  means  will  be 
taken  to  bring  it  out  with  greater  prominence.  All  historical 
points  will  be  marked  with  attractive  monuments  and  tablets. 
At  points  where  there  is  beautiful  scenery,  parking  spaces 
will  be  provided,  and  observation  and  shelter  sheds  erected. 
Vistas  through  the  trees  will  be  cut  at  points  of  vantage,  and 
where  beautiful  scenery  can  be  opened  up.  Shelter  sheds 
and  lodging  shelters  will  be  erected  at  convenient  intervals, 
and  telephones  will  be  installed. 

Structures  on  National  Highways. — Snow  fences  or  breaks 
will  be  constructed  on  all  highways  at  all  points  where  the 
snow  drifts,  relieving  as  much  as  possible  the  necessity  of 
snow  removal.  With  such  places  protected,  snow  plows 
and  shovels,  operated  by  tractors  and  trucks,  will  keep  the 
roadway  tree  of  snow  and  open  to  traffic  at  all  times.  Where 
there  are  heavy  falls  of  snov/,  the  maintenance  department 
will  be  fully  equipped  with  all  necessary  equipment  and 
organization  to  remove  the  snow  quickly  alter  each  snowfall. 
The  width  of  road  that  will  be  cleared  of  snow  will  depend 
on  the  volume  of  traffic  passing  over  the  highway,  but  under 
all  conditions  at  least  16  ft.  will  be  cleared. 

On  Class  A  national  highways,  where  curbs  and  gutters 
have  been  constructed,  no  guard  rail  will  be  required,  except 
on  the  outer  edge  of  the  sidewalk  along  embankments  to 
protect  pedestrians,  and  it  will  be  of  shrubbery  hedges.  On 
Class  B  national  highways,  at  points  where  necessary,  guard 
rail  of  neat  design  and  permanent  nature  will  be  erected. 
Guard  rail  for  Class  C  national  highways  will  depend  on  the 
availability  and  cost  of  materials.  It  will  consist  of  all 
kinds  of  materials  from  concrete  walls  to  large  boulders 
or  rustic  fences. 

Danger  signs  of  standard  design  will  be  erected  on  all 
highways  at  approaches  to  all  sharp  curves,  sudden  breaks 
in  a  grade  where  the  view  is  obstructed,  and  at  other  points 
where  there  are  elements  of  danger.  The  signs  will  be 
equipped  with  a  lighting  device  to  illuminate  them  properly 
at  night. 

All  bridges  on  Class  A  national  highways  will  be  at  least 
50  ft.  between  the  curb  lines,  with  a  suitable  space  for  side- 
walks. All  bridge  floors  will  be  of  the  solid  type  and  designed, 
with  the  other  portions  of  the  structure,  to  carry  a  20-ton 
truck  on  four  wheels,  the  distance  between  axles  being  10  ft., 
and  with  a  concentrated  wheel  load  of  6  tons.  Close  study 
will  be  made  of  each  location,  and  a  design  selected  that  will 
fit  in  with  the  general  landscape  and  be  most  pleasing  to  the 
eye.  Bridges  erected  on  Class  B  national  highways  wUl  be 
designed  for  the  same  loading  as  on  Class  A,  but  will  have 
a  roadway  width  of  40  ft.  Bridges  on  Class  C  national 
highways  will  be  designed  for  the  same  loading  as  Classes 
A  and  B,  but  will  only  have  a  clear  width  of  roadway  of  30  ft. 
Class  A  State  Highways. — These  will  be  the  main  arteries 
in  the  state,  connecting  up  with  the  national  highway  sys- 
tem, or  connecting  large  towns  and  cities  which  are  not  con- 
nected by  the  national  system.  They  will  be  designed  to 
carry  traffic  similar  to  Class  A  and  B  national  highways  and 
will  have  a  right-of-way  60  ft.  in  width  with  a  surfacing  of 
24  to  30  ft. 

The  treatment  of  right-of-way  outside  of  the  shoulders  and 
gutters  will  be  variable  and  according  to  the  development  of 
the  country  through  which  the  roads  pass.  Spaces  for  tele- 
phone lines,  conduits,  water  mains  and  other  subsurface 
structures  will  be  provided  outside  of  the  surfaced  area,  and 
a  parking  space  will  be  set  aside  for  trees.  The  general 
type  of  treatment  of  right-of-way  will  be  similar  to  that  of 
Class  B  national  highways. 

Class  B  State  Highway. — This  class  of  state  highway  will 
have  a  right-of-way  of  not  less  than  40  ft.  width  and  will  be 
surfaced  for  a  width  of  18  to  24  ft.  Careful  study  will  be 
made  of  the  traffic  and  the  possible  future  traffic  over  this 
class,  so  that  an  accurate  estimate  can  be  made  of  the  future 
needs  and  the  weight  of  loads  that  it  will  be  called  upon  to 
carry.  If  the  traffic  study  shows  that  it  will  be  quite  a  long 
time  before  the, road  is  called  on  to  carry  a  great  amount 
of  traffic,  or  that  the  traffic  will  be  of  a  type  that  would  not 
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call  for  a  stronK  surfaco.  iho  surfiiclng  will  be  designed  for  n 
maximum  load  of  IC  tons,  with  i\  wheel  concentration  of  tlvo 
tons  on  the  re:»r  wheels.  No  sreuter  loud  should  bo  allowed 
over  this  type  of  road,  except  by  written  permission. 

Class  C  SUte  Highway.— This  will  be  used  through  sparse- 
ly settled  aoetions  of  Uie  state  and  will  tie  into  Class  D  roads, 
making  a  connectinl  system.  The  width  of  right-of-way  will 
be  not  less  than  :'>0  ft.  and  the  surfacing  not  less  than  IS  ft. 
The  surfacing  will  run  from  a  sand-clay  or  top-soil  road  up  to 
a  nlgher  typo,  depending  on  the  availability  of  materials  and 
climatic  conditions. 

County  Highways  of  the  Future.— County  highways  will  bo 
exceedingly  variable  in  the  types  that  will  be  used,  depend- 
ing on  the  intensity  of  iratlic.  They  will  range  anywhere 
from  the  highest  type  of  national  highway  down  to  the  earth 
road,  which  will  constitute  the  greater  ininiber  of  miles  in 
this  oystem.  The  same  markings  and  cnre  of  right-of-way 
will  bo  taken  Uiat  will  be  taken  with  the  same  class  of  state 
highway. 

The  earth  rond  will  be  widened  out,  the  right-of-way  cleared 
for  its  full  width,  and  the  road  kept  well  shaped  up  and 
dmsge<l  constantly.  Much  service  can  be  secured  from  the 
earth  rojid  by  properly  maintaining  the  same,  and  very  much 
greater  care  and  attention  will  be  given  to  this  class  of  road 
In  the  future  than  have  been  given  in  the  past.  It  will 
necessarily  contain  the  largest  mileage  of  all  the  types  of 
roads  for  many  years  to  come.  In  the  past  it  has  been  shame- 
fully neglected  and  abused,  no  attempt  being  made  to  make 
It  give  that  service  which  it  is  capable  of  performing  for  at 
least  9  to  12  months  during  the  year,  depending  upon  the 
severity  of  the  climate  and  the  locality. 

The  above  are  classes  of  roads  that  the  speaker  imagines 
and  believes  will  be  in  universal  use  in  the  next  15  to  20 
years  in  this  country,  and  are  therefore  classified  under  the 
heading  of  "Imaginative"  roads. 

The  "Speculative"  Road. — Under  this  heading  we  will  have 
to  make  a  close  study  of  what  has  been  done  in  the  past  to 
see  what  we  may  expect  in  the  future  and  what  the  "Specula- 
tive" road  of  tomorrow  will  be. 

It  was  about  100  years  ago  that  the  national.  Government 
and  a-  number  of  the  states  started  a  road-building  program. 
The  Government  built  a  few  hundred  miles  of  road  and  the 
states  a  similar  amount  Shortly  after  the  starting  of  this 
road  program,  all  road  building  on  the  part  of  the  national 
Government  and  the  states  ceased.  The  work  was  then  taken 
up  by  many  turnpike  companies,  which  were  formed  and 
which  built  a  number  of  roads  in  the  Eastern  states,  operat- 
ing them  under  the  toll  system.  After  the  establishment  of 
the  toll  road  there  was  quite  a  long  period  of  quietude  in  road 
construction.  It  was  handled  principally  by  the  township  and 
county  officials,  with  no  development  in  types  of  construc- 
tion, or  methods  of  maintenance,  outside  of  the  large  cities. 
This  condition  continued  to  the  late  nineties,  or  practically 
to  1900,  when  the  states,  due  to  the  change  in  the  vehicular 
traffic  passing  over  the  road,  saw  the  coming  need  of  more 
and  better  highways,  and  began  to  make  a  study  of  the  prob- 
lem. 

The  study  has  been  going  on  for  18  years,  and,  granting 
some  progress  has  been  made,  there  is  by  far  a  greater  de- 
mand for  more  and  better  highways  today  than  ever  before. 
Why  is  this  demand  so  great?  It  is  because  we  have  not 
kept  pace  with  the  requirements  and  needs  of  traffic  and  the 
development  of  the  country.  Therefore,  if  we  should  at- 
tempt to  plan  a  system  of  highways,  taking  the  progress  of 
the  past  50  years  as  a  basis  of  calculation,  we  would  fall  far 
below  the  requirements  of  the  future. 

One  hundred  years  ago  the  national  Government  laid  out 
the  right-of-way  for  its  highways  66  ft.  in  width  and  con- 
structed the  surfacing  from  20  to  30  ft.  wide  and  of  consid- 
erable depth,  yet  today  we  see  the  main  state  highway  trunk 
lines  and  the  Federal-aid  roads  being  surfaced  from  14  to 
18  ft.  in  width,  with  a  right-of-way  in  many  instances  not 
exceeding  30  ft.  and  a  thickness  of  surface  incapable  of  bear- 
ing the  loads  now  passing  over  them  at  critical  periods  of 
the  year — that  is,  when  the  ground  is  saturated  with  moisture. 

All  this  is  misleading  for  any  basis  of  calculation  and  de- 
sign to  meet  the  future  needs  of  the  country's  transporta- 
tion. Let  us  now  examine  the  mileage  of  roads  constructed 
from  1909  to  1914,  and  see  what  progress  has  been  made. 
From  1909  to  1914,  a  period  of  five  years,  there  were  con- 
structed about  75,000  miles  of  roads,  or  so-called  roads — 
that  is,  at  the  rate  of  15,000  miles  per  year. 


There  are  in  this  country  today,  under  the  headings  of 
national  highways,  state  highways,  and  county  highways, 
with  the  exception  of  Class  C  county  highways,  about  500,- 
000  miles  of  roads  that  should  bo  improved,  and  their  im- 
provement will  be  a  good  investment  for  the  people  at  large. 
Yet  at  the  rate  we  have  been  going,  and  using  the  same 
character  and  means  of  construction,  it  W'ould  take  33  years 
to  complete  this  mileage.  If  wo  constructed  this  mileage  of 
highways  to  meet  tlie  traffic  needs  of  today  and  the  future, 
it  would  take  at  least  50  years  at  the  rate  of  expenditure 
and  progress  that  has  heretofore  been  made.  Therefore,  any 
calculation  or  speculation  wo  may  make,  using  the  mileage 
as  heretofore  constructed  or  what  has  been  accomplished 
us  a  basis,  would  give  such  a  small  program  of  construction 
that  it  would  be  a  very  gloomy  day  for  many  of  us  who  hope 
to  see  the  building  of  roads  put  on  a  basis  of  keeping  pace 
at  least  with  the  development  of  the  country  and  the  needs 
of  transportation. 

The  development  of  the  different  types  of  surfacing  is  in 
i(s  infancy,  and  much  study,  experimen..ation  and  develop- 
ment will  be  necessary.  No  field  for  the  manufacturer  of 
road  material  will  offer  greater  possibilities.  It  is,  however, 
most  important  that  the  highway  engineer  and  the  material 
interests  work  in  closer  harmony  with  each  other,  so  that 
each  type  can  be  developed  to  the  highest  degree. 

In  laying  out.  constructing  and  maintaining  the  American 
highways  for  tomorrow,  the  highway  engineer  must  not  be 
bound  by  what  has  been  done  heretofore,  or  by  any  plan 
ba.sed  on  such  accomplishments,  but  will  ha'/e  to  rely  to  a  great 
extent  on  his  imagination,  and  picture  the  needs  of  and  use 
to  which  the  higliways  will  be  put  in  the  future.  As  a  note 
of  warning,  may  I  caution  again  that  the  limits  of  his  imagi- 
nation must  not  be  .small  or  restricted,  but  must  be  of  wide 
vision? 


Status   of   California   State   Highway 
Construction 

The  following  tabulation  from  the  first  biennial  report  of 
the  California  Highway  Commission  shows  the  mileage  of 
the  several  types  of  work  accomplished  in  constructing  the 
state  highway  system  at  the  end  of  the  fiscal  year  1916,  the 
accomplishment  during  the  biennial  period  ending -June  30, 
1918,  and  tlie  total  mileage  of  each  type  on  the  latter  date: 


June  30, 
1316, 
miles. 
Cement    concrete    base    with    Topeka    mix- 
ture or  .sheet  asphalt  tops 17.01 

Cement    concrete    base    with      thin      bitu- 
minous  tops    766.76 

Broken   stone   base   with    Topeka   mixture 

top   16.21 

Oiled  macadam   129.38 

Bituniinou.s   concrete    .*. .       10.37 

r.raded,   but  not  paved 323.14 


Total 
1916-     June  30, 
191S,  1918, 

miles,      miles. 

30.81  S7.82 

241.43  '1,008.19 


16.21 

50.91  =180.29 

8.76  =19.13 

32.62  3355.76 


Totals   1,262.87        354.53   '1,617.40 

'On   approximately  4S0  miles  of  this  type,   the  thin  bituminous 

top  has  not  been  applied.     ^Includes  166  miles  built  by  the  counties. 

but    now    under    the    jurisdiction    of    the    commission.     ^This    figure 

does  not  include  nearly  700  miles  of  graded  road  taken  over  August 

1,  1917.  from  the  State  Engineer's  jurisdiction. 

The  figures  in  the  foregoing  table  do  not  include  unaccepted 

contracts   incomplete   on   June    30,    1918,   at   which   time   the 

following  mileages  of  road  were  under  contracts  let  and  in 

progress: 

Miles. 

Cement  concrete  base  with  Topeka  mixture  tops 2.18 

Cement  concrete  base  with  thin  bituminous  tops 215.94 

Graded  but  not  paved 131.25 

Total 349.37 

A  very  considerable  portion  of  the  349  miles  was  completed 

by  June  30,  1918,  probably  not  less  than  60  per  cent. 


Snow  Removal  on  Toronto-Hamilton  Highway. — The  cost 
of  removing  snow  from  the  Toronto-Hamilton  Highway  for 
the  w^inter  of  1917-18  averaged  $72.13  per  mile.  There  were  10 
days  during  the  entire  winter  when  it  was  impossible  to  get 
through  from  Toronto  to  Hamilton  on  the  highway.  Four  ordi- 
nary road  graders  were  used  and  proved  quite  satisfactory  ex- 
cept in  places  where  the  depth  of  snow  was  not  too  great. 
Heavy  drifts  were  shoveled  by  hand.  The  graders  were  left 
with  farmers  living  along  the  road,  and  the  arrangements 
had  been  made  with  them  to  supply  teams  and  operate  the 
machines  whenever  necessary.  About  4  in.  of  snow  were 
left  in  the  road  and  this  made  excellent  sleighing. 
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Concrete  Pavements  for  Mountain 
Roads 

The  California  Highway  Commission  has  many  miles  of 
mountain  roads,  some  paved  and  some  unpaved,  where  side- 
slipping off  the  road  means  certain  death  to  the  occupants  of 
the  vehicles.  The  wooden  guard-rails  frequently  erected  at 
especially  dangerous  points  are  safeguards  more  imaginary 
than  real  in  value.  They  warn  the  driver  to  keep  away  from 
the  edge  of  the  bank,  but  if  a  machine  skids  against  the 
guard-rail,  while  the  fence  may  retard  the  motion  and  often 
stop  the  machine,  it  should  not  be  relied  upon  too  much.  In 
an  eltort  to  make  the  roads  safer  the  commission  in  1917 
issued  instructions  to  its  division  enigneers  giving  tentative 
sections  for  concrete  pavements  on  mountain  highways.  These 
sections  are  shown  in  the  illustration.  The  Instructions  in- 
clude the  following  points: 

While  the  sections  show  only  15-ft.  pavements,  with  suitable 
modification,  they  will  be  used  for  greater  or  lesser  widths 
when  the  approved  plans  so  indicate. 

On  tangents  and  curves  with  radii  over  300  ft.,  the  pave- 
ment will  slope  downward  toward  the  cut  bank  at  the  rate 
of  i&  in.  per  foot,  regardless  of  the  direction  of  the  curve. 

Where  a  tangent  has  fill  slopes  on  both  sides,  the  slope 
will  be  downward  toward  the  more  suitable  side  for  drainage. 


TYP/CAL  SeCT/ON-S/DE-H/LL 
L/se  on  Tangents  ^  Cur^'^s  o^er    300   riSd/cj^ 


/,?-o" -4-. /S-O'  - 

3/Qpsi '  per  f/- 


-A 


TVP/CAL  -SECrJO/\/-r/LL 
Ose  on  Tsnye^fs  <$■  Corvvs  ot>'er  JOo  r^d/us 


;o-^- —   — [- /z-o 
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TVP/CAL-SSC  T/O/V 
Use  on  Curves  unde/ —  SOO   njcZ/tys     concave  /o  cu^ 
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Slope  <rs  per  tJff/e  ■    '<>  ,^ 
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T-yP/CAL  CECT/n/\/ 
Use  on  Curves  andcr  JOO  rsdrrjs    concave   .-^  //// 

Typical    Sections   of   California    Highway    Commission    for    Concrete 
Pavements   on    Mountam    Roads. 

Where  a  curve  has  fill  slopes  on  both  sides,  the  pavement 
inclination  will  be  downward  toward  the  concave  side. 

The  pavement  on  curves  with  radii  less   than  300  ft.  will 

slope  downward  toward  concave  side,  the  Kites  of  slope  being 

as  follows: 

For  radii  of     75  ft.  or  less.  '4    in.  per  foot; 
For  radii  of     75  ft.  to  100  ft.,  V-  in.  per  foot; 
For  radii  of  100  ft.  to  150  ft.,  %  in.  per  foot; 
For  radii  of  150  ft.  to  225  ft.,  '4  in.  per  foot; 
For  radii  of  225  ft.  to  300  ft.,  Vs  in.  per  foot. 

A  concrete  curb,  G  in.  wide  on  top  with  an  exposed  face 
10  in.  in  height,  will  be  placed  at  the  outer  edge  on  curves 
where  the  pavement  inclines  downward  toward  the  fill  slope 
at  a  rate  in  excess  of  >4  in.  to  the  foot.  Curbs  will  not  be 
placed  on  tangents  nor  on  curves  unless  the  slope  of  the 
pavement  is  greater  than  %  in.  to  the  foot  except  where  it 
is  necessary  to  protect  a  fill  slope  from  wash  and  then  only 
upon  specific  authority  from  the  highway  engineer.  Wherever 
curbs  are  installed  suitable  openings  for  drainage  must  be 
provided,  together  with  proper  protective  devices  against  dis- 
charge through  such  openings. 

Pavements  having  a  normal  width  of  less  than  18  ft.  will 


be  widened  2  ft.  on  the  concave  side  on  curves  of  15€  ft. 
radius  or  less,  the  length  of  such  crescent  shaped  widenings 
being  limited  by  the  natural  "track"  of  the  traffic.  Two  feet 
of  extra  width  will  be  placed  also  at  other  points  where 
curbs  are  installed  on  pavements  less  than  18  ft.  wide. 

The  transition  between  curved  sections  and  tangent  sec- 
tions will  ordinarily  be  made  in  a  length  of  30  ft.  one-half 
on  the  curve  and  one-half  on  the  tangent,  but  the  transition 
between  reverse  curves  having  pavement  slopes  of  more 
than  ',4  in.  per  foot  may  be  made  longer  up  to  a  maximum 
of  .50  ft. 

Tangents  less  than  100  ft.  long  connecting  curves  on 
which  the  slope  is  toward  the  fill  will  be  considered  excep- 
tional cases  and  the  pavement  will  slope  toward  the  fill  at  the 
rate  of  %  in.  per  foot. 

These  instructions  are  pi-obably  too  conservative  and  it 
is  likely  that  they  will  be  succeeded  by  others  pioviding 
for  greater  degree  of  superelevation.  It  has  been  found  that 
roads  built  in  accordance  with  these  instructions  offer  no 
difficulty  in  driving  and  the  driver  has  a  feeling  of  safety 
which  is  absent  on  the  center  crowned  road. 


Thomas  H.  MacDonald,  of  Iowa,   to  Be  in 
Charge  of  Highway  Work  for  De- 
partment of  Agriculture 

Thomas  H.  MacDonald,  chief  engineer  of  the  Iowa  State 
Highway  Commission,  has  been  appointed  by  the  secretary 
of  agriculture  as  engineer  in  immediate  charge  of  the  work 
under  the  federal  aid  road  act,  which  provides  for  co-operation 
between  the  states  and  the  federal  government  in  the  con- 
struction and  improvement  of  roads.  Mr.  MacDonald  will 
assume  his  new  duties  as  soon  as  he  can  close  up  his  work 
in  Iowa.  In  the  meantime  he  will  continue  to  keep  in  close 
touch  with  the  federal  aid  road  work  of  the  department,  as 
he  has  done  during  the  past  two  or  three  months.  Steps 
already  have  been  taken  to  expedite  the  resumption  and 
extension  of  highway  construction  under  the  terms  of  the 
federal  law,  as  amended  by  the  post  office  appropriation  act, 
and  nothing  will  be  omitted  to  facilitate  the  vigorous  prose- 
cution of  the  work.  The  regulations  have  been  carefully 
revised  in  the  light  of  past  experience  and  of  suggestions 
offered  by  the  state  highway  departments,  the  standards  for 
plans,  specifications  and  estimates  have  been  modified  to 
meet  special  conditions  existing  in  some  of  the  states,  and 
other  changes  in  practices  and  procedure  have  been  made, 
all   with   the  definite  object  of  speeding   up  the  work. 

Mr.  MacDonald  will  immediately  supervise  and  direct  all 
the  activities  of  the  Bureau  of  Public  Roads  under  the  federal 
aid  road  act,  including  the  expenditure  of  the  additional 
appropriation  of  $209,000,000  provided  by  the  post  office  ap- 
propriation act  for  the  extension  and  development  of  high- 
way construction  during  the  present  and  the  next  two  fiscal 
years.  For  the  time  being,  in  the  midst  oi  the  pressure  inci- 
dent to  the  resumption  and  extension  of  road  work,  Mr. 
MacDonald  will  devote  his  energies  to  problems  arising  under 
the  federal  aid  road  act.  It  is  planned  that,  in  the  near  future, 
he  will  formally  assume  the  position  of  director  of  the 
Bureau  of  Public  Roads,  made  vacant  by  the  death  of  Logan 
Waller  Page. 

Mr.  MacDonald  was  graduated  from  the  Iowa  State  College 
in  the  civil  engineering  course  and  was  employed  by  the 
Chicago,  Great  Western  R.  R.  for  a  time  on  track  work.  In 
1904  he  became  assistant  professor  of  civil  engineering  at  the 
Iowa  State  College  and  was  placed  in  charge  of  road  investi- 
gation work.  In  190C  he  was  appointed  highway  engineer  with 
the  first  highway  commission  in  Iowa  and  held  this  position 
until  1913.  when  he  was  made  chief  engineer  of  the  present 
state  highway  commission.  He  is  also  supervisor  of  state 
roads,  having  charge  of  all  highways  and  streets  adjoining 
or  upon  state  farms,  state  institutions,  and  the  state  capitol 
at  Des  Moines.  He  is  a  member  of  the  executive  committee 
of  the  American  Association  of  State  Highway  Officials.  Mr. 
MacDonald's  broad  knowledge  of  and  wide  experience  in 
highway  construction  matters  peculiarly  qualify  him  for  the 
very  important  task  of  directing  the  activities  of  the  federal 
government  under  the  road  act,  in  co-operation  with  the 
state  highway  commissions  of  the  various  states,  and  o*^ 
supervising  the  expenditure  of  the  large  sums  that  are  now 
available  for  this  purpose. 
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Present  Status  of  Brick  Pavement 
Construction* 

By  MAJ.  \VM.  M.  ACHESON. 
liUmioii   KiiKiiuHT.   N.'>v   York  State  Highway  Commission. 

Brick  pavem^U  constniction  since  1915  has  been  subject  to 
far  Krefttor  clianpos  In  iloslgn  thnn  any  other  pavement. 
These  chonRos.  throuKh  a  more  rational  use  ot  the  same 
amount  ot  material,  have  tendod  to  greater  strength  and 
durabllltv.  In  this  paper  It  is  the  Inlontion  to  describe  the 
ihrt'o  different  types  of  pavement,  or  I  might  say  the  old 
and  the  new  methods,  and  point  out  the  advantages  and  dis- 
ndvantai;os  of  each. 

Foundation  Course.— The  foundation  course  Is  usually  made 
of  comont  concrete  and  In  general  a  1-2%-r.  and  1-3-G  mixture  Is 
specitled.  the  thickness  depciulinp  largely  upon  the  character 
of  the  subsoil  and  the  amount  of  trafllc.  While  the  cement  con- 
in«te  foundation  predominates  in  brick  pavement  the  con- 
struction of  many  miles  has  been  laid  on  foundations  of 
compact  sand,  gravel  and  broken  stone  Engineers  will 
agree  with  me  In  the  absolute  necessity  and  economy  ot  con- 
crete as  a  foundation  for  brick  and  all  types  of  block  wear- 
ing surfaces,  together  with  mixed  types  of  bituminous  pave- 
ments. In  fact,  to  my  mind,  the  time  is  here  when  highway 
engineers  are  culled  upon  to  design  rigid  types  of  construc- 
tion to  meet  the  demand  of  modern  traffic,  which  means  the 
development  of  heavy  motor  driven  traffic.  Engineers  are 
iiow  giving  special  attention  to  the  different  parts  of  a  pave- 
ment in  order  to  meet  existing  conditions.  Metal  reinforce- 
ment Is  sometimes  specified  to  be  imbedded  in  the  concrete 
foundation  over  soft  places  and  recently  dug  trenches.  By 
this  it  is  hoped  to  prevent  the  cracking  which  in  the  majority 
ot  cases  comes  from  the  condition  of  the  subsoil  through 
the  base  to  the  surface  ot  the  pavement.  Experience  has 
shown  tliat  an  evenly  built  foundation  which  conforms  to  the 
finished  cross-section  of  the  road,  will  result  in  a  uniform 
thickness  of  sand  cushion  and  a  smooth  wearing  surface.  In 
this  pavement  as  in  all  other  pavements  the  key  to  the  whole 
situation  is  the  condition  of  the  subsoil  and  the  foundation, 
and  in  this  phase  too  great  care  cannot  be  exercised  from 
the  design  or  construction  standpoint. 

Sand  Cushion.— Brick  pavements  with  a  sand  cushion  or  a 
bed  course  of  plain  sand  have  been  built  since  the  first  brick 
pavement  constructed  in  1S70  and  represent  at  the  present 
time  by  far  the  larger  percentage  of  the  three  types.  The 
thickness  of  the  sand  cushion  called  for  in  the  older  specifi- 
cations in  constructing  this  type  of  pavement  has  been  con- 
siderably greater  than  advocated  by  most  engineers  at  the 
present  time.  The  theory  advanced  in  behalf  of  the  sand 
cushion  is  that  it  serves  the  douhle  purpose  of  providing  a 
uniform  bearing  for  the  wearing  surface  and  supplied  resil- 
iency under  trafiic.  With  this  in  mind  specifications  called 
for  a  sand  bed  not  less  than  2  in.  in  thickness,  many  of 
which  were  not  given  the  proper  care  in  constructing  and 
were  formed  by  screeding  out  the  full  thickness  at  one  time 
without  necessary  consolidation  by  hand  rolling.  This  was 
responsible  for  failures  in  the  brick  wearing  surface  which 
engineers  traced  directly  to  the  non-uniformity  of  the  sand 
bed.  This  was  endeavored  to  be  corrected  in  later  specifica- 
tions by  calling  for  a  sand  cushion  of  not  over  1  in.  in  thick- 
ness, together  with  requirements  as  to  its  gradation  by  sieve 
analysis  and  the  amount  ot  loan  permissible  in  the  sand 
used. 

New  York  State  specifications  for  the  ted  sand  required  a 
sand  of  which  100  per  cent  passes  a  No.  G  sieve  and  not 
over  90  per  cent  through  a  No.  20  sieve.  "An  excessively  fine 
sand  will  not  be  accepted  in  this  class.  Sand  may  be  rejected 
if  it  contains  more  than  15  per  cent  of  loam  and  silt."  which 
amount  was  deemed  advisable  for  proper  compacting. 

Present-day  specifications  describe  carefully  the  manner 
of  forming  or  building  up  the  sand  bed  by  screeding  it  in 
layers  and  rolling  in  order  to  form  as  nearly  as  possible  a 
uniform  bearing  for  the  wearing  surface. 

Notwithstanding  all  the  precautions  and  refinements  of 
the  later  specifications  where  a  sand  bed  is  used,  it  has  been 
shown  that  the  defects  were  not  overcome  in  the  wearing 
surface,  this  being  due  to  the  fact  that  it  is  impossible  to 
properly  compact  a  sand  bed  varying  in  moisture  content 
and  thickness.    Also,  a  wet  sand  cushion  when  dried  out  will 


•Paper    presented    Feb     2S    at    annual    ronvention    of    .Vmerican 
Road  Builders'  A.^sociation. 


s!;riiik  and  leave  hollow  spaces,  consequently  defeating  its 
function  ot  providing  a  firm  and  uniform  bearing  at  all  times 
for  the  weariui;  surface.  Anollier  defect  of  the  sand  cushion 
is  that  It  works  up  into  the  joints  of  the  brick  and  prevents 
the  joint  filler  to  thoroughly  penetrate  and  properly  bond 
the  wearing  surface.  In  the  repairing  of  many  of  our  brick 
roads  1  have  seen  defects  in  the  surface  caused  by  the  sand 
cushion  coming  up  into  the  pavement  at  least  2%  in. 

Wearing  Surface. — The  wearing  surface  ot  the  pavement  is 
composed  of  vitrified  paving  brick  joined  together  with  a 
filler.  Smaller  bricks  were  used  in  the  early  manufacture 
for  brick  pavements  and  without  lugs.  Later  in  order  to  ob- 
tain a  uniform  width  of  joint  to  take  the  filler  the  brick  were 
made  with  lugs  by  repressing.  The  standard  paving  brick 
of  today  Is  3V<;  in.  in  width  by  S'/6  in.  in  length  by  4  in.  in 
depth,  laying  40  brick  to  the  square  yard.  These  bricks  are 
larger  than  the  first  brick  manufactured. 

The  wire-cut  lug  brick  came  into  vogue  in  1910,  the  first 
wire-cut  lug  bricks  being  used  by  the  New  York  State  Com- 
mission of  Highways  in  the  construction  of  the  Williamsville 
road  near  Buffalo.  These  brick  have  steadily  increased  in 
favor  with  paving  engineers  and  are  now  universally  called 
for.  Tlie  experience  of  New  York  State  with  the  wire-cut  lug 
brick  has  been  that  it  possesses  uniform  lugs  and  fiber  sides, 
due  to  the  method  of  manufacture.  The  fiber  sides,  which 
are  always  obtained  in  a  wire-cut  brick,  give  a  greater  bond 
strength  at  all  times,  while  the  uniform  lugs  insure  a  thorough 
and  oven  penetration  of  the  filler,  and  from  a  construction 
standpoint  provide  parallel  joints,  which  means  better  con- 
struction. The  square  edge  of  a  wire-cut  brick  in  addition 
means  a  flush  joint,  which  produces  at  all  times  a  smooth 
wearing  surface  and  one  which  will  not  cobble  under  traffic. 

Two  classes  of  joint  filler  are  used  to  bond  the  brick  units 
together,  the  cement  grout  filler  and  the  bituminous  filler. 
My  experience  and  observation  are  that  the  results  from  the 
cement  grout  filler  are  superior  and  more  durable  than  the 
sott  filler  and  one  which  is  absolutely  necessary  in  the  mod- 
ern semi-monolithic  and  monolithic  types  of  construction. 
If  soft  filler  is  used  the  old  sand  bed  is  more  likely  to  be  the 
design.  New  York  State  specifications  for  cement  grout 
filler  al'.ow  the  use  of  grout  made  ot  1  part  cement  and  2 
parts  of  grout  sand  if  machine  mixed,  and  a  grout  made  of 
1  part  Portland  cement  and  1  part  grout  sand  if  hand  mixed. 
In  general  the  specifications  of  today  call  for  a  grout  made  of 
1  part  cement  to  1%  parts  of  sand.  Machine  mixed  grout  is, 
in  the  opinion  of  most  paving  engineers  of  today,  far  superior 
to  hand  mixed  and  at  the  same  time  is  more  economical  in 
manipulating.  Paving  engineers  recognize  the  necessity 
and  importance  of  the  grout  filler  and  are  taking  every  pre- 
caution in  the  selection  of  the  materials  and  their  applica- 
tion. 

Brick  Pavements  with  Cement  Sand  Beds. — Experience  and 
observation  have  demonstrated  that  many  failures  in  the 
wearing  surface  are  due  to  the  sand  cushion,  which  engineers 
have  endeavored  to  combat.  The  solution  ot  this  factor  has 
been  the  development  of  the  cement  sand  bed  which  provided 
a  non-shrinking,  rigid  super-foundation,  thus  making  the  first 
step  toward  a  brick  monolithic  type  of  construction.  Brick 
pavements  constructed  with  a  cement  sand  bed  are  com- 
monly known  as  semi-monolithic  construction  and  from  this 
type  developed  the  true  brick  monolithic  construction  which 
is  now  being  used  by  highway  engineers.  The  semi-mono- 
lithic type  is  the  same  as  other  brick  pavements  constructed 
with  sand  cushions,  except  that  a  mixture  of  sand  and  cement 
mixed  in  general  1  part  Portland  cement  to  3  parts  sand,  is 
substituted  for  the  sand  cushion.  It  is  the  practice  to  mix 
dry  these  materials  thoroughly  by  machine  in  the  proportions 
specified.  The  mixture  when  spread  out  should  be  screeded 
with  a  templet  cut  to  the  required  contour  of  the  finished 
pavement.  Care  should  be  taken  to  get  uniformity,  but  hand 
rolling  is  not  deemed  advisable  as  it  has  been  learned  that  a 
rolled  cement  bed  does  not  insure  a  smooth  wearing  surface 
due  to  its  great  density.  With  an  unrolled  surface  the  brick 
as  laid  is  always  bedded  in  the  cement  sand  super-foundation. 
The  thickness  advocated  in  general  is  a  minimum  ot  %  in. 
and  a  maximum  of  1  in.  It  is  my  practice  to  wet  the  cement 
sand  bed  with  a  sprinkling  can  just  ahead  of  laying  the 
brick.  Immediately  preceding  the  grouting  the  brick  sur- 
face should  be  thoroughly  wet. 

With  present  methods  the  semi-monolithic  type  of  con- 
struction is  better  adapted   to  wide  street  construction  than 
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the  monolithic.   All  precautious  should  be  taken  in  the  mixing  ion  for  village  and  city  streets,  and  that  brick  pavements  for 

and  the  application  of  the  grout  tiller.  highways  should  be  constructed  on  a  green  concrete  founda- 

The  advantages  of  semi-monolithic  construction  are  that  tion. 
it  overcomes  the  defects  of  the  sand  cushion  by  insuring  In  closing  I  wish  to  emphasize  the  paramount  importance 
rigid  construction  in  that  it  practically  unites  the  wearing  of  proper  design  of  highways  to  take  care  of  modern  traffic, 
surface  with  the  concrete  foundation.  The  cement  sand  To  my  mind  a  rigid  foundation  is  absolutely  necessary  on 
cushion  at  all  times  provides  a  perfect  bond  for  the  full  depth  main  trunk  lines  and  where  truck  traffic  predominates  or 
of  the  brick.  This  type  eliminates  the  shrinking  which  is  may  develop  in  the  near  future.  The  use  of  motor  trucks 
common  in  a  sand  cushion  and  at  the  same  time  eliminates  for  commercial  purposes  has  grown  tremendously  and  it  is 
the  hollow  or  rumbling  noise  which  is  common  with  the  sand  our  duty  to  design  highways  which  will  be  able  to  stand 
cushion  type  of  construction.  It  gives  a  more  economic  and  their  loads  up  to  reasonable  limits  and  with  reasonable  main- 
scientific  design  in  that  it  provides  a  stronger  slab  with  the  tenance  charges, 
same  material. • 

Brick  pavements  with  cement  sand  beds  were  built  in  Bal-  „       *■      t  r'    ^'t          •       r>        j 

timore  as  early  as  190G  and   adopted   as  their  type  o£  con-  v^OSt  Ol  UalllOrilia    Road    WotK    Before    and 

struction  in  1915.     The  cement  sand  bed  was  used  in  Jack-  During  the  War 

sonville  in  1910  and   also  in  connection  with  the  paving  of  ,          ,       ,          ,                      .        . 

the    ramps    of   the   Pennsylvania   Railroad    terminal   in    New  ,.  "^  °''f ':  '"  §<^'  """^  approximation  of  the  advance  in  cost  of 

York  in  1910.     It  has  been  demonstrated  here  that  shallow  ""^'^^'^  "^^"^.^  ^"'"'^^^"^  t°  Zf^  conditions,  a  study  was 

vitrified   brick   will   stand   up   under   heavy   truck   conditions  Zf     X.     ^  ^^''^°''°'^  Highway  Commission  of  the  contracts 

when  laid  upon  a  cement  sand  bed.     In  this  case  fire  clay  f  '°„^^^  ''^°  ^^\'^^^\  ^f°^f  .^""^  ''°^^  "'^  beginning  of  the 

brick  214   in.  in  depth  were  used.     This  work  in  the   Penn-  '^^'-   The  period  1912  to  191b,  inclusive,  was  taken  as  the  pre- 

sylvania  terminal  demonstrates  that  in  many  places  a  block  ''■'"' P®™'''    ^°  compare  costs  fairly  weighted  averages  were 

of  less  depth  than  the  standard  block  can  be  economically  "^'=''-    J'^'^   '"'J"'!"/   ^as   limited   to   the   grading  and   to   the 

used,  and,  in  fact,  in  the  city  of  Syracuse  an  experiment  was  ^^ncrete  paving  items  of  the  contracts,   these   being  by  far 

made  by  which  a  3%-in.   block  was  laid  on  a  cement   sand  '^'^  °^°^'  important  elements  of  the  work  and  its  cost, 

cushion  with  railroad  tracks  in  the  center  on  a  street  enter-  '^^^  quantities  involved  were  as  follows: 

ing  the  city  and  satisfactory  results  have  been  obtained  and  1912-16 

I  have  in  mind  that  the  next  pavement  that  we  lay  of  this  .trading,  cu.  yd ''n'^TSO.OOcf^'    2^339'ooii       ■M)°s'^foon 

kind  a  3-in.  brick  will  be  specified.  Concrete,   cu.   yd 'SS2[300        "''2.''.2.'900        l!l35ii00 

Brick   Pavements  with   Green  Concrete  Foundations. — This  The  following  tables  show  by  years  the  average  price  paid 

type  of  construction  is  commonly   known  as  the  monolithic  fo>"  grading  and  for  concrete  during  the  prewar  period  and  dur- 

type  and  is  better  adapted   for  highway  construction  up  to,  ins  the  war. 

say,  24  ft.  in  width  or  where  a  templet  may  be  used  to  shape  aveighted    .werage    contract    prices,    lOli-isie 

the  entire  width  of  road  at  one  time.     It  was  first  used  in  (INCLUSIVE). 

highway  construction  near  Paris,  111.     Proper  consistency  of  ^B                        '^■c          .-■ 

the  concrete  foundation  is  essential  for  this  type  of  construe-  ^    -x,-^       ^              "a;       'S       .'       ^ 

tion.     Care  should  be  used  in  the  proper  spading  and  distrib-  V    cS'g       g  .            c.£  .    -i""       ■;,.    •^ 

uting  of  the  concrete  to  prevent  waves  in  the  finished  pave-  Tear.                      as'SSs       '%%           t'Sc^g^      .2"^-' 

ment  due  to  possible  difference  in  density.    The  concrete  foun-  .5^"    £=^       '^-            ??■"    |^       £.'I=^ 

dation  is  spread  usually  %   in.  high  and  formed  by  using  a  2c,=^o.       =a           pEc.^S^.HJi 

tamping  templet  which  brings  to  the  top  a  smooth  mortar  ,„,,.                                    O""   o'""'      &"          ^'^'~    c*^    I  c^'"^ 

1912  $0  39        %^  ^'>        ^  ■''  SI  fil        3 

surface  on  which  to  bed  the  brick.  1913    '.■.'.■.;'.::■.■.■.'.;■.■.■.::•.■."  .46       0:9!      $0.56      $o.5S       1.65      $2.5« 

For  this  purpose  there  has  been  developed  a  mechanical      f-'ji    51       6.7.'>         .54         .s.'i       1.70       3.03 

templet  which  consists   of  a  gasoline  engine   mounted  on  a  igig    '.'.'.'.'.'.'.'..'.'.'.'.'.'.'.WW    ^37       *f(_zi         'lo          76       I'so       290 

cross  frame  with  wheels,  which  is  carried  on  the  side  forms. — — 

This  power  templet  performs  the  double  purpose  of  tamping  ^^'eighted  average. ,.  .$0.49      ?6.3.^      $0.56      $0.7S      $1.70    ■  $2.92 

and  smoothing  the  concrete  and  in  addition  compresses  it  to  weighted  average  contract  prices,  mi:  and  isis. 

better  density.     This  templet  moves  at  the  rate  of  4  ft.  a  ■i^'         _          c^            2: 

minute  and  can  be  adjusted  to  different  widths.    The  laying  ■                              ^   Z%'^.       t         S?          .^3        x      '^ 

of  the   brick  wearing   surface   should   follow   closely   on   the  ^    -«'§.       >^       a'~^        5=-        .t'c.s'S. 

concrete   foundation   and    should     be     inspected,    culled    and  Yea"-.                      m3    £  S -•       ^§       '-""Bo        ^E:       ~.'r~^ 

rolled  before  the  cement  has  its  initial  set.     For  rolling  the  ■     5 1.     feSi,       ^X.       i.^--        %-c        ■- '^-^fc 

wearing  surface  a  hand  roller  is  advocated  about  30  in.  long,  '^SogS       §5      'sis        ^1        ex?- 

24  in.   in  diameter,  weighing  from  COO  to  900  lb.     The  roll-      yJ■^-    ^^j^   Vjg.03     fo.66    "$0.86      $^80      $417" 

ing  should   follow   immediately  after   the   inspection   so  that      lyis    78     '10.51       1.05       1.82       2.20       5.53 

the  grout  filler  may  be  applied  at  once  to  secure  the  neces-  Average    .$0/74      $8.67      $^V76      .$0.96      $iToo      $4  51 

sary  bond  with  concrete  foundation.  

in    this    connection   the   so-called   wire-cut   lug   brick   is   of  -J^^tll^he  iffm  upon  which  the  contractors  bid  in  most  cases 

special  value  in  that  it  develops  the  full  strength  of  the  slab  the  state  supplies  the  material.?, 

by  reason  of  its  superior  side  bond,  due  to  its  fiber  sides,  and  ,„',!" /i'llilil,';"""'"'*'"'^  '"  ""'  ''"^^^  "'"""''  """^  furnished  «he 

concrete  a,ggies<iies. 

assures   penetration   of  the    bonding   material   to   all   parts   of  'in  1917  and  1918  the  paving  concrete  was  enriched  from  1:2H:5 

the  joints  due  to  its  uniform   lugs.  mixture  to  1:2:4.     In  the  prices  stated  this  has  been  allowed  for 

The  mixing  and  placing  of  the  grout  filler  is  of  the  utmost  From  the   tables   it  is  seen   that  the   average   cost   of  the 

importance  for  this  type  of  construction  as  in  the  construe-  grading  has  increased  from  49  ct.   per  cubic  yard  to  74  ct, 

tion  of  brick  pavements  of  the  other  types  and  the  same  pre-  or  51  per  cent. 

cautions  must  be  taken  in  the  selection  of  the  materials  and  The  concrete  in  place  including  all  materials  has  increased 

their  application.  from  $6.35  per  cubic  yard  to  18.67,  or  36.5  per  cent. 

All   the   advantages   claimed   for  the   semi-monolithic   type  The  last  column  in  both  tables  is  perhaps  the  most  inter- 

of  construction  will  hold  for  the  brick  pavements  constructed  esting.     In   most   instances   the   commission    delivers   to   the 

on  green  concrete  foundations  to   which   may  be  mentioned  contractor  at  the  freight  siding  nearest   to   his  work  all  of 

the  added  increment  of  slab  strength  due  to  the  more  per-  the  materials  needed  for  the  concrete.     The  contractor  hauls 

feet  bond  of  the  wearing  surface  and  the  concrete  foundation.  these  materials  to  the  work  and  places  them.     The  figures. 

This  type  also  eliminates  the  use  of  edges  in  highway  con-  therefore,  reflect  directly  the  increased  cost  of  labor.     The 

struction.   which   reduces   the   cost.     The   use    of    the   semi-  average   contract   price   has   advanced    from   $2.92    per  cubic 

monoljthic  and  monolithic  types  have  tended  to  develop  the  yard  to  $4.51,  or  54.5  per  cent. 

use  of  paving  brick  of  less  thickness  which  will  result  in  econ-  As  in   most  statistics   the   tables   lack   cne   element  which 

omies,  one  of  the  most  important  being  the  saving  in  trans-  can   not   bo    well    included.     It    is    possible   that   during   the 

portation  charges.     There  should  also  be  an  economy  in  the  pre-war  period   the  lengths  of  haul  from  the  freight  sidings 

first  cost,  together  with  a  saving  in  actual  manipulation.  may  have  been  longer  or  shorter  than  in  the  other  period.    It 

In  my  opinion  the  day  of  the  sand  cushion  on  rigid  founda-  is  not  thought,  however,  that  this  element  would  affect  the 

tion  is  ended  and  the  satisfactory  type  is  a  cement  sand  cush-  averages  to  any  considerable  extent  since  the  quantities  in- 

(87) 


.un 


KiiiiDuu^i  iiiii  mill  ( '<>iiliiutiii(f  fur  April  ^',  lul'.i. 


■  i   ul«'  so  grcul.  iihU   tiK'   roiiiimssioirs   work   is   so  stund- 

■t  HH  (u  leiiglli  of  soclioii  iiiul  other  feiiluros. 

riu-  nclvniifeil  co»(    In   ilio  c-onirol»<    Is    in   fiict   sonunvliat 

iiiort'  thiin  Iho  tables  Inillciito  since  In  1917  and  I91S  the  com- 

t  ont   considerable  sums   In   stockpllInK  cenii'Mt    and 

,  so  that  the  contractors  should  suffer  the  niiniiiuini 

o(  delM>  duo  to  IrreRUlar  movements  of  freipht  trains.    Those 

extra  costs  are  not  Included  In  the  computations  u|)on  which 

the  tables  arc  based. 


Liscensin^  of  Civil  Engineers 

In  September  Inst  Iho  comniltteo  on  legislation  of  the 
American  Association  of  EnjtIneerB  was  directed  to  gather 
informal  Ion  concerning  state  engineering  license  laws  and  to 
dniw  up  n  standard  license-  law.  In  a  preliminary  report, 
U  K.  Sherman,  chairman  of  the  committee,  reviews  the 
existing  and  proposed  laws,  and  outlines  the  essentials  for 
a  new  law.  His  summary  of  existin.K  and  proposed  laws  was 
reprinted  In  our  Issue  of  l")ecember  l.S.  Further  extracts  from 
the  report  are  given  below: 

la  an  Engineers'  License  Law  Desirable?  Most  of  tlie  bills 
for  engineers'  license  laws  that  have  been  introduced  into 
the  state'  legislatures  have  failed  to  pass.  This  has  been 
due  to  lack  of  support  by  the  engineers  themselves,  and 
this  in  turn  has  been  due  to  (a)  indifference  on  the  part  of 
engineers:  or  (b)  objections  to  the  form  and  details  of  the 
bill:    or  (c)  lack  of  organized  support. 

A  review  of  the  first  agitation  for  license,  about  1909, 
records  marked  opposition  on  the  part  of  many  engineers. 
Tlie  .\niericfln  Society  of  Civil  Engineers,  and  the  Boston  So- 
ciety of  Civil  Engineers,  and  the  Pennsylvania  Society  of 
Engineers,  all  passed  resolutions  against  the  enact- 
ment of  engineers'  license  laws.  Among  the  argu- 
ments against  licensing  were:  Not  necessary,  because  the 
public  is  protected  against  incompetence  and  mountebanks 
by  employing  only  members  of  high-grade  engineering  so- 
cieties. A  license  does  not  guarantee  competency.  Engi- 
neers are  not  employed  by  the  general  public  as  individuals 
the  same  as  it  employs  doctors  or  lawyers.  Not  practical  to 
define  any  comprehensive  engineering  work,  must  limit 
law  to  one  particular  field  or  surveying,  etc. 

The  advocates  for  licensing  have  answered  the  above 
objections  in  pointing  out  that  society  membership  cannot 
be  reorganized  by  the  public  and  does  not  weed  out  incom- 
petency. That  licensing  does  bar  the  most  flagrant  cases. 
That  the  physicians'  and  lawyers'  licenses  do  not  prevent  the 
appendicitis  patient  from  employing  an  eye  and  ear  specialist, 
or  the  applicant  for  a  divorce  employing  ,h  corporation  attor- 
ney, and  yet  such  licenses  are  of  recognized  public  service. 
The  architects,  doctors,  lawyers,  to  say  nothing  of  the  plumb- 
ers, engine  men,  and  barbers,  are  licensed,  and  they  have 
found  it  desirable  for  themselves  and  have  demonstrated 
■  to  the  state  legislature  and  to  the  supreme  court  that  it  was 
desirable  for  the  public. 

While  there  is  no  official  record,  there  appears  to  be  a 
growing  opinion  in  favor  of  engineers'  license  laws,  more 
especially  in  the  states  where  such  laws  exist. 

It  would  be  interesting  at  least,  it  upon  the  submission 
of  a  proposed  license  law  by  this  committee,  the  matter 
was  referred  to  a  referendum  vote  of  the  association. 

In  view  of  the  increasing  number  of  states  passing  engi- 
neers' license  laws,  it  is  highly  desirable  that  some  uniformity 
be   established   and   reciprocal   action   entered    into. 

fnquestionably,  the  chief  cause  for  the  failure  for  passage 
of  license  acts  has  been  due,  as  was  the  case  in  Iowa  in 
1910,  to  the  lack  of  support  by  a  strong  executive  and  busi- 
ness organization.  For  the  first  time  in  the  history  of 
engineering  societies  the  American  Association  of  Engineers 
now  furnishes  that  executive  organization. 

What  Class  of  Engineering  Work  Should  Be  Covered  by 
a  License  Law? — No  existing  license  law  includes  all  the 
branches  of  engineering.  Some  states  include  surveying, 
others  civil  engineering.  Illinois  t  \cludes  structural  engi- 
neering. Other  states  license  the  pi  ictice  of  hydraulic  and 
irrigation  work  and  mining  engineering.  Electrical  and  me- 
chanical engineering  are  not  licensed,  to  our  knowledge, 
but  almost  invariably  the  operator  of  a  steam  or  electric 
plant   requires  a  license.     The  fact  that  steam   boilers,   ele- 
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vators,  and  electric  wiring  are  subject  to  either  state  of 
nuinicipal  inspection  probably  accounts  for  this.  Inasmuch 
as  there  Is  no  apparent  demand  for  license  by  the  mechanical 
engineers,  and  as  the  works  of  the  mechanical  and  electrical 
engineers  can  be  readily  proven  by  actual  tests,  which  Is 
not  the  case,  in  general.  In  llu>  works  of  the  civil  engineer, 
it  is  here  suggested  that  the  commlltee  consider  only  a  license 
law  as  applying  to  civil  engineering  or  specilic  branches 
rtiereof.  The  views  oi'  the  members  of  the  association  and 
others  upon  this  point  are  invited. 

The  Essentials  of  an  Engineers'  License  Law.-  -The  desir- 
ability (if  a  license  law  lor  (lie  engineer,  architect,  doctor  or 
plumber  individually  or  as  a  class  does  not  furnish,  in  law. 
the  slightest  basis  for  its  existence.  It  is  essential  to  demon 
strate  to  the  legislature  and  the  court  later,  if  necessary,  that 
the  license  law  will  serve  for  the  conservation  and  protection 
of  life,  health,  or  property  of  the  public  at  large.  Obvious 
as  this  principle  appears,  its  oversight  has  led  to  many 
faultily  drawn  acts  and  to  much  wasted  energy. 

Protection  for  the  public  can  be  secured  not  only  by  a  state 
license  to  the  properly  examined  and  qualified  practitioner, 
but  it  can  also  be  secured  by  the  requirement  for  approval 
of  plans  and  by  inspection  by  duly  qualified  state  officials. 
For  example,  the  approval  of  plans  and  construction  for  dams 
is  required  by  state  boards  in  Connecticut,  New  'V'ork,  and 
Pennsylvania.  Almost  all  states  require  approval  of  plans 
for  sewage  disposal  by  the  state  board  of  health,  and  many 
states  make  the  same  requirement  for  water  supply.  State 
and  municipal  building  codes  furnish  an  example.  Massa- 
chusetts requires  state  approval  of  plans  for  railway  bridges, 
and  other  state  utility  commissions  through  their  engineering 
staff  supervise  engineering  construction  to  a  greater  or  less 
degree.  State  supervision  as  just  outlined  is  the  more  obvious 
procedure  to  the  public.  Examination  and  licensing  acts 
require  initiation  from  the  engineer. 

The  essentials  for  a  satisfactory  engineer's  license  law,  as 
set  forth  in  the  form  suggested  by  the  American  Society  of 
Civil  Engineers  and  as  incorporated  in  the  Florida  act,  and 
to  a  modified  degree  in  all  other  existing  acts,  are  as  follows: 

1.  An  exact  definition  of  civil  engineering  as  illustrated 
by  a  statement  of  specific  works  covered. 

2.  The  appointment  of  a  board  of  examiners,  usually  five, 
and  made  by  the  governor.  Requirements  for  membership  of 
the  board.    Appointment  of  a  secretary. 

:>.  Minimum  requirements  from  candidates  in  qualifying 
for  examination.  Six  years'  experience,  one  of  which  is  in 
responsible  charge.  Two  years  allowance  for  graduate  of 
approved  technical  school.  It  has  been  suggested  that  a 
minimum  educational  standard  be  a  preliminary  requirement. 

1.  Exemptions  from  examination.  Those  in  actual  practice 
prior  to  the  act.  (To  avoid  an  expost  facto  law.)  Those 
licensed  in  other  states  having  equal  requirements.  It  is 
suggested  that  no  additional  fee  be  required  of  such  parties 
other  than  a  nominal  registration  fee.  Consulting  engineers 
for  licensed  engineers.  Also  sufficient  time  for  engineers  of 
other  states  to  permit  them  to  register  without  interruption 
of   work.      (See   Louisiana  Law.) 

a.  Reciprocity  with  other  states. 

li.  Conditions  and  limitation  of  the  examination. 

7.  Penalty  for  violation  of  the  act.  It  has  been  suggested 
also  that  a  license  is  required  to  qualify  an  expert  witness 
and  that  no  legal  collection  for  engineering  fees  be  granted 
unless  licensed. 

9.  Required  seal  on  plans. 

10.  Investigation  and  prosecutions. 
The  board  to  be  active  and  responsible  for  this  burden. 


When  to  Use  Drag  on  Road. — In  a  paper  presented  last 
month  at  the  17th  annual  meeting  of  the  Ontario  Good  Roads 
Association.  Mr.  F.  A.  Senecal,  County  Road  Superintendent 
of  Prescott  and  Russell  Counties,  Ontario,  stated  that  in 
his  experience,  the  proper  time  to  use  a  drag  on  the  road 
depends  on  two  factors:  The  nature  of  the  soil,  and  the 
traffic  over  the  road.  An  earth  road  mixed  with  gravel 
should  be  dragged  when  very  w^et,  as  also  when  the  traffic 
is  light  on  any  road.  But,  when  the  traffic  is  considerable,  it 
is  useless  to  drag  it  until  the  earth  has  sufficient  body  to 
prevent  cutting  by  the  wheels  of  vehicles.  This  matter, 
however,  can  be  easily  adjusted  by  a  few  trials  with  the  drag 
under  various  conditions  of  the  road. 
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Core  Drilling  Outfit  for  Test  Speci- 
mens from  Pavements 

A  Calyx  core  drilling  outfit  mounted  on  a  light  motor  truck 
is  employed  bv  the  testing  division  of  the  California  High- 
way Commission  for  securing  test  samples  from  fin- 
ished pavements.  With  this  outfit  a  4y2-in.  cylinder  is  cut 
from  the  pavement,  furnishing  very  satisfactory  specimens 
for  compression  tests. 

The  drilling  power  is  furnished  by  a  3-h.p.  gasoline  motor; 
the  steel  core  cuts  by  grinding  on  the  steel  shot.    Where  the 


Core    Drilling   Outfit   Mounted   on   Truck. 

coarse  aggregate  of  the  concrete  pavement  is  extremely  hard 
and  tough,  the  drilling  takes  from  30  to  40  minutes.  The 
average  concrete  pavement  can  be  drilled  in  from  6  to  15  min- 
utes The  drilling  of  concrete  pavement  5  or  6  years  old 
made  with  gravel  which  consists  largely  of  indurated  sand- 
stone required  from  OVo  to  10  minutes.  Samples  made  of 
broken  rock  from  a  chert  quarry  were  bored  in  from  10  to  1- 
minutes  Concrete  made  from  boulders  of  extremely  hard 
andesite  required  from  30  to  40  minutes.  The  actual  time 
required  for  boring  will  be  somewhat  of  an  indication  of  the 
wear  resisting  qualities  of  the  pavement.     The  borings  taken 


Cores   from    Concrete    Pavemer 


ared    for    Compression    Test. 


from  the  pavement  are  valuable  also  in  furnishing  an  exact 
record  of  the  thickness  and,  also,  in  showing  how  thoroughly 
the  concrete  was  mixed  at  the  time  of  laying. 

Tests  by  the  laboratory  of  the  finished  pavement  made  with 
a  1:2%:  5  mix  at  the  end  of  3  or  4  years  indicates  a  total 
compressive  strength  in  excess  of  3,000  lb.  per  square  inch. 

Up  to  the  end  of  1918,  the  laboratory  had  only  tested  pave- 
ment constructed  of  three  different  kinds  of  aggregate: 
namely,  broken  rock,  sandstone  gravel  and  volcanic  rock 
gravel,  but  these  test  pieces,  taken  from  different  parts  of 
the  highway  along  a  stretch  20  miles  in  length,  have  all  shown 
a  total  compressive  strength  in  excess  of  3,000  lb.  per 
square  inch. 

The  holes  made  in  the  pavement  after  the  removal  of  the 
core  are  about  514  in.  in  diameter  and  are  usually  repaired 
with  neat  cement  and  broken  rock.  When  this  mix  is  used, 
the  cement  sets  up  and  gains  sufficient  strength  in  a  few 
hours  to  make  unnecessary  any  careful  plan  of  protecting  or 
curing  the  repaired  holes. 


Day  Labor,  Force  Account  and 

Bonus  System  in  Highway 

Work* 

By  CHARLES  M.  UPHAM, 
Chief  Engineer,  Delaware  State  Highway  Department. 
!n  looking  into  this  subject  1  find  that  wHh  some  officials  in 
certain  sections  of  the  country  the  method  of  doing  work  by 
day  labor  i.s  very  popular,  but  compiling  the  opinions  of  a 
great  number  of  highway  engineers,  I  think  that  the  day- 
labor  system  has  become  unpopular  and  has  the  name  of  be- 
ing costly  and  expensive  and  is  without  any  of  the  advan- 
tages claimed  for  the  contract  system. 

When  Day  Labor  System  Gives  Good  Results. — In  localities 
where  the  supervision  of  the  day-labor  system  has  been  effi- 
cient and  the  organization  permanent,  this  system  has  pro- 
duced and  is  still  producing  good  results  in  construction  at 
reasonable  costs,  costs  that  often  are  lower  than  those  ob- 
tained by  the  contract  system.  Advocates  of  both  the  day- 
labor  and  contract  system  state  that,  properly  controlled, 
their  system  produces  better  work.  With  proper  supervision, 
inspections,  and  specifications  the  same  results  can  be  ob- 
tained either  way,  so  that  advantages  can  be  com- 
pared merely  to  costs.  By  theoretical  analysis  it  can  be 
shown  how  the  day-labor  system  is  not  as  costly  as  the  con- 
tract system,  for  it  does  not  include  the  contractor's  profits, 
nor  the  percentage  that  is  included  in  the  proposal  for  con- 
tingencies. 

No   State   officials   desire   contractors   to   do   work   without 
profit,  nor  do  they  want  the  uncertainty  of  their  plans  and 
specifications   to   make    the    contractor's   proposal   become   a 
gamble.     It  is  accepted  by  all  that  the  contractor  should  be 
paid  the  cost  of  his  work  plus  a  reasonable  profit.    In  con- 
tract work  there  is   generally  figured  a  fair  profit  and  also 
a   percentage   for   contingencies    that   do   (t  do   not   happen. 
These  percentages  are  in  addition  to  the  actual  cost  of  the 
work  which  in  itself  includes  the  pay  for  capable  foremen, 
efficient  supervision,  and  generally  an  allowance  for  the  con- 
tractor's   salary,    provided    this   is    not   included    in   the   per- 
centage that  is  added  to  cover  the  profits.     In  other  words, 
the  contractor  has  provided  for  payment  of  all  his  expendi- 
tures plus  a  reasonable  profit  and  an  allowance  for  contin- 
gencies.   If  these  contingencies  happen  the  contractor  should 
receive  a  payment  covering  them,  but  if  they  do  not  happen 
it  simply  makes  a  gamble  out  of  the  proposal,  with  the  con- 
tractor the  winner. 

Why  Contract  System  is  Favored. — The  day-labor  system  on 
the  other  hand  does  not  include  either  of  these  charges  of 
profit  or  contingencies,  but  it  is  the  resulting  expenditure  of 
the  actual  cost  of  the  work.  Why  is  it  then  that  day  labor  has 
not  become  universally  adopted?  Why  is  it  that  the  day- 
labor  system  is  looked  upon  with  suspicion  and  turned  down 
by  engineers  wherever  there  is  a  possibility  of  doing  work 
by  contract  system? 

Many  cities,  towns,  and  States  began  their  public  work 
by  day  labor.  After  a  short  period  we  find  that  in  nearly 
every  instance  many  of  these  cities,  towns,  and  states  have 
adopted  the  contract  system  to  protect  themselves,  and  they 
now  get  their  work  done  at  more  reasonable  costs. 

That  the  fear  of  high  costs  resulting  from  the  day  labor 
system  existed  in  earlier  days  is  shown  by  the  fact  that 
early  in  ISOO  we  find  engineers  advocating  the  abolishment 
of  day  labor.  It  is  said  that  Telford  estimated  the  cost  of 
work  produced  by  the  day  labor  system  was  50  per  cent 
higher  than  by  the  contract  system.  A  railroad  engineer  in- 
forms me  that  he  was  somewhat  surprised  that  the  cost  of 
day-labor  construction  was  from  25  to  ICO  per  cent  higher 
than  contract  work.  It  is  said  that  in  1909,  Metcalf  and 
Eddy  went  into  the  comparison  of  costs  of  day  labor  and 
contract  work,  and  in  a  report  to  the  Boston  Finance  Com- 
mission the  result  was  in  favor  of  the  contract  work.  In  a 
tew  other  instances,  however,  the  results  show  that  the 
work  done  by  day  labor  is  cheaper  than  that  done  by  con- 
tract, but  these  eases  are  in  the  minority.  From  these  state- 
ments it  seems  that  the  results  point  in  favor  of  the  contract 
system  for  securing  good  work  at  reasonable  cost. 

Development  of  the  Two  Systems. — Before  condemning  the 
day  labor  system,  however,  a  comparison  of  the  development 
of  each  system  is  interesting. 


•From  a  paper  presented  at  the  Chicago  Road  Congress. 
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.    111!'   that    M^iMlUil   lontiiU'ls    "ore   louiiaiis   for 

One   ins'.iiiit,'o   is   shown   by   a   coutriict    covering 

i;  ol  a  canal  in  onf  of  the  eastern  states,  in  which 

1  that  the  i-onlraetor  shoiitit  furnish  a  eeitaln  nuin- 

■II  Willi   satisfactory   picks   and   siilllcient   sliovolers 

!lie   ilirt    picked    by    the   llrst    men.   and    siilllcient 

w hcLlcrs  to  wheel  the  dirt  shoveled.     While  this  was  a  con- 

tract.   It  was  a  contract   for  day  labor.     The  output   in  gen- 

.  ontrollcd  b>   the  niiinber  of  men  employed,  but  the 

«ork  the  men  did  depended  to  i;  certain  e.xtent  on 

tl;c  (oreiuan  or  supervision. 

The  next  step  was  a  closer  conliol  of  llie  amount  of  work 
I  rather  than  the  number  of  men  working.  This 
.>pmcnt  in  the  contract  system  and  made  this  sys- 
■ne  popular  anions  contractors.  By  securing  the 
ivislon  and  using  certain  ingenious  devices,  short 
ml.-,  ui  doing  work  by  the  contract  system  were  developed 
and  larger  prolits  resulted.  As  for  the  owner,  the  work  was 
completed  nulcker  and  at  no  greater  cost.  The  contract 
system  thus  became  popular  for  these  various  reasons,  and 
especial  attention  was  paid  to  this  system  both  by  owners 
and  engiKeers.  Specilications  and  detailed  plans  were  de- 
veloped and  complete  control  of  the  work  was  secured.  Costs 
were  kept  reasonable  by  the  fact  that  the  successful  con- 
tractors maintained  an  organization  of  the  best  supervision 
and  most  up-to-date  methods  and  machinery  possible  and 
conseiiuently  they  could  complete  work  at  a  comparative  lo.w 
lipure  and  still  make  a  profit. 

What  became  of  the  day  labor  system  in  the  meantime? 
Cities.  Miinties,  and  towns,  and  some  states  whose  ollicials 
were  changed  every  election  would  coinnieuce  work  by  the 
day  labiir  system.  Many  times  the  official  would  have  had 
no  experience  in  the  particular  line  of  work  that  he  under- 
took, and  for  supervision  he  would  fill  these  positions  with 
his  friends  or  political  supporters.  The  result  of  this  poorly 
organized,  inellicient.  supervision  was  high  costs,  and  some- 
times poor  and  faulty  work.  About  the  time  the  official  be- 
came experienced  and  could  have  produced  satisfactory  work 
at  reasonable  cost,  a  house  cleaning  removed  him  from  office 
and  the  same  thing  was  done  all  over  again  by  the  next  of- 
ficial. The  day  labor  system  has  been  abused  by  such  meth- 
ods as  these,  and  there  has  never  been  any  great  attempt  to 
develop  this  system  to  the  degree  that  the  contract  system 
has  been  developed.  The  force  account  method  may  be  a 
step  in  the  development  of  the  day  labor  system,  and  the 
cost  plus  percentage  or  the  cost  plus  fee  method  is  another 
stage  in  the  development  of  the  day  labor  system. 

Cause  of  High  Cost  of  Day  Labor  Work. — High  cost  in  day- 
labor  construction  was  many  times  blamed  on  the  principles 
of  this  system,  but  as  a  matter  of  fact  the  real  reason  was 
the  inefficient  organization  and  the  lack  of  control.  Because 
of  the  high  costs,  many  cities  and  towns  immediately  con- 
demned the  method  of  day-labor  system,  and  without  any  at- 
tempt to  overcome  the  weak  points  in  the  system  inaugu- 
rated the  contract  system,  a  system  in  which  the  control  and 
methods  had  already  passed  through  the  experimental  state 
and  now  was  on  a  developed,  definite,  and  sound  basis. 

With  the  same  regulations  and  restrictions  and  the  same 
personnel  in  day-labor  system  as  in  contract  system,  both 
should  carry  on  the  work  at  the  same  cost  to  the  owner.  In 
the  contract  system  the  contractor's  profit?  and  payment  of 
the  possible  contingencies  must  be  added  to  the  costs. 

A  few  reasons  why  the  day-labor  system  is  expensive  is 
because  this  system  is  generally  harnessed  by  laws  that 
limit  the  payment  of  the  foreman  and  supervisors,  and  thus 
deprive  this  system  of  the  privileges  of  the  high  class  of 
supervision  of  the  contract  system.  Jlany  times  the  law  also 
states  just  what  the  labor  shall  be  paid.  This  again  is  a 
serious  obstacle  for  the  day-labor  system  to  combat. 

The  limit  of  salaries  of  foreman  and  suervisors  subjects 
the  d.iy-labor  system  to  many  obstacles,  for  very  often  it 
happens  in  this  day-labor  system  the  limit  in  wages  com- 
mands supervisors  and  managers  of  only  ordinary  ability,  or 
only  partially  experienced  in  their  particular  line. 

The  contract  system  on  the  other  hand  is  not  restricted  as 
to  obtaining  the  best  supervision  of  labor.  The  successful 
contractor  is  a  man  of  exceptional  ability,  one  who  repre- 
sents the  survival  of  the  fittest.  With  this  ability  and  the 
resources  for  efficient  supervision  the  contract  system  is 
Immediately  put  on  a  firm  basis. 

Cay  Labor  Principle  Itself  Not  at  ^auit. — Therefore  it 
so"ms   that   thf-  day-labur  system   should   not  be   condemned 


through  reasons  of  the  principles  of  the  system  itself,  but 
should  he  passed  through  a  period  of  development  to  the 
sii:ne  extent  the  contract  system  has  been  developed.  It 
should  not  be  ridden  with  laws  that  combat  the  motives  of 
the  system.  It  is  true  a  few  steps  have  been  taken  in  this 
development  in  tlio  form  of  force-account  work  and  in  the 
cost  plus  percentage  or  cost  plus  fee  system.  The  day-labor 
system  will  never  be  universally  popular  or  successful  until 
it  is  given  !ho  same  freedom  as  the  contract  system  and  is 
controlled  by  tlie  same  standard  of  supervision  and  efficiency. 

Bonus  System  for  Labor. — In  practice  we  find  that  among 
contract  laborers  some  men  do  more  work  and  better  work 
than  others  while  they  all  may  be  receiving  the  same  com- 
pensation. This  does  not  encourage  the  men  to  do  their 
utmost  but  is  conducive  to  producing  a  matter  of  fact  inter- 
est in  their  work.  The  ideal  condition  would  be  a  piece-rate 
system,  to  pay  all  the  men  in  proportion  to  the  amount  of 
work  they  turn  out.  This  is  not  always  possible  in  each  in- 
dividual case  but  it  can  generally  be  developed  with  groups 
of  men  at  least 

Hy  analysis  tlie  bonus  system  means  a  piece-rate  system 
with  a  minimum  guarantee.  An  interesting  fact  that  hap- 
pened during  tlie  past  construction  season  describes  one  of 
the  advantages  of  the  bonus  system:  T-iVO  contractors,  7 
miles-  apart,  on  the  same  road,  having  practically  the  same 
territory  from  which  to  draw  labor,  were  constructing  a  con- 
crete road.  Both  contractors  at  the  beginning  paid  $4  per 
day  for  labor.  The  one  added  a  bonus  system,  the  other 
stated  he  would  raise  the  wage  if  necessary.  The  man  pay- 
ing the  bonus  averaged  $4.25  per  day  in  paying  for  his  labor. 
Consequently  he  soon  drew  more  and  better  labor.  The 
second  contractor  seeing  his  men  leave,  raised  his  wages  to 
$4.25  and  then  to  $4.50,  and  finally  to  $5,  but  at  no  time  did 
he  complete  as  much  work  with  the  same  number  of  men  as 
the  contractor  that  paid  $4  minimum  wages  plus  a  bonus. 
This  was  really  the  piece-rate  system  with  a  minimum  guar- 
antee. 

The  bonus  system  made  each  man  a  sub-contractor  and 
his  wages  depended  on  his  efforts  and  the  amount  of  work 
completed.  If  the  day  labor  system  of  doing  work  could 
have  the  benefit  and  advantage  of  this  spirit  among  its  labor, 
a  great  step  in  developing  the  system  would  be  taken. 

While  the  idea  of  bonuses  seems  to  be  old,  it  has  not  been 
used  to  any  great  extent  especially  among  contract  labor. 
The  only  reason  for  this  seems  to  be  that  this  branch  is  an- 
other detail  not  yet  developed. 

To  develop  the  bonus  system  among  contract  labor,  as  it 
has  been  developed  in  the  industries,  may  at  the  same  time 
make  it  possible  to  produce  a  labor  that  can  be  used  suc- 
cessfully in  the  day  labor  system  and  we  may  then  expect 
many  of  the  present  day  difficulties  for  the  successful  use 
of  the  system  to  be  overcome,  and  we  might  possibly  find  the 
same  efficiency  and  control  in  this  system  as  is  found  in  the 
industries.  The  operation  of  that  system  of  day  labor  that 
has  been  found  so  costly  and  so  unpopular  among  engineers, 
may,  with  the  help  of  the  bonus  system  be  developed  on  an 
economic  plan,  closely  approaching  in  practice  the  theoret- 
ical principles  of  the  day  labor  system,  and  becoming  a  popu- 
lar method  of  carrying  on  highway  construction. 


Government  Will  Sell  57,000  Tons  of  Rail. — The  govern- 
ment plans  to  sell  at  prevailing  market  prices  the  surplus 
stock  of  80-lb.  rail  and  2o-lb.  rail  ordered  for  the  American 
Expeditionary  Forces  overseas,  but  not  required,  due  to  the 
signing  of  the  armistice.  There  are  about  50,000  tons  of 
80-lb.  rail  and  about  7.000  tons  of  25-lb.  rail;  also  large  quan- 
tities of  crossings,  slip  switches  and  turnouts.  The  bulk  of 
this  material  is  at  port,  readily  accessible  for  loading.  All 
sales  are  being  conducted  through  the  office  of  Director 
General  of  Military,  Washington,  D.  C. 


Contract  Work  Most  Satisfactory. — Road  work  in  Manitoba 
carried  out  by  the  contract  system  has  proved  more  satis- 
factory than  the  work  done  by  day  labor,  stated  Mr.  M.  A. 
Lyons,  chief  engfneer,  Manitoba  Good  Roads  Board,  in  a 
paper  presented  before  the  Engineering  Institute  of  Canada. 
About  95  per  cent  of  the  bridge  work  is  done  under  contract 
and  about  75  per  cent  of  the  road  work.  While  in  a  number 
of  cases  roads  constructed  by  day  work  with  local  labor 
have  been  cheaper  in  first  cost,  when  the  finished  appear- 
ance of  the  work  is  considered,  the  contract  work  fs,  in  95 
per  cent  of  the  cases,  more  satisfactory,  and  any  slight  extra 
cost  is  justified. 
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Road   Surfacing  with  Lake  Shore 
Gravel  or  Sand 

By  L.  U.  MARTIN. 

During  the  summer  of  1913  we  built  under  contract  7  miles 
ot  road  on  State  Route  No.  1  between  Starbuck  and  Glenwood 
of  this  county.  Gravel  for  l^-i  miles  in  the  contract  was 
specified  from  a  certain  pit  which  from  surface  Indication 
showed  gravel  but  which  on  being  opened  up  proved  to  be 
only  a  small  streak  and  not  of  sufficient  quantity  to  be  worth 
while. 

As  funds  were  not  available  to  haul  the  necessary  gravel 
from  other  pits  on  this  particular  stretch  we  were  compelled 
to  resort  to  the  use  ot  shore  gravel  from  the  lake,  which 
brought  the  haul  to  within  the  limits  of  the  contract. 

This  material  was  rather  fine  and  I  was  repeatedly  in- 
formed by  people  from  both  towns  as  well  as  the  adjacent 
farmers  that  the  experiment  had  been  tried  repeatedly  for 
the  past  25  years  and  that  it  had  never  been  successful,  that 
it  would  not  pack  and  would  only  spoil  the  road  and  that 
we  would  have  to  remove  it  later.  As  it  was  my  first  season 
in  the  locality  I  was  rather  pessimistic  after  all  this  good 
advice,  and  nearly  called  a  halt  on  the  work  several  times. 

The  sand  was  hauled  on  about  4  in.  thick.  Onto  this  we 
put  a  heavy  disc  harrow  well  loaded  down  with  rock  and 
disked  the  heavy  clay  bottom  up  into  the  sand  and  well  mixed 
it.  Drags  smoothed  this  down  for  the  next  coat  which  went 
on  about  3  in.  thick.  Over  this  we  put  about  1  in.  of  good 
clay  and  disked  again.  A  grader  was  then  used  on  the 
edges  and  these  were  covered  about  2  in.  deep  with  clay 
from  the  shoulders  for  a  width  of  2  ft.  to  give  additional  clay 
and  to  prevent  the  washing  away  of  the  sand  during  rains. 
Following  this  we  had  about  two  weeks  of  the  driest  weather 
that  I  have  ever  seen  and  it  was  all  I  dared  to  do  to  show 
myself  in  the  neighborhood  of  the  work.  Car  after  car 
plowed  in  and  got  stuck,  teams  could  not  haul  a  load  through 
it,  in  brief  it  was  impassable.  Then  rain  came  to  our  rescue 
and  the  road  began  to  be  passable.  After  about  three  good 
rains  it  settled  down  and  has  ever  since  been  the  best 
stretch  on  the  road. 

A  few  pockets  would  develop  during  dry  spells  but  these 
were  promptly  mixed  with  clay  by  the  maintenance  man  on 
the  beat,  and  as  soon  as  rained  on  were  as  good  as  could  be. 
As  the  material  was  none  ot  it  over  a  B.  B.  shot  in  size  there 
are  no  rocks  to  bother,  and  the  road  is  as  smooth  as  can  be 
made.     No  waves  have  ever  developed  to   bother. 

The  surprising  feature  to  us,  however,  is  the  wearing  qual- 
ity of  this  surfacing.  All  of  the  rest  of  the  graveled  portion 
of  this  road  has  either  had  to  be  renewed  in  the  past  two 
years  or  is  entirely  worn  away,  although  the  gravel  on  a 
good  portion  of  it  was  of  the  very  best  of  pit  run  material 
locally  available  and  was  put  on  fully  as  heavy  and  parts 
much  heavier  than  this  section.  Also  all  of  these  other 
stretches  have  shown  a  decided  tendency  to  develop  waves 
unless  closely  watched.  This  section  is  still  in  good  shape 
and  will  not  need  resurfacing  for  at  least  two  more  seasons. 


The  Necessity  of  a  Broader  Handling  by  the 
Federal  Government  of  Road  Building 

The  work  of  the  agricultural  department  in  connection 
with  highway  building  has  never  measured  up  to  the  responsi- 
bility which  rests  upon  the  government  in  helping  to  give 
the  country  a  complete  system  of  highways.  And  now  as 
the  country  comes  to  a  realization  of  the  necessity  of  building 
permanent  highways  on  a  vastly  greater  scale  than  ever 
before,  it  must  realize  the  importance  of  taking  the  entire 
business  out  of  the  hands  of  the  Department  of  Agriculture. 
The  road  question  in  its  relation  to  the  life  of  the  nation  is 
almost  as  important  as  agriculture  itself.  The  road  question 
has  now  gone  far  beyond  merely  the  matter  of  providing  good 
highways  for  the  handling  of  farm  products,  although  that 
is  important  to  the  extreme. 

A  great  system  of  coordinated  highways,  reaching  every 
part  of  the  country,  built  strongly  enough  to  stand  the  wear 
and  tear  of  heavy  motor  trucks,  must  be  constructed.  They 
should  be  wide  enough  to  meet  the  needs  for  many  years  of 
the  ever-expanding  aulomobile  and  motor  truck  business: 
they  should  be  built  solidly  enough  to  stand  the  tremendous 
strain  which  is  to  be  put  upon  them  during  the  next  few 
years. 


The  agricultural  department  is  not  in  a  position  to  handle 
a  proposition  so  big  as  this.  Indeed,  with  all  due  credit  to 
what  the  men  in  that  department  may  have  done  in  the 
past,  we  do  not  believe  that  there  is  anyone  connected  with 
the  Department  ot  Agriculture  who  is  just  fitted  for  such  a 
job.  Moreover,  the  work  of  the  Department  ot  Agriculture 
is  sufficiently  absorbing,  with  its  limitless  field  of  expansion, 
as  to  tax  the  full  energies  of  the  very  best  men  which  the 
department  can  bring  to  its  work.  It  should  not  for  a 
moment  be  tied  up  with  the  handling  of  great  road  problems 
confronting  the  country. — Manufacturers  Record. 


Systematic    Road   Dragging   Financed  by 
Local  Subscription 

An  8-mile  road  in  Austin  county,  Texas,  in  large  portions 
of  which  is  through  black  prairie  country  where  the  soil  be- 
comes very  sticky  and  disagreeable  in  wet  weather  has  been 
maintained  for  3  years  at  a  cost  ot  ?100  by  the  method  de- 
scribed below: 

The  people  living  along  a  section  of  the  road  form  what 
they  call  "Dragging  Clubs,"  each  member  pays  $2.50  per  year. 
A  supervisor  is  appointed  to  direct  the  work  of  dragging  the 
road.  Each  member  of  the  club  is  entitled  to  at  least  one 
day's  work  per  year  dragging  the  road,  for  which  he  is  paid 
out  of  the  funds  of  the  club.  When  the  road  needs  dragging, 
the  supervisor  calls  upon  one  of  the  members  of  the  club  to 
drag  it,  and  when  he  has  finished,  he  pays  him  for  his  work. 
Membership  in  the  club  does  not  mean  that  the  member  must 
work  on  the  road,  but  he  has  the  privilege  of  working  on  the 
road  and  he  is  paid  for  the  work  he  does.  People  living  in 
community  centers  often  pay  dues  and  belong  to  several  dif- 
ferent clubs. 

A  representative  of  the  State  Highway  Department  reports 
as  follows  on  the  plan:  "The  results  obtained  through  this 
method  are  eminently  satisfactory  as  shown  by  the  state  of 
the  roads  in  this  community.  We  found  these  roads  to  be 
smooth  and  well  drained,  tree  from  chuck  holes  and  mud 
holes,  and  in  every  way  in  a  most  satisfactory  condition, 
and  when  we  consider  the  extremely  hard  weather  condi- 
tions which  the  country  has  experienced  during  the  past  five 
months,  the  results  shown  here  are  remarkable,  and  they 
demonstrate  very  forcibly  the  value  of  systematic  dragging 
in  the  maintenance  of  earth  roads." 


The    1919   Model    Rex  14-E    Paver 

Among  the  recent  developments  of  interest  to  paving  con- 
tractors is  the  announcement  of  the  Chain  Belt  Co.,  Mil- 
waukee, of  its   1919' model   Rex   14-E   Paver.     The   Rex   14-E 


Rex    14-E    Paver    1919    Model. 

is  equipped  with  an  enclosed  traction  transmission  of  the 
type  used  in  heavy  tractors.  This  machine  is  equipped  with 
a  loader  90  in.  wide,  thus  permitting  dumping  of  two  wheel- 
barrows into  the  loader  at  the  same  time.  The  mij;ing  drum 
is  made  of  cast  semi  steel  in  two  places,  bolted  together  by 
means  of  flanges  and  is  of  the  bulge  type.  It  is  rated  at  14 
cu.  ft.  of  mixed  concrete.  The  machine  has  a  2  bag  capacity 
for  proportion  of  1-3-G  or  1-4-6  and  has  a  3-bag  capacity  tor 
proportions  of  1-2-4  or  1-2-3%.  The  discharge  of  the  con- 
crete is  GO  in.  from  the  ground  level,  allowing  a  good  angle 
for  spouting  when  spouting  is  the  desired  method  of  dis- 
tributing. In  this  case  a  15  ft.  distributing  spout  which  per- 
mits an  extremely  wide  radius  of  operation  is  furnished. 
For  the  boom  and  bucket  method  of  distributing  the  Rex  14-E 
is    equipped    with    a    2(1    ft.    distributing    boom    supported    by 
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ruble.  Tho  distributing  liucket  is  of  sunu-ient  capacity  to 
carry  a  full  biuch  of  mixed  concrete.  Another  one  of  tlio 
new  features  of  the  Hex  UK  is  the  undorslunR  supiH.rtlnc 
frame  for  the  power  plant  which  Rives  the  entire  erjuipniont 
a  lower  center  of  isravity  and  assures  Kreiit  stability  roKard- 
leiis  of  the  rouRhness  of  the  roads.  The  power  equlpniont 
Includes  a  10  hp.  enclosed  vertical  O'Pe  engine  and  a  12  hp. 
boiler  The  over  all  dimensions  of  tho  machine  are.  height 
15C  In.  and  width  104  In.  In  actual  test  the  Rex  1 1  10  has 
climbed  i»  10  per  cent  gnule  on  hlph  speed  with  no  dlfllculty. 

.Miniimiin   Widili   of  21)  Ft.  Rocommonded 
for  ravonuMit  on  Trunk  Ilijihways 

A  width  of  !it  least  ■:>'  n.  lor  paved  surluccs  or  trunk  lilgh- 
wavs  was  recommended  by  the  committee  on  •Hoconstruc- 
H,,-  ■,  .nv  Roadways  of  Trunk  lllKhways  With  Adequate 
K,.  and  Width  for  Motor  Truck  Trallic."  In  a  progress 

r»'P'"t  .-ubiiuited  last  mouth  at  the  annual  convention  of  the 
American  Koad  Iluilders'  Association.  Tho  committee  stated 
for  each  additional  line  of  tratlic  9  ft.  more  of  paved  surface 
should  be  added,  and  that  the  niininium  width  of  shoulder 
should  be  :.  ft.  Other  recommendations  of  the  committee 
were  as  follows: 

Present  dnilnape  systems  should  be  examined  and  placed 
In  such  condition  that  they  will  function  properly.  Such 
additions  should  be  made  as  arc  necessary  to  keep  the 
subgrade  dry. 

.Ml  foundations  of  new  construction  should  be  of  concrete; 
and  when  present  pavements  can  be  used  the  widening 
should  be  of  same  kind  of  construction  as  the  portion  to  be 
utillied. 

lavements  on  trunk  line  highways  should  be  of  concrete, 
brick,  wood  block,  stone  block  or  bituminous  concrete  (of 
the  mixed  type). 

Wherever  possible  traffic  should  be  maintained  during 
construction,  especially  where  the  alternative  is  indirect  or 
Inadequate  detours.  This  can  be  accomplished  in  some 
cases  by  carrying  the  traffic  along  the  side  of  the  roadway; 
in  others  it  has  been  found  possible  to  construct  the  pave- 
ment one-half  at  a  time.  It  is  suggested  that  these  methods 
be  given  consideration  even  though  they  involve  a  greater 
Immediate  cost  than  would  the  closing  of  the  roadway.  It 
is  certain  that  better  and  surer  provision  will  be  made  for 
the   maintenance   of   traffic. 

The  committee  consisted  of  Major  Fred  A.  Reimer.  A.  G. 
Thompson.  Lieut.-Col.  W.  D.  Uhler,  Chas.  M.  Upham  and 
H    Eltinge  Breed,  chairman. 


H.irford  Toland,  on<>  of  the  builders  of  what  is  now  the  Norfolk 
.V:   W.siiiii   Kv.,  dwil   Miiich  28  at  Columbus.   O..  aged  82. 

Capt.  Arly  I.  HedrIcK,  .lunlor  iiionilui-  of  the  Ihni  of  li«3rlcl{  & 
lleilrUU.  ciin.sultlnK  cnf-'lneeis,  Kansiiis  Chy,  Mo.,  dioil  March  6  at 
I'.iesI,   I'laniT.  ef  suliial  nieiilnnltis.     He  was  2S  years  old. 

Chnrles  Delavan  Burrus,  a  elvll  onKlneer  for  ovtT  5:!  years  eon- 
iieileil  with  ilie  N'ew  York  Stiito  Knprineers  offlee.  bar^e  canal 
bureau  of  land  Krant  niatte'rs  In  various  oapaeities,  died  March 
23  at   .Vlbany,   N.    Y.  . 

Industrial  Notes 

Tlie  Bucyrus  Co.,  .Suulh  M  llwaulvi  i  .  Wi.s.,  lias  opened  a  branch 
iilUee  ,it  1-21  .McKiilKlit  biiililum.  Minmapolls.  Minn.  The  oOlce 
will  bo  in  clian;e  of  .1.  N.  liawlbron,  Jr..  northern  sales  manager. 

C.  E.  Haflue,  formerly  production  ninlneer  of  the  Mid-Weat 
i:im'lne  Co..  Indianapoll.s.  Ind..  ba.s  been  appointed  sales  nianaser 
of  the  American  Steam  Conveyor  Corporation,  Chicago,  nianufnc- 
lurers  of  the  .American  steam  ash  conveyor  and  other  ash  handllnj; 
l^^uipment. 

Trade  Publications 

The  Hlaw-Knox  Co..  r'ttsluuKli.  I'a.,  bas  brought  out  an  at- 
iractivclv  gotten  U|)  i.Ualog  describing  the  use  of  Blaw  forms  In 
road  cuiistrucllon.  The  publication  contains  ilUislralions  of  vari- 
ous installations  of  these  lorms  on  paving  Jobs. 

Tho  Barrett  Co..  New  York,  has  Issued  an  SO-page  booklet 
entillcu  "Tarvia  Koad  Hook."  The  book  was  preiiared  by  the 
technical  department  of  the  company  and  contains  many  tables 
and  nnicli  information  of  interest  to  highway  engineers,  contractors 
and  road  buildei-s.  ,.,„,, 

"Wlien  llK'  '.Seat'  of  a  Road  Wears  Out  is  the  title  of  a  book- 
let issued  l>v  the  Jaeger  .Machine  Co..  Columbus,  O.  It  outllne.s 
methods  of  'maintaining  and  repairing  roads  through  the  use  of 
iiituminous  concrete  made  by  the  cold  mixing  process.  Applica- 
tion of  the  Jaeger  mixer  to  this  work  is  illustrated  and.  described. 


Personals 

Fred  M.  h+arper,  Butler.  Pa.,  has  been  appointed  superintendent 
of  Itighways  of  Butler  County. 

E.  J.  Bourgeois  has  been  appointed  "ity  engineer  and  super- 
intendent of  the  water  department  of  Bemidji.  Alinn. 

Gustav  Rasmus,  tnechanical  and  civil  engineer,  has  been  ap- 
jwinted  chief  of  the  City  Industrial  Bureau  of  Denver,  Colo. 

George  E.  McMinch  of  St.  Joseph,  Mo.,  and  Cyrus  O.  Raine  of 
Canton.  Mo.,  have  been  reappointed  State  Highway  Commissioners 
of  Missouri. 

E.  Norris  Hobart,  for  the  nast  year  county  road  superintendent 
of  Qua.\-  County,  New  Me.vico,  has  been  appointed  assistant  state 
engineer  of  New  Mexico. 

B.  F.  Patterson  has  been  elected  president  of  the  FYanklin  As- 
phalt Paving  Co.  of  Columbus.  O.  The  company  was  organized 
recently  and  will  engage  in  street  and  road  construction. 

Capt.  John  W.  Toyne,  utilities  officer  for  Camps  Chickamauga 
Park  and  Fort  Oglethorpe.  Ga.,  has  received  his  discharge  from 
the  service  and  will  again  open  his  engineering  office  at  South 
Bend,   Ind.      ' 

M.  C.  Polk,  county  surveyor  of  Butte  County.  California,  has 
been  elected  president  of  the  County  Surveyors'  Association  of 
California.  The  other  officials  are  P.  A.  Hanlon.  of  Alameda 
County,  vice-president,  and  Drury  Butler,  Sacramento  County, 
secretary  and   treasurer. 

R.  M.  Hubbard  of  Xew  Bo.ston  has  been  appointed  chairman 
of  the  State  Highway  Commission  of  Texas  to  succeed  Curtis 
Hancock,  resigned.  C.  N.  Avery  of  Austin  was  appointed  a  mem- 
ber of  the  commission  to  fill  the  vacancy  caused  by  the  promotion 
of  Mr.  Hubbard,  who  has  been-  a  member  of  the  commission  for 
over  a  year. 

Ira  W.  McConnell.  formerly  chief  engineer  for  Stone  &  Webster, 
and  later  works  manager  and  assistant  general  manager  for  the 
.American  Shipbuilding  Corporation  at  the  Hog  Island  Shipyard, 
has  Iwcome  associated  with  Dwight  P.  Robinson  &  Co..  Inc.,  con- 
structing and  con.^ulting  engineers,  61  Broadway.  New  York  City, 
in  the  capacity  of  vice-president. 


Obituaries 

Rol>ert  E.  Twohy,  vice-pr.  sident  of  Twohy  Bros.,  contractors, 
died  March  23  in  San  Francisco,  aged  2S. 

Emil  C.  Braun,  formerly  chief  engineer  of  the  street  railway 
system  at  St.  Louis.  Mo.,  died  March  2Z  at  Chicago. 


News  Letter 

St,  Louis  Items.  •   . 

Chas.  Sloner  was  in  town  several  days  last  %veek.  Reports  his 
team  outlit   idle  at  Mendola,   111. 

Charles  Ulyth,  who  has  not  been  in  our  neighborhood  for  8  or 
10  years,  came  in  the  other  day  from  Tama,  Iowa,  looking  up  work 
for  his  outlit. 

Cook  iS.-  O'Brien  were  awarded  a  small  county  road  job  near 
Wichita,   Karis. 

11.  T.  .\mis  at  Appleton  City,  Mo.,  wants  to  rent  a  small  steam 
shovel  for  about  thiee  months  on  his  work  there. 

.\iulvill  Bros,  of  Alton.  111.,  were  awarded  the  contract  for 
changing  Bay  Creek  Channel  under  the  Chicago  &  Alton  tracks 
at  N'ebo,  HI. 

H.  M.  (.Mike)  Quigley  passed  through  here  the  other  day  on 
his  wav  from  Carbon,  Ind.,  where  he  has  been  stripping  coal  to 
Denver,  Colo.  Mike  promised  us  a  return  visit  on  his  way  back 
in  a,  week  or  so.  ,      ,      „,  ^., 

A  C  l':s.ser  resigned  his  position  here  with  the  Western  \\ heel 
Scraper  Co.  and  with  Jimmie  Carroll  has  organized  the  Central 
Equipment  Co.,  with  odiK^-es  in  the  Title  Guaranty  building. 

Friends  of  Chas.  Mulvill,  the  popular  Alton,  111.,  contractor,  are 
urging  liim  to  become  a  candidate  lor  Mayor  of  his  city.  If  Char- 
lev  can  be  induced  to  make  the  race  he  will  have  to  be  reckoned 
with  as  a  formidable  candidate.  .  He  is  a  Democrat  in  politics  and 
belongs  to  no  taction.  He  is  also  one  of  the  big  business  men  of 
,\lton  and  is  independent  of  any  local  influences.  We  hope  in  the 
next  issue  to  be  able  to  report  Chas.  .Mulvill  as  being  nominated 
on  the  Democratic  ticket  for  .Mayor  of  Alton,  and  if  nominated 
it  is  a  foregone   conclusion  he  will   be  elected. 

Roberts  Bros.  &  Peterson  have  moved  a  part  of  their  outfit  on 
to  the  Burlington  R.  R.   in  southern  Illinois. 

The  J.  J.  McCaughev  Co.  have  moved  their  Chicago  headquar- 
ters lo  the  Securitv  building.  Frank  J.  McCaughey,  vice-presi- 
dent and  treasurer  of  this  company,  will  be  pleased  to  have  all  of 
their  old-time  friends  call  on  them  there.  They  are  also  in  the 
market  for  any  kind  of  railroad  work.     Have   several  good  outhts 

A  sharp  decrease  in  the  cost  of  construction,  as  shown  by 
bids  for  ijuilding  three  sewers,  opened  by  the  Board  of  Public 
Service,  encourages  the  hoard  to  believe  that  low  bids  may  be 
received  lor  approximately  $375,000  worth  of  street  improvements 
which  have  been  advertised  for.  President  Kinsey  of  the  board 
said  The  sewer  bids  showed  an  average  reduction  of  about  15  per 
cent  from  similar  bids  received  a  year  ago,  and  rejected  because 
of  their  high  cost,  Kinsey  said.  If  the  street  bids  show  a  like  de- 
crease in  cost,  the  board  expects  to  award  contracts  for  several 
street  and  allev  improvements,  which  will  give  work  to  a  large  num- 
ber of  men.  according  to  Kinsey.  The  receipt  of  acceptable  bids  at 
reasonable  figures  for  the  .street  work  will  result  ma  resump- 
tion of  municipal  constraction  work.  Kinsey  said,  and  would  Oe 
followed  by  the  letting  of  contracts  later  for  many  improvements 
halted  by  war  conditions.  j.  v      . 

A  Manegoid  &  Co.  were  awarded  the  contract  for  grading  about 
100.000  yards  of  work  for  the  Southern  Wheel  Co.  at  Euclid  avenue 
and  Terminal  Belt  R.  R.  here.  -    ,  _    . 

Geo.  H.  Beinecke  is  back  here  from  Pennsylvania.  Going  to 
remain  this  time.  ,         ,  ^      .      „,  . 

M.  Brian.  Claremont,  111.,  has  two  teams  that  he  wants  to  put 
on  a  small  piece  of  fresno  work  or  will  work  his  teams  by  the  day. 

H.  F.  (Big)  Riley,  of  Clapp,  Norstrom  &  Riley,  has  been  at- 
tending a  number  o'f  government  mules  sales  lately.  Riley  is  al- 
wavs  around  where  he  can  pick  up  bargains. 

Jim  Dunn,  baseball  magnate  and  a  member  of  the  firm  of  Dunn - 
McCarthv.  took  a  flying  trip  to  St.  Louis  the  other  day.  Did  not 
have  a  minute  to  spare,  but  promised  to  return  and  entertain  the 
writer  when  his  famous  Cleveland  baseball  team  meet  the  St.  l-ouis 
Browns  Xot  much  new  to  report  in  the  contracting  line  ngnt 
now.  but  mav  have  something  to  say  about  them  in  next  issue. 

Sewer  contracts  totaling  $75,000  were  awarded  by  the  Board  or 
Public  Service.  The  contracts  were:  Letting  Xo.  856.  for  con- 
structing sewers  in  Oakland  Avenue  Sewer  Di.strict  ISO.  2.  Bates  & 
Martin.  $15,028.  Totting  No.  S57.  for  constructing  sewers  in  Arloe 
Sev/er  District  No  1,  the  George  G.  Prendergast  Construction  Co.. 
$52  522  ;n  Letting  No.  85.S,  for  con.structing  sewers  in  Arloe  Sew- 
er District   No.   2,   Bates  &   Martin.   $9,689.40.  . 

Contractors  when  in  want  of  labor  or  work  for  their  outfits 
write  Koenig's  Labor  Agency.  612  Walnut  St..  St.  Louis,  Mo.,  oi 
50.'!   Delaware    St..   Kansas   City,   Mo  ^    ^    KOENIG. 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roads  ici   Street   Cleaning 

(b)  Streets  (d)   Municipal    Miscellanies 

Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Waterworks  (c)    Irrigation    and    Drainage 

(b)  Sewers  and   Sant-        fd)   Power 

tatioD 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  and  (c>   Quarries  and   Pita 

Dredging  (d)   Railway       Construction — 

(b)  Rivers  and  Canals  Steam   and    Electric 

Buildings  and   Structures — 4th  Wednesday 

(a)  Buildings  .        (c)   Harbors  Structures 

(b)  Bridges  (d)    Miscellaneous   Structures 
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Should  Engineers  Be  Required  to 

Study    Current    Engineering 

Literature  During  Office 

Hours  ? 

"1  have  ceased  reading  engineering  periodicals.  They  pub- 
lish no  new  principles,  and  it  is  impossible  for  a  practicing 
engineer  to  remember  even  a  small  traction  of  the  details 
that  are  printed.  It  is  all  right  tor  a  young  engineer  to  read 
engineering  periodicals,  mainly  to  ascertain  how  to  apply 
the  principles  that  he  has  learned  at  college.  But  after  ten 
or  twelve  years  of  such  reading,  it  ceases  to  be  necessary. 
At  least,  so  I  bave  found   it." 

In  substance  this  was 

what  a  prominent  con- 
sulting hydraulic  engi- 
neer said  to  the  editor 
thirteen  years  ago.  It 
happened  that  this  engi- 
neer had  designed  a  fil- 
ter for  removing  algae 
from  the  lake  water 
used  by  a  small  water 
company.  The  filter  had 
been  built  at  a  cost  ot 
$l«i,onfi  and  had  proved  a 
failure.  .\nother  civil 
engineer,  with  very  little 
experience  in  hydraulic 
problems,  but  studious, 
had  told  the  owner  ot 
the  water  plant  that  he 
need  not  build  a  filter. 
for    the    algae    that     at 

(/ 


times  gave  the  water  its  bad  taste  could  be  killed  by  dosing 
the  water  with  copper  sulphate,  at  a  cost  not  exceeding 
$l(iii  a  year.  The  owner  had  rejected  this  suggestion  be- 
cause it  seemed  to  him  incredible  that  the  experienced  hy- 
draulic engineer  would  recommend  a  filter  if  a  cheaper  way 
ot  removing  the  "sea  weed"  were  available.  But  when  the 
filter  tailed  to  accomplish  the  purpose,  the  owner  tried  cop- 
per sulphate  and  found  that  it  worked   perfectly. 

All  this  the  editor  narrated  to  the  hydraulic  engineer  who 
had  said  he  could  learn  nothing  new  by  reading  engineering 
periodicals.  For  a  while  the  engineer  was  inclined  to  doubt 
the  story.  He  had  never  heard  of  the  use  of  copper  sulphate 
for  such  a  purpose.  When  he  was  shown  some  articles  de- 
scribing its  effective  use.  he  acted  in  a  manly  way,  admitted 
that  he  had  erred  in  following  a  non-reading  policy,  and 
^^^^^^^^^^^^^^^^^^^^^^^^      resolved   never   again   to 

apply  the  theory  that 
"an  old  dog  can't  bt' 
taught   new    tricks." 

While  engineers  rare- 
ly go  to  such  an  ex- 
treme of  indifference  to 
current  engineering  lit- 
erature, it  remains  a  tact 
that  relatively  few  en- 
gineers avail  themselves 
even  ot  a  small  fraction 
of  the  useful  engineer- 
ing information  that  is 
published  every  month. 
One  excuse  or  another 
is  given  for  not  syste- 
matically studying  cur- 
rent engineering  prac- 
tice: but  we  have  yet  to 
see  a  sound  .■>xcuse. 


28  Pages  =  40  Pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volimie  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pa  es  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 
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Eiii/iiuci i)i(/  and  Coiitiitrtiiui  {or  .Ipiil  i),  1919. 


\cusi«  is  link  of  lime.    An  onj;tiH'fr  who 
1^  In    (he  otHee  or  field   iitiendlng   to   his 

ri  Mtly  has  ii  (:oo(l  lenson  for  not  reiuling 

»•!.  .s    M-ry    ihoroughly.     He   needs   rei-reft- 

tiuii  diur  lii.s  tl,i>  s  work.  Sliiill  lie  ulmndon  pleasure  and 
work  overtime  by  slll(lyin^  en^lneerinK  articles?  It  young 
and  ambitions  he  may  answer  yes  at  least  for  a  few  years. 
But  if  he  secures  an  insufllclenl  advance  in  Income,  even 
after  his  knoulodce  has  Increased  sreatly.  he  Is  apt  to  cense 
tils  ediicatiouiil  reading.  When  an  engineer  stops  stndying, 
<y  nol  stop  ndvuncing:  but  he  assuredly  loses  in  em- 
it he  does  not  suffer  pecuniarily  by  curtailing  his 
.-ii'lf  oilucatlon,  society  at  large  and  his  employer  do  sulTer. 
They,  Indeed,  are  the  greatest  sufferers.  Why.  then,  should 
a  priict icing  engineer  not  be  ^aid  for  the  lime  that  he  spends 
In  studying  engineering?  It  will  no  longer  sufllce  to  reply 
(hat  the  studious  englni'cr  will  ulllinntely  receive  adequate 
pay  through  promotion  to  higher  positions.  Most  engineers 
know  that  the  studious  engineer  rarely  receives  the  re- 
muneration (hat  he  merits.  No.  payment  for  studying  en- 
gineering after  graduation  should  be  direct  and  imniediale, 
not  a  promised  remuneration  In  a  vague  future. 

If,  during  the  Shour  working  day,  7.r>  hours  were  spent 
by  every  engineer  In  routine  work,  and  half  an  hour  in  sys- 
tematic study  of  current-  engineering  literature,  who  can 
doubt  that  the  efliciency  of  engineers  as  a  class  would  be 
greatly  increased?  l^ertainly  no  experienced  engineer  who 
travels  and  observes  will  deny  that  there  is  a  vast  deal  of 
poor  design  and  poor  construction  that  is  attributed  to  noth- 
ing else  than  ignorance  of  facts  already  in  print.  Of  course 
the  same  holds  true  to  an  even  greater  degree  of  the  work 
done  by  men  that  are  not  engineers.  Failure  to  study  what 
other  men  are  doing  is  a  universal  failure,  and  is  most  pro- 
nounced among  partly  educated  men. 

Xext  to  bad  mental  habits,  the  greatest  bar  to  human 
progress  is  failure  to  study  what  othpr  men  are  doing  and 
have  done.  Yet  the  very  employer  who  will  most  quiclcly 
grant  this  proposition,  is  apt  to  be  most  slow  in  seeing  its 
application  to  his  own  business,  and  will  repel  any  sugges- 
tion that  he  pay  his  employes  for  time  spent  in  study.  -  Even 
experienced  engineers  are  prone  to  balk  at  the  suggestion 
that  engineers  under  them  should  be  required  to  study  dur- 
ing office  hours.  "Let  them  do  their  technical  reading  on 
their  own  time,  if  they  are  ambitious;  and  if  not  ambitious, 
let  them  get  out  of  the  engineering  profession."  Is  that  the 
right  attitude?  Is  it  a  truly  economic  attitude?  Think  it 
over.     Much   may  depend   upon   your   conclusion. 


Why    Waterworks  Improvements 

Should  Be  Undertaken  on  a 

Large  Scale 

Fifteen  years  ago  the  average  annual  wage  of  employes 
of  the  r.  S.  Steel  Co.  was  $677.  In  191S  it  averaged  $1,605: 
and  in  December,  1918.  the  average  was  at  the  rate  of  $1,950 
per  man  per  annum.  In  1914  the  average  was  $857.  Hence 
the  great  steel  company  since  the  war  began  has  more  than 
doubled  the  average  wage  paid  to  its  employes. 

The  price  of  steel  has  just  been  reduced  about  12  to  15 
per  cent,  without  any  reduction  in  wages.  Any  further  re- 
duction in  price  does  not  seem  to  be  in  sight.  If  the  efiB- 
ciency  of  workmen  increases,  prices  of  steel  will  come  down, 
but  that  will  occur  over  a  relatively  long  period  of  time  and 
not  suddenly. 

Water  works  departments  should  cease  holding  back  on 
extensions  and  improvements  in  the  hope  of  securing  lower 
prices.  To  begin  with,  it  is  a  public  duty  to  go  ahead  with 
construction  so  as  to  give  employment  to  ex-war  workers 
and  discharged  soldiers.  Furthermore,  high  wages  are  here 
to  stay.  Steel  and  iron  prices  are  now  established  for  the 
rest  of  1919.  These  prices  may  recede  slowly  after  this  year, 
but  only  as  the  cost  of  production  falls  through  the  use  of 
more    economic    methods    and    appliances. 

Since  most  of  the  material  used  in  water  works  construc- 
tion, inclusive  of  engines,  boilers,  pumps,  pipes,  etc.,  is  iron 
and  steel,  there  should  be  no  more  waiting  for  prices  of 
materials  and  machinery  to  fall.  Recent  annual  reports  of 
certain  water  works  departments,  however,  speak  in  a  doubt- 
ful way  about  going  ahead  with  needed  improvements.   These 


reports  were  all  wiiltcn  before  the  Federal  Government  and 
the  iron  and  steel  manufacturers  had  agroeii  upon  sched- 
ules of  lower  prices.  Prices  are  now  established  and  wages 
are  not  likely  to  recede.  Let  there  be  no  more  hesitancy  in 
beginning  water  works  construction  on  a  large  scale. 

For  about  three  years  there  has  been  a  great  reduction 
in  normal  expenditures  for  water  works.  In  the  meantime 
the  population  has  continued  growing  until  most  cities  have 
water  plants  that  are  now  inadequate.  Many  lack  standby 
engines,  boilers  and  pumps.  Still  others  are  using  equip- 
ment that  is  obsolete.  Let  there  be  a  general  investigation 
of  the  needs  of  every  city  water  works  by  com  potent  civil 
engineers.  Then  let  local  engineers'  clubs  and  societies 
make  it  their  business  to' get  action  along  the  lines  recom- 
mended. 


A  20  By  50-Foot  Garden 
Supply  a  Family 


Will 


Many  of  the  large  daily  newspapers  are  |)rinling  articles 
on  backyard  gardening.  They  have  learned  tliat  there  is  a 
demand  for  inl'ormatiou  of  this  sort.  Water  works  superin- 
tendents would  do  well  also  to  cater  to  this  demand  by  send- 
ing out  bulletins  on  gardening  to  water  customers.  The 
judicious  use  of  water  for  uarden  irrigation  is  profitable  to 
every  one  that  owns  a  garden,  ami  slidiild  liocnme  profitable 
to  any   water  department. 

.1.  H.  Prost,  in  the  Chicago  Daily  .News,  says: 
"A   friend   of  mine,   a    banker   living   in   a   suburban   town, 
has  for  years  grown  all  the  vegetables  a  family  of  three  ate 
during  the  season— in   a  garden  about  30  ft.   W'ide  and  35  ft. 
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Brown    in    Chicmo   I'aily    News. 


His    Hat    Is    in   the    Ring. 

long,  and  ho  will  permit  no  one  to  help  him  do  the  work  in 
his  garden.  In  this  garden  he  grows  about  22  varieties  of 
vegetables,  and  never  have  I  tasted  better  lettuce,  beans, 
egg  plant,  tomatoes  or  sweet  corn  than  he  grows  in  this 
small  yet  productive  garden. 

"A  piece  of  ground  20  ft.  wide  and  50  ft.  long  will  supply 
a  family  of  four  with  fresh  vegetables  during  the  entire 
growing  season. 

"And  a  piece,  say  about  50x100  ft.,  if  properly  planted,  will 
grow  a  surplus  sufficient  to  give  you  vegetables  for  every  day 
in  the  year,  if  you  can  dry.  salt  or  store  the  surplus. 

"Chicago.  I  believe,  could  come  pretty  close  to  feeding  her- 
self by  putting  the  extra  daylight  hour  to  work  on  the  avail- 
able  vacant  land   now   unproductive  to  growing   vegetables." 

Since  an  hour's  work  daily  will  supply  a  city  family  with 
vegetables,  it  is  apparent  that  one  who  puts  in  an  hour  in 
this  manner  receives  a  liberal  wage  for  his  service. 
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A  Splendid  Article  on  the  Applica- 
tion of  a  Bonus  System 

Any  system  of  paying  employes  that  increases  their  out- 
put and  their  wages  merits  the  careful  consideration  of 
every  engineer  and  manager.  Often  a  bonus  system  suc- 
cessfully applied  in  a  field  quite  different  from  your  own 
serves  to  open  your  eyes  to  hitherto  unseen  economic  possi- 
bilities. Apropos  of  this,  if  the  reader,  whatever  his  occu- 
pation, will  study  a  bonus  payment  system  described  else- 
where in  this  issue,  there  is  strong  likelihood  that  he  will 
glean  some  useful  suggestion.  It  may  be.  that  he  will  see 
how  he  can  apply  the  "bonus  dial."  an  ingenius  daily  record 
of  the  efficiency  of  each  "shift"  or  gang.     Or  it  may  be  that 
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the  plan  of  exciting  rivalry  between  gangs  will  be  suggestive. 
Such  an  article  can  not  fail  to  stimulate  thought  about  man- 
agerial methods. 

This  particular  "bonus  system"  was  devised  by  an  engi- 
neer. B.  H.  Blaisdell.  ot  whom  the  vice-president  of  the 
Manila  Electric  Ry.  and  Light  Co.  says:  "The  company  is 
justly  proud  of  Mr.  Benjamin  H.  Blaisdell.  Chief  Engineer 
ot  Power  Plant,  for  the  success  of  the  operation  of  the  bonus 
system  of  wages  for  po-wej-  plant  employes." 

Well  may  the  company  take  pride  in  a  chief  engineer  who 
has  been  able  to  reduce  coal  consumption  25  per  cent,  with- 
out any  extensive  alterations  of  the  plant. 

Mr.  Blaisdell's  article  should  be  particularly  suggestive 
to  aU  who  are  in  charge  of  water  works  or  irrigation  pump- 
ing plants,  whether  small  or  large.  But  the  usefulness  of 
the  article  i.s  not  limited  to  any  class  of  our  readers. 


A  Great  Socialistic  Experiment  in 
England 

What  has  been  called  "British  labor's  magna  charta"  is 
apparently  about  to  be  signed  by  the  British  sovernment. 
As  presented  by  the  representatives  of  organized  labor  and 
capitalists  the  document,  in  its  outstanding  proposals,  is  as 
follows; 

The  legislative   enactment   of  a   nation-wide   normal   work- 
ing week  of  forty-eight  hours  for  all  employes. 
The  legislative  enactment  of  a  nation-wide  minimum  wage. 
The  recognition  of   the  trades   unions  arid   the  employers' 
organizations  as  the   basis   for  negotiations   between   capital 
and  labor. 

The  prevention  of  unemployment  and  the  maintenance  of 
unemployed  workers. 

The  creation  of  a  perm.inent  national  industrial  council  of 
representatives  of  employers  and  employes  to  consider  and 
advise  the   government  of  n.atioual  industrial  questions. 

Of  these  five  proposals,  the  fourth  is  perhaps  the  most 
radical.  Certainly  it  is  the  one  that  will  be  most  difficult  to 
put  into  practice  without  resulting  in  labor  inefficiency.  If 
every  worker  must  be  given  employment,  how  is  discipline 
*  to  be  maintained?  Shirkers  need  not  fear  discharge  for 
shirking,  because  another  job  must  be  found  for  them  around 
the  corner.  This  is  only  one  of  many  difficulties  to  be  over- 
come. 

On  the  other  hand,  some  such  protection  against  unemploy- 
ment may  be  necessary  in  Great  Britain,  if  opposition  to  the 
introduction  of  labor  saving  methods  and  machines  is  to 
be  overcome.  In  a  recent  editorial  we  suggested  that  gov- 
ernment protection  against  unemployment  may  become  uni- 
versal. If  so.  workers  will  have  to  submit  to  a  good  deal 
of  government  interference  with  what  has  hitherto  been 
called  "sacred  personal  liberty."  For  example,  it  a  develop- 
ment in  wireless  telegraphy  were  to  make  uneconomic  all 
telegraphy  by  wire,  many  thousands  of  men  would  lose  their 
jobs.  In  order- to  find  new  work  for  them,  the  government 
might  require  them  to  enter  training  schools  to  learn  new 
trades.  It  is  likely  that  they  would  he  required  to  learn 
the  trade  specified  by  the  government.  Otherwise  over- 
crowding of  popular  trades  would  result.  How  will  "free 
horn  Britains"  take  to  the  idea  of  losing  a  lot  of  their  free- 
dom? Will  they  submit  to  being  told  what  trades  they  must 
enter? 

Should  Great  Britain  nationalize  the  coal  mines  and  rail- 
ways, as  demanded  by  employes  in  those  industries,  and 
should  the  "labor  magna  charta  "  be  adopted,  two  decided 
steps  toward  state  socialism  will  have  been  taken  by  nearly 
half  the  English  speaking  people  of  the  world.  What  will 
the  effect  of  this  example  be  upon  the  other  half?  Will 
Americans  be  sensible  enough  to  watch  the  results  of  the 
great  English  experiment  before  undertaking  it  themselves? 
Scientific  men  make  an  experiment  on  a  small  scale  before 
trying  it  on  a  larger  scale.  But  the  average  American  is 
neither  a  scientist,  nor  does  he  understand  scientific  meth- 
ods— mores  the  pity — and  we  may  find  ourselves  also 
plunging  into  a  huge  socialistic  experiment  before  we  have 
had  half  a  chance  to  see  how  well  it  works  abroad. 


1919  Convention  of  American  Water  Works  Association. — 
The  Z'.nh  annual  convention  of  the  American  Water  Works 
Association  will  be  held  June  9-13  at  Buffalo,  N.  Y..  with 
headquarters  at  the  Iroquois  Hotel. 


Certain  Illogical  Tests  of  Intel- 
ligence 

By    H.^LBERT    P.    GILLETTE, 
Editor,   Engineering  and   Contracting. 

Prof,  .lames,  in  his  "Talks  to  Teachers  on  Psychology." 
began  by  warning  against  certain  fads  and  fancies,  the 
pseudo-psychology  of  his  day.  There  are  always  numbers  ot 
men  who  seize  upon  and  exploit  for  their  own  profit  every 
new  science.  Usually  they  are  not  in  the  least  bit  scientific 
themselves,  but  they  ape  the  ways  and  the  words  of  scien- 
tists so  skilfully  that  they  are  often  able  to  pass  for  men 
of  learning.  During  the  past  decade  we  have  seen  and  heard 
a  host  of  such  mimics— pseudomorphs.  they  would  be  called 
were  they  minerals — who  have  termed  themselves  "efficiency 
engineers."  Men  who  were  neither  engineers  nor  efficient, 
who  could  not  even  properly  define  science,  efficiency  or  en- 
gineering, have  been  posing  as  "fathers"  and  "pioneers"  of 
the  science  of  management.  Small  wonder  that  they  have 
almost  brought  "efficiency  engineering"  and  "scientific  man- 
agemont"   into  disrepute. 

Applied  psychology  is  a  new  science  that  seems  fated  to 
pass  through  a  period  of  charlatanism  analogous  to  the 
period  from  which  "scientific  management"  is  just  emerging. 
"Epoch  making"  books  on  Character  Reading.  Will  Power. 
Memorizing,  etc,  are  being  widely  advertised.  The  adver- 
tispuients  alone  should  suffice  to  put  a  thinking  man  upon 
his  guard,  so  extravagant  are  the  claims:  but  most  men, 
oven  among  the  so-called  educated  classes,  are  not  trained 
to  think,  and  are  therefore  easily  taken  in  by  specious  argu- 
ment and   spacious   assertion. 

During  the  last  12  years  more  than  2.000  books  on  b\isiness 
matters  have  been  published  in  the  English  language.  These 
were  preceded  by  countless  articles  on  management,  account- 
ing, "system."  etc..  etc.  We  are  now  beginning  to  see  so 
many  articles  on  applied  psychology  that  it  will  not  be  sur- 
prising if  2.000  books  on  the  subject  appear  within  the  next 
decade.  Engineers  can  no  more  afford  to  ignore  the  current 
literature  on  applied  psychology  than  that  on  scientific  man- 
agement. But  if  they  wish  to  conserve  their  time  they  must 
learn  how  to  discriminate  between  the  good  and  the  worth- 
less. As  a  first  step  in  acquiring  a  faculty  of  discrimination, 
it  is  well  to  study  at  least  one  or  two  books  on  logic,  such 
as  Bains  or  Jevons.  The  next  step  should  be  to  adopt  a 
suggestion,  that  Molesworth  made  about  "engineers'  pocket- 
books"— write  your  own.  In  short,  analyze  the  reasoning 
methods  used  by  others  as  well  as  by  yourself. 

An  engineer,  being  trained  to  use  mathematics,  knows  that 
before  he  can  calculate  the  combined  effect  of  different  ener- 
gies, he  must  reduce  them  to  a  common  unit.  He  knows  that 
100  horsepower  can  be  added  to  10  British  thermal  units  per 
second,  only  by  converting  H.P.  to  B.T.U.  per  sec.  or  vice 
versa.  An  engineer  knows  that  100  H.P.  plus  10  B.T.I'.  per 
sec.  does  not  make  110  units  of  any  kind  whatsoever.  Yet 
(lie  same  engineer  will  probably  read  without  criticism  an 
lu'ticle  in  which  a  militar.\-  officer  is  "rated"  thus: 

I'hysical  qualities    -j 

Tntelligence    ] ; 

Leadership   ^^ 

Personal  qualities   3 

Oeneral  value  to  the  sers  ice -t 

Total    rating    in    scale    of    Ifiii C7 

In  this  issue  of  Engineering  and  Contracting  there  is  an 
abstract  of  an  article  that  appeared  in  the  American  Maga- 
zine, entitled  "How  High  Do  You  Stand  on  the  Rating  Scale?" 
It  contains  much  fulsome  praise  of  the  psychological  tests 
used  in  rating  officers  during  the  recent  war.  Read  that 
article.  When  you  come  to  the  place  where  "Ralph  .lones" 
is  rated  as  a  67  per  cent  ideal  officer,  by  adding  together  his 
ratings  under  -each  of  five  heads,  ask  yourself  how  it  is 
possible  to  add  9  imits  relating  to  "physical  qualities"  to  12 
units  relating  to  "intelligence."  Stop  right  there.  Do  not 
let  yourself  be  confused  by  the  use  of  "units"  to  which  you 
are  unaccustomed.  Remember  that  you  can  not  add  a  per 
cent  of  a  full  barrel  of  cement  to  a  per  cent  of  a  full  car  load 
of  sand,  and  get  a  per  cent  of  anytliing  in  particular.  Con- 
sider, then,  that  you  can  not  add  physical  qualities  to  mental 
qualities,  any  more  than  you  can  add  the  hardness  of  quartz 
(in  the  scale  of  mineral  hardness  1  to  the  heiglit  of  a  moun- 
tain. 

In  Engineering  and  Contracting  of  .January  "1.  1917.  I 
"oiuted  out  that  Prof.  C.  R.  Mann's  report  on  the  study  of  engi- 
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iieering  eilucatioii  wns  siull.v  mnrri-tl  by  llu<  fiilliu-y  of  nitint; 
Incuiniiifiisiirubles  In  an  nlU-S''"!  orilor  of  Imiun-liiiu-o,  Nearly 
tl.xn'  iiiiiulry  i-anl.H  wt-ro  lUlcil  in  and  rotiirnoil  by  tMiKlnoors, 
KlvlnK  ih«'  ■■iir«U>r  of  Inipoitam-.'  in  jiulKiiiK  Iho  roasons  for 
iMit:luecrlnt;  .•*ncces»."  In  analy/inf;  "Hit'  most  in-obablc  values 
of  the  relative  Iniportani-e  of  these  Kioups  of  iiualities,"  I'rof. 
Munn  appllt'd  a  method  isiven  in  Tliorndlke's  -Theoiy  of 
.Mental  and  Swial  .Measurement."!."  with  the  following  result 
ail  deduced   from   the   answers  of  5.411   engineers: 


t'hamcier 

Jvl.turii.-nt 


24.0 

19.5 

16.3 

: IR.O 

inis  of  <-nRln«>orlnK  science 15.u 

10.0 


Total  .  inon 

I  need  not  repent  my  original  criticism  of  the  false  logic 
involved  in  such  an  application  of  mathemntics.  But  it  may 
be  well  again  to  emphasize  the  sigiiilicnnre  of  the  fact  that 
so  inanv  engineers  were  led  to  attempt  to  do  the  impossible 
when  they  assigned  an  "order  of  importance"  to  the  six 
'i|ualitie.<i"  above  named.  What  is  the  relative  importance 
of  the  heart  and  the  brain?  Ask  such  a  nuestion  of  any 
man  and  he  will  think  you  are  Jesting.  But  merely  change 
your  quesUon  a  tritle.  and  he  receives  It  in  seriousness.  What 
Is  the  relative  iniportance  of  character  and  knowledge,  asks 
Prof  Mann,  and  nine  out  of  ten  engineers  answer  by  placing 
character  ahead  of  knowledge.  We  need  not  look  long  for 
the  reason  that  led  to  this  rating.  Character  is  mainly  inher- 
ited and  only  partly  acntiired.  Knowledge  is  entirely  ac- 
quired. Since  what  comes  first  in  order  of  time  is  apt  to 
be  regarded  as  first  in  order  of  importance,  character  is  apt 
to  be  given  preference  over  knowledge  in  answering  a  ques- 
tion as  to  their  relative  importance.  However,  the  question 
was  not  intended  to  establish  a  rating  based  on  any  order  of 
appearance  of  the  qualities  named:  it  was  intended  to  ascer- 
tain the  relative  importance  of  all  the  qualities  at  any  given 
time — simultaneously.  Here  is  a  man  with  a  given  character 
and  a  certain  fund  of  acquired  knowledge.  Compare  him 
with  other  men  both  as  to  character  and  knowledge,  and 
state  his  relative  stnnding.  My  answer  is  it  can  not  be  done 
by  adding  together  incorahiensurable  units. 

Where  two  kinds  of  energy  combine  to  produce  a  given 
result,  neither  one  can  be  rated  above  the  other:  both  are 
essential.  But  it  may  be  possible  to  express  both  kinds  ol 
energy  in  the  same  unit,  and  then  rate  them  quantitatively. 
Thus,  two  chemical  elements  may  unite  it  a  certain  amount 
of  heat  is  applied  to  them.  The  two  chemicals  and  the  heat 
are  equally  essential  to  produce  the  reaction  or  effect.  But 
the  number  of  thermal  units  ascribable  to  each  of  the  two 
elements  may  be  ascertained,  and  their  relative  contribution 
to  the  total  heat  of  combination  may  be  calculated.  Some 
such  calculation  of  the  relative  number  of  mental  units  in 
"character"  and  in  "knowledge"  may  possibly  be  made  by 
psychologists  a  century  hence,  but  not  until  that  is  accom- 
plished will  it  be  rational  to  rate  "character"  at  24  and 
"knowledge"  at  15.  as  was  done  by  Prof.  Mann.  Any  such 
rating  is  really  nonsense,  and  it  stands  qn  all  fours  with 
the  psychological  rating  of  army  officers  above  referred  to. 

In  Prof.  Lewis  M.  Terman's  book  on  "The  Measurement  of 
Intelligence"  the  claim  is  made  that  the  best  single  test  of 
iiiteUigence  is  the  "vocabulary  test."  .\n  abstract  of  a  re- 
view of  this  book  is  given  in  an  article  in  this  issue,  from 
which  the  reader  may  judge  the  nature  of  this  test.  It  is 
claimed  to  give  results  approximating  those  obtained  by 
applying  the  Binet-Simon  psychological  tests.  This  may  be 
txue.  but  if  the  Binet-Simon  tests  are  not  satisfactory,  the 
vocabulary  tests  can  not  be  more  so. 

It  is  evident  that  a  vocabulary  test  will  indicate,  to  a 
considerable  extent,  the  tenacity  of  memory  and  the  range  of 
reading,  and  the  habit  of  defining  words.  All  these  are  indi- 
cative of  mental  power,  but  there  is  vastly  more  to  "intelli- 
gence" than  these  three  factors. 

I  do  not  wish  to  convey  the  impression  tliat  I  am  opposed 
to  psychological  tests.  What  I  am  opposing  is  the  extreme 
claims  that  are  being  made  for  these  short-cut  inethods  of 
"sizing  up"  men.  In  doing  so  I  have  incidentally  pointed 
out  one  of  the  gravest  of  fallacies,  namelv  the  assigning  of 
quantitative  values  to  incommensurable  qualities,  and  then 
using  these  quantities  as  if  they  related  to  common  units  of 
measure.  I  have  yet  to  see  a  rational  defense  of  such  a  pro- 
cedure. 

Columbia  College,  it  has  been  announced,  is  about  to  adopt 
psychological   tests   and   abandon   ordinary   examinations   for 


cnirance.  To  put  it  mildly  Ibis  is  a  radical  experiment.  It 
mav  prove  to  possess  merit,  but  1  venture  to  predict  that 
ps.\chological  tests  alone  will  not  sullice  in  selecting  the  fit- 
test applicants  for  udinission  to  college. 


Labor  Saving  Method  of  Handling 
Water  Consumers'  Accounts 

.\n  ingenious  syslftn  for  handling  water  consumer  accounts 
is  employed  by  the  Water  Department  of  liraddock.  I'a.  Bills 
are  nuiiled  o\il  iiuarterly  and  are  subject  to  discount  if  paid 
on  or  before  the  2(ith  of  the  month.  If  the  bills  are  not  paid 
by  that  time  a  "10  day  final  notice  card"  is  sent  out.  It  the 
bills  are  not  paid  at  the  expiration  of  this  limit,  the  water 
service  is  shut  off. 

Two  lists  of  stencils  are  kept,  one  tor  consumers  on  flat 
rate  and  one  for  those  on  meters.  In  the  case  of  the  flat 
rate,    the    stencil    bears    the    naine   and    address   of   the   con- 
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Oiiartpr  Eodiug 
APR,    1.    1;M9, 


Ro((i!il«r  No. 


Ouarltfr  Kndiin; 
APR.    I.   lyl9. 


Tor  WATER  Supplied  TLAT  RATE  at  Kbove  Addrtii  a- 

Follows 

Amount  due  for  thl*  Qn«rt«r.  JAW.  1.  to  APR    i.  1919 

Discounl   Alto\>.rd  if  Pnid  on  or  before  .r AN,     I'll      I'.tl'i 

BRING  THIS  BILL  WITH  YOU 

Unpiid  ItalancL'  Upon  Wlmh  There  is  No  Discount 

5.15 

.65 

4.50 

Ami.             5.15 

Dis.                 .65 

4.50 

Del 

TOTAL 

Tola 

Positively  no  Discount  Alter  JAN   .'0.  1919,  and  if  not  paid  within 
till  days  fioni  that  datf  water  may  be  turned  olT  without  further 

ii.-ilice. 

Payable  at  oHlce  of  Borough  Secretary.  Second  Ploor  of  the  Uuolc. 
ipal  Uullding  Irom  8  A    M    to  12  iiooo  and  Irooi  IP    U    to  S  P.  M. 
Saturday   S  A.  H    to  13  Noon  only. 

Fig.    1— Card   Used    With    Flat    Rate. 

suuuM'  ami  the  amount  of  his  bill  for  the  fiuarter  together 
with  the  discount.  .A  card  (Fig.  1)  is  then  run  twice  through 
the  addressing  machine  which  puts  tlve  address  on  one  side 
and  the  amount  of  the  bill  in  duplicate  on  the  other.  When 
the  customer  comes  in  to  pay  his  bill,  which  he  must  bring 
with  him.  it  is  marked  "Paid"  by  a  stamping  machine  which 
cuts  off  the  right  hand  portion  and  drops  it  into  a  box.  This 
portion  then  acts  as  a  record  of  the  payment  of  the  account 
and  at  the  end  of  the  day's  work  is  transferred  to  the  ledger. 
The  sum  of  these  also  gives  the  receipts  for  the  day.  For 
the  meter  customers,  the  same  scheme  is  used  except  that 
of  course  in  this  case  the  meter  readings  must  be  added  to 
each   card    by   hand.      The   coupon   cutting   machine   for   clip- 
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Positively  no  Discount  Alter  |\\     'o 
t.  n  days  from  Ihat  date  water  may  I 


and   il   mil  I'ahl  wilhin 
II  d  oil  without  further 


Payable  at  office  of  Borough  Secretary,  Second  Floor  of  the  MuniC' 
ipal  Building  from  8  A  M  to  12  noon  and  from  IP  H  to  5  P.  M 
Saturday   8  A    K    to  13  Noon  only. 


Quarler  Ending 
J\N    1,  lyio. 


Fig.   2 — Card    for   Meter    Rate. 

ping  the  i^nd.;  off  tl;e  cards  is  very  similar  to  those  in  use 
by  the  various  .sas  and  electric  light  companies  throughout 
the  country.  With  one  operation  the  machine  automatically 
clips  the  end  and  marks  "paid"  on  the  card  and  coupon, 
which  falls  into  the  machine. 

In  order  to  lessen  the  labor  of  adding  the  amounts,  a  series 
of  stencils  has  been  cut  giving  these  amounts  properly  fig- 
ured out  with  discounts  for  each  100  cu.  ft.  of  water  con- 
sumed. Then  the  bills  are  grouped  according  to  amounts, 
are  run  through  the  machine,  and  those  having  the  same 
amounts  are  stenciled  accordingly.  This  results  in  a  great 
saving  of  time  and  labor  over  having  to  add  these  amounts 
by  hand.  When  bills  are  paid  they  are  handled  the  same  as 
those  for  flat  rates.  The  system  described  was  developeiJ 
by  Mr.  W.  H.  Williams.  Director  of  Public  Works  and  W. 
P.  Conway,  Borough  Secretary,  to  whom  we  are  indebteij 
for  the  above  information. 
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Water  Softening:  Investigation; 

Features  of  Plant;  and  Special 

Problems  of  Large 

Installations* 

By    M.    F.   STEIN, 
'"'ivil    Engineer,    \\'v)'.',    I,afa>ette    Ave.,    Chicago.    III. 
The   Process   of  Water   Softening. — On  adding   slaked   lime 
to  a  hard  water,  the  following  reactions  take  place: 

(1)  Ca  CO3,  H,  CO   +Ca(OHl,  =  2  Ca  C0=  +  2H,  O. 

(2)  Mg  CO3,  H..  CO;  +  Ca(OH).  =  Mg  CO,  +  Ca  CO, + 
2  H,  O. 

(3)  Mg  CO,  +  Ca(OH),  =  Ca  CO,  +  M.£;(OH),. 

In  equation  (1),  the  calcium  carbonate  formed  is  only  solu- 
ble to  the  extent  of  about  i:'.  p. p.m.  and  so  precipitates  out. 
The  magnesium  carbonate  in  equation  (2),  being  soluble  to 
the  amount   of  about   100   p.p.ni   remains   in   solution   to  that 


permanent  hardness,  and  the  magnesium  hydro.xide  will  prob- 
ably remain  in  colloidal  solution. 

Results  of  Investigation  for  Softening  Lake  Erie  Water. — 
In  Fig.  1  are  shown  graphically  some  of  the  results  of  an  in- 
vestigation on  softenin.g  Lake  Erie  water  at  Cleveland,  O. 
This  diasram  purports  to  show  the  ultimate  composition  of 
the  water  after  treatment  with  various  amouns  of  lime,  and 
on  the  assumption  of  a  very  long  reaction  period.  The  ver- 
tical scale  gives  alkalinity  and  hardness  as  p. p.m.  of  calcium 
carbonate.  The  horizontal  scale  shows  the  amounts  of  lime 
added,  in  grains  per  gallon.  It  shows  that  the  hardening 
constituents  of  this  water  consist  of  15  p. p.m.  magnesium 
bicarbonate,  75  p. p.m.  calcium  bicarbonate  (these,  combined, 
giving  the  water  an  alkalinity  of  90  p.p.m.)  and  magnesium 
sulphate  and  chloride  to  the  extent  of  13  p.p.m.,  making  the 
total  hardness  103  p.p.m.  Treatment  with  approximately 
half  a  grain  of  lime  results  in  an  increase  of  hardness,  since 
the  calcium  carbonate  formed  is  less  than  the  saturation 
value    and    remains    in    solution.      Larger    quantities    of    lime 
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Fig.  1  —  Results  of   Investigation   on   Softening    Lake   Erie  Water. 

extent,  and  requires  additional  lime  for  its  removal  as  the 
insoluble  hydroxide.  At  least  this  is  the  theory,  but  in  prac- 
tice such  ideal  conditions  do  not  obtain.  The  solubility  of 
the  calcium  carbonate  as  precipitated  from  a  solution  seems 
to  be  greater  than  the  amount  which  can  be  dissolved  by 
shaking  it  in  the  powdered  form  with  water.  The  presence 
of  magnesium  carbonate  effects  the  solubility  ot  calcium  car- 
bonate, as  there  appears  to  be  a  definite  limit  to  the  combined 
solubility  of  the  two  salts.  The  presence  of  other  com- 
pounds, particularly  sodium  chloride,  tends  to  increase  these 
residual  solubilities,  and  they  are  also  affected  by  the  tem- 
perature of  the  water.  The  magnesium  hydroxide  in  equa- 
tion (3)  forms  very  slowly  and  is  apt  to  assume  a  colloidal 
condition,  and  to  return  to  its  former  state  by  absorbing 
carbonic  acid  from  the  air. 

If  either  the  sulphate  or  chloride  of  magnesium  is  present 
a  further  reaction  takes  place: 

(4)     Mg  SO,  +  Ca(OHK  =  Mg(OH),-f  Ca  SO,. 

As  will  be  seen,  this  consumes  lime  uselessly,  since  the 
calcium    sulphate    formed    is    the   most   troublesome   kind    of 

".Jihstract    of    a    paper    presented    March    25    at    the    Uth    annual 
uie'-'tiner  of   the   Illinois   Section    of   the    American   Waterwork.";    .As 
pnciation. 


Fig. 


T/zV/f    //V  HOURS 
2 — Experimental    Results   with    Cleveland    Water. 


result  in  progressively  decreasing  hardness.  It  will  be  ob- 
served that  the  lime  reacts  with  the  hardening  constituents 
in  proportion  to  their  amounts,  and  that  only  that  part  of 
the  lime  which  combines  with  the  calcium  bicarbonate  does 
effective  work,  since  in  the  case  of  magnesium  bicarbonate, 
the  soluble  monocarbonate  is  formed,  and  the  magnesium 
sulphate  is  replaced  by  the  more  objectionable  calcium  sul- 
phate. By  adding  as  much  as  four  grains  of  lime  some  of 
the  monocarbonate  of  magnesium  can  be  precipitated  as  the 
hydroxide,  in  theory  at  least,  while  more  than  tour  grains 
causes  an  increase  in  hardness  again.  .K  judgment  based 
on  this  diagram  would  place  the  optimum  amount  of  lime 
at  about  three  grains,  which  was  borne  odt  by  the  results 
of  numeroiis  large  scale  tests  at  the  Cleveland  experimental 
plant. 

T^ake  Erie  water  lends  itself  particularly  to  such  a  dia- 
giammatic  representation  because  ot  its  constant  composi- 
tion. For  most  waters,  a  series  of  diagrams  or  a  model 
would    he   necessary   owing   to   variation   of   the   constituents. 

Experimental  Results  at  Cleveland,  O.,  with  Lake  Erie 
Water. — The  rate  of  reaction  in  water-softening  is  quite 
slow.  Some  experimental  results  obtained  with  Cleveland 
water   are   shown    in    Fig.    2.     The   dots   show   the   results   of 
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b\v  test  runs,  jsihk  -S  suilns  per  snllon  of  limo  and  with 
a  «:iier  r.niperntiirf  of  .'i'  I'.  The  methyl  oninge  and 
pi  .  ,;i.|i,  alkiilliiliK's  \KTf  Uetonninod   by   titration  at 

nil,  ..lU      The  urr.inK>"i«'nl  of  tho  points  sliows  that 

a  ver>  «<H  (Ifrtiif.l  lii«  j;ov.Tns  the  lourse  of  the  reaction. 
From  lh«'  iletormlnatlons  ami  sapplenuntnry  tests  il  Is  pos- 
sible to  mirinlsf  what  Is  hapiuninc.  as  shown  by  the  shaded 
ar««!i  Dno  point  of  inierfst  not  brought  out  by  the  diacrani 
bei-otues  e\ld«<nt  on  plottinK  ihe  loKarithnis  of  the  values,  as 
utaown  by  the  Insert  There  is  a  very  evident  break  in  the 
continuity,  slope  itnd  eurvature  of  the  line  at  a  point  cor- 
responding  to  Lou  Alkalinity  =  4.1.  or  Alkalinity  =  Co.  This 
suKpests  that  the  nfaetlon  Is  taking  i>laee  in  two  steps.  lirst. 
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than  if  a  niarKiu  of  safety  is  allowed,  probably  slopping  just 
short  of  where  the  magnesium  reaction  begins.  The  addi- 
tion of  II  coagulant  during  the  latter  poilicni  ol'  tli>'  settling 
period  seems  to  act  as  a  prevertttve. 

Tl.e  (luestion  of  temperature  in  connection  with  the  reac- 
tion period  should  be  mentioned.  The  temperature  factor 
in  chemical  reaction  velocities  Is  still  a  debated  point.  No 
formula  of  general  applicability  has  yet  been  devised.  In 
many  cases  the  reaction  velocity  doubles  for  every  10"  C. 
rise  in  temperature.  Since  the  data  heretofore  considered 
was  obtained  at  about  optimum  temperature  for  large  scale 
water  sol'tening  in  the  temperate  zone,  viz.:  2ii'  or  G8°  F., 
this  would  mean  that  for  a  4-hour  reaction  period,  an  S- 
hour  period  must  be  substituted  at  10°  C,  or  a  I'lhour  period 
at  0°  C.  Hesides  this,  there  seems  to  be  a  sort  of  inertia  to 
the  reaction  starling  at  all  in  extremely  cold  water,  which 
is  very  discouraging  at  times. 

Nothing  has  been  said  as  yet  regaiding  llie  use  of  soda 
ash   for  removing  permanent  hardness.     The  equations  are: 

(II     Ca  SO.  +  Na,CO,  =  Ca  CO.,  +  Na.^SO,. 

(2)     Mg  SO,  +  Na,COi  =  Mg  CO,  +  Na,SO,, 

The  reaction  is  sluggish  when  carried  out  in  the  cold. 
When  the  permanent  hardness  is  low  or  is  due  to  by-prod- 
ucts of  the  lime  process,  the  amount  of  sodaash  required  is 
small  and  according  to  the  law  of  mass  action,  the  rate  of 
reaction  will  be  very  slow.  The  magnesium  carbonate 
formed  in  the  case  of  magnesium  salts  is  (luite  soluble  and 
remains  in  solution.  It  will  thus  be  seen  that  the  use  of 
soda  ash  in  softening  municipal  water  supplies  is  on  a 
much  more  precarious  basis  than  in  the  case  of  boiler  feed 
waters,  and  should  not  be  entered  ujion  without  careful  study 
and  serious  consideration. 

The  Essential  Features  of  a  Softening  Plant. — In  the  light 
of  the  foregoing  and  from  other  exiierience  the  requi.-ites  for 
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Fig.  3 — Progressive  Softening   Rea 

the  reaf  e  lime  with  the  calcium  salts:  second,  with 

the  magnesium  salts.  The  same  thing  may  be  noticed  in 
connection  with  the  soap  test  as  applied  to  water  contain- 
ing both  calcium  and  magnesium  compounds.  There  is  a 
false  end  point  when  the  calcium  compounds  have  been  dis- 
placed, followed  later  by  the  true  end  point  when  the  reac- 
tion with  the  magnesium  salts  is  completed.  In  all  cases 
the  magnesium  compounds  seem  to  be  more  sluggish  in  ac- 
tion. 

Figure  3  shows  the  progressive  softening  reaction  which 
took  place  in  the  Cleveland  testing  plant.  The  incoming 
water  was  measured  by  an  orifice  barrel,  the  lime  solution 
being  proportioned  to  it  by  a  float  operated  device.  It  then 
passed  through  an  up-and-down  mixing  chamber  into  a  set- 
tling tank.  The  depth  of  sludge  deposit  in  the  settling  tank 
is  indicated.  From  the  settling  tank  it  passed  through  a 
mechanical  filter  of  the  usual  type.  There  was  usually  a 
drop  in  alkalinity  in  passing  through  the  filter,  due  to  the 
precipitation  of  cblloidal  magnesium  hydroxide  and  probably 
calcium  carbonate  by  contact  with  the  sand,  as  well  as  ^o  a 
continuation  of  the  softening  process.  There  was  some  in- 
crustation of  the  sand,  as  well  as  on  plain  and  galvanized 
iron  plates  which  were  exposed  continuously  for  5  months 
in  a  stream  of  the  softened  and  filtered  water.  This  ques- 
tion of  after-deposits  is  a  serious  one.  and  requires  special 
study  in  individual  cases.  It  causes  trouble  in  the  filter 
sand,  under-drains,  controllers,  in  meters,  if  galvanized  in- 
-•do  and-  in  house  pUirabing.  It  is  mucb  more  nronounced 
••'   'lie   sttem'^t    is   maOe   to   carry   \>f.   softeninsr   to   the   limit 


ction   in   Cleveland  Testing   Plant. 

carrying   out   a   water-softening   project   successfully   may   be 
given. 

1.  There  should  be  a  very  thorough  analytical  and  experi- 
mental investigation  which  should  cover  particularly: 

a.  Analyses  of  the  water  in  question  and  the  variations 
to  be  expected  therein. 

b.  The  amount  of  reagent  which  can  be  successfully  ap- 
plied without  causing  trouble  from  after-deposits  and  in- 
crustation. It  is  suggested  that  special  attention  be  given 
to  the  point  where  magnesium  reactions  commence. 

c.  The  question  of  whether  it  is  advisable  to  attempt  the 
removal  of  permanent  hardening  constituents  In  view  of  the 
additional  burden  which  the  use  of  soda  ash  involves. 

d.  The  determination  of  the  reaction  period  required  under 
conditions  of  minimum  concentration  of  reagent  and  luini- 
mum  temperature. 

To  interpret  experimental  data  in  terms  of  practical  work- 
ing conditions  requires  special  experience  based  on  contact 
with  both  phases  of  the  problem. 

2.  There  must  be  an  understandina  on  the  part  of  the  mu- 
nicipal authorities  that  to  accomplish  its  task  a  water-soft- 
ening plant  must  be  adequate  throughout,  and  that  there  can 
he  no  skimring  in  the  size  of  parts  or  in  equipment  or  in 
oneratin?  expenses  if  satisfactory  results  are  to  be  obtained. 
This  holds  more  rigidly  In  the  case  of  softening  plants  than 
In   the   case   of  ordinary  -water   purification   plants. 

?..  The  principal  design  features  of  a  wafer-softening  plant 
should  include: 

a.  Mixing   chambers   In    which    the   softening   reagents   are 
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thoroughly  dispersed  through  the  raw  water,  either  by  me- 
chanical devices  or  by  baffling.  This  mixing  action  also 
seems  to  accelerate  the  reactions. 

b.  Large  settling  basins,  whose  capacity  is  based  upon 
the  reaction  period  as  determined  for  conditions  of  minimum 
temperature.  These  basins  will  generally  be  several  times 
as  large  as  would  be  required  for  the  regular  type  of  purifi- 
cation plants. 

c.  Means  for  adding  a  coagulant  solution  either  at  the  en- 
trance to  or  near  the  exit  from  the  settling  basins,  or  at  both 
points,  to  assist  in  starting  and  completing  the  softening 
reaction. 

d.  Mechanical  filters  of  the  usual  type. 

e.  Special  apparatus  for  properly  slaking  and  feeding  the 
lime  solution  into  the  water.     Due  to  the  tendency  of  lime 


both  in  the  form  of  calcium  carbonate,  it  has  been  suggested 
that  this  sludge  be  reburned,  thus  recovering  not  only  the 
lime  added,  but  an  equal  amount  in  addition.  Mr.  C.  P. 
Hoover  tried  this  experimentally  at  Columbus  on  a  consider- 
able scale,  and  small  scale  experiments  were  made  at  Cleve- 
land. The  product  is  about  75  per  cent  water  soluble  CaO, 
and  slakes  readily.  The  writer  made  some  preliminary 
studies  for  such  a  lime  recovery  plant,  which  included  reset- 
tling tanks,  special  centrifugals  and  rotary  kilns  fired  with 
producer  gas.  The  estimated  cost  of  reburned  lime  is  about 
T.3  per  cent  of  that  for  commercial  lime,  based  on  available 
CaO.  The  reburning  plant  is  quite  a  separate  institution, 
requiring  operators  with  a  different  type  of  training  and  ex- 
perience. It  is  a  manufacturing  proposition,  and  those  from 
present   experience,   do   not    lend    themselves   readilv   to    mu- 
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emulsions    to   settle   ami    to    choke    feed    piping,    this 
of  the  design   requires   particular   care   and   study. 

Special  Problems  of  the  Large  Softening  Plant. — It  is  need- 
less to  give  a  description  of  the  details  of  municipal  water- 
softening  plants  of  small  or  moderate  size,  since  they  con- 
form so  closely,  except  as  to  relative  proportion  of  parts,  to 
the  usual  type  of  mechanical  filter  plants.  In  the  case  of 
large  installations,  however,  there  have  been  certain  special 
developments  which  may  not  be  without  interest. 

The  settling  basins  will  be  quite  large.  The  precipitate  ob- 
tained will  be  voluminous,  and  special  provision  must  be 
made  for  its  frequent  and  expeditious  removal.  This  requires 
that  the  settling  capacity  be  divided  into  a  number  of  units. 
and  that  at  least  one  spare  unit  be  provided  so  that  clean- 
ing will  not  interfere  with  the  operation.  Frequent  clean- 
out  valves  must  be  placed  in  the  floor  of  the  basins.  In  the 
experimental  plant  at  least  three-fourths  of  the  sludge  col- 
lected in  the  first  few  feet  of  the  settling  tank,  in  fact  it  oc- 
casionally happened  that  this  portion  of  the  tank  almost 
filled  up  in  a  week's  time.  It  appears  to  the  writer  that  the 
first  quarter-length  of  the  settling  basins  should  be  made 
deeper  than  the  remainder  and  equipped  with  automatic 
sludge  removers  of  the  continuous  type,  such  as  "Dorr  thick- 
eners." 

Since  the  sludge  is  composed  essentially  of  the  lime  added 
to  the  water  and  an  equal  .imount  abstracted  from  the  water 


A — Arrangement   of  Chemical    House  at   the    Cleveland    Plant. 

portion       nicipal    control.      For    this    reason 


and  because  the  product 
is  less  easily  handled,  the  advantages  and  disadvantat;es 
seem  very  evenly  balanced. 

Methods  of  Handling  Chemicals  at  Cleveland  Plant. — Per- 
haps the  most  interesting  phase  of  a  large  water-softening 
installation  is  the  handling  of  the  large  quantity  of  chem- 
icals used.  Thus  the  Cleveland  plant,  operating  at  its  ca- 
pacity of  1.50.00(1.000  gal.  daily,  would  require  about  40  tons 
of  lime  per  day.  The  arrangement  of  the  chemical  house  is 
shown  in  Fig.  4.  The  lime  arrives  in  box  cars,  via  a  de- 
pressed siding  on  one  side  of  the  building.  It  is  shoveled 
into  a  chute  by  means  of  power  shovels,  and  falls  into  a 
cri'sher.  The  crushed  lime  is  carried  by  means  of  elevator 
and  screw  conveyors  to  overhead  storage  bins,  which  have 
a  capacity  of  1,,500  tons  of  lime.  These  bins  presented  a 
rather  interesting  problem  in  concrete  design,  owing  largely 
to  the  heavy  load  of  1  ton  per  square  feet  on  the  bottom 
and  the  peculiar  shape  required.  The  reinforcement  really 
constifuted  a  steel  baskei  hung  into  the  walls  of  the  bin. 

It  will  be  seen  from  Fig.  4  that  each  four  bins  connect 
into  one  daily  hopper  and  from  this  the  lime  flows  by  grav- 
ity to  automatic  scales.  The  discharge  of  the  scales  can  be 
automatically  controlled  to  conform  to  the  pumpage  of  raw 
water  by  means  of  the  venturi  meter  in  the  raw  wafer  line 
which  passes  through  the  chemical  house  I  have  made  a 
rou'jh  diagram  of  this  device   fFig.  .'ii.     From  the  raw  water 
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ner.  Hit  in  heuil  luluiitiiiK  ilifTorentiiil  Beiirs.  iiinis. 

etc..  so  thai  i!i.  resiiUliiK  moveiiitMit  is  illiiHlly  proiiorlioiuil 
to  the  flow  (hruiiKli  i>ie  meter.  A  ooril.  wllli  lounli-rbaliiuce 
to  tuke  up  simk.  iriiiismlts  this  iiioveiiioiU  to  a  tiiivolliiK 
inrrinse  ubc  d,  wlii.li  run  nuivo  bnikwartl  ami  forwunl  oi> 
the  rollers  (rrrr>.  over  an  aluminum  friction  disk  driven 
nt  constant  speed  by  a  synchronous  motor.  Mounted  on  the 
carrlaice  Is  u  small  contact  wheel.  With  no  llow.  the  post 
(Ion  of  the  carrluRe  brInKs  this  wheel  to  the  center  of  the 
illsk.  where  it  does  not  revolve  As  the  llow  Increases  the 
currlage  shifts  ami  the  coniaci  wheel  moves  faster  and 
faster.  At  ench  revohition  this  wheel  closes  an  electrical 
coniaci  which.  Ihroiish  suitable  relays,  actuates  the  auto- 
.  causluK  them  lo  dlschnri;e.  These  scales  are 
.irm  balances,  allhoui;!!  entirely  disguised  by  anx- 
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Fig.    S^Device    for    Automatic    Control    of    Discharge    from    Scales. 

iliary  levers,  housing,  and  other  complications.  As  soou  as 
a  scale  is  tripped,  the  automatic  discharge  gate  opens  and 
the  lime  flows  out.  very  quickly.  This  unbalances  the  scale 
beam,  which  tilts  up,  and  in  so  doing  closes  the  discharge 
and  opens  the  feed  gate.  The  feed  gate,  of  the  under-cut 
type,  is  gradually  closed  as  the  scale  pan  fills  up  and  shuts 
off  entirely  when  the  predetermined  amount  has  been 
reached.  The  scale  is  then  ready  to  be  tripped  again  by  the 
contact  wheel. 

The  scales  discharge  into  slaking  tanks,  where  the  lime 
is  slaked  with  hot  water,  and  agitated  by  motor-driven  pad- 
dles. The  slaked  lime  overflows  into  solution  tanks  where 
it  is  cooled  and  diluted  with  water,  and  is  then  pumped  into 
the  raw  water. 

The  coagulant,  either  ferrous  sulphate  or  alum,  is  handled 
in  a  similar  manner,  with  minor  modifications. 

The  Cleveland  work  was  designed  and  built  under  the  di- 
rection of  Mr.  R.  Winthrop  Pratt,  Consulting  Engineer:  Mr. 
Frank  H.  Stephenson.  Designing  Engineer,  the  work  being 
in  immediate  charge  of  the  design  of  the  portions  herein 
described.  The  automatic  scales  were  furnished  by  the 
Richardson  Scale  Co.  The  proportional  feed  device  was  built 
by  the  Builders'  Iron  Foundry,  from  sketches  furnished  by 
the  writer. 


Sanitary  Sewer  Statistics  of  Newton,  Mass. — At  the  end  of 
1S18.  Xewton.  Mass..  a  city  of  43,11?,  population  by  the  1915 
census,  had  130.38  miles  of  sanitary  sewer.  The  total  area 
of  the  city  is  IS  square  miles,  and  the  estimated  population 
served  is  40.000.  In  all  7.68S  buildings  are  connected  to  the 
system.  The  system,  according  to  the  last  annual  report  of 
E.  H.  Rogers.  City  Engineers,  comprised  .55.660  lin.  ft.  of 
brick  sewer.  4.969  lin.  ft.  of  concrete  sewer,  627,768  lin.  ft. 
of  vitrified  pipe  sewer,  87  miles  of  permanent  underdrains, 
and  3.359  manholes.  In  addition  there  were  280  direct  con- 
nections with  water  mains  for  flushing.  The  total  length 
of  bouse  connections,  5  in.  and  6  in.  in  size,  is  99.37  miles. 
The  total  cost  of  the  connections  is  paid  by  the  abutter.  The 
average  cost  is  SI. 25  per  lineal  foot.  The  total  cost  of  the 
sewer  system  is  $2,303,301.  The  sewage  is  discharged  into 
the  South  Metropolitan  sewerage  system.  The  city's  pay- 
ments in  1918  for  this  service  were:  maintenance  Metropoli- 
tan sewer.  S15.025:  .-inking  fund.  Metropolitan  sewer,  $9,254; 
interest  for  Metropolitan  sewer,  $40,799. 


Prevention   of  Water   Waste    and 
Reasons  for  Metering 

New  iiieler  rales  were  put  inio  cllect  last  year  by  the 
Spring  Valley  Water  Co.  of  San  Francisco.  The  company 
has  approxlnintely  65.000  services,  all  of  which  are  metered. 
In  niiroducing  the  new  system  of  charges  the  company  sup- 
plied lo  each  customer  a  pamphlet  setting  forth  the  reason 
for  the  changes  and  pointing  out  the  advantages.  Extracts 
from   the   pamphlet    follow: 

Necessity  for  Prevention  of  Waste.— To  meet  the  present 
urgent  needs  of  the  city  and  lo  prevent  a  possible  future  short- 
age, San  Francisco's  supply  of  water  must  be  carefully  guard- 
ed. The  present  sources  of  supply  are  now  drawn  to  their  full 
capacity,  and,  \inless  some  of  this  supply  can  be  saved,  ad- 
ditional water  must  be  secured.  \n  additional  supply  can 
only  be  secured  by  building  an  additional  pi|)e  line  to  the 
city  and  after  the  pipe  line  is  commenced,  it  will  take  three 
years  to  complete  it.  It  is  impossible  to  build  this  pipe  line 
now,  because  necessary  labor  cannot  be  secured,  and  steel 
plate  and  other  materials  absolutely  essential  in  this  con- 
struction are  required  by  the  I'nited  States  Government. 
This  means  tliat  for  the  next  few  years  San  Francisco  must 
depend  upon  its  present  developed  supply,  and  every  effort 
must  be  made  to  make  that  supply  sufficient  to  meet  the 
city's  needs.  If  this  is  not  done,  San  Francisco  will  be  short 
of  water. 

There  is  one  way  in  which  such  a  disaster  can  be  pre- 
vented and  there  is  only  one  w-ay.  It  involves  the  elimina- 
tion and  prevention  of  waste.  'Waste  of  water  can  be  dealt 
with  effectively  only  by  installing  water  meters.  The  Cali- 
fornia Railroad  Commission  has  recognized  these  facts  and 
has  directed  this  company  to  install  meters.  The  necessity 
for  installing  meters  is  recognized  by  every  public  authority 
conversant  with  the  situation.  This  includes  the  city  engi- 
neer, the  engineers  for  the  Railroad  Commission,  and  the 
Railroad  Commission  itself. 

Reasons  for  iVIeters. — There  are  two  reasons  for  installing 
water  meters.  First:  Their  use  directly  reduces  waste. 
When  there  is  a  meter  on  each  service  pipe,  the  party  care- 
lessly or  wilfully  wasting  water  is  made  to  pay  for  it.  Sec- 
ond: Meters  prevent  discrimination.  When  they  are  used' 
the  consumer  pays  only  tor  what  he  gets  and  the  company 
is  paid  duly  for  what  it  supplies. 

The  old  rates  commonly  called  flat  rates  were  unfair.  ITn- 
der  them  you  did  not  pay  for  water  actually  used,  but  bills 
were  necessarily  based  on  the  water  which  you  were  sup- 
posed to  use.  This  resulted  in  some  consumers  paying  much- 
more  than  they  should  have  paid,  and  in  others  paying  much 
less.  There  was  no  incentive  to  save  and  waste  necessarily 
followed. 

Most  people  are  careful  in  the  use  of  water.  There  are, 
however,  a  few  whose  carelessness  or  deliberate  waste  In- 
creases enormously  the  amount  of  water  that  must  be  pro- 
vided. A  leaking  toilet  may  easily  waste  as  much  water  as 
would  serve  20  families.  This  water  costs  money  to  produce. 
If  those  who  waste  it  do  not  pay  for  it  the  burden  must  be 
borne  by  all.  This  results  in  the  public  having  a  heavier 
burden  to  bear  and  each  consumer  paying  a  greater  charge. 
This  is  particularly  true  in  this  city  because  every  gallon 
of  water  in  the  street  mains  has  been  pumped  from  one  to 
four  times  before  it  reaches  Its  destination.  Pumping  re- 
quires the  use  of  oil.  The  company  used  this  year  over 
100,000  bbls.  of  oil.  and  the  cost  of  oil  has  now-  increased 
more  than  100  per  cent. 

What  the  Consumer  Pays  for. — In  supplying  water  there 
are  three  operations: 

First:  Developing  and  protecting  the  water  at  its  source, 
collecting  it  in  the  large  storage  reservoirs,  and  pumping  and 
conveying  it  to  the  city  distributing  reservoirs. 

Second:  Distributing  water  throughout  the  city  through 
the  main  supply  lines  to  the  smaller  regulating  resen'oirs. 
and  finally  through  the  distribution  lines  in  each  street. 

Third:  Maintenance  and  repairs  to  meters  and  services. 
Inspection  of  plumbing  and  fixtures  for  the  consumers,  read- 
ing meters,  bookkeeping,  billing  and  collecting. 

The  charge  to  be  made  by  this  company  on  account  of 
the  first  two  items  the  Railroad  Commission  by  its  ad  interim 
order  established.  It  ranges  from  24  ct.  for  each  100  cu.  ft. 
for  domestic  and  small  commercial  consumers  to  18  ct.  for 
each  100  cu.  ft.  for  large  industrial  consumers.     The  reason 
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lor  this  distinction  is  tliat  it  costs  relatively  less  to  distribute 
water  in  large  quantities  than  in  small  quantities.  At  the 
highest  rate  a  barrel  of  water  costs  about  one  cent. 

The  third  item  forms  the  basis  for  what  is  known  as  the 
"service  charge."  This  has  been  fixed  by  the  Railroad  Com- 
mission at  65  ct.  per  month  for  ordinary  household  meters, 
and  increases  through  intermediate  charges  to  .f40  per  month 
lor  the  large  8-inch  connections. 

Service  Charge. — Each  individual  consumer  pays  a  specific 
amount  for  service  rendered  to  him  individually,  and  the 
amount  which  he  pays  is  determined  by  the  size  of  his  ser- 
vice. Unless  this  is  done  all  these  expenses  go  into  the 
general  operating  expense  account  and  must  be  distributed 
among  the  consumers  without  regard  to  the  service  to  the 
individual.  The  service  charge  is  the  most  equitable  ar- 
rangement.    It  is  fairer  than  the  "minimum  bill''  method. 

The  service  charge  is  not  an  additional  charge  and  does 
not  mean  higher  rates.  It  is  simply  a  different  and  more 
equitable  way  of  distributing  the  cost  of  service  among  con- 
sumers. 

Note  that  if  there  is  a  discontinuance  of  service,  the  ser- 
vice charge  likewise  stops. 

The  meter  rates  are  ad  interim  rates.  They  were  put  in 
to  prevent  waste  and  to  distribute  fairly  between  the  con- 
sumers the  cost  of  supplying  water.  They  were  not  put  in 
to  increase  the  company's  revenue,  and  the  order  of  the 
(Commission  specifically  provides  that  they  shall  not  do  so. 
The  Commission's  order  says: 

"The  proposal  of  the  company  is  fair,  to-wit;  That  the 
rates  now  established  shall  not  result  in  any  increased  rev- 
enue or  profit  and  in  the  event  that  through  inadvertence  or 
as  a  result  of  conditions  impossible  to  estimate  accurately, 
a  greater  revenue  should  be  produced,  all  over-plus  over  pres- 
ent revenue  shall  be  held  at  the  disposition  of  the  Commis- 
sion for  the  benefit  of  consumers." 

Effect  of  Meter  Rates. — At  least  50  per  cent  of  the  com- 
pany's consumers  will  pay  less  than  they  paid  under  flat 
rates.  Many  consumers  will  notice  no  appreciable  change 
in  the  monthly  charges.  Others,  particularly  those  whose 
water  is  wasted,  will  pay  more  than  they  have  paid  in  the 
past. 

Those  who  take  large  quantities  of  viater  and  who  get  the 
■wholesale  rate  will  pay  more.  The  old  wholesale  rate  was 
too  low  and  the  Railroad  Commission  has  decided  that  this 
class  of  consumers  should  bear  a  larger  proportion  of  the 
whole  cost. 

Builders  and  contractors  will  pay  materially  less  than  un- 
der the  old  schedule.  Bills  for  water  service  to  vessels  sup- 
plied at  open  docks  will  be  much  less.  They  were  charged 
too  much  proportionately  under  the  old  rates.  Several  thou- 
sand small  stores  and  shops  previously  paying  the  minimum 
of  $1.80  per  month  will  average  a  saving  of  between  25  and 
50  per  cent.  By  guarding  against  waste  through  faulty 
plumbing  and  exercising  proper  supervision  of  irrigation  at 
least  one-half  of  the  residential  consumers  should  reduce 
their  bills. 

If  your  bill  is  higher  than  you  think  it  should  be  look  first 
for  waste.  If  you  do  not  find  it  see  if  you  are  not  really 
using  as  much  water  as  the  bill  calls  for. 

The  company  maintains  a  force  of  experienced  plumbing 
inspectors.  This  force  is  at  your  service  and  will  advise 
you  upon  request,  free  of  charge.  It  is  to  our  advantage, 
as  well  as  yours,  to  eliminate  waste,  and  to  this  end  we  seek 
your  co-operation. 


Boiler  Room  Measuring  Devices, — To  deprive  the  boiler 
room  of  measuring  devices  which  show  what  is  going  on  is 
as  absurd  as  it  would  be  to  deprive  the  merchant  and  man- 
ufacturer of  the  yard  stick,  quart  measure  or  set  of  scales, 
stated  Prof.  Kennerson  of  Brown  University  in  a  paper  pre- 
sented before  the  Providence  Engineering  Society.  The 
boiler  room  should  at  least  be  provided  with  means  for  meas- 
uring water  and  weighing  coal,  and  in  addition  it  would 
usually  be  well  to  provide  means  for  analyzing  flue  gases. 
Large  sums  of  money  are  spent  in  the  boiler  and  engine 
rooms  and  it  is  as  essential  that  some  system  of  account- 
ing be  installed  as  in  any  other  part  of  the  plant.  Inci- 
dentally, this  makes  possible  a  bonus  system  based  on  fuel 
saved,  which  in  many  cases  has  worked  out  well.  Entirely 
apart  from  such  a  system,  however,  the  men  who  run  steam 
plants  will,  in  nearly  all  cases,  welcome  the  opportunity  to 
know  the  facts  that  they  may  better  the  conditions. 


Air  Lift  Boosts  Artesian  Well  Flow 

By  connecting  its  wells  with  an  air  lift  system  the  Clin- 
ton, la..  Water  Works  Co.  was  able  to  greatly  increase  the 
artesian  flow  without  alteiins;  conditions  at  reservoir  and 
piping  to  any  extent.  The  phin  is  described  Ijy  .\Ir.  .John 
Oliphant  in  .Mine  <ij  Quiirry,  to  which  we  are  indeljted  for 
the   matter  that   follows. 

The  city  of  Clinton,  Iowa,  is  ))iovidpd  with  «:iter  for  do- 
mestic and  public  purposes  Ijy  the  Clinton  Water  Works  Co., 
a  private  corporation  of  which  Mr.  W.  L.  Meager  is  superin- 
tendent. The  supply  is  secured  from  some  half  dozen  wells, 
having  a  surface  flow  of  limited  volume.  These  are  con- 
nected so  as  to  flow  into  a  surface  reservoir  or  may  be  di- 
rect connected  to  mains  liy  means  of  suction  pumps. 

Experience  showed  that  when  suction  was  resorted  to  the 
supply  for  the  summer  heat  load  or  an  extended  fire  demand 
was  insufficient.  Three  of  the  wells  were  therefore  con- 
nected with  an  air-lift  system  arranged  to  discharge  into 
the  reservoir,  using  the  suction  piping  as  a  gra\ity  flow  line. 


Flow    from    8-in.    Well    After    Connection    witln    Air    Lift. 

A  suitable  ari-angement  of  valves  is  provided  to  permit 
this  flow  from  the  wells  to  the  reservoir  while  the  service 
pumps  draw  their  supply  from  the  reservoir  by  suction.  By 
this  arrangement,  the  water  supply  was  more  than  doubled 
from  these  three  wells. 

The  illustration  shows  one  of  the  S-in.  wells  which  had 
a  natural  artesian  flow  of  about  150  gal.  per  minute.  When 
under  suction  from  the  pumps,  the  pull-down  was  20  ft.,  in- 
creasing the  flow  to  500  gal.  per  minute.  When  this  well 
was  connected  up  for  operation  under  the  air-lift,  its  pro- 
duction was  increased  to  1,035  gal.  per  minute,  the  pump- 
ing head  being  5()  ft.  below  the  surface.  The  other  two  w'ells 
connected  up  in  the  same  manner  showed  a  proportionate 
increase.  The  picture  shows  the  S-in.  well  being  discharged 
by  means  of  a  tee  at  the  surface  for  flushing  and  cleaning 
out.  An  umbrella  head  was  afterwards  placed  on  this  well, 
permitting  discharge  into  the  cement  basin,  from  which  the 
water  was  conducted  by  the  suction  line  to  the  reservoir 
by   gravity. 

These  wells  are  handled  by  means  of  a  Sullivan  central 
air-lift  pump,  suspended  on  a  2-in.  air  line  in  the  S-in.  casing. 
The  air  for  operating  the  wells  is  supplied  by  a  Sullivan 
straight-line  simple  steam  and  compound  air  compressor, 
Class  WB-2,  size  14x16x10x11.;,  having  a  capacity  of  55S  cu. 
ft.  of  free  air  per  minute.  The  installation  was  effected  in 
a  simple  and  economical  manner,  piping  the  air  from  the 
receiver  to  and  into  the  wells.  On  ordinary  service,  the 
pumps  secure  sufficient  supply  by  direct  suction.  When  an 
increase  is  demanded  by  the  summer  domestic  requirements 
or  by  fire,  it  is  merely  necessary  to  start  the  compressor, 
tlirow  a  few  valves  anil  the  supply  from  the  wells  is  more 
than  doubled. 
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Conference  of  Engineering  Societies. — A  conference  of  engi- 
neering: societies  and  associations  has  been  called  by  the 
Engineering  Council  for  the  purpose  of  taking  action  to- 
ward securing  the  establishment  of  a  Federal  Department 
of  Public  Works.  The  conference  will  he  held  at  Chicago, 
April  2?.-25.  Some  152  organizations  have  been  invited  to 
send  delegates. 
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How  lli^h  Do  Vt)ii  Stand  in  the 
Katinji  Scale?* 

Oil  tho  lUiN    «f  oMl.ie.l  111,'   «a.-  a  K'"»P  "'  I'oHi-SP   pn'fes- 
«ors    who    lm.1    Hpt'Cluli/.-a    li>   upplkHl    iiSMholoK.v    boKun    au 
of  lf(i.T«        Kvorv  profession  uiul  trmle  is  I'oiilrlb- 
|..'iIhI  *or\\cif  to  victory."  they  siild  to  eiuh  other. 
>   the  pdvchologlsts  lontrlhute""     Out  of  their  cor- 
le  Krew'n  little  nieetliiK.  and  out  of  their  inee'lng 
ciuu    il.ree   great   .levelopmeiits   «hlch   have   been   not   only 
factors  In  vUtorx  but  will  be  of  enornunia  Importunce  to  bual- 
ness.  now  that  pea.e  Is  here.     These  three  factors  are: 
I.     The  gualllUutlon  fanl. 
•.'.     The  InlelllKenc-e  Tests. 
3.     The  Katlnjs  Scale. 

Then  the  professors  asked  whni  provision  hud  been  nuuie 
bv  the  War  D.-partnicnt  for  KatherluK  personal  data  about 
the  new  men  that  mlRht  be  useful  In  placlnp  them  to  the 
be<t  adviiniace  In  companies  and  regiments,  they  discovered 


.Vnd  a  loupk'  of  liours  later  the  men  whose  skill  was  imme- 
diately required  in  getting  the  camp  into  shape  were  hard  at 
work  at  their  special  jobs. 

Out  of  the  Hrst  meeting  of  the  professors  of  psychology 
I  hero  grew  also  the  intelligence  tests,"  which  have  been 
■ipplieil  to  every  man  In  the  army  under  direction  of  the 
Psychology  Division  of  the  Surgeon  General's  office. 

It  was  Important  for  the  army  to  know  at  once  not  merely 
the  work  a  man  h.ul  done  in  civil  lite,  but  how  well  he  was 
equipped  by  nature  and  training  to  do  it.  Was  he  able  to 
handle  meii?  Hid  he  have  quick  judgment  and  resourceful- 
ness? Above  all.  was  his  mental  and  nervous  oiiuipment  ot 
so  low  a  type  that  he  would  be  especially  susceptible  to  shell 
shock?  All  these  questions  the  intelligence  tests  were  de- 
signed to  answer.  We  shall  understand  them  more  easily  it 
we  watch  our  friend  '■llalpli  .Tones"  go  through  with  them,  as 
he  did  in  his  first  days  at  camp. 

They  ushered  him.  with  a  hundred  other  men.  into  a  big 
empty   room  and  seated  them   all  on  wooden   benches.     Ofh- 


^riie  Human  Rating  Scale 


1.      PHYSICAL  QUALITIES 

Physique,   bearing,   neatness, 
voice,  energy,  cndur.-ince. 

Consider  how  he  impresses  his 
command  in  Uicsc  respects. 


II.    INTELLIGENCE 

.Accuracy,  case  m  Icarnmg,  abili- 
r>-  to  grasp  quickly  the  point  of 
view  of  commanding  officer,  to 
issue  clear  and  intelligent  orders, 
to  estimate  a  new  situation,  and 
to  arrive  at  a  sensible  decision  in 
a  crisis. 


III.  LEADERSHIP 

Initiative,  force,  self-reliance, 
decisiveness,  tact,  abilirv-  to  iii- 
spire  men  and  to  cominand  their 
obedience,  loyalr>-  and  coopera- 
tion. 


Iligliest 15 

High 12 

Middle 9 

Ix)w 6 

Lowest 3 


Highest 15 

High 12 

Middle 9 

Low 6 

Lo^vest 3 

Highest 15 

High 12 

Middle 9 

Low • .  . .  .   6 

Lowest 3 


IV.  PERSONAL  QUALITIES 

Industry,  dependability,  loyalty; 
readiness  to  shoulder  responsi- 
bilir>-  for  his  own  acts;  freedom 
from  conceit  and  selfishness; 
readiness  and  ability  to  cooper- 
ate. 


V.    GENER.\L  VALUE  TO  THE 
SERVICE 

Professional  knowledge,  skill  and 
experience;  success  as  adminis- 
trator and  instructor;  ability  to 
get  results. 


Highest 15 

High 12 

Middle 9 

Low ,  . . . : 6 

Lowest 3 

Highest 40 

High ...32 

Middle 24 

Low 16 

Lowest 8 


Rating  Scale  by  Which  All  Office 
that  this  was  a  point  which,  in  the  general  haste  and  confu- 
sion, had  not  been  provided  for  at  all.  The  general  plan  in 
the  Civil  War  had  been  to  assign  the  men  geographically; 
and  it  was  expected  that  this  plan  would  still  be  adhered  to. 
Thus,  at  one  camp,  all  the  men  from  a  certain  city  ward 
were  assigned  to  the  remount  squad.  They  should  have  been 
men  with  a  knowledge  ot  horses.  Instead,  most  of  these 
particular  recruits  were  skilled  mechanics.  Excellent  mate- 
rial for  a  number  of  ditfgj-ent  jobs  and  especially  good  for 
the  machine  gun  corps.  But  that  corps  was  already  made 
up  from  a  company  of  husky  farmers,  not  one  of  whom  was 
capable  of  assembling  a  machine  gun. 

To  this  situation  the  professors  applied  a  simple  but  potent 
remedy  in  the  "Qualification  Card,"  on  which  they  could  re- 
cord the  soldier's  trade-skill,  his  intelligence,  his  schooling. 
his  wages,  and  all  other  important  facts  about  his  personal 
history.  Then  they  secured  the  help  of  the  ablest  employ- 
ment managers  in  America  to  introduce  this  remedy  in  the 
camps.  The  first  of  these  personnel  specialists  arrived  at 
Camp  Upton.  The  commanding  general  received  him  with 
interest    not    unmixed    with   skepticism. 

"Go  ahead."  he  said.  "Make  your  records  and  let  me  know 
tomorrow  morning  what  you  have  found  out." 

At  seven  o'clock  the  next  morning  there  was  placed  on 
the  general's  desk  a  complete  tabulation  of  those  2,000  em- 
bryo soldiers,  showing  exactly  how  many  of  them  had  been 
carpenters,  how   many  blacksmiths,  how   many   barbers,  etc. 


^■Froni  an  article  by  Bruce  Barton  in  The  American  Magazine. 


rs   of   the   Army   Were    Measured. 

ers.    some    of    them    professors    of    psychology    in    civil    life, 

passed  up  and  down  the  aisles,  putting  a  printed  folder  into 

each  man's  hands.     A  senior  officer  in  front  read  the  general 

directions. 

"To  be  a  good  soldier  a  man  must  be  able  to  grasp  com- 
mands quickly  and  carry  them  out  accurately,"  said  the  offi- 
cer. "These  tests  are  designed  to  measure  your  decision, 
your  resourcefulness,  and  your  capacity  for  forming  correct 
judgment  and  registering  them  precisely.  '  There  are  ten 
tests,  each  divided  into  a  number  of  parts.  The  first  one  is 
comparatively  easy,  but  they  increase  in  difficulty.  You  will 
turn  to  the  first  test  when  I  order  you  to  do  so,  and  will 
proceed  as  rapidly  as  possible  to  carry  out  the  ten  opera- 
tions scheduled  there,  according  to  instructions.  When  I 
call  'Time'  you  will  raise  your  hands  in  the  air,  and  hold 
them  there  while  I  explain  the  second  page  of  tests." 

Thus  "Ralph  Jones"  and  his  hundred  associates  set  |orth 
across  a  succession  of  mental  hurdles  that  were  to  reveal 
more  of  their  real  mental  capacity  than  even  their  best 
friends  had  discovered.  For  obvious  reasons  I  cannot  pub- 
lish the  exact  tests  used  in  the  army;  these  are  still  a  mili- 
tary secret.  But  the  specimen  tests  which  are  presented 
here  parallel  them  very  closely,  and  were  used  before  the 
war  in  the  selection  of  salesmen  by  the  same  group  of  psy- 
chologists who  are  now  at  work  in  ■\^'ashington. 

Taken  individually,  they  seem  scarcely  more  than  a  suc- 
cession of  mental  gymnastics,  curious  rather  than  scientific. 
It  is  difficult  to  see  how  a  test  consisting  of  reading  rapidly 
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Try  These  Tests  on  Yourself  and  Others 


north 

sour 

out 

weak 

good 

after 

above 

sick 

slow 

large 

rich 

dark 

front 

love 

tall 

open 

summei 

new 

come 

male 


516849  2  370127504869341890  2  5  6371756089243780004:5  1  'J. J 

78  0  5  134  2  69  2  4097615  3  83  2  0  4157  9  6  84812673905379086  5  2  14 

3  5  9  7  8  4  0  10  2  5  18  2  3  7  4  9  6  0  8  5  9  3  2  4  10  7  6  9  3  4  5  2  0  8  6  17  9  3  16  7  5  8  4(12 

2  7  3  9  t!  5  0  8  1  4  9  7  3  6  1  5  0  2  8  4  0  4  7  8  5  9  6  2  1  3  0  9  3  .1  5  6  4  8  7  2  4  2  3  5  6  7  9  0  S  1 

4 2 53017986386091547 2 936748 0  1 2564931 2 075861 2 74 9 05 3 S 

9470385621609382714578109643525  279416380104823  795  1; 

0  98 2 5 6174383546920176021379584 2 184957036095 2 1S674 3 

1046  2  7953806284397512745603891350784  2  16956819  2  4370 

8  0149  2  30574517  2  863091956832  74  0862  07354912473501869 

6  3  2  1  7  0  8  4  9  5  7  9  4  1  5  0  3  8  2  6  5  6  3  2  7  I  8  4  0  9  7  0  6  8  3  9  1  5  2  4  8  5  0  4  3  1  2  0  9  7 

A  1  TITH  your  pencil  cross  out  every  3.  There  are  five  in  each  Hne.  The  score  is  the 
V  V  time  required,  in  seconds.  Average  adult  record  is  76  seconds.  Under  64  sec- 
onds is  F,\rellent,  64  to  76  seconds  is  Good,  76  to  88  seconds  is  Fair,  over  88  seconds  is  Poor 


J 


LOOK  at  each  word  in  the  test  on 
_j  the  left,  see  what  it  means,  and 
call  out  the  word  that  means  just  the 
Opposite  to  each  word.  The  score 
is  the  time  in  seconds,  with  no  er- 
rors. The  average  adult  record  is  25 
seconds.  Below  21  seconds  is  Excel- 
lent, 21  to  25  seconds  is  Good,  25  to  29 
seconds  is  Fair,  over  29  seconds  is  Poor. 


8-3 

6-4-1 

2-8-5-4 

3-1-7-5-9 

5-2-1-7-4-6 

2-1-8-3-4-3-9 

3-4-8-9-6 


.0. 


9-5-4-2-3-7-1-8-6 


HA\  E  someone  read  the  miiiibers 
on  the  left  to  you,  at  the  rate  of 
one  digit  a  second.  When  the\  have 
finished  a  line  repeat  the  numbers  in 
the  same  order  as  read.  Tliis  is  .1 
test  of  immediate  memory.  The 
average  adult  can  rememi>er  7  num- 
bers. More  than  8  is  Excellent,  7  to  .S 
is  Good,  6  to  7  is  Fair,  below  0  is  poor. 


i  With  your  pencil  make  a  dot  over  any  one  ot  these 
letters  F  G  H  1  J,  and  a  comma  after  the  longest 
of  these  three  words:  boy  mother  cirl  Then,  if 
Christmas  comes  in  March,  make  n  cross  right  here 
....  but  if  not,  pass  along  to  the  next  question,  and 

tell  whete  the  sun  rises If  you 

believe  that  Edison  discovered  America,  cross  out 
what  vou  just  wrote,  but  if  it  was  some  one  else,  put 
in  a  number  to  complete  this  sentence:  "A  horse  has 

feet."   Write  yts,  no  matter  whether  China 

is  in  Africa  or  not '.;  and  then  give  a  wrong 

answer  to  this  question:  "How  many  days  are  there 
in  the  week '" Write  any  letter  e.\cept  g 

iust  after  this  comma,  and  then  write  no  if  2 

]  ■ 

j  times  3  are  10 Now,  if  Tuesday  comes  after 

Monday,  make  two  crosses  here ;  but  if  not, 

I  make  a  circle  here or  else  a  square  here 

I  Besure  to  makethree  crosses  benveen  these  two  names 

of  boys:  George Henrj-.   Notice  these  two 

numbers:  3,  5,    If  iron  is  heavier  than  water,  wtite  the 

larger  number  here ,  but  if  iron  is  lighter  write 

the  smaller  number  here Show  by  a  cross 

when  the  nights  are  longer;  in  summer? in 

winter? Give  the  correct  answer  to  this 

question:     "Does  water    run    uphill?" 

and  repeat  your  answer  here Do  nothing 

here  (5-1-7= ),  unless  you  skipped  the  pre- 
ceding question;  but  write  the  first  letter  of  your 
first  name  and  the  last  letter  of  your  last  name  at 
the  end  of  this  line: 


THE  test  above  takes  the  average  adult  125  seconds. 
Fifty  per  cent  of  average  educated  adults  come 
somewhere  betweer  100  seconds  and  150  seconds.  To 
take  less  thiin  100  seconds  is  to  be  in  the  superior  25  per 
cent.  To  take  more  than  150  seconds  is  to  be  in  the 
poorest  25  per  cent.  If  people  are  divided  into  Ex- 
cellent, Good,  Fair  and  Poor,  Excellent  will  be  any- 
Ihing  Ices  than  100  seconds;  100  to  125  will  be  Good; 
'."5  to  150  will. be  Fair,  while  over  150  will  be  Poor. 


On  each  line  of  dots  write  the  word  which  makes  the  best  meaning 
ONLY  ONE  WORD  ON  EACH  BLANK 

1  1  he  sky blue. 

2  We  are  going school. 

3  The  kind  lady the  poor  man  a  doIl.Tr. 

4  The plays her  dolls  all  day. 

5  Time often  more  valuable money. 

6  Boys  and soon  become and  women. 

7  The  poor  baby as  if  it  were sick. 

8  The rises the  morning  and at  nighi. 

9  It  is  good  to  hear voice friend. 

10  She if  she  will. 

1 1  The  poor  little has nothing  to ;  he  is 

hungn,'. 

12  The  boy  who hard do  well. 

13  Men more to  do  hea%'y  work women. 

14  It  is  a task  to  be  kind  to  every  beggar 

for  money. 

15  Worry  ........  never  improved  a  situation  but  has made 

conditions 

16  A  home  is merely  a  place   one live 

comfortably. 

17  It  IS  very to  become acquainted per- 
sons who timid. 

18  To many  things ever  finishing  any  of  them  .... 

....  a habit. 

19  (.)ne's  real appears often  in  his         than 

in  his  speech. 

20  When  one  feels  drowsy  and ,  it h       en.s  that  he 

is to  fix  his  attention  very  successfully anything. 

21  The  knowledge  of use  fire  is of 

important  things  known  by but  unknowTi ani- 
mals. 

22      that  are to  one  by  an friend  should  be 

pardoned readily  than  injuries  done  by  one is 

not  angry. 

23  To friends  is  always the it  takes. 

24  One  ought  to great  care  to the  r!;;ht 

of  habits,  for  one  who bad  habits it to 

get  away  from  them. 


TIII.S  test  is  not  a  speed  test  but  one  of  quality.  Half  an  \\:r.:r 
is  allowed.  The  average  8-year-old  can  just  do  the  first  -wj; 
the  average  9-year-old  the  first  four;  the  average  10-ycar-oKI  the 
first  six:  etc.,  up  to  the  average  college  freshman,  who  ci>.n  just  do 
the  whole  test.     This  is  known  as  Trabue's  Coniplevio;i  oC.:Ie  .\. 
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a  series  ot  miiubers,  iiiiii  ilniwIiiK  ii  line  uiuler  eiieli  sot 
will,  h  ioiiiaiiis  both  C.  iukI  !>.  is  RoliiK  to  sepiiiiite  the  Inlelll- 
aeii  ,mi  the  less  IntelllKent  Roiils.     A  inirnKnipli  llUe 

thi-  :;    siumils    more    like   a    riddle   llian    (he   erealioii 

of  a  liod>   ot  serloiisinliuled  seleiillsls: 

■  With  your  peiu'll  make  a  dot  over  any  one  of  these 
letters  FX;HU.  Jind  a  eonnna  after  the  lonKest  of  these 
Ihri'e   words:    boy.   tslrl,   moth.-r.     Then.   If  I'hrlstiniis  comes 

In  .March,  nuke  n  cross  rlfiht  here but  If  not,  pass  alonf! 

to  the  next  question  and  tell  where  the  sun  rises   .    .    . ."  etc. 
Just    what    itdutlon    has    such    apparent    nonsense    to    the 
(luiilltles   that   make  a  good  ollicer.  or  a  good   business   man. 
you  ask      The  answer  is  thai  amouR  the  important  elements 
111   -11.  •■.■.■i<  are  concentration,  the  ability  to  crasp  fads  and 
-    (lulckly.  to  weiKh  the  evidence,  and   reach  a  sure 
The  IntelUisence  tests  call  for  the  exercise  of  every 
one   ol    these   qualities:    moreover,    some   of   them    are   con- 
structed so  as  to  sive  n  pretty  pood  measure  of  a  mans  range 
of  Information. 

Needless  to  say.  they  are  in  no  sense  Iheorelical.  for  a 
lest  is  no  Riwd  until  It  is  tested.  .\nd  the  method  of  jiidRlng 
n  lest  is  very  simple:  Take  a  hundred  men  in  the  same  line 
of  business,  whose  Incomes  vary  widely,  and  give  the  same 
lest  to  all  of  them.  If.  generally  speaking,  it  rates  them  in 
about  the  same  order  in  which  the  jiulgment  of  the  business 
world  has  rated  them,  then  the  test  is  pretty  likely  to  be  a 
Kood  one  If  It  rates  them  far  otherwise,  then  it  probably 
will  have  to  be  tinkered  with  until  it  gives  results  which 
correspond  to  the  known  abilities  and  records  of  the  men  on 
whom  It  was  tried.  When  it  has  been  proved  in  this  way.  it 
can  be  used  with  confidence  on  men  whose  records  and  abili- 
ties are  not  known. 

The  army  tests  have  been  a  good  deal  revised  since  their 
introduction,  as  experience  showed  them  susceptible  of  im- 
provement: but  from  the  very  beginning  they  produced  re- 
sults which  are  amazing.  Two  men  arrived  on  the  same  day 
al  one  of  the  great  cantonments.  They  were  about  the  same 
age:  each  gave  his  occupation  as  "printer."  and  both  claimed 
about  the  same  number  of  years'  experience.  They  were 
perfect  material  for  the  intelligence  tests.  In  the  spirit  ot 
good-natured  skepticism  they  were  sent  to  the  captain  in 
charge  of  the  Psychology  Squad.  "Here."  said  the  skeptics. 
"are  two  men  of  the  same  age.  trade,  and  experience.  See 
how  they  measure  up  in  your  mill."  The  two  went  through 
the  tests  and.  when  their  papers  were  marked,  behold!  One 
of  them  was  ranked  well  up  in  the  B  class  and  the  other  far 
down   in   D. 

"Ha.  ha!"  said  the  skeptics.  "We  told  you  so." 
But  the  psyohologi.^t  was  not  disturbed.  He  questioned 
the  two  men,  and  after  a  bit  the  truth  came  out.  Both  of 
them  were  printers,  to  be  sure;  but  the  man  whom  the  tests 
nad  ranked  high  had  been  the  foreman  ot  a  printing  estab- 
lishment: and  the  other  had  never  risen  higher  than  the 
operation  of  a  power  trimmer.  The  relative  ability  which 
thev  had  shown  in  their  years  of  practical  experience  had 
been   demonstrated   by  the   tests   in   a   brief  half-hour. 

On  a  scale  of  414  points  the  officers  in  the  array  averaged 
"10  and  enlisted  men  about  a  hundred  and  fifty  points  below. 
Of  7.550  drafted  men  who  were  tested  at  Camp  Wadsworth 
within  a  given  period,  those  who  had  been  civil  engineers 
ranked  highest,  with  an  average  score  ot  290:  from  that 
point  the  o.cupations  ranged  downward  until  at  the  bottom 
of  the  list  came  barbers,  with  an  average  score  ot  only  S.>. 
and  laborers,  with  an  average  of  SO. 

There  was  considerable  doubt  in  the  minds  of  West  Point- 
er?, when  the  psychologists  made  their  appearance  in  the 
camps.  But  it  was  soon  discovered  that  the  tests  indicated 
with  unexpected  precision  what  men  had  the  qualities  which 
would  make  them  good  noncommissioned  officers:  and,  also, 
what  men  were  worth  watching  as  material  for  the  commis- 
sioned  officers'  training  camps. 

■'Ralph  .Tones"  stood  well  in  the  intelligence  tests;  he 
showed  in  his  daily  work  qualities  which  commended  them- 
selves to  his  superiors.  In  course  of  time  he  was  sent  to  an 
officers'  training  camp  and  graduated  as  a  first  lieutenant. 
The  questions  then  arose.  Is  he  a  likely  candidate  for  pro- 
motion? 'U'hat  sort  of  captain  would  he  make?  .•Xnd  that 
question  his  superiors  answered,  not  by  guess,  nor  "hunch," 
nor  by  prejudice,  but  by  the  critical  analysis  of  the  rating 
scale.  An  exceedingly  ingenious  device  that  rating  scale — a 
human  yardstick — for  matching  a  man  by  testing  his  physi- 
cal Qualities  against  those  of  his  immediate  superiors:  his 
intelligence  against   theirs:    his  leadership   against   theirs. 


With  the  scab'  before  him,  "llaliih's"  captain  made  a  list 
of  all  the  captains  with  whom  he  was  acquainted.  Then,  on 
the  top  line  (see  tlie  scale  reproduced  on  page  7).  opposite 
the  words  'Physical  Qualities,"  he  wrote  the  name  of  the  one 
i.Kiu  who.  In  Ills  ju(l,i;ment,  stood  above  all  the  rest  in  the  Avay 
he  Impressed  his  men  by  his  physique,  bearing,  neatness,  voice, 
energy  and  endurance.  On  the  bottom  line  he  wrote  the 
name  of  the  captain  who.  in  his  opinion,  ranked  lowest  in 
lhe;:e  qualities.  On  the  lliird  Hue  he  wrote  the  name  of  a 
third  uuin,  half  way  between  these  two;  and  on  the  second 
and  fourth  lines  the  names  of  captains  who  would  stand  in 
these  positions  respectively  in  relation  to  the  others.  Oppo- 
site tlie  words  "Intelligence,"  "Leadership,"  "Personal  Quali- 
ties," and  "General  Value  to  the  Service,"  lie  made  similar 
lists  of  captains.  Then  with  his  marked  scale  before  him 
he  sought  conscientiously  to  place  "Ralph"  in  his  proper 
phii-e  opposite  each  quality — matching  him  in  each  case 
against  the  actual  men  whose  names  were  written  there.  In 
physical  qualities  he  .iudged  that  "Ralph"  was  nearest  like 
the  middle  captain,  and  so  in  that  characteristic  he  gave  him 
nine  points.  In  intelligence  he  ranked  him  as  the  equal  of 
the  second  captain  on  the  list.^and  "Ralph"  scored  twelve 
under  that  heading.  And  so  on  to  the  bottom  of  the  list. 
Adding  up  "Ralph's"  score,  he  found  that  it  amounted  to 
sixty-seven;  and  that  figure  he  reported  to  'Washington, 
where  it  was  written  opposite  "Ralph's"  name. 

Pntil  one  has  seen  the  rating  scale  in  actual  use  it  is 
difficult  to  believe  how  exact  are  the  results  obtained  by  it. 
In  dozens  of  instances  two  or  more  colonels  have  rated  the 
same  ma.jor  independently,  and  have  not  varied  in  their  rat- 
ings half  a  dozen  points.  Two  majors  landing  from  France 
undertook  to  rate  a  certain  captain:  and.  comparing  their 
ratings  later,  discovered  that  both  of  them  had  rated  him 
at  seventy-four  .Iudged  objectively  and  alone,  the  human 
being  is  difficult  to  place;  we  speak  of  him  vaguely  as  "a 
good  fellow."  or  "only  fair."  or  "a  first-class  man."  But 
measured  bv  the  yardstick  of  other  human  beings  it  is  pos- 
sible to  speak  in  terms  far  more  concrete.  He  is  a  better 
man  than  Brown  in  physical  appearance  and  not  so  good  a 
man  as  Black.  Therefore,  if  Brown  be  six  on  the  rating 
scale,  and  Black  is  twelve.  .Tones'  position  is  fixed  exactly. 
His  number  is  nine,  and  there  is  no  getting  away  from  it. 

This.  then,  was  the  third  contribution  of  Psychology  to 
the  organization  of  the  army — the  Rating  Scale,  which  made 
it  possible  to  classify  every  officer  in  the  army,  not  by  theory 
or  by  prejudice,  but  by  the  measure  of  liis  capacities  against 
those  of  other  officers  of  the  rank  above — the  rank  Tie  would 
have  it  promoted. 

It  requires  no  prophet  to  foresee  the  wide  application  of 
these  new  factors  to  the  problem  of  business.  I^ong  before 
the  war  the  intelligence  tests  and  the  rating  scale  were  al- 
ready being  used  bv  a  dozen  of  the  largest  and  most  pro- 
giessive  concerns  in  selecting  salesmen,  having  been  devel- 
oped for  this  purpose  by  the  same  group  of  professors  who 
have  so  gieatly  extended  their  application  in  the  army. 
Those  concerns  had  discovered  that  they  were  able  very 
greatly  to  reduce  their  "labor  turnover"  because  the  tests 
helped  them  to  weed  out  at  the  beginning  a  good  half  of  the 
men  who  would  have  tailed.  Moreover,  by  means  ot  the 
rating  scale  their  sales  managers  w^ere  given  a  definite,  liv- 
ing basis  ot  measurement,  as  against  the  "general  impres- 
sion" of  the  applicant,  w^hich  had  been  their  main  guide 
before. 

I  know  of  a  conceni  which  employs  a  thousand  salesmen 
on  commission:  and  to  keep  the  ranks  of  that  thousand  full 
it  hires  from  five  to  seven  thousand  men  a  year.  What  a  tale 
of  tragic  nlundering!  To  place  samples  in  the  hands  of  a  new 
man  and  to  put  him  onto  the  street  in  search  of  orders  costs 
that  concern  not  less  than  fifty  dollars.  Three  hundred  thou- 
sand dollars  a  year  it  loses,  because  only  one  man  out  of 
six  or  seven  is  fitted  for  the  work,  and  the  concern  has  had 
no  method  of  picking  the  one  out  of  the  six  except  by 
starting  them  all  out  and  letting  five  fail. 

Think,  too.  of  the  destruction  of  self-resnect.  the  loss  ot 
confidence,  the  hours  of  heartache  and  mental  torture  which 
are  the  lot  of  the  five  unsuccessful  men!  It  will  be  harder 
for  them  to  succeed  in  another  place:  they  will  take  up  their 
next  task  with  less  of  hope  and  confidence,  because  they 
tried  a  job  for  which  they  were  not  fitted  and.  after  the 
trying,  failed. 

A  good  deal  of  the  pathos  of  the  square  peg  in  the  round 
hole  will  be  removed  after  the  war.  when  these  methods 
come   to   he  generally   employed.     The   future  sales   manager 
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of  the  company  which  I  have  just  mentioned,  and  other  men 
wlio  hire  employes,  will  have  their  individual  intelligence 
tests,  designed  for  them  by  consulting  psychologists  to  meet 
their  special  requirements. 

It  will  mean  three  great  things  when  these  scientific  meth- 
ods of  determining  the  fitness  of  men  come  into  general  use. 
First  of  all.  men  will  be  better  placed.  There  will  be  fewer 
rolling  stones  who  travel  from  one  .iob  to  another,  losing  in 
each  futile  m.ove  a  trifle  of  courage  and  of  self-respect.  Sec- 
ond, it  will  save  millions  in  "labor  turn-over"  at  a  critical 
time  in  our  business  history.  And.  finally,  as  the  psycholo- 
gists progress,  and  the  tests  are  worked  out  in  more  detail 
and  made  generally  available,  it  ought  to  be  possible  for  a 
man  to  measure  himself — to  know  himself  far  more  exactly 
than  the  average  man  ever  succeeds  in  doing.  By  the  help 
of  science,  he  will  be  able  to  determine  something  of  his 
ov.n  qualifications  and  direct  his  course  toward  the  thing 
which  of  all  things  in  life  is  most  desirable — a  job  he  can 
master   and   enjoy. 

The  little  group  of  psychologists  in  Washington,  who  are 
at  present  camouflaged  as  colonels  and  majors  and  captains, 
are  very  insistent  that  neither  the  intelligence  tests  nor  the 
rating  scale  can  be  infallible,  either  now  or  in  the  future. 
Xo  tests  will  ever  be  devised  that  can  take  the  place  of  a 
careful  examination  of  a  man"s  records,  or  the  shrewd  appli- 
cation of  hard  common  sense.  But  the  results  of  this  new 
development  speak  for  themselves.  They  have  helped  to 
build  for  us  in  twenty  months  an  organization  that  gave  the 
finishing  blow  to  a  rival  organization  which  had  been  forty 
years  in  building.  And  three  million  men  who.  in  the  begin- 
ning, looked  upon  the  presence  of  the  psychologists  in  the 
camps  as  an  amusing  and  harmless  interlopement,  have 
learned  a  new  respect  for  science  in  its  application  to  hard, 
practical  affairs.  We  might  as  well  begin  right  now  to 
reckon  with  that  respect  in  our  conceptions  of  the  future  of 
Business  in  America.  For  "Ralph"  and  his  three  million  as- 
sociates are  coming  back  to  be  our  governors,  our  general 
managers,  and  our  sales  managers — to  organize  business  and 
to  put  themselves  and  the  rest  of  us  in  the  places  in  industry 
where   we   best  belong. 


Concrete  for  Tunnel  Sewer  Placed  Through 
Post  Holes  Bored  in  Roadway 

A  novel  method  of  concreting  was  employed  last  year  in 
constructing  the  Glen  Road  section  of  the  Moore  Park  drain- 
age scheme  at  Toronto.  Ont.  The  concrete  sewer  is  laid  in 
tunnel  under  a  covering  of  2.')  ft.  or  less.  The  total  lengtli 
is  2. SI 2%  ft.  The  sewer  is  4  ft  in  height  at  the  crown  and 
4  ft.  .3  in.  in  horizontal  diameter  at  the  invert,  with  the  profile 
of  the  crown  walls  embodying  arcs  of  three  different  radii. 
The  minimum  wall  thickness  is  9  in.  The  method  of  concret- 
ing is  described  as  follows  in  The  Contract  Record:  Owing 
to  the  lack  of  space  in  the  tunnel,  it  was  decided  not  to  pour 
in  the  conventional  way  from  the  tunnel  by  erecting  forms 
little  by  little  and  placing  the  concrete  simultaneously.  The 
crown  section  would  have  caused  difficulty  and  extra  labor 
would  have  been  involved  in  transporting  concrete  from  the 
shaft  to  th;  heading.  The  contractors  in  view  of  this  con- 
dition, bored  post  holes  through  the  roadway  directly  to  the 
sewer  tunnel,  each  hole  being  in  the  center  of  an  8-ft.  sec- 
tion. The  forms  were  erected  completely,  the  open  end 
bulkheaded  and  the  concrete  mixed  at  the  surface  of  the  road 
and  poured  through  the  post  holes.  With  a  rather  soft 
mixture  this  scheme  worked  admirably  and  the  pressure  be- 
hind the  concrete  was  sufficient  to  eliminate  all  voids.  When 
the  pouring  was  complete  the  post  holes  were  filled  with  con- 
crete and  resurfaced  with  asphalt.  The  crown  walls  were 
poured  before  the  invert,  this  being  afterwards  concreted 
and  keyed  to  the  sides.  A  portable  Foot  gasoline  batch  mixer 
was  used  for  the  manufacture  of  concrete.  The  mixture  was 
l-2->.  with  1  in.  crushed  stone.  The  entire  job  was  carried 
out  in  winter  weather.  This  necessitated  the  heating  of  the 
supplies  by  means  of  steam  coils.  Owing  to  the  impossibil- 
ity of  obtaining  sand  and  stone  b\-  rail  from  outside  pits,  the 
contractors  had  to  haul  these  materials  by  sleigh  from  pits. 


Cost  of  Sewer  Maintenance  at  Newton,  Mass. — During  191S 
the  city  engineer's  department  of  Xewton,  Mass..  cleaned  and 
repaired  129.78  miles  of  sewer,  the  average  cost  per  mile 
amounting  to  $7.1.2.5.  The  cost  of  flushing  sewers  was  $21.20 
per  mile. 
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A  Vocabulary  Test  of  Intelligence 

In  his  book.  ■The  Measurement  of  Intelligence."  Prof. 
Lewis  M.  Terman  of  Stanford  University,  proposes  a  vocab- 
ulary test  of  intelligence,  that  he  claims  will  give  results 
within  10  ji^r  cent  of  those  obtained  by  the  Binet-Simon  psy- 
chological tests.  The  test  consists  in  defining  100  words,  se- 
lected according  to  some  arbitrary  rule,  the  idea  being  that 
the  numbei  of  definitions  given  by  an  individual  will  furnish 
an  index  to  his  vocabulary.  The  100  test  words  used  in 
Prof.  Terraan's  book  were  derived  by  taking  the  last  w-ord 
of  every  sixth  column  in  a  dictionary  containing  18.000 
words.     These  words  were  as  follows: 

1.  orange  26.  noticeable  51.  peculia>-ity  7S.  flaunt 

2.  lionflie  -       27.  muzzle  52.  coinage  77.  declivity 

3.  ro!\v    ■  2S.  ijuake  5S.  mosaic  7S.  fen 

4.  sown  2;i.  ci\-il  51.  bewail  79.  ofhre 

5.  tan      •  .'SO.  treasury      55.  rtispropnitionat^     SO.  exaltation 

fi.  scorch  ■  31.  reception  56.  dilapidated  f.l.  incrustalion 

7.  puddle  •  32.  ramble  57.  charter  S2.  laitv 

?-.  envelop  '  33.  skill  5.S.  conscientious  5\3.  selectman 

0.  .straw  -  34.  misuse  5n.  avarice  S4.  sapient 

10.  rule  35.  infiure  t;n.  artless  85.  retroactive 

11.  haste  3(!.  stave  til.  priceless  86.  achromatic 

12.  afloat  37.TeKard  62.   swaddle  S7.  ambergris 

13.  eye-lash  :'S.  ne'-ve  6:;.   tolerate  8.S.  casuistrv 

14.  copper  311.  crnncli  64.  gelatinous  S9.  paleolog'y 

15.  health  40.   lu.ngler  65.  depredation  90.  perfunctory 

16.  cu-se  41.  ma.lesty  66.   promortory  91.  precipitancy 

17.  guitar  42.   brunette  67.  frustrate  92.  theosophv 
1,*;,  mePcT,-  ^^,  snip  6S.  milksop  93.  piscatorial 

19.  pork  44.  apish  69.  philanthropy  94.  sudorific 

20.  impolite  45,   sportive  70.  ironv  95.  paiterre 

21.  plimibirtg  46.  hysterics  71.  lotus  96.  homuncuUis 

22.  outward  47.  M?rs  72,  drabble  97.  cameo 
2%.  lecture  4S,  repose  73,  harpy  98,  shagreen 
2t,  duni-'eon  49,  shrewd  74,  embody  99,  lin^ijet 
25,  so'ithern  50,  forfeit  75,  infuse'  ifld,  complot 

l"he  following  interesting  discussion  of  this  vocabulary  test 
is   taken    from   the   Journal   of   Heredity: 

It  may  seem  to  the  reader  almost  incredible  that  so  small 
a  sampling  of  words  would  give  a  reliable  index  of  an  indi- 
vidual's vocabulary.  That  it  doe.s  so  is  due  to  the  operation 
of  the  ordinary  laws  of  chance.  It  is  analogous  to  predicting 
the  results  of  an  election  when  only  a  small  proportion  of 
the  ballots  have  been  counted.  If  it  is  known  that  a  ballot- 
box  contains  600  votes,  and  if  when  only  ."SO  have  been  counted 
it  is  found  that  they  are  divided  between  two  candidates  in 
the  proportion  of  20  to  10.  it  is  safe  to  predict  that  a  com- 
plete count  will  give  the  two  candidates  approximately  400 
and  200  respectively.  In  1914  about  1.000.000  votes  were 
cast  for  governor  in  California,  and  when  only  10.000  votes 
had  been  counted,  or  a  hundredth  of  all,  it  was  announced 
and  conceded  that  Governor  .lohnson  had  been  re-elected  by 
about  1.50.000  plurality.  The  completed  count  gave  him 
18S.505  plurality.  The  error  was  less  than  10  per  cent  of  the 
total  vote. 

The  100  words  thus  chosen  are  arranged  approximately  in 
the  order  of  their  difticulty.  and  the  examiner  usuallv  begins 
with  the  eatier  words  and  proceeds,  to  the  harder,  continuing 
until  the  subject  examined  is  no  longer  able  to  define  the 
words. 

"With  children  under  nine  or  ten  years."  Dr.  Terman  di- 
rects, "begin  with  the  first.  Apparently  normal  children  of 
ten  years  may  safely  be  credited  with  the  first  ten  words 
without  being  asked  to  define  them.  Apparently  normal  chil- 
dren of  twelve  may  begin  with  w^ord  16  and  1.5-year- 
olds  with  word  21.  Except  with  subjects  of  almost  adult 
intelligence,  there  is  no  need  to  give  the  last  ten  or  fifteen 
words,  as  these  are  almost  never  correctly  defined  by  school- 
children. A  safe  rule  to  follow  is  to  continue  until  eight  or 
ten  successive  words  have  been  missed  and  to  score  the  re- 
mainder minus  without  giving  them." 

As  to  scoring,  credit  a  response  in  full  if  it  gives  one 
correct  meaning  for  a  word,  regardless  of  whether  that 
meaning  is  the  most  common  one.  and  regardless  of  whether 
it  is  the  original  or  a  derived  meaning.  Occasionally  half 
credit  may  be  given,  but  this  should  be  avoided  as  far  as 
possible. 

To  find  the  entire  vocabulary  (of  the  individual  who  is 
being  examined),  multiply  the  number  of  words  known  by 
ISO.  Thus  the  child  who  defines  twenty  words  correctly  has 
a  vocabulary  of  20X180  =  3.600  words:  fifty  correct  defini- 
tions would  mean  a  vocabulary  of  9.000  words,  etc.  The 
following  are  the  standards  for  different  years,  as  deter- 
mined by  the  vocabulary  reached  by  60  per  cent  to  6.5  per 
cent  of  the  subjects  of  the   various   mental  levels: 

Words,  \'ocabiilar\", 

■RiRht  years    20  3.600 

Ten  years   30  5.40O 

Twelve   years    40  7.200 

Fourteen    years    50  O.ono 
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.Mthoucti  llir  'orm  ol  ihf  lUnnllion  Is  slRnltU-niit.  It  is  ni>i 
Ukeii  Inio  conslderiillon  in  scorlnB.  Tho  test  Is  Intended  to 
explore  iho  rnnfie  of  Ideas  rather  than  the  evolution  of 
thought  ronn*.  When  It  Is  evident  that  the  child  has  one 
ffclrlv  correct  niennlnK  for  a  word,  he  Is  given  full  credit 
for  It.  however  poorlv  the  detlnltlon  may  have  been  suited. 

While  there  Is  naiurally  some  dllliculty  now  and  then  in 
do^-ldUiK  whether  a  i;l\en  dellnlilon  Is  correct,  this  happens 
much  less  fre»iuently  than  one  would  expect.  In  order  to 
pet  n  dennltc  Idea  of  the  extent  of  error  due  to  Ute  Individual 
dltrer<>nce»  among  examiners,  we  have  had  the  definitions  of 
twentv  live  subjects  graded  Independently  by  ten  different 
persons  The  results  showed  an  average  difference  below 
thrte  In  the  number  of  detlnltlons  scored  plus.  Since  these 
subjects  attempted  on  an  average  about  sixty  words,  the 
nvernge  number  of  doubtful  deOnltions  per  subject  was  be- 
low .1  per  cent  of  the  number  attempted. 

.\n  Idea  of  the  degree  of  leniency  to  be  exercised  may  be 
had  from  the  following  examples  of  definitions,  which  are 
mo5tlv  low  grade,  but  acceptable; 

1.  bmnge.  "An  orange  is  to  eat."  'It  is  yellow  and  grows 
on  n  tree." 

2.  Bonfire.  "You  burn  it  outdoors."  "Yo>i  buni  some 
leaves  or  things."     "Its  a  big  fire." 

".     Roar.    "A  lion  roars."    "You  holler  loud." 

4.  Gown.  "To  sleep  in."  "Its  a  nightie."  "It's  a  nice 
gown  that  ladles  wear." 

The  test  is  particularly  interesting,  since  it  seems  to  give 
reasonably  correct  measurement  of  the  intelligence  of  adults. 
and  there  are  very  few  single  tests  which  can  be  easily  ap- 
plied that  give  reliable  results  in  such  cases.  There  is.  Pro- 
fessor Terman  finds,  a  well-marked  difference  between  the 
average  adult  and  the  superior  adult,  althou.eh  the  number 
of  words  In  the  vocabulary  by  which  they  differ  is  only  ten. 
A  majority  of  average  adults  can  give  6.5  words,  but  only 
one-third  of  them  can  give  75  words— the  test  of  the  superior 
adult.  But  of  those  whom  extensive  testing  shows  to  be 
"superior  adults."  90  per  cent  can  pass  the  superior  adult 
test  of  75  definitions.  Ability  to  pass  the  test  is  relatively 
Independent  of  the  number  of  years  the  subject  has  attended 
school,  our  business  men  showing  even  a  higher  percentage 
of  passes  than  high  school  pupils. 

While  this  test  may  be  more  reliable  than  any  other  single 
test,  it  would  be  a  mistake  to  place  too  much  dependence  on 
it.  It  is  somewhat  influenced  by  the  kind  of  training  and 
education  one  has  had — although  less  so  than  would  be  ex- 
pected. No  single  test,  and  no  series  of  tests,  is  an  adequate 
measure  of  the  general  intelligence.  The  trained  examiner 
takes  account  of  every  clue  he  can  find,  and  it  would  be  a 
disservice  to  psychology  to  give  the  impression  that  any 
tests  are  infallible,  especially  if  given  by  unskilled  examiners 
or  by  autoexamination.  The  most  that  is  claimed  for  the 
BInet  tests,  for  example,  may  be  stated  in  Dr.  Temian's  own 
words: 

"One  who  knows  how  to  apply  the  tests  coiTectly  and  who 
is  experienced  in  the  psychological  interpretation  of  re- 
sponses can  in  forty  minutes  arrive  at  a  more  accurate  judg- 
ment, as  to  a  subject's  intelligence  than  would  be  possible 
without  the  tests  after  months  or  even  years  of  close  obser- 
vation. .  .  .  EXxeptionally  superior  endowment  is  discover- 
able by  the  tests,  however  unfavorable  the  home  from  which 
it  comes,  and  inferior  endowment  can  not  be  normalized  by 
all  the  advantages  of  the  most  cultured  home.  Or,  to  quote 
from  William  Stern,  the  greatest  German  exponent  of  the 
psychology  of  individual  differences.  "The  tests  actually  reach 
and  discover  the  general  developmental  conditions  of  intelli- 
gence, and  not  mere  fragments  of  knowledge  and  attain- 
ments acquired  by  chance.'  " 


Methods  of  Drilling  and   Test  Re- 
sults of  Large  Capacity  Well 

The  water  supply  of  tlic  I  luversity  of  Illinois  is  obtained 
from  six  wells  in  the  glacial  drift.  Five  of  them,  ranging 
in  depth  from  i;f8  to  1-12  ft.  and  with  capacities  of  liO  to  81 
gal.  per  minute,  were  put  down  some  years  ago.  The  sixth 
well  was  accei)ted  last  December.  Interesting  Information 
regardlnj;  the  new  well  was  given  by  Mr.  M.  L.  Enger,  Pro- 
fessor of  Mechanics  and  Hydraulics,  University  of  Illinois, 
in  a  paper  presented  March  25  at  the  annual  meeting  of  the 
Illinois  Section  of  the  American  W'aterworks  Association. 
An  abstract  of  the  paper  follows: 

In  October,  1915.  the  University  entered  into  a  contract 
with  the  Layne  &  Bowler  Co.  of  Meiuphis.  Tenn.,  for  a  well 
and  motor-driven  pump.  The  payment  agreed  upon  was  $19 
per   gallon    per   minute   after   one   year's   operation.     It   was 


Cost  of  Sewerage  a;  Newton,  Mass.,  $56  Per  Capita. — The 
total  cost  to  the  end  of  1918  of  the  sanitary  sewer  system  of 
Newton.  Mass.,  was  $2,310,000.  according  to  the  last  annual 
report  of  E.  H.  Rogers,  City  Engineer.  Of  this  total  $2..303.- 
300  is  for  the  mains  and  $6,700  for  a  pumping  station.  The 
total  assessments  that  have  been  levied  for  the  construction 
amounted  to  $874,498.  the  proportion  of  the  cost  of  the  system 
assessed  on  abutters,  thus  being  37.2  per  cent.  The  assess- 
ment is  based  on  a  rate  of  20  ct.  per  lineal  foot  of  frontage. 
and  1  ct.  per  square  foot  of  area  drainable  within  125  ft.  of 
street.  The  population  of  the  city  in  the  1915  census  was 
4:;.n3.  . 
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Fig.   1— Results  of  Test  of  Well    No.   6. 

stipulated   that   the   minimum   overall  efficiency   of  the  motor 
and  pump  was  to  be  55  percent. 

The  well  was  drilled  by  the  rotary  process,  beginning  Jan. 

17,  191C,  and   finishing  May  5,   ]91fi.  The  well  is   36  ins.  in 

diameter  to   a   depth  of  160   ft.   and  30   ins.   in  diameter  for 

the  next  9  ft.     The  driller  furnished  the  following  log: 


50  ft.  of  clay  and  gravel  mixed    

15  ft.  of  clay  and  reck    

:iO  ft.  of  hard  clay  and    sand   mixed.. 

47  ft.  of  hard  sand   and   gravel 

26  ft.  of  very  hard  and   fine   sand.... 

5  ft.  of  hard  sand  and  a   little  clay. 


Total 

depth. 

Ft. 

50 

65 

a  5 

142 
16S 
173 


The  well  was  completed  by  putting  in  98  ft.  of  24-in.,  No. 
8  gauge  casing;  70  ft.  of  24-in.  No.  6  Layne  patent  shutter 
screen,  No.  8  gauge;  and  4  ft.  of  shutter  seal.  16-in.  by  22-in. 
with  a  6-in.  cypress  bottom.  The  space  between  the  screen 
and  casing  and  the  wall  of  the  well  was  filled  with  1-in. 
gravel. 

A  turbine  pump  was  placed  in  the  well,  and  was  started 
and  stopped  frequently  in  order  to  break  down  and  wash 
away  the  mud  wall  which  had  been  left  by  the  drilling  proc- 
ess, and  also  to  carry  away  the  finer  particles  of  sand  in 
the  waterbearing  stratum  near  the  well.  It  was  hoped  in 
this  way  to  form  a  cavity  under  the  heavy  clay  roof,  indi- 
cated in  the  above  log,  into  which  the  gravel  would  flow  and 
thus  increase  the  capacity  of  the  well.  The  .driller  states 
that  about  30  cu.  yd.  of  gravel  were  ted  in  at  the  top. 

A  preliminary  test  showed  a  yield  of  more  than  1.000  gal. 
per  minute  with  a  draw  down  of  53  ft.,  or  a  specific  capacity 
of  more  than  19  gal.  per  minute  per  foot  of  draw  down.  The 
well  now  has  a  specific  capacity  of  21.5  gal.  per  minute.  Data 
concerning  Well  No.  4  at  the  University  will  be  of  interest  in 
making  comparisons.  This  well  was  tested  iminediately 
after  its  construction  in  1906  and  showed  a  yield  of  108  gal. 
per  minute  with  a  draw  down  of  15  ft.,  or  a  specific  capacity 
of  7.2  gal.  per  minute.  In  1916  the  yield  of  this  well  was 
71  gal.  per  minute  with  a  draw  down  of  14.6  ft.,  or  a  specific 
capacity  of  4.9  gal.  per  minute.  That  is  to  say.  W'ell  No. 
4  in  10  years  of  operation  has  had  its  specific  capacity  re- 
duced more  than  30  percent,  while  the  new  well  in  about  2 
years  of  normal  use  has  had  its  specific  capacity  increased 
by  about  10  percent. 

It   was   soon   found   that   a   yield   of   1.000   gal.   per   minute 
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could  not  be  maintained  lor  any  lengtli  of  time  without  hav- 
ing the  water  level  in  the  well  and  in  the  older  wells  grad- 
ually lower.  A  test  was  begun  April  11,  1917.  in  which  it 
was  intended  to  run  the  pump  continuously  until  the  water 
level  in  the  well  should  become  constant.  The  water  level 
went  down  quite  rapidly  during  the  first  two  days  of  the 
test  and  it  continued  to  go  down  slowly  until  the  morning 
of  April  25,  when  some  trouble  at  the  switchboard  caused 
the  circuit  breaker  to  blow  out.  stopping  the  pump.  It  was 
started  again  about  20  minutes  later,  but  during  the  interval 
the  hydraulic  constants  of  the  well  had  been  changed  greatly. 
Before  the  pump  was  stopped  the  discharge  had  been  about 
670  gal.  per  minute  tor  several  days.  When  the  pump  was 
started   again   the   discharge   was  about   790   gal.   per  minute 


Fig.   2 — New    Pump    Installation. 

and  24  hours  later  it  was  about  710  gal.  per  minute.  The 
curves  in  Fig.  1  show  the  water  level  in  the  well  and  the 
discharge  during  the  test.  The  change  in  the  hydraulic  con- 
stants was  probably  due  to  fine  sand  drifting  toward  the 
well  becoming  entangled,  gradually  chol.ing  up  the  water- 
bearing stratum  near  the  well.  When  the  pump  was  stopped, 
the  flow  toward  the  well  ceased,  allowing  some  readjustment 
in  the  positions  of  the  sand  grains.  When  the  pump  was 
again  put  into  operation  some  of  the  sand  was  washed  into 
the  well  leaving  the  water  passages  near  the  well  less  re- 
stricted. 

The  temporary  installation  was  replaced  by  a  6-stage.  No. 
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Fig.    3. — Arrangement    of    Vertical    Jet    Measuring     Device. 

4,  .15-in.  Type  C'LC  Layne  pump  driven  by  a  .50-HP.  West- 
inghouse  2-phase  induction  motor  through  a  flexible  coupling. 
Views  of  the  pump  are  shown  in  Fig.  2. 

The  pump  is  located  in  a  pit  12x12  ft.,  11  ft.  deep,  with 
concrete  bottom,  sides  and  roof.  The  pit  is  drained  into  a 
tnnnel  which  carries  the  steam  heating  pipes  into  an  adjacent 
huildinjr      Before   the   concrete   floor  was   put   in.   the   gravel 


between  the  casing  and  the  wall  of  the  well  was  replaced 
with  clay  to  a  depth  of  G  ft.  below  the  floor  of  the  pit.  There 
seems  to  be  no  chance  tor  contamination  to  get  into  the 
well.  Frequent  tests  of  the  water  have  shown  it  to  be  of 
excellent  sanitary  quality. 

In  order  to  obtain  continuous  records  of  the  water  level 
in  the  well,  a  recording  gage  is  used  to  record  the  pressure 
required  to  keep  a  small  quantity  of  air  bubbling  from  the 
end  of  a  1%  in.  pipe  which  hangs  in  the  well  and  extends 
below  water  level  at  all  times.  The  pressure  in  the  air  pipe 
is  equal  to  the  head  of  water  above  the  end  of  the  pipe,  hence 
the  gage  shows  the  submergence  of  the  end  of  the  air  pipe 
at  all  times.  The  records  show  when  the  pump  is  started  and 
stopped  and  are  found  very  useful  in  the  preparation  of  oper- 
ation statistics. 

In  order  that  the  discharge  may  be  measured  at  any  time, 
a  vertical  jet  apparatus  has  been  installed  in  a  manhole  just 
outside  of  the  concrete  pit.  The  manhole  is  drained  by  a 
12-in.  vitrified  pipe  discharging  into  a  storm  sewer.  The 
vertical  jet  apparatus  was  calibrated  in  the  hydraulics  lab- 
oratory of  the  University  by  setting  up  the  entire  pipe  line 
from  the  valve  to  the  orifice.  The  equation  of  the  orifice 
was  found  to  be  Q:=530Vh  gallons  per  minute,  h  being  the 
head  in  feet  measured  by  a  piezometer  connected  to  the  pipe 
3  ins.  below  the  orifice.  The  pipe  is  8  ins.  and  the  orifice 
is  a  C  in.  circular  hole  drilled  in  an  8-in.  cap  screwed  to 
the  end  of  the  pipe.  The  general  arrangement  is  shown  in 
Fig.   3. 

An  acceptance  test  was  made  Dec.  28,  1918.  showing  an 
average  overall  efficiency  of  5.5.6  percent  when  delivering  587 
gal.  per  minute  against  a  head  of  136.9  teet,  and  an  efficiency 
of  59.3  percent  when  delivering  536  gal.  per  minute  against 
a  head  of  156.4  ft. 

Compared  with  the  other  well  equipment  the  new  one  has 
the  disadvantage  of  a  15-ft.  greater  draw  down.  But  since 
it  has  never  been  possible  to  maintain  the  average  efficiency 
of  the  reciprocating  well  pumps  as  high  as  50  percent,  the 
turbine  pump  will  get  the  water  out  of  the  ground  with  a 
smaller  pow6r  consumption  than  the  reciprocating  pumps. 
In  the  cost  of  maintenance  the  new  unit  seems  to  have  a 
considerable  advantage  over  the  older  ones.  With  the  older 
equipment  the  cost  of  maintenance  has  amounted  to  about 
0.8  of  a  cent  per  1.000  gal.  The  new  equipment  has  not  been 
in  use  long  enough  to  draw  definite  conclusions,  but  the 
indications  are  that  the  maintenance  cost  will  be  compar- 
ativelv  small. 


Waterworks  Operations  at  Virginia, 
Minn.,  in  1918 

The  total  pumpage  at  the  municipal  water  plant  of  Vir- 
ginia. Minn.,  for  the  year  ending  Oct.  1,  191S,  was  289,446,300 
gal.,  which  is  approximately  the  same  amount  as  in  the  pre- 
vious year,  but  about  16,000  gal.  less  than  for  1916.  This  re- 
duction, states  the  last  annual  report  of  C.  T.  Harding,  Super- 
intendeut,  was  undoubtedly  due  to  the  installation  of  meters. 
The  amount  of  water  would  have  been  larger  except  that 
much  water  was  used  for  war  gardens  last  year.  This  was 
encouraged  by  making  a  special  sprinkling  rate  which  many 
took  advantage  of.  Estimating  that  there  are  16.000  people 
on  the  water  service,  this  annual  consumption  ot  289,446,000 
gal.  shows  that  they  are  now  using  49  gal,  per  capita  per  day. 
While  this  consumption,  states  the  report,  is  too  large  for 
a  city  like  Virginia,  it  compares  very  favorably  with  a  con- 
sumption of  61  gal.  per  capita  per  day  which  prevailed  before 
meters  were  installed.  The  rates  have  not  changed  within 
the  last  year  and  are  now  as  given  in  the  following  schedule: 

Kir.st      lO.dOli  I'll.   ft.   l.l  rt.  iK-r  ino  <ni.   ft. 

Next    lO.nnn  cu.   ft.  12  pt.  per  100  cu.   ft. 

All  ov.T 20.000  cu.  ft.     S  ct.  per  100  cu.  ft. 

By  far  the  largest  part  ot  all  the  water  consumers  are  now 
on  meters.  All  large  consumers  are  metered  and  only  in  a 
very  few  cases  are  there  any  flat  rates  still  in  use.  It  is 
intended  ultimately  to  put  meters  on  all  of  these  consumers. 
The  Department  has  discontinued  the  practice  ot  installing 
4-in.  hydrants  and  is  now  installing  G-in.  hydrants  as  these 
give  much  better  pressure  when  large  amounts  of  water  are 
being  used  in  times  of  fire.  The  income  ot  the  department 
from  water  sales  amounted  to  $35,946:  for  hydrant  rental 
$10,633  was  received. 
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The  Lime  Softening  of  Water  and 
the  Tse  of  Sludj^e  as  an  Aid* 

Uy   \V.  A.  SriCKUY 
cMifiiilm    Kntrnllon   riuiit.   ilniiul    Uaplils.    Mlili, 

The  tininci  Kiiplds  mixlim  lank  Is  a  ihamber  built  In  two 
p«ris  una  arnmgotl  to  l.o  opornlinl  singly  or  in  series.  The 
smaller  part  provlilos  for  a  retention  perioil  of  JJ  minutes 
at  a  20  million  gallon  rate  and  the  larger  part  provides  for 
n  rptentlou  period  of  ^^.  minutes  at  a  20  million  gallon  rate. 
The  •iinaller  ihamber  Is  baffled  so  as  to  juovide  for  four 
f  the  water  therein  each  i:>0  ft.  long,  the  larger 
providing;  for  I'."  passes  eaeh  44  ft.  long  the  bailies 
l.tiiig  in  eaih  ease  of  the  "round  the  end"  or  horizontal  type. 
The  larger  ehaniber  Is  further  so  arranged  that  the  water 
may  be  drawn  off  front  It  to  the  settling  basins  at  either 
of  the  quarter  way  Intervals. 

The  follo»in^  is  typical  of  experience  at  Grand  Rapids 
with  the  changing  seasons  and  Illustrates  the  relations  of 
time  and  temperature. 

With  the  river  water  running  220  parts  per  million  total 
nikallnily  and  a  magnesium  content  of  20  parts  per  million 
the  temperature  of  the  water  ranging  around  32  to  4.")°  F. 
the  foUnwing  alkalinity  results  from  various  parts  of  the 
mixing  chamber  result: 

T.  nlk.        rl>.  alk.      C.  alk.     X.  carb.  Me. 

After  23  minutes....     101  .15  9  S2  15.1 

.\rior  2!>  mdunes lOT  r.i  19  SS  15, S 

Aftrr  3S  minutes 9T  5S  19  ,8  15. S 

.\fter  4S  minutes 91  -      5S  25  6G  15.1 

Alum  applied  here  at  the  rate  of  1.5  grains  per  gallon. 

After  S4  minutes 59  31  S  5G  11. S 

.\rtor  70  minutes 59  32  o  54  10,9 

Here  the  signiflcant  thing  is  that  under  summer  conditions 
with  the  temperature  of  the  water  ranging  up  around  70  to 
S0°  F.  the  results  attained  after  TO  minutes  as  shown  above 
would  be  attained  at  the  23  to  29  minute  point  with  the  alum 
dosage  ranging  1  grain  per  gallon  less  and  with  greater  rates 
of  pumpage. 

The  essential  feature  cf  chemical  application  that  seems 
to  have  crystallized  into  definite  practice  for  lime  softening 
at  Grand  Rapids  is  that  the  lime  should  be  added  at  the 
earliest  possible  moment  to  the  water  under  treatment: 

la  I  To  insure  as  far  as  possible  complete  precipitation 
of  calcium  as  carbonate. 

Ib»  To  maintain  sufficient  caustic  alkalinity  or  excess  of 
lime  as  t'^at  there  may  be  5  to  10  parts  per  million  remain- 
ing in  the  water  at  the  point  of  dischar.sie  into  the  settling 
basins  that  the  magnesium  may  be  carried  through  the  more 
soluble  carbonate  state  to  the  less  soluble,  colloidal  hydrate 
state. 

Ic)  To  delay  the  application  of  the  coagulant  as  late  as 
possible  to  the  mixing  chamber  to  still  be  assured  of  its 
thorough  mixing  with  the  water  before  discharge  to  the  set- 
fling  basins,  the  alum  playing  a  part  not  so  much  chemically 
to  reduce  alkalinity  as  physically  to  scour  out  and  precipitate 
colloidal  matter. 

The  application  of  this  ■water  to  the  filters  and  city  mains 
has  resulted,  through  a  somewhat  insufficient  period  for  "cur- 
ing" or  "maturing"  in  the  settling  basins,  in  a  very  mod- 
erate amount  of  after  reaction  trouble  which  has: 

(A)  Much  incrusted  the  filter  sands,  though  the  extent  fo 
which  this  has  occurred  lessens  by  that  much  trouble  in  the 
distribution  system. 

T.ABLE    I— CONDITION-    OF    THK    S.AND.    1912-13    AND    1918. 

Sand  as  Sand  as  found 

placed.   1012.  Aug- .    191S. 

Kffective    size    O.?"  mm.  .Above  1.05  mm. 

fniformity   roeflicient    1  fit  1 -!   or  — 

Acid   soluble    SS*^  8^.7% 

.Approximate  thickness  of  coating  None  0.25.";    M.M. 

."d    jn-avity    2.6,51  2  173 

Volume  increase  1    vol.  1  vol.  sand,  6,5 

vols,  coatm^s 
T.VELE  II— ri.,  \  SSTFTING  THK  TROrBT.KS  F^M"ND  WITH  THE 
3,827    METER?    SHOPPED    BETV\"EEN    .TfNE    1    AND 
Jl'NE   r/R  Jfl.T   1.    1917-18, 

Per  cent. 

No  information   4,9  189 

5reter.«  O,   K 0.1  3 

Out   for  test    0,2  7 

Sand   rlosged    1.5  57 

Frozen     8.1  310 

^lechanical  trouble   19.3  73g 

Lime  and  mechanical  trouble 12.1  461 

Limed  up  only  53.9  2.062 
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•-Abstract  Oi"  a  paper  pre.=ented  March  23  at  the  eleventh  annual 
meeting:  of  tht. Illinois  Section  of  the  American  TVaterworks  Asso- 
ciation. 


(Bl  Lined  up  about  in  11  percent  of  the  22.000  meters  in 
service  per  year,  tirand  Kapids  being  some  97.8  percent 
metered. 

il"l  Coated  the  service  mains  to  a  thickness  of  1  UUh  to 
3  32(1  Inches  In  the  last  t!  years,  and  causing  some  trouble 
thereby  In  the  <>pening  of  valves  and  gates. 

tP).  tilven  some  nu)re  or  less  persistent  trouble  with  hot 
water  heating  apparatus,  gas  heaters,  furnace  coils  and  the 
like. 

Tables  I  and  II  givr  in  some  detail  tlie  comparative  condi- 
tl<ui  of  the  sanil  and  I  lie  history  of  the  meters  for  the  year 
10171S. 

This  represents  17  percent  of  the  total  number  of  meters 
in  use  lIG  percent  of  which  were  lime  coated  enough  to  cause 
their  shopping,  an  item  ot  considerable  expense. 

During  the  winter  of  191213.  the  first  year  of  operation, 
there  was  a  rather  intensified  period  ot  trouble  with  the  hot 
water  healing  systems.  Steam  coil  heated  tanks  would  become 
"furred"  3  to  4  in.  thick  in  a  week's  time.  Instantaneous 
gas  heater  colls  would  become  completely  choked  up,  as 
would  the  furnace  coils,  later,  burning  out.  We  are  con- 
vinced, however,  that  much  of  this  trouble  could  have  been 
avoided  by  better  design  in  the  way  ot  more  ample  pipe 
sizes,  and  in  the  simplifying  of  design  by  the  elimination  of 
many  unnecessary  ells,  and  other  reductions  all  of  which 
seemed   favored  places  of  deposit  lor  the  lime  coatings. 

This  trouble  being  the  more  aggravating  in  that  it  occurred 
at  such  a  time  as  to  make  concurrent  the  most  difficult  water 
to  treat  with  the  greatest  demands  for  hot  water  heating. 

Laboratory  tests  seemed  to  identify  this  with  the  percent 
of  magnesium  removed  such  that  when  the  removal  ef- 
fected was  2,5  percent  or  more  the'  trouble  from  this  source 
was  reduced  materially.  Operation  in  the  succeeding  years, 
therefore,  became  controlled  by  the  percent  of  magnesium 
removed,  in  that  with  magnesium  removed  to  the  extent  of 
33  to  40  percent  troubles  due  to  after  deposits  were  appar- 
ently diminished  and  complaints  arising  from  trouble  with 
hot   water  heating  apparatus  decreasing. 

Within  the  last  year  continued  efforts  to  cope  with  the 
small  but  persistent  troubles  arising  from  after  deposits 
coupled  with  reasons  of  an  economic  nature  arising  out  of 
the  increasing  costs  for  alum  have  led  us  to  change  some- 
what our  ideas  as  to  the  exact  role  played  by  the  magnesium 
in  lessening  such  troubles,  in  that  whereas  formerly,  we  be- 
lieved our  troubles  due  almost  entirely  to  colloidal  ma.a- 
nesium  and  bent  all  efforts  towards  its  removal,  through  in- 
creases of  the  amount  of  alum  used  and  the  rigid  mainte- 
nance of  residual  caustic  alkalinity,  the  fact  that  magnesium 
was  not  a  predominating  characteristic  in  the  coatings  de- 
posited, there  being  but  8  to  1,5  percent  therein,  did  not  seem 
to  "square"  with  our  theory  even  though  it  was  a  pronounced 
fact  removal  of  magnesium  was  consistent  with  reduced  after 
reaction  troubles. 

We  are  beginning  to  suspect  that  in  reality  the  major  cause 
of  our  more  stable  effluent  lay  in  the  fact  of  a  reduced  nor- 
mal carbonate  content  of  the  water  going  to  the  city  mains. 
That  while  it  was  true  that  increase  of  alum  and  mainte- 
nance of  caustic  alkalinity  increased  the  amount  of  mag- 
nesium removed  proportionately  it  also  not  only  reduced 
the  normal  carbonate  content  ot  the  water  but  in  addition 
maintenance  of  caustic  alkalinity  tended  to  prevent  deposit 
to  some  extent  of  that  portion  of  normal  carbonate  that  may 
have  been  present  in  a  supersaturated  state. 

Table  III  is  interesting  as  throwing  some  light  on  this  fact. 

In  1912-13  occurred  our  worst  period  of  after  deposit 
troubles,  that  for  that  year  our  magnesium  removal  was  but 
25  percent  and  that  the  normal  carbonate  alkalinity  of  the 
city  water  for  that  period  was  greater  than  for  the  average 
of  the  succeeding  years  by  51  percent  being  Go  parts  per  mil- 
lion as  against  an  average  of  43  for  the  5  succeeding  years. 

There  was  a  constant  seeking  for  some  method  of  oper- 
ation that  would  compensate  for  our  rather  insufficient  set- 
tling  basins    for  lime   softening   operations   such   that  would 

TABLE  m. 

Normal  C  alk.  Per  cent 

Tear.             carbonate.  water.  mas',  re-        Grains  alum 

oity  mains.  citv  mains.  moved.  applied 

1913 65  1  23.0  1  0 

1914 44  5  33.fi  0  7 

1915 48  3  .■!7.6  0  9 

1916 43  3  43  7  12 

1917 39  5  46.7  17 

191S« 41  6  42  2  1' 

»To  AufT.    1. 
Results  stated  in  parts  per  million  and  representing  the  vearlv 
average. 
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save  to  ourselves  all  the  desirable  anil  economic  features  of 
a  soft  water  without  a  contimianee  of  the  various  troubles 
discussed  and  without  the  expenditure  of  increasing  amounts 
of  alum  the  cost  of  which  was  mounting. 

The  experiments  were  largely  inspired  by  what  was  being 
done  with  the  use  of  air  and  sludge  in  the  treatment  of  sew- 
age and  the  possible  feasibility  of  pumping  back  in  like  man- 
ner the  settling  basin  sludges  into  the  mixing  chamber  to 
intensify  the  removal  of  colloids,  to  save  alum  if  possible, 
and  at  the  same  time  to  so  accelerate  the  "curing"  of  the 
water  as  to  stabilize  the  effluent  to  a  point  of  possibly  elim- 
inating entirely  the  after  reaction  troubles  and  its  attendant 
annoyance  to  the  hot  water  user,  the  expense  of  cleaning 
limed  meters,  and  the  elimination  of  sticking  gates  and 
valves. 

The  sludge  in  question  is  a  mixture  of  some  8.5  percent 
calcium  carbonate,  4  percent  magnesium  hydrate,  aluminium 
hydrate,  mud,  organic  matter,  etc.,  and  is  produced  in  enor- 
mous amounts.  It  collects  to  the  extent  of  covering  our 
settling  basins,  which  are  approximately  110  ft.  by  210  ft.  by 
12  to  1.5  ft.  deep,  with  a  layer  of  sludge  from  1  to  10  ft,  deep 
with  %  to  V2  the  area  covered  to  a  depth  of  8  to  10  ft,  deep 
every  1  and  V2  to  2  months  and  aggregates  G.OOO  to  7,000 
tons  a  year  based  upon  an  average  pumpage  of  12.2  million 
gallon  per  day  and  a  reduction  of  the  raw  water  in  total 
hardness  through  the  use  of  lime  of  from  22.5  parts  per  mil- 
lion to  95  parts  per  million  for  the  water  passing  to  the 
city  mains  as  the  average  for  6  years,  a  reduction  of  60 
percent. 

Preliminary  laboratory  experiments  indicated: 

(A)  That  time  of  contact  was  not  a  factor  beyond  the 
time  required   for  thorough   inter  mixing. 

(B)  That  the  volume  of  sludge  in  contact  was  of  exceed- 
ing  importance. 

(C)  That  the  sludge  was  most  effective  when  applied  to 
water  from  the  mixing  chamber  taken  at  a  point  just  after 
the  alum  addition,  i.  e.  at  a  point  where  the  normal  lime 
reactions  were  most  nearly  completed. 

(D)  It  seemed  most  effective  therefore,  not  so  much  to 
hasten  the  chemical  reactions  as  to  remove  the  products  of 
the  reaction. 

(E)  That  the  sludge  did  not  seem  so  effective  at  least  in 
the  volumes  attainable  by  the  pumps  at  hand  when  applied 
to  water  treated  under  summer  conditions  as  when  applied 
to  water  treated  under  winter  conditions. 

Table  IV  is  typical  of  some  of  the  laboratory  results  and 
illustrative  of  points  A  and  B  above. 

In  each  case  the  amount  of  air  applied  was  such  as  to  .iust 
keep  the  sludge  well  up  in  suspension  the  results  of  which 
was  to  form  the  sludge  into  large,  ragged,  feathery  flocks 
as  large  as  the  end  of  one's  little  finger  that  fairly  seemed  to 
fall  from  suspension  like  sand. 

These  experiments  looked  so  promising  that  during  the 
winter  of  191C-17  arrangements  were  made  to  carry  out  a 
plant  sized  experiment. 

At  the  point  of  discharge  of  the  mixing  chamber  into  the 
settling  basin  a  C,  in.  centrifugal  pump  was  set  up  coupled 
to  a  spare  10  H.  P.  motor.  Its  suction  was  dropped  intq  the 
settling  basins  at  a  point  where  the  sludges  accumulated  to 
the  greatest  depth  and  connected  to  a  line  running  length- 
wise of  one  section  some  100  to  120  ft.  long,  bored  with  1  in. 
holes  on  alternate  sides  of  the  horizontal  diameter  and  spaced 
so  as  to  be  1  ft.  apart  on  alternate  sides  of  the  pipe,  i.  e. 
a  hole  every  2  ft.  apart  on  either  side.  The  pump  was  fur- 
ther arranged  to  discharge  into  the  mixing  chamber  at  a 
point  some  4  to  C  passes  from  its  place  of  discharge  into 
the  settling  basin. 

Several  runs  were  made  with  this  pump  so  arranged  the 
results  of  which  proved  largely  confirmatory  of  the  prelim- 
inary laboratory  experiments  especially  as  regards  its  ef- 
fectiveness in  the  winter  months  versus  the  summer  months 
as  regards  the  importance  of  the  volume  of  sludge  in  contact 
with  the  water  under  treatment  to  realize  marked  results. 

It   was  one  of  the   expectations  of  such   a  treatment  that 

TABLE  IV. 

Water  taken  from   near  the   end   of  the  mixing  rhamher  after  the 

application  of  the  ahim  and  at  a   temperature  of  32-?t5''  F 

T.  alk.  Ph.  nik.  C.  alk.  N.  rarb.       Mg. 

Water  unsluflfrerl    fit  2S  0  S6  1 6.3»' 

S<^  sludge  bv  vol.     S  minutes.     32  I.t  n  3n  134 

.T<^  sludse  by  vol.  10  minutes.     29  12  n  24  12  4 

10':*^  sludge  by  vol.     3  minutes.     27  12  0  24  11. n 

1.5c;.  sludge  bv  vol.     3  minutes.     23  11  n  22  9  G 

2n<^  sludge  by  vol.     3  minutes.     20  n  n  IS  0.6 

2.5<^  sludge  by  vol.     3  minutes.     19  9  0  18  S,6 


with  a  waler  st)  reduced  in  alkalinity  and  normal  carbonate 
content  there  would  be  a  diminishing  of  the  drop  in  alkalinity 
on  passing  the  filters  that  would  be  strong  evidence  of  the 
stable  character  of  the  water  so  produced  and  be  strongly 
in  contrast  with  our  usual  experience. 

To  this  extent  the  process  was  encouraging  but  proveil 
unfavorable  on   the  following  considerations; 

I  A)  Because  of  the  difficulty  of  getting  a  constant  supply 
of  sludge  and  of  getting  it  in  sufficient  amounts. 

It  was  assumed  that  the  sludge  could  be  made  to  travel 
somewhat  as  a  belt  that  it  could  be  lifted  into  the  mixing 
chamber  where  it  would  do  its  work  only  to  deposit  rapidly 
again,  the  suctions  being  laid  in  a  place  thought  to  be  most 
favorable  for  such  abundant  redeposit  especially  in  view  of 
the  fact  that  it  was  constantly  being  added  to  by  the  newly 
treated  water.  Actual  pumping  however  soon  showed  our 
inability  to  supply  sludge  at  a  rate  greater  than  to  get  an 
application  of  more  than  5  to  7  percent  by  volume  of  the 
sludge  and  for  a  period  of  more  than  1  to  1%  hours  at  a 
time,  when  in  the  midst  of  plenty  we  would  run  out  of  sludge 
entirely. 

Sludge  could  be  pumped  each  time  till  there  had  been 
produced  about  each  suction  hole  a  more  or  less  cleared  area 
after  which  the  sludge  would  cease  to  come  and  the  experi- 
ment for  the  day  would  have  to  be  terminated  till  such  time 
as  the  sludge  had  again  been  built  up.  The  sludge  abso- 
lutely refused  to  flow  to  the  pump  suctions  and  the  perma- 
nent adoption  of  such  a  scheme  seemed  dependent  on  the 
use  of  some  device  that  would  either  bring  sludge  to  the 
suctions  or  through  the  use  of  a  Dorr  Thickener  or  else  the 
devising  of  some  type  of  traveling  or  flexible  suction  that 
would  follow  up  the  sludge.  Neither  of  these  schemes  seem 
impossible  of  solution. 

(B)  The  production  in  the  water  of  a  finely  divided  sus- 
pended matter  both  difficult  and  expensive  to  remove  by  the 
use  of  alum — procedure  hardly  to  be  considered  in  view  of 
the  fact  that  the  whole  object  of  the  scheme  would  be  de- 
feated in  that  it  w-as  the  desire  to  conserve  our  alum. 

The  production  of  this  finely  divided  suspended  matter 
was  at  variance  with  the  laboratory  experiments  and  is 
somewhat  difficult  to  explain  unless  the  mechanical  action 
on  the  sludge  as  it  was  drawn  through  the  many  suction 
Iioles  and  thrased  about  in  the  pump  impellar  were  respon- 
sible, though  there  is  to  be  set  against  this  idea  the  fact 
that  water  dipped  from  the  mixing  chamber  just  at  its  time 
of  discharge  showed  the  same  large  ragged  floes  that  were 
produced  in  the  laboratory  with  air  agitation,  and  the  same 
tendency  to  rapidly  settle.  It  was  also  impossible  to  get 
sludge  runs  long  enough  to  gain  an  idea  of  just  how  such  a 
water  would  act  on  the  filters  either  to  rapidly  increase  the 
loss  of  head,  the  amount  of  wash  water,  or  how  it  would 
interfere  with  the  quality  of  the  effluents. 

Xo  agitation  was  used  in  the  plant  sized  experiments  other 
than  that  afforded  by  the  normal  baffling  of  the  mixing 
chambers,  this  point  again  checking  the  laboratory  findings 
(if  the  comparative  importance  of  the  volume  of  the  sludge 
used  rather  than  the  length  of  time  in  contact. 

It  is  diflicult  to  state  with  sureness  any  exact  explanation 
of  these  phenomena.  It  would  appear  that  they  are  largely 
mechanical  in  that  the  sludge  made  use  of  contains  no 
residual  chemical  activity,  in  that  the  sludge  apparently  acts 
to  scour  out  colloidal  matter  as  evidenced  in  the  reduction 
of  the  magnesium  content  of  the  water  as  was  further  evi- 
denced in  the  apparently  greater  efficiency  to  so  do  when 
applied  to  the  water  that  has  its  lime  reactions  most  nearly 
•  ompleted,  and  finally  as  evidenced  in  the  fact  that  the  re- 
durtion  in  the  normal  and  total  alkalinity  must  come  about 
through  the  introduction  of  the  many  crystals  of  calcium 
carbonate  that  act  as  foci  for  the  more  rapid  formation  of 
such  crystals  than  normally  takes  place. 


Cost  of  Sewage  Pumping  at  Newton,  Mass. — During  I91S 
tlip  sew  a,i;e  pumping  station  of  Newton,  Mass.,  handled  2.5,- 
214.500  gal.  of  sewage,  at  a  total  cost  of  $2,242.  according  to 
the  last  annual  report  of  E.  H.  Rogers,  City  Engineer.  This 
total  incluiies  the  following  items:  Gasoline,  $.109:  electric- 
ity, $51S-  other  expenses.  $1,424.  The  gasoline  consumed 
amonntPd  to  1,2^5  gal.  The  plant  comprises  two  2>2  in.  cen- 
trifugal pumps  operated  by  two  1;  h.n.  gasoline  engines  and 
one  4  in.  centrifugal  pump  operated  by  a  lu  h.p.  motor.  The 
pumping  station  cost  $r,.700. 
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Chloramine* 

B.v  \V    K.   .\IO.\  1  K«ii;  1    iiiiit   O    .V    U.\K.NKS. 

The  upplu-allon  b.v  KlttiMil  of  cliloniuiine  lis  «  slerlli/liiB 
BKont  for  wiiter  nml  sowukk  him  lotl  to  roiiowoil  Interest  lu 
the  reuiiioii*  of  chlorine  with  ununonin  salts  and  with  am- 
monia .Much  ourlior  work  has  since  been  repeated  lu  the 
hop«  of  ilevoloplDK  control  of  the  reactions  anil  prevention 
of  loHses.  The  fundamental  work  of  UnschiR  has  been  com- 
monly overlooked.  I'hloramlne  (chlornmlne.  nionochlora- 
inlnei  Is  formed  (Hnschic.  r.ui:,  I'hem.  Zelt.  ;!l.  <.t2G)  b.v  treat- 
Ins  dilute  (xdullonB  of  hypochlorites  with  dilute  ammonia, 
which  lUsrhlK  expresses  In  the  following  equation: 
NH,  4-  NnCri  =  NH.Cl  +  NaOII. 

With  ammonia  and  sodium  hypochlorite  in  e(|uivalent 
amounts  (In  S  normal  solutioni  there  Is  some  decoinposi 
lion,  liberation  of  nItroKen  or  reversion  to  ammonia  is 
hastened  by  the  presence  of  hydroxyllons.  It  calcium  hy- 
p*»chlorlie  In  equivalent  amounts  be  substituted  for 
siHllum  bvpochlorlte  the  reaction  may  be  thus  understood: 
;  CaOl'l..-  :  NH.OH=:  NH.t^l  +  CaCl,  +  Ca(OH).,.  With 
stronfc  soltitlons  reacting  there  Is  here  a  tendency  to  pro- 
duce nltrofsen  trichloride  and  nitrogen. 

It  Is  apparent  that  a  solution  of  chloi-amine  of  only  rela- 
tively low  concentration  can  be  prepared:  that  if  stronger 
solutions  of  bleach  and  of  ammonia  are  used,  the  reaction 
must  take  place  In  the  presence  of  considerable  amounts 
of  dllutinfr  water. 

Experiments  were  undertaken  to  determine  the  stability 
of  chlornmlne  solutions  of  different  strengths.  Two  methods 
of  determining  the  velocity  of  the  reaction:  (1)  The  con- 
tent of  chloramine  remaining  in  the  solution  after  the  lapse 
of  each  period  of  test,  and  (2)  the  total  volume  of  nitrogen 
evolved  in  a  pas  burette  at  the  end  of  each  period. 
DECREASE  !N  .\VAIU\BL.E  CHLORINE  OT"  A  CHLORAMINE 
SOLl'TION. 

Hours, 


11> 

II  ; 
17 
19 
10 


2.1 
24 

2.T 

2>5 

2S 

29 

32 

51 

54 

73 

76 

98 

101 

145 

14S 

170 

173 


Chlorine— 

Cubic 

oentimetCT. 

p.arts   per 

Nitroppn    evolved 

million. 

from 

.•■in  cc.  sol. 

1003.443 

0 

1003.443 

0 

1003.443 

0 

1003.443 

0 

9S4.68 

0.01 

9S0.S6 

0.05 
0.09 

!175.12 

0.12 
0.13 

965.56 

0.17 
0.27 

sgn.os 

S79.52 

0.37 

SfiS.Sfi 

0.44 

SfiO.On 

sso. 

* 

0.51      ■ 

850.84 

0.63 
0.69 

841.28 

0.73 

707.44 

1.6 

551. 4S 

2.5 

4?.n.2n 

3.25 

296.36 

4.10 

213.00 

4  SO 


The  amount  of  nitrogen  evolved  is  a  function  of  the  rate 
of  disappearance  of  available  chlorine,  which  finds  expres- 
sion in   the  equation — 

3  NH:CI  =  N,  +  NH.Cl  4-  2  HCl. 

A  serie?  of  determinations  was  made  of  the  rate  of  de- 
composition  of  chloramine   solutions   of  different   strengths: 

riEc -O.M  POSITION    OF    CHLORAMINE    SC/IA'TIONS. 

Available  chlorine.     Available  chlorine. 


Hours  Ppra 

Series 
0 10200 

1. 

2. 

3. 


Loss 


Ppm. 


Loss. 


11... 
24... 
32.5. 
53.5. 


Series. 


10200 

n 

7275 

28.68 

R900 

32  25 

6413 

37.13 

4875 

-,<>  2R 

3844 

82. on 

1744 

82  !)ft 

n2.n 

S8.9T 

300 

97.06 

3 

f!12n 

0 

S5in 

9  92 

5250 

14.21 

41SS 

18.50 

4350 

28.92 

8160 

n 

7388 

9.46 

7013 

14.06 

6619 

18.88 

.n43S 

33.36 

2194 

45.76 

2194 

73.11 

1819 

77.71 

469 

9303 
1 

4089 

n 

37Sn 

SO'l 

3638 

10.83 

3516 

13  82 

3169 

22.3:: 

'From  a  paper  presented  March  25  at  the  annual  meeting:  of  the 
Illinois  Section  of  the  American  Waterworks  Association. 


U... 

24,  .. 
.•12  V... 
S3M,. 


:Sorli'S. 


.3788 

38.10 

2897 

29.00 

2175 

64.46 

2016 

50.59 

1B3S 

74.87 

1603 

60.71 

663 

90.80 

863 

78.85 

5 

:!n60 

0 

204O 

0 

2775 

9.31 

1875 

8.09 

270(1 

11.76 

1844 

9.61 

2025 

14.22 

1813 

11.13 

2391 

21. SK 

1706 

16.37 

2231 

27.09 

1638 

19.71 

1G88 

41.84 

13.50 

33.82 

1397 

54.36 

1194 

41.47 

863 

72.12 

8C3 

67.69 

:i2M, 

63  W, 

The  most  concentrated  solution  used  (10.2  grains  available 
chlorine  per  liter  or  .2877  normal)  foamed  vigorously  at  the 
start:  the  succeeding  one  less  and  so  thiough  the  several 
series,  with  the  velocity  of  the  decomposition  diminishing  in 
each  case  as  the  period  of  experiment  was  prolonged,  as  in- 
dicated both  by  the  volume  of  gas  evolved  and  the  concen- 
tration of  available  chlorine.  A  precipitation  of  calcium 
hydioxide  varied  in  the  series  of  reactions  from  very  heavy 
in  the  llrst  to  relatively  slight  in  the  last. 

From  these  data  it  is  apparent  why  the  application  of 
chloramine  should  be  made  under  such  conditions  that  the 
concentration  of  the  mixed  reagents  shall  not  exceed  1  part 
per  million.  A  solution  even  of  this  low  concentration  should 
not  be  stored  longer  than  24  hours  and  is  best  made  up  as 
used.  Not  only  do  hydroxyl  ions  in  solutions  prepared  from 
bleach  and  ammonia  reduce  the  stability  of  chloramine;  their 
reaction  with  bicarbonate  ions  in  the  treated  water  convert 
the  latter  to  bivalent  carbonate  ions,  and  cause  a  copious  pre- 
ciiiitation  of  calcium  carbonate. 

OH  +  HC03=rH,0  +  COj. 

Tliis  has  resulted  in  incrustation  of  feed  pipe  and  of  lines 
carrying  the  treated  water  from  the  point  of  applying  chlora- 
mine. 

Some  experiments  were  carried  on  in  preparing  chlora- 
mine with  dilute  chlorine  water  and  dilute  ammonia  com- 
pounds. Nil, OH,  (NH,),.  COs,  etc.,  with  varying  results. 
Wliile  it  is  theoretically  possible  that  some  chloramine  might 
be  formed  under  these  conditions,  the  diverse  possibilities 
of  reaction,  indicated  by  Bray  and  Dowell  (,T.  Am.  Chem.  Soc. 
:^9.  00.-,  I.  offer  little  hope  that  direct  addition  of  ammonia  and 
liquid  chlorine  to  a  water  can  be  so  controlled  and  distribu- 
tion of  the  sterilizing  agent  made  so  efficient  as  to  insure 
the  full  chlorine  equivalent  in  chloramine. 

Rideal  1,1.  Roy,  San.  Inst.  31,  33,  1910),  found  that  when 
chlorine  was  introduced  into  sewage  it  was  rapidly  con- 
sumed, but  that  after  free  chlorine  had  entirely  disappeared 
tliere  persisted  a  strong  germicidal  power.  The  same  results 
were  obtained  when  bleaching  powder  was  added  to  a  water 
containing  a  small  amount  of  ammonia.  It  seemed  probable 
that  tlie  ammonia  did  not  increase  the  oxidizing  power  of 
chlorine,  since  readily  oxidizable  organic  matter  in  water 
absorbed  much  less  chlorine  from  ammonia  and  hypochlorite 
than  from  hypochlorite  alone.  Furthermore  the  bleaching 
effect  on  dystuffs  indicated  that  ammonia  and  bleach  together 
had  only  2  per  cent  of  the  oxidizing  (bleaching)  power  of 
hypochlorite  alone.  While  chloramine  has  little  oxidizing 
value  it  is  still  able  to  displace  iodine  from  potassium  iodide, 
giving  the  usual  starch-iodide  reaction:  its  chlorine  can  be 
precipitated  by  silver  nitrate,  and  its  ammonia  equivalent 
determined  with  the  strongly  alkaline  Nessler's  reagent. 
Rideal  showed  that  chloramine  has  a  phenol  coefTicient  of 
G.C  three  times  that  of  chlorine. 

According  to  Dakin  (Proc.  Roy.  Soc.  Lond.  Series  B  89, 
B.  1G4.  pp.  232-251)  the  germicidal  value  of  hypochlorite  in 
sewage  is  due  to  chloramine  derivatives  produced  by  the 
action  of  chlorine  on  amino  acids  and  proteins.  The  proteins 
present  in  sewage  contain  amino  groups  which  may  react 
with  chlorine  to  form  substituted  chloramines  containing  the 
NCI  group.  Wlien  chlorine  or  bleaching  powder  is  added  to 
sewage,  there  may  occur  a  primary  oxidation  and  a  secondary 
formation  of  toxic  chloramines  from  the  reaction  of  amino- 
bodies.  When  chloramine  is  added  to  sewage  the  initial 
rapid  oxidation  is  eliminated,  and  the  germicidal  action  be- 
gins at  once.  Dakin  attributes  the  latter  action  to  the  chlora- 
mine group. 

It  is  possible  that  proteins  of  living  cells  may  so  react, 
and  that  the  killing  of  micro-organisms  by  hypochlorites  is 
due  to  chemical  changes  of  this  character  within  the  living 
cell,  either  by  direct  action  of  the  germicide  or  by  secondary 
products  or  similar  nature. 
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Water  Charges  in  5 1  Cities  of  9,000 
to  10,000  Population 

Interesting  information  on  the  water  service  in  cities  of 
9,000  to  10  000  population  has  been  collected  by  Mr.  Kenyon 
Riddle,  City  Manager  of  Xenia,  Ohio.  A  questionnaire  was 
sent  to  all  cities  of  the  United  States  of  the  above  size  and 
replies  were  received  from  43.  Information  on  eight  Ohio 
cities  was  obtained  from  the  Bureau  of  Inspection  .and  Super- 

TABLE  I-CO-ST  OF  WATER  SERVICE  IN  51  CITIES  OF  FROM    9,000  to  10,000  POPULATION. 


Name  of  City.                               >s  =  » w 

=  H  "3  o& 

A  .^  ^ 

'Xe-nia,  O.   (,P>    . . .      $260,000  .    1S87  *l-'.^00 

-Aberdeen,  S.  D    u\l)    224,500  1885  * 

•Fostona,    O.    (M)     Igg')  • 

'Emporia,  Kan.    (Mj    '.'.'.'.'.'.'.'.  400 MO  1885  ' 

■corsicana,   Tex.    (M) 160,000  1895.  6,325 

•lola,  Kan.    (M) 123,000  1900  * 

-Hastings,  Neb.   (M)    250  000  7,000 

-Westerly.  R.  I.   (M)    350;000  is97  3.578 

"Ludington,   Mich.    iM)    200  000  iSSl  6,000 

•Kahuay,   N.   J.    (.M)    3o0',000  1871  * 

■East  Cleveland,   O.    (P-M)    ...  • 

'Monmouth,  111.    (M)    300,666  is96  * 

function  City.  Kan.   (.M)    200,000  1S87  4,550 

•Fort  Scott.   Kan.    (Mi    295.500  1SS3  6.120 

^Kewanee,    111.    (M)    395.000  1917  8,550 

•Granite  City,   III.    (p)    1S92  4.840 

Hopkinsville,  Ky.   (P)    1S95  5,310 

'Sanford.    Me.    (P)    18S5  2,400 

"Delaware.    O.    (P)     300.000  188S  11.280 

■Owosso,    Mich.    (P)    150,000  1889  4.800 

'Tyler.   Tex.    (M)    285.000  1917  * 

*De-fiance.   U.    Cvl)    150.000  1888  ' 

•St.   Charles.   Mo.    (M)    160.000  1901  * 

'"Abilene.    Kan.     (M) 80,000  1897  3.000 

'"Herington.    Kan.    (M) 110,000  1914  1.500 

'^.Mbuquerque.  N.  M.   (M)    400.000  1885  5.313 

"Pomona,    Cal.    (P) 500.000  1896  * 

•Clatksville.  Tenn.    (M)    200.000  1912  ' 

■^Brunswick.  Ga.   (P)    ISgO  4.054 

'■.-Vrkansas  City.  Ark.    (M)    200.000  1880  « 

'Chickasha,  Okla.    ( P)    240.000  1904  * 

'^Santa  Ana.   Cal.    (M)    1915  ■» 

-Goshen.   Ind.    (M)    220.100  1870  2.060 

'^Bellefontaine.   O.    (M)    lgS4  ■» 

'Billings.  Mont.    (M)    500,000  1883  * 

"Ashland.    Wis.    (Pi     480.000  18S4  24.445 

'''.-\naconda.   Wont.    (PI    ..  5  6oO 

»Barre.  Vt.   (M)    390.000  1887  2.860 

Virginia,   Minn.    ( M)    1S92  * 

'-Menominee.    Mich.    (.Ml 284,000  1884  * 

'Ottawa,    Kan.    (Ml    130.000  1886  5,680 

•Adrian.   Mich.    (Pi    150.000  1882  16.100 

'Abilene.  Tex.   (Pi    1S98  3  800 

"Medford.  Ore.    (M)    1909  6,000 

Ashland,  O.   (M)    » 

Coshocton.   O.    (M) 

Niles.   O.    (M) * 

Xorwalk.  O.    (M)    « 

Salem,  O.    (M)    « 

I'rbana.  O.   (M)    .  « 

Wellsville.   O.    (Ml    . 

Source   of   Supply:     'Wells  and   springs.     -Artesian    wells      'Reser 

wells.     "River  and  two  deep  wells.     '".Springs.     "Mountain  Stream.     '- 

*Xo  cost  to  city  for  public  service.     (P)     Private  ownership.     (Ml 

vision   of  Public   Oflices  of   that   state.     The  average  charge 

for  the   51   cities   for  water  to  private  consumers,   based  on 

40.000  gal.  per  year,  was  $8.7.5:   the  average  lowest  rate  per 

1.000  gal.   per   quarter  was   8.7   ct.     The   average  per  capita 

charges  were: 

Gross   returns    $3.25 

Fire  protection    27 

Total  public  .*^nrvice  charge    2.3 

Table  I  summarizes   the  information   from  the  51  cities. 


the  cost  was  $0.19.  The  total  amount  of  electricity  used 
for  pumping  was  237, 81C  K.W. 

The  estimated  population  of  the  city  was  15,000,  of  which 
14,000  obtained  their  supply  from  the  city  water  works.  Tlie 
percentage  of  consumption  metered  was  42.5  per  cent,  there 
being  1,602  meters  in  use.  The  number  of  services  was 
1.990,  and  the  number  of  hydrants  227.  The  per  capita  con- 
suiaption  was  45.3  gal.;  the  siipply  per  tap  was  330  gal  per  day. 

The  total  receipts  for  1918  were  $38,298,  and  the  total  op- 
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^From    city    of    Cleveland.      'Deep 


Operating  Results  of  Dover,  N.  H.,  Water- 
works for  1918 

The  cost  of  supplying  water  by  the  water  works  of  Dover. 
N.  H..  for  1918,  figured  on  total  maintenance  and  operation, 
was  $84.71  per  l.OuO.OOO  gal.,  according  to  the  last  annual  re- 
port of  Henry  E.  Perry,  superintendent.  The  total  pump- 
age  for  the  year  was  238.028.000  gal.  by  meter  measurement. 
The  average  pumpage  per  day  was  658,209  gal.:  the  highest 
pumpage  was  in  February — 821,530  gal.  The  total  pumping 
hours  for  the  year  was  2.498.  The  average  static  head  against 
which  the  pumps  work  is  168  ft.,  and  the  average  dynamic 
head  is  185  ft.  The  number  of  gallons  pumped  per  K.W. 
hour  of  electricity  was  1.000.  The  cost  per  1.000,000  gal. 
pumped  was  $35.34:   per  1.000,000  gal.  raised  1  ft.   (dynamiri 


erating    e.xpenses    were    $20,215.      The    latter     figure     covers 
maintenance  and  operation  and  includes  the  following  items: 

Filter  beds $      773 

Damage  and   litigation 482 

Hussey  springs    603 

Kelly  springs  79 

Dis.   piping   S19 

Meter  service    1 ,206 

Pipe   shop    151 

Pumping  station    8,435 

Office  expense   302 

Service  piping   1,541 

Pond   station    1.428 

General    .• 4.391 


Total $20, 

Tlie  pumping  station  costs  were: 

Pay   roll    $1 

Electric   power 4 

Freight  and  express 

Blacksmith  work   

Lumber    

nil    

Coal    1 

Pixie  and   fittinus 

Valves 

.-.^tove    '. 

:\Tachine  work   

Hardware    

Packing    

Teaming   


215 


323 

472 


300 
5 

763 

310 
26 
10 
4 
32 
1,'. 

154 


Total    ss.4.35 

The  water  works  were  built  in  1S8S-9  and  the  total  cost  to' 
date  has  been  $498,167. 
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Methods  And  Costs  of  Constructing 

a  Snuill    I  ininol  for  Irrii^a- 

tion  Canal 

i!>  .1.  M.  i;n.i;s. 

Chief  bliiKinopr.  Poilo  IlUo  InlBatloii  Service. 

The  followlns  notes  refer  to  a  siiuiU  liiiiiiel  on  the  line  of 
nn  IrrisatliM:  eiuml.  «hlrh  forms  ii  i>;irl  of  the  system  built 
by  the  Porto  Uleo  IrrlRi'tlon  Service.  The  work  was  done  by 
•lay  labor.  The  lenKth  Is  t;i»0  ft.  from  |)orlal  to  i)orlal.  The 
flr.lsheil  tnnnel  is  concrete  lined.  .">  ft.  wide  by  t  ft  f.  in.  high 
nt  the  sides.     The  roof  arch  has  a  rise  of  9  in. 

The  first  few  feet  of  each  heading  was  decom|)osed  rock 
tdlorite).  and  e.\cavatlon  was  made  by  picking  out  the  softer 
portions  and  loosening  the  larger  masses  by  means  of  crow- 
bars. When  harder  rock  was  reached,  holes  were  drilled  by 
hand  ind  blasted  with  t>t)  per  cent  semi-gelatin  dvnamile. 
At  times  the  rock  was  very  hard,  so  that  not  more  than  I  or 
5  (t.  of  hole  was  drilled  by  each  pair  (drill  holder  and 
striker*  during  a  lit-hour  shift.  But  the  holes  drilled  were 
firod  at  the  end  of  each  shift  and  the  next  shift  started  new 
holes.  In  this  way  It  was  possible  to  take  advantage  of  the 
numerous  senms  in  the  rock  and  fewer  holes  and  less  ex- 
ploslxe  were  used  than  would  have  been  necessary  if  a 
"round"  of  holes  had  been  drilled  to  pull  the  whole  face. 

The  work  was  carried  on  as  nearly  continuously  as  local 
conditions  would  permit.  Two  shifts  of  10  hours  each  al- 
lowed time  for  gasses  to  escape.  No  work  was  done  on 
some  days,  nor  on  other  important  "feast  days.'"  There  were 
frequent  occasions  when  for  one  rea.son  or  another  not  enough 
men  showed  up  to  work  a  shift,  and  occasionally  the  whole 
crew  would  strike  for  higher  pay  and  no  work  would  be 
done  for  ."  or  4   days. 

The  sequence  of  operation  in  the  tunnel  was:  .\n  hour 
or  two  after  each  blast,  the  men  of  the  new  shift  went  in  to 
the  heading  and  began  picking  down  all  loose  rock  in  the 
face  and  over  head.  If  needed,  a  set  of  square  timbers  was 
placed  to  support  the  roof.  Posts  and  caps  were  6x8  in. 
timbers,  and  for  lagging  2x8  in.  or  2x10  in.  plank  was  used 
The  drill-^rs  then  started  drilling  and  two  laborers  removed 
the  muck  in  1  yd.  revolving  dump  cars.  The  loading  and 
hauling  was  all  done  by  the  two  muckers,  except  that  when 
an  unusually  large  quantity  was  to  be  removed,  another 
man  was  required.  The  numerous  seams  in  the  rock  were 
filled  with  a  very  fine  unctuous  clay  which  caused  large 
pieces  of  rock  to  fall  very  unexpectedly  sometimes.  To 
avoid  this,  practically  the  whole  roof  of  the  tunnel  was  sup- 
ported by  temporary  timbers,  until  the  concrete  lining  was 
placed.  In  a  few  places  the  ground  became  so  soft  that  the 
timbers  were  not  removed  but  were  encased  in  the  concrete. 
Monthly  progress  of  excavation  for  each  heading  is  shown 
below: 

West  East 

Iieauini;.  lieading. 

>ronlh.                                                        ft.  ft. 

September    SB 

October    ....'. .">0 

November     21  41 

December T. . .   22  55 

January  2S  47 

February     4S  52 

March    33  63 

April    2n  46 

Total     296  304 

The  tunnel  was  lined  with  concrete  made  of  Portland 
cement,  and  broken  stone  from  the  tunnel,  hand  mixed  in 
proportions  1:3:6.  A  mixing  platform  was  built  on  the 
dump  near  each  end  of  the  tunnel,  and  alongside  the  port- 
able track.  The  broken  rock  was  loaded  into  wheelbarrows, 
which  served  for  measuring  and  wheeled  to  the  platform. 
After  mixing,  the  concrete  was  shoveled  into  cars.  The  car 
bodies  were  wooden  boxes  1  ft.  deep,  built  of  2  in.  plank 
to  rest  "on  the  trucks  of  the  revolving  dump  cars.  The 
dump  body  was  removed  and  the  flat  box  placed  on  the  truck 
whenever  concrete  was  to  be  hauled.  One  end  of  the  car 
box  was  made  to  slide  between  cleats  on  the  side  boards, 
so  that  the  end  could  be  removed  to  facilitate  shoveling  the 
concrete  from  the  cars  to  the  forms.  Side  wall  forms  were 
made  in  panels  9  ft.  long,  using  boards  1%  in.  thick.  The 
first  two  boards  from  the  bottom  were  nailed  to  2x4  in. 
uprights  4%  ft.  high,  the  height  of  the  side  walls.  The  re- 
maining boards  were  placed  one  at  a  time  as  the  wall  was 
built  up,  these  were  not  nailed  but  were  held  in  place  by  the 
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pri'ssure  of  tlic  concrete.  Kacli  pair  of  uprights  was  held 
.ipart  by  a  pair  of  spreaders,  2x4  in.,  one  at  tlic  top  and  one 
at  the  bottom.  After  the  concrete  had  set  for  not  less  than 
24  hours,  the  side  wall  forms  were  removed  and  arch  forms 
placed.  These  were  made  in  sections  I!  ft.  long.  Two  ribs 
were  cut  from  l'>;xl2  in.  boards  and  worked  to  the  proper 
radius.  Lagging  2  in.  by  3  in.  by  3  ft.  was  nailed  to  these 
ribs  to  make  a  section  of  form.  As  each  3  ft.  section  was 
I)larecl.  the  concrete  was  shoveled  upon  it  from  the  open 
end,  and  rammed  into  place  by  a  2x4  tamping  stick.  The 
arch  and  side  walls  are  !l  in.  thick.  All  space  between  con- 
crete and  the  rock  was  carefully  packed  with  stone. 

When  concreting  was  started,  only  one  gang  was  used, 
placing  first  the  side  walls  and  then  the  arch.  After  exca- 
vation was  comi)leted.  the  remaining  concrete  was  placed  by 
two  gangs,  one  working  on  side  walls  and  the  other  ])lacing 
the  arch.  .After  the  sides  and  arcli  had  been  completed,  the 
track  was  taken  up  and  a  4  in.  concrete  floor  was  placed 
through  the  entire  length  of  the  tunnel.  Near  the  west  end. 
a  .SO  ft.  section  was  in  such  hard  and  apparently  solid  rock, 
that  side  walls  and  arch  were  omitted  from  this  portion. 

Details  of  <ost  are  shown  below: 

PORT.M-   CI'T   EXCAV.VTION.    2,200    CV .    METEHS. 
(Cubic  meter  equals  1.3  cu.  vd.) 

Total.  Per  unit. 

Ijalior.   excavation    $1,0S9  JO. 467 

l.al>or.  drilling  and  blasting  127  .055 

L/abor.  haul   850  ,371 

l>abor.   miscellaneous    303  .132 

SUDPlios     77  .02!) 

E-xplosivcs     ■ 41  .018 

CJeneral  expenses    195  .085 

Total     $2,662  $1,157 

TUNNEL   EXCAVATION,    C57    CU.    METERS. 

Total.  Per  unit. 

I^lior.  drilling-  and   olastins   $1,9:!:!  $2,518 

l,abor.  layinn  and  repairing  track   57  .086 

l.^il>or.    tnuc-kiu^    557  .847 

l,alioi-.  haiil   .'544  .828 

Labor,   mi.siellaiieous    742  1.128 

.Supplies    358  .544 

Explosives    329  .501 

lilacksmith  shop   388  .892 

General  fxiienses   545  .828 

TimlierinK.    I.ahor    110  .167 

Timhcrin.i-*.    materials    201  .305 

Total     $5,765  $8,744 

CONCRETE  IJNING.    223.6   CV .   JIETERS. 

Total.  Per  unit. 

L^t.or  pi-i-p.  and  seni $    163  $0,726 

Labor,    forms    27  .119 

Labor,    mixins;    260  1.160 

Labor,   hauling  and  placing    301  1..^4S 

Labor,    lltiishiiis    14  .^^65 

T/ahor.  hauling  and  screening  stone   266  1.188 

I^abor.    miscellaneous     192  .8.tS 

Conient    cost     612  2.730 

Cenu'nc  haul   86  .383 

Materials  and   supplies,    miscellaneous    45  .202 

Materials   and   supplies,    forms    53  .237 

Repairs    10  .043 

General  expenses   177  .791 

Water  co.st    149  .667 

Refill     103  .459 

Total     $2,459  $10,976 

The  total  cost  of  excavating  and  lining  tunnel,  600  ft.  long, 
was   $8,224,  or  SI.'!.?!   per  lineal  foot. 


Net  Water  Revenue  atDuluth  Increased  25 
Per  Cent  in  1918 

In  his  annual  report  for  1918.  Mr.  D.  A.  Read.  Manager  of 
the  City  Water  and  Light  Department  of  Duluth,  Minn.,  calls 
attention  to  the  fact  that  the  total  amount  of  water  pumped 
was  2  per  cent  less  than  the  previous  year,  while  the  net 
water  revenue  increased  25.2  per  cent  with  exactly  the  same 
rates  and  with  an  increase  of  salary  for  nearly  every  em- 
ploye This,  he  stated,  has  been  partly  accomplished  by  an 
increase  in  the  meterage  from  93.2  per  cent  in  1917  to  94.2 
per  cent  in  1918.  He  adds  that  while  some  of  the  reduction 
in  pumpage  was  accomplished  by  repairing  leaks,  notably 
one  at  the  ship  canal  crossing,  where  the  leakage  was  re- 
duced from  18  cu.  ft.  per  minute  to  C  cu.  ft.  per  minute,  still 
the  larger  saving  has  undoubtedly  been  effected  by  the 
change  in  method  of  paying  for  water.  Under  the  flat  rate 
system  a  customer  has  no  direct  incentive  to  save  water  or 
prevent  waste.  It  is  true  that  it  is  or  should  be  to  the  gen- 
eral interest  of  all  that  each  individual  should  save  in  order 
to  lessen  the  burdens  for  all,  but  to  most  individuals  this  is 
an  intangible  saving  that  does  not  readily  appeal  to  the 
understandins. 

) 
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Power  and  Pumping  Section 

This  section  of  the  Waterworks  and  Hydrauhc  Monthly  issue  of 
Engineering  and  Contracting  is  devoted  to  the  selection  of  power  and 
pumping  equipment  and  the  economic  management  of  its  operation. 


An   Effective    Yet    Simple    Bonus 
System  for  Power  Plants 

In  the  early  part  of  I'Jlo  the  management  of  the  Manila 
Electric  Railway  had  under  consideration  the  inauguration 
of  a  bonus  system  of  wages  for  the  employes  of  the  power 
plant,  with  a  view  to  arousing  in  them  more  enthusiastic  in- 
terest in  fuel  saving,  which  would  lead  to  a  lower  unit  cost 
of  electrical  energy  generated.  A  48-hour  economy  test  of 
the  power  plant  was  made  to  determine  the  distribution  of 
the  heat  losses  and  that  available  for  conversion  into  elec- 
trical energy.  The  test,  with  all  the  accompanying  speciti- 
cations,  instructions  and  data  to  be  obtained,  was  planned  by 
the  J.  G.  White  Management  Corporation,  the  operators  of 
the  Manila  property.  From  a  study  of  the  data  and  results 
obtained  from  this  test  it  was  evident  that  considerable  sav- 
ing in  fuel  was  possible  without  going  to  any  great  expense 
for  improved  equipment,  by  securing  more  careful,  intelli- 
gent and  efficient  service  from  the  power  plant  employes. 
As  a  consequence  a  bonus  system  was  devised  by  Mr.  B.  H. 
Blaisdell,  Chief  Engineer,  Power  Plant  of  the  company,  that 
has  given  most  gratifying  results.  The  system  is  described 
by  Mr.  Blaisdell  in  Aera,  to  which  we  are  indebted  for  the 
matter  in  our  article. 

With  the  exception  of  most  of  the  engineers,  all  the  em- 
ployes are  Filipinos  who  have  obtained  their  e.xperience  and 
training  almost  wholly  in  the  plant.  To  make  these  men 
more  progressive  and  efficient  and  less  dependable  on  the 
limited  supervision  of  the  engineers,  it  was  evident  that  some 
special  form  of  monetary  reward  for  meritorious  service 
must  be  adopted 

A  simple  increase  in  the  weekly  wage  was  certain  to  fail 
in  bringing  about  any  great  or  especially  lasting  improve- 
ment in  economy.  The  reward  must  be  in  proportion  to  the 
service  rendered  in  the  saving  of  fuel,  in  order  to  bring  about 
the   results   desired. 

Employes  Reap  Benefit. — With  this  object  in  view  the  man- 
agement offered  the  power  plant  employes  beginning  .June 
1,  Ifil.j,  one-half  of  the  value  of  the  fuel  saved  due  to  effort 
on  their  part,  the  distribution  of  the  bonus  to  be  made 
monthly  to  cover  such  saving  as  had  been  accomplished  dur- 
ing the  preceding  month. 

Notices  were  posted  explaining  carefully  every  detail  of 
the  plati  by  which  it  was  possible  for  the  employe  to  earn 
extra  compensation  for  his  ability  to  save  coal  and  decrease 
the  cost  of  coal  to  the  company. 

The  standard  of  fuel  elhciency  on  which  a  saving  was  to 
be  reckoned  was  set  at  41.000  B.  t.  u.  (British  thermal  units) 
per  switchboard  kilowatt  hour  generated,  this  being  the 
average  efficiency  obtained  during  the  48-hour  plant  test 
above  referred  to. 

It  was  only  fair  and  pioper  I  hat  the  saving  in  fuel  be  com- 
puted on  a  B.  t.  u.  basis,  since  the  company  purchases  its 
coal  on  this  basis,  all  cargoes  received  being  sampled  and 
the  heat  value  determined  by  an  outside  and  neutral  test- 
ing laboratory. 

Who  Participate. — With  the  exception  of  the  engineers,  the 
ilisfributicui  of  the  bonus  was  made  to  include  all  the  power 
plant  .  employes,  numbering  about  80  whether  or  not  their 
duties  were  directly  connected  with  the  consumption  of  coal 
or  the  generation  of  steam,  as  an  incentive  not  only  to  im- 
prove the  boiler  plant  efficiency  but  to  keep  the  electric  gen- 
erating equipment  in  the  best  condition  for  safe  and  econom- 
ical operation.  In  the  plan  of  bonus  system,  when  first  bul- 
letined for  the  information  of  tie  employes,  strong  emphasis 
was  laid  'on  the  fact  that  the  operation  of  the  plan  was  con- 
tingent upon  the  continuous,  efficient  and  economic  opera- 
tion of  the  power  plant,  with   respect  to  the  throwing  in  or 


throwing  out  of  the  various  units,  or  the  overloading  of  same 
to  their  detriment,  in-so-far  as  the  life,  the  cost  and  the  up- 
keep of  such  units  would  be  affected  by  wrong  practices  in- 
dulged in  in  order  to  save  coal,  as,  under  no  circumstances 
or  conditions,  would  the  operation  of  the  bonus  system  be 
permitted  in  any  way  to  affect  the  reliability  and  continuit.v 
of  the  electric  service  furnished  the  public. 

.\lthough  all  the  employes  participate  in  the  bonus,  the 
proportion  received  by  each  varies  with  their  responsibility 
or  the  (^egree  in  which  their  duties  offer  an  oppcu'tunity  to 
save   fuel. 

Penalties  Also  Provided. —  Profiting  by  the  experience  of 
many  companies  that  have  adopted  a  bonus  system  of  wages 


Bonus  Dial. 
The  daily  avera£;e  for  the  i)laiit  is  shown  by  jjegs  in  tlte-  inside 
-■ircle.  Each  of  the  three  w:;lehes  lias  a  circle  of  its  own.  while 
The  figures  on  the  outside  I'un  indicate  the  per  cent  savin.sir  of  fuel. 
.'^*iuare-headed  pegs  show  the  liighe.-^t  i>revious  record!  round- 
heade(i  pegs  show  current  record.  These  incentives  to  fuel  savins; 
appear  on  the  face  of  the  dial:  Make  Electricity  Required  At 
Lowest  Cost  Obtainable.  Lack  of  Inspeetion  Gives  Host  of  Troulde 
—  Perfeet  Operation  Will  Earn  R.  venue,  "A  little  coal  on  the 
grate  makes  the  furnace  hot;  a  ton  of  coal  under  the  grate  makes 
eoonom.v  naught":  "Saving  coal  at  the  expense  of  relialjle  service 
is  like"  saving  a  meal  at  the  expense  of  good  liealth." 

only  to  have  it  meet  with  dismal  failure  in  a  few  months 
on  account  of  trouble  arising  of  a  more  or  less  serious  na- 
ture solely  because  no  provision  had  been  made  to  retain 
discipline,  the  company  provided  against  such  a  contingency 
by  supplementing  the  bonus  with  penalties,  the  latter  to 
be  inflicted  on  employes  bi-eaking  the  established  rules  of 
proper  conduct. 

The  plan  as  carried  out  credits  each  employe  with  a  cer- 
tain number  of  bonus  points  per  day  according  to  his  posi- 
tion and  opportunity  to  improve  plant  efficiency;  for  instance 
a  water  tender  receives  10  points,  a  fireman  0  points,  an  oiler 
or  coal  passer  3  points,  etc..  through  all  the  different  classifi- 
cations of  employes.  Should,  however,  an  employe  break  a 
rule  or  otherwise  misbehave,  he  is  imniediately  disciplined 
by  being  penalized  according  to  the  magnitude  of  his  offense. 
.iVbsentees  from  duty  do  not  receive  points. 

A  daily  record  of  the  points  received  by  each  employe  is 
posted  where  he  can  readily  see  whether  le  has  succeeded 
in  winning  all  the  points  he  is  entitled  to  for  satisfactory 
service. 
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K)iginetrin(/  and  Contractiiu/  for  April  i',  1919. 


The  toiol  number  o(  poiiit:«  credited  to  an  employe  during 
the  munili  i.'<  a  niougurt>  of  Ills  share  of  the  total  bonus  earned 
during   the   numlli 

Shifts  Work  Together.-  No  ntlempt  Is  nitule  to  foster  com- 
petition between  menibers  of  ii  "watch"  or  shift,  but  rather 
to  encoumRe  co-operatiou  and  a  willingness  to  liplp  each 
other  that  ull  may  become  eijunlly  prolldont   in  fuel  suvlni;. 

However,  n  special  luducoment  Is  offered  to  Incite  a  sport- 
Inie  spirit  of  rivalry  betwoi-n  the  three  •watches."  each  to 
<'\<o!  the  other  In  fuel  ecouomy.  by  oompellinK  the  members 
of  iho  •  watch"  makiuR  the  poorest  showing  In  B.  t.  u.  con- 
sumption per  kilowatt  hour,  as  compared  to  the  best  previous 
record  of  this  •"wuich."  to  forfeit  10  per  cent  of  their  bonus 
points  to  the  members  of  the  "watch"  making  the  best  show- 
lull 

Record  l«  Shown  on  a  Bonus  Di.il.— The  relative  standing 
of  the  watches"  in  per  cent  fuel  saving  covering  a  period 
from  the  beRlnning  of  the  month  to  date  is  shown  on  a 
lllal  bunjt  In  a  conspicuous  place  In  the  employes'  dressing 
room.  The  Information  imparted  keeps  up  a  perpetual  in- 
terest and  enthusiasm  in  every  one  concerned  to  do  his  ut- 
most to  make  his  "watch"  rank  first  in  fuel  economy  so  as 
to  receive  an  extra  share  of  the  bonus  as  hereafter  de- 
scribed 

The  disk  Is  about  IS  In.  in  diameter  and  is  painted  near 
Its  outer  edge  with  four  circular  stripes  of  different  colors. 
The  black,  green  and  blue  stripes,  each  represents  the  gago 
of  efflciency  of  one  of  the  "watches."  while  the  red  stripe  is 
the  average  gage  cf  efficiency  for  the  combined   "watches." 

A  scale  denoting  the  per  cent  saving  in  fuel  circumscribes 
the  stripes,  the  latter  being  perforated  at  points  correspond- 
ing to  1  '10  of  1  per  cent  divisions  of  the  scale;  into  the  per- 
forations plugs  are  Inserted  two  for  each  stripe. 

Round  headed  plugs  are  inserted  at  a  point  in  the  stripes 
opposite  the  scale  reading  which  corresponds  with  the  aver- 
age per  cent  saving  in  fuel  obtained  from  the  beginning  of 
the  month,  while  square  headed  plugs  are  inserted  at  the 
point  In  the  stripes  so  a's  to  show  the  highest  monthly  record. 

At  the  end  of  the  month  the  "watch"  obtaining  the  highest 
efficiency  as  shown  by  the  relative  position  of  its  plugs  wins 
10  per  cent  of  the  bonus  points  of  the  "watch"  showing  the 
lowest  efficiency  as  denoted  by  the  position  of  its  plugs. 
The  "watch"  obtaining  intermediate  efficiency  receives  the 
regular  bonus. 

The  center  of  the  disk  is  inscribed  with  the  company's 
Insignia  together  with  appropriate  mottos  to  encourage  eco- 
nomical and  reliable  service,  and  an  honor  roll  which  indi- 
cates by  the  placing  of  a  star  each  month  opposite  the  name 
of  the  "watch"  boiler  room  foreman  winnins  the  10  per 
cent  extra  bonus. 

It  is  doubtful  whether  top  notch  economy  could  be  obtained 
without  pitting  one  "watch"  against  the  other,  nevertheless 
herein  lies  possibilities  ot  a  very  great  damage  to  the  suc- 
cess and  permanency  of  a  bonus  system  of  wages. 

Enthusiasm  runs  so  high  at  times  that  it  may  be  possible 
that  overzealous  men  will  attempt  to  accomplish  by  foul 
means  what  they  fail  to  gain  by  fair  means  in  order  to  win 
10  per  cent  extra  bonus  for  their  "watch." 

Offenses  Punished. — To  discourage  much  misdirected 
elTort.  prompt  and  energetic  action  should  be  taken  in  pen- 
alizing those  guilty  by  depriving  them  of  bonus  noints  com- 
mensurate with   their  offense. 

The  chief  engineer  of  the  plant,  on  receiving  complaints 
from  his  assistants  against  men  under  their  charge,  imposes 
the  penalties,  the  men.  however,  have  the  right  to  appeal 
to  the  assistant  general  manager  and  from  him  to  the  gen- 
eral manager. 

This  method  of  discipline  has  proved  very  successful  in 
improving  the  general  deportment  and  service  rendered. 

Weighing  the  Coal.— One  of  the  most  important  matters 
pertaining  to  plant  operation  that  demands  serious  thought 
and  study,  is  securing  a  proper  check  on  the  weighing  of 
coal  at  the  time  it  is  being  received  and  stored  on  the  pile 
as  well  as  when  the  coal  is  reclaimed  from  the  pile  for  daily 
consumption. 

The  company  employs  a  foreman,  coal  checker  and  a  num- 
ber of  assistants  who  in  conjunction  with  the  coal  com- 
pany's checkers  weigh  the  coal  as  it  is  being  discharged 
from  the  barges.  The  chief  engineer  holds  these  men  re- 
sponsihle  for  any  shortage  that  subsequently  may  be  dis- 
covered. 
The  weighing  and   registering  of  the  barrows   of  coal  de- 
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llverod  for  cousumpHon  to  the  boiler  plant  is  performed  by 
the  operating  force  of  coal  passers  as  they  wheel  the  bar- 
vows  across  the  coal  scales,  however,  at  all  limes  under  the 
rt-atchful  eye  of  a  regular  coal  checker. 

This  double  checking  of  the  dally  coal  consumption  by 
two  opposing  forces  is  very  imporiant.  in  fuel  necessary,  for 
the  coal  checkers,  being  responsible  for  any  shortage,  watch 
the  opoiiitlng  men  closely  that  they  abstract  no  coal  in  order 
to  increase  the  apparent  fuel  efficiency  and  thereby  their 
bonus. 

That  the  results  obtained  in  this  respect  are  all  that  could 
be  desired  is  allirmed  by  the  fact  that  not  one  pound  o£ 
shortage  has  occurred  in  the  coal  pile  since  the  inauguration 
of  the  bonus  system  two  and  one-half  years  ago. 

Increased  Efficiency. — .\n  improvement  In  fuel  elliciency 
l)egan  to  be  realized  immediately  after  the  bonus  system  of 
reward  for  fuel  saving  had  been  established,  and  the  econ- 
omies subsequently  obtained  have  been  far  greater  than 
anticipated. 

The  tiremen,  who  formerly  were  mere  shovelers,  grad- 
ually evolved  into  expert  boiler  operators,  capable  of  dis- 
tributing the  coal  at  the  right  time  in  the  right  amount  and 
in  tlie  right  place,  to  keep  an  even  fuel  bed  of  the  proper 
thickness  to  give  the  best  results. 

In  the  old  method  of  firing  each  fireman  had  certain  fur- 
nace doors  to  fire  and  the  resulting  efficiency  obtained  in 
the  different  boilers  varied  according  to  the  ability  and  in- 
terest taken  by  the  individual  fireman  attending  them. 

The  improved  method  compelled  the  firemen  to  follow 
each  other  down  the  line  of  boilers,  at  periods  depending 
on  the  load,  firing  alternate  doors,  thus  ensuring  equal  fur- 
nace operating  conditions  in  all  the  boilers  and  higher  econ- 
omy due  to  the  controlling  influence  of  the  more  experienced 
firemen  in  showing  up  and  correcting  the  faults  in  firing  ot 
the  less  ex|)erienced  men. 

The  water  tenders  learned  to  adjust  the  damper  to  admit 
only  the  necessary  air  to  furnaces  to  economically  burn  the 
coal  required  for  carrying  the  load.  The  frequent  use  of 
the  Osat  apparatus  for  testing  the  flue  gases  materially  as- 
sisted in  determining  the  most  economical  damper  opening 
for  different  hourly  load  conditions. 

The  coalpassers  became  more  careful  at  time  of  cleaning 
fires  and  ashpits  that  the  least  possible  amount  of  coal  was 
wasted  in  the  refuse. 

The  repair  men  increased  both  the  amount  and  quality  of 
the  work  performed,  especially  in  the  matter  of  cleaning 
boilers. 

It  became  the  practice  to  carry  the  greatest  output  possi- 
ble on  the  most  economical  generating  units  and  auxiliaries 
and  to  limit  the  machinery  in  service  to  only  that  necessary 
to  safely  carry  the  load. 

Saving  in  Fuel. — The  actual  saving  in  fuel  based  on  41,000 
B.  t.  u.  per  kilowatt  hour,  the  standard  set  .Tune  1.  1915.  when 
the  bonus  system  of  wages  was  established,  has  improved 
during  successive  six-month  periods  as  follows: 

Second  halt  vear  1910   Z.ii'^i 

First  half  year  191fi  12. .3^ 

Second  half  year  1916    15.3% 

First  half  year  191 7    15.2% 

Second  half  year  1917    (estimated)  IS. 5% 

This  remarkable  improvement  in  fuel  economy  was  not 
wholly  due  to  extra  effort  on  the  part  of  the  employes  par- 
ticipating in  the  bonus  system,  but  partly  to  improvements 
made  in  the  plant,  improved  methods  of  operation  and  im- 
proved condition  of  equipment,  largely  due  to  the  valuable 
engineering  advice,  instructions  and  co-operation  of  the 
.1.  G.  White  Jlanagement  Corporation,  the  operators  of  the 
JIanila  property. 

It  would  be  perhaps  fair  to  say  that  the  results  obtained 
were  due  to  the  efforts  of  the  employes  to  the  extent  of  ap- 
proximately .50  per  cent  of  the  fuel  economy  effected,  and  ap- 
proximately .50  per  cent  to  the  improvements  in  the  plant 
and  its  operation  for  which  the  company  is  indebted  to  the 
.1.  G.  White  Management  Corporation,  the  operators  of  the 
Manila  property  The  probabilities  are  that,  if  the  bonus 
system  was  discontinued,  the  estimated  saving  in  fuel,  taken 
as  approximately  50  per  cent  due  to  the  efforts  of  the  em- 
ployes, would  be  lost. 

Changes  in  Power  Plant. — Some  of  the  changes  and  im- 
provements made  by  the  company  in  the  power  plant  equip- 
ment and  the  operation  thereof  since  the  bonus  system  be- 
came effective  were  as   follows: 

1.  The    application    of   additional   heat    insulating   material 
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of  asbestos   and   magnesia   to   the   piping,   boiler   drums   and 
turbine  casing. 

2.  The  installation  of  a  combination  draft  gage  on  each 
boiler  so  located  that  the  boiler  attendants  can  be  guided 
by  the  indication  of  the  gage  as  to  the  condition  of  the  fuel 
bed  and  the  proper  adjustment  of  the  air  supply  to  the  fur- 
nace. 

3.  The  daily  log  sheets  were  improved  as  to  include  all 
data  necessary  to  enable  the  supervising  force  to  detect 
defects   in  operation   and   effect   improvements. 

4.  The  vacuum  obtained  at  the  turbine  exhaust  nozzle  was 
increased  by  reducing  the  resistance  offered  to  the  exhaust 
steam  entering  the  condenser,  by  removing  certain  con- 
denser tubes  as  to  open  up  steam  lanes  to  a  large  part  of 
the  condenser  surface. 

5.  The  practice  of  running  extra  auxiliary  units  for  no 
other  purpose  than  to  safeguard  continuity  of  service  was 
discontinued  without  serious  consequences. 

6.  Deflecting  arches  were  installed  in  all  the  furnaces  to 
effect  more  complete  combustion  of  the  highly  volatile  coal 
used. 

The  resulting  economies  obtained  by  the  changes  and  im- 
provements mentioned,  necessitated  from  time  to  time  a  re- 
duction in  the  standard  basis  of  coal  consumption  on  which 
bonus  for  fuel  saving  was  computed,  according  to  provisions 
formulated  in  paragraph  12  of  the  "Plan  of  Bonus  System 
of  Wages,"   given   below. 

Reason  for  Change  in  Bonus  Basis.— While  it  was  only  fair 
to  the  company  to  lower  the  standard  basis  of  fuel  consump- 
tion at  such  times  as  improved  efficiency  had  resulted  from 
changes  and  improvements  over  which  the  men  participat- 
ing in  the  bonus  had  no  control,  yet  it  was  necessary  not 
only  to  take  special  care  in  explaining  to  all  concerned  the 
reasons  for  a  change,  but  to  select  a  time  for  putting  the 
lower  standard  of  fuel  consumption  in  effect  when  operat- 
ing conditions  were  most  favorable  to  econotny  and  least 
liable  to  materially  16wer  the  amount  of  bonus  to  any  ex- 
tent which  might  cause  dissatisfaction  or  suspicion  among 
the  employes  that  the  company  was  not  giving  them  a  square 
deal. 

Notwithstanding  the  reductions  made  in  the  standard  basis 
of  computing  the  bonus  totaling  12.2  per  cent,  the  employes 
have  enjoyed  an  increasing  income  therefrom,  amounting 
during  the  year  1915  to  an  average  of  $400  per  month  or 
23  per  cent  of  their  wages,  during  the  year  1916  an  average 
of  $600  per  month  or  3.5  per  cent  of  the  wages,  and  during 
the  year  1917  an  average  of  $67.5  per  month  or  39  per  cent 
^f  the  wages.  Occasionally  the  bonus  distribution  exceeds 
$800,  but  this  aniount  rather  proves  too  generous  as  the  in- 
crease in  wages  derived  thereby  is  greater  than  the  average 
employe's  standard  of  living  requires,  resulting  in  many  re- 
maining off  duty  or  requesting  vacation  leave  for  a  few 
days  much  to  f'e  inconvenience  of  the  supervisory  force  and 
the  resultant  efficiency  and  reliability  of  the  operation  of  the 
plant. 

Results  Are  Gratifying. — The  bonus  system  of  wages  has 
now  been  in  operation  for  about  two  and  one-half  years  with 
the   most  gratifying   results. 

The  B.  t.  u.  consumption  per  switchboard  kilowatt  hour 
at  the  present  time  is  nearly  25  per  cent  less  than  it  was 
three  years  ago.  The  present  saving  in  fuel  cost,  based  on 
the  latest  standard  of  fuel  efficiency  put  in  effect  Sept.  1, 
1917.  is  8.75  per  cent.  The  company  and  the  employes  are 
equal  partners,  sharing  alike  the  results  obtained  from  fuel 
saving,  a  procedure  which  escapes  the  criticism  that  is  sure 
to  arise  when  a  company  appropriates  the  lion's  share. 

While  the  management  and  especially  the  chief  engineer 
of  the  power  plant,  has  never  wholly  approved  from  a  stand- 
point of  principle  the  offering  of  a  bonus  or  reward  to  em- 
ployes as  an  incentive  to  put  forth  their  best  effort,  the 
means  employed  in  this  plant  with  this  end  in  view  seems 
well  justified,  considering  the  great  improvement  in  economy 
subsequently  obtained  and  the  benefits  thereby  derived  by 
both  the  company  and  its  employes. 

PL.XX   OF   EONT.-S    SYSTEM   FOR   POWER   PUVNT   EMPLCYES 
MAKILA   ELECTRIC   RAILWAY   &    LIGHT   CO. 
(EFFECTIVE  JULY  1,   1917.) 
I])     The    standard    basis   of   coal    consumption    per    switrhbo.ard 
Isw-lir.   shall  be  3.15  lbs. 

(2)  The  basis  of  3.50  lbs.  of  coal  consumed  per  switchboard 
kvv-lir.  output  is  ba.sed  on  a  .•standard  of  11,715  b.t.u.  per  pound  ot 
coal.     Tliis  ha.s  been  fixed  on  the  results  of  the  laboi-atory  analyses 


made  of  Fushun  coal  used  dining  the  Power  Plant  economy  test 
made  March  i  and  4,  1915. 

(3)  The  standard  basis  of  coal  consumption,  bas.'il  on  li.t.ii. 
per  switchboard  kw-hr.  output  shall  be  36.900  (11.715  b.t.u.  x  3.15 
lbs.). 

1 4)  The  coal  consumed  per  switchboard  kw-hr.  output  shall 
lie  determined  by  taking  the  actual  weight  ot  the  coal  consumed 
and  adding  thereto  1  per  cent  additional  to  cover  possible  errors 
or  omissions  in  weighnig.  and  possible  losses  of  coal  consvniied  in 
the  pile  by  reason  of  spontaneous  combustion. 

(.5)  Fifty  per  cent  of  the  value  of  the  coal  saved  on  the  basis 
of  3.15  lbs.  consumed  per  switchboard  kw-hr..  based  on  11.715 
b.t.u.  per  lb.  of  coal,  or  30,900  b.t.u.  per  switchboard  kw-br.  output, 
■  letermined  by  the  coal  consumed  as  per  (4),  is  to  be  distributed 
to  certain  participaiini,'  employes  of  the  Power  Plant  Department 
as  shown  on  Exhibit  A. 

(6)  The  chief  engineer  of  the  Power  Plant,  who  is  not  to  par- 
ticipate in  the  distribution  ot  the  bonus,  is  to  determine  the 
schedule  of  points  to  be  allowed  the  different  occupations  of  the 
different  employes  of  the  Power  Plant,  as  per  Exhibit  B.  based 
on  the  relative  value  of  their  service.?.  The  chief  engineer  of  the 
Power  Plant  is  also  to  establish  a  schedule  of  the  penalties  lo  be 
applied  to  the  schedule  of  points. 

(7)  A  record  of  all  penalties  imposed  is  to  be  made,  and  tho 
employe  affected  is  to  be  notified  at  the  time  the  record  is  made. 
Employes  are  to  have  the  right  of  an  appeal  from  any  penalty 
imposed — first,  to  the  chief  engineer  of  the  Power  Plant,  next,  to 
the  assistant  general  manager. 

(8)  If  found  practicable,  or  desirable,  the  watch,  in  a  siven 
mouth,  making  a  better  record  than  the  same  watch  made  during  a 
preceding  month,  all  conditions  of  operation  being  taken  into 
consideration,  is  to  receive  an  additional  bonus,  to  be  determined 
by  the  chief  engineer  of  the  Power  Plant,  and  the  watch  making 
the  poorest  showing  in  the  same  month,  on  the  same  basis,  to  be 
coi'respondingly  penalized. 

(9)  Bulletin  boards  are  to  be  provided  to  keep  employes  posted 
regarding  the  basis  of  the  distribution  of  the  bonus,  how  applied, 
and  the  standing  of  each  employe  with  respect  to  his  participation 
in  the  bontis,  in  so  far  as  it  may  be  practicable  or  desirable  to 
bulletin  such  information.  If  practicable,  the  daily  results,  as 
affecting  the  different  watches,  should  be  posted  for  the  informa- 
tion of  the  employes. 

(10)  The  monthly  distribution  of  the  bonus  is  to  be  prepared 
by  the  Power  Plant  Department,  verified  by  the  Accountant  De- 
partment, and  completed  at  the  earliest  possible  date  following  the 
last  day  of  each  month. 

(11)  The  payment  of  the  bonus  on  a  day  other  than  the  reg- 
ular weekly  pay  day,  will  be  made  at  the  earliest  possible  date 
following  the  last  day  of  the  month  in  which  the  bonus  applies. 

(12)  The  company  reserves  the  right  to  change  the  basis  of  the 
ilistribution  of  the  bonus  in  any  way  it  sees  fit.  or  to  discontinue 
it  entirely,  if  it  so  decides. 

EXHIBIT  A. 
C^rcupation.s   ot  Power  Plant  employes  entitled   to   piinicipate   in 
liunu.s  y>steni  of  wages  etYectn'e  ^larch  1.  lOlti. 
Pay  roll 
(las.^itication.  .Xumlier  of 

Item  Xo.  Occupation.  ^mplo\es. 

1  Sub    foreman    1 

1  Chief  coal  checker   1 

1  Assistant   coal   checkers    2 

1  Clerk    1 

■I  C)ilers  and  cleaners 10 

4  .Switchboard  tenders   3 

4  Switchboard   helpers    2 

5  Firemen     15 

'J  Coal  passers    13 

7  \\'ater  tenders    3 

S  Boiler    cleaners    5 

9  V\'atchman 1 

11  i^tlier   lalior    2 

12  Meebanirs  .-ind    helpers    Iti 

13  Construetiou    and    reeonstructinri    3 


Total 


EXHIBIT  B. 
Scht<lule    of    i)oint.s    of    occtipations   of   power   eniplo.\  e.-^    forming 
hasis  for  di.siirt-'ution   of  the   l>onus  .-\'stem  of  wages  effective  July 
1.  1916. 

Schedule 
Pay  roll  of  daily 

classification.  points  per 

Item  Xo.  Occui>ation.  employes. 

1  Sub  loreman    15 

1  (."hief  coal  checker   5 

1  Assistant    coal  checkers    3 

1  Clerk     5 

3  t;ilers  and  cleaners      2 

1  S-.vitchboard  tenders    3 

4  Switchboard   helpers    2 

.'»  Fil-emen (J 

6  Coal  passers    3 

7  M^ater  tenders    10 

5  Boiler  cleaners  3 

N  Boiler  cleaner  helpers   2 

9  Watchman !• 

11  Other  lalior    1 

12  Mechanic    foreman     10 

12  MechMnics    3 

12  Mechanic  helpers    '? 

1 2  Laborers    2 

13  Construction  and  reeon.-^trU'-tiou   1 


Total     79 


(95) 
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Methods  for  Kodiichi^   Coal  Con- 
sumption; 20  "Dont's"  for  Fire- 
men and  W  ater  l  enders 

'  uiiis  uu   (lie  i-ua^crvaliou   ul'   cuul,   bused  on 

.  \,  ,10  iHiwor  pliiiits  of  the   I'liloii  Traction   Co. 

or  luili.ni.i.  urc  Blvin  l>v  Mi,  il.  II.  Kolsoy.  Kloiliical  KiirI- 
n«'er  o(  the  couiimny  In  "Siifety."  llu-  I'onipimy's  niimaziuo, 
Jroni   xvliioh  the  nuitti'r  rnllowhiK  is  takon. 

Theory  of  Coal  Combustion.  Tlii'  i)iocoss  of  buininK  I'oal 
Is  |>t>rmltthiR  tlip  oxym'M  of  tlio  ulr  lo  come  in  contact  witli 
Ihi'  carbon  of  the  coal,  wlilcli  process  will  proceed  when  tlic 
lemperutiire  is  once  raised  lo  the  point  of  combustion.  The 
purticirs  of  carbon  (coall  combine  wUh  oxvKcn  in  the  ratio 
of  one  particle  of  carbon  to  two  panicles  of  oxygen  and  form 
a  gas.  chemically  known  as  carbon  dioxide,  and  it's  jfymbol 
Is  Co'.  When  one  pound  of  carbon  combines  with  a  proper 
amount  of  oxygen  to  convert  all  of  the  carbon  into  carbon 
dioxide.  14.401I  heat  units  are  produced,  but  if  the  oxygen  is. 
not  properly  supplied  to  the  carbon,  either  through  a  lack 
of  sulWclent  quantity  or  through  improper  mixture,  much  of 
the  carbon  wlU  not  gel  its  full  supply  of  oxy.2;en  and 'will 
burn  with  n  great  loss.  If  the  carbon  gets  only  one-halt  the 
amount  of  oxygen  It  should  have  the  carbon  combines  with 
the  oxygen  and  forms  carbon  monoxide  (CO).  The  beat  pro- 
duced by  burning  one  pound  of  carbon  with  one-half  the 
proper  amount  of  oxyaen  is  only  4.100  heat  units,  so  it  is 
very  evident  that  it  is  ini|)ortant  to  supply  sufficient  oxygen 
for  complete  combustion. 

Now,  the  above  statements  must  not  be  interpreted  as 
meaning  that  the  big  thing  is  to  get  more  air  into  our  fur- 
naces because  some  of  the  greatest  losses  in  burning  of  fuel 
are  caused  by  letting  too  much  air  into  a  furnace.  The  big 
problem  then  is  the  proper  amount  of  air  and  its  proper  dis- 
tribution to  maintain  a  high  temperature  in  the  furnace. 
The  combustion  of  coal  in  the  furnace  is  in  two  stages;  first, 
the  burning  or  combustion  and  the  distillation  of  the  vola- 
tile matter  that  occur  in  the  fuel  bed;  second,  the  combustion 
of  the  gasses  that  occurs  just  above  the  fuel  bed,  or  between 
the  fuel  and  the  arch,  in  what  is  known  as  the  combustion 
space.  The  way  that  air  is  admitted  to  the  furnace  and  the 
way  that  the  coal  is  fed  to  the  furnace  very  materially  effect 
the  combustion  of  the  fuel  and  the  efficiency  of  combustion 
and  involve  one  of  the  most  complex  problems  in  power  plant 
operation. 

Hand  Firing  Pointers. — In  a  hand  lired  furnace  the  general 
rule  should  be.  frequent  and  thin  firing,  keeping  the  fuel  bed 
a  uniform  thickness,  not  permitting  holes  to  burn  through 
the  fuel  bed  and  not  pile  up  large  heaps  of  green  coal  in  the 
furnace.  When  green  coal  is  thrown  on  a  hot  bed  of  fuel, 
the  heal  almost  immediately  drives  off  the  volatile  gasses, 
which  may  for  the  moment  be  partially  burned;  but.  due  to 
improper  mixture  and  supply  of  air.  may  be  actually  robbed 
of  the  oxygen  they  have  combined  with  and  be  reconverted 
into  soot  which  comes  out  through  the  boilers  and  goes  up 
the  stack,  producing  very  dense  clouds  of  black  smoke 
These  conditions  are  not  entirely  avoidable  btit  can  be  made 
much  worse  by  careless  firing,  as  by  piling  in  a  large  quan- 
tity of  coal  without  proper  distribution  and  without  proper 
regard  for  the  air  supply. 

In  the  chain  grate  stoker,  effort  is  made  to  uniformly  sup- 
ply a  definite  quantity  of  coal  to  the  furnace  -and  in  such  a 
position  in  the  furnace  that  the  volatile  gasses.  which  are 
distilled  out  of  the  coal,  passing  under  tlie  hot  arch,  have 
an  opportunity  to  come  in  contact  with  sufficient  amount  of 
oxy.sen  that  is  supplied  to  the  fuel  bed  to  properly  burn 
these  volatile  gasses.  Air  going  up  through  the  under  sur- 
face of  the  chain  grate  should  supply  oxygen  properly  dis- 
tributed to  completely  burn  the  fixed  carbon  and  gasses  in 
the  coal. 

Here.  too.  the  same  as  in  hand  firing  furnaces,  there  is 
great  danger  of  neglect  in  permitting  holes  to  burn  through 
the  fire,  which  admits  too  much  air  to  the  furnaces.  Also 
there  is  the  danger  of  feeding  the  coal  in  such  a  way  that 
the  coal  and  volatile  gas  do  not  ignite  properly  and  the  com- 
bustion arch  becomes  cold  and  the  gasses  are  permitted  to 
escape  without  completely  burning. 

You  can  readily  see  that  the  process  of  burning  coal  is  a 
very  complex  one  and  what  actually  goes  on  in  the  furnace 
is  not  entirely  known  at   this  time.     That   is.  the   processes 


are  so  complex  and  the  dilllculty  of  analzying  thein  are  so 
great  that  scientists  have  not  been  able  to  reduce  these 
processes  to  simple  explanations,  but  there  is  at  this  time 
a  groat  deal  being  done  along  this  line.  One  of  the  most 
valuable  |)ublications  on  this  subject  is  Bulletin  No.  i:!.'. 
published  by  our  Ciovernment  by  the  Department  of  the  In- 
terior on  the  subject,  "Combustion  of  Coal  and  nosigii  of 
Furnaces.'' 

•  Exclude  Cold  Air.  1  mentioned  above  that  loo  much  air 
lo  the  furnace  is  one  of  the  greatest  evils  that  wo  liave  to 
contend  with.  This  is  because  all  this  extra  air  must  be 
heated  to  the  temperature  of  the  furnace  and  heat  taken  up 
by  this  exirii  air  escapes  up  the  smokestack,  thus  wasting 
large  quantities  of  heat.  Generally  speaking  the  most  fruit- 
ful source  of  study  on  furnace  comlnistion  is  that  of  eliminat- 
ing this  excess  air.  CO'  analyses  of  the  flue  gasses  are  very 
helpful   in   making  a  study   of  this  kind. 

It  is  important  that  boiler  settings,  that  is  boiler  walls, 
shall  be  light  and  not  have  openings  in  them  because  air 
will  leak  through  and  this  air  tends  to  cool  the  boiler  and 
also  carry  olT  large  quantities  of  heat.  Air  can  actually  pass 
through  a  brick,  so  the  boiler  walls  should  be  built  of  brick 
that  is  not  very  porous,  and  it  is  better  that  they  be  coated 
over  with  the  material  to  keep  the  air  out. 

Now.  suppose  we  have  done  all  we  can  to  burn  the  coal 
in  the  furnace  supplying  the  right  amotmt  of  air  and  properly 
distributed,  we  should  attain  a  very  hot  fire  and  the  next 
process  is  to  deliver  the  heat  contained  in  the  hot  gas  in 
the  furnace  to  the  water  in  the  boiler.  To  do  this  the  baf- 
flin,!;  between  the  boiler  tubes  should  be  in  a  condition  so  as 
to  force  the  gasses  around  and  among  the  tubes  in  the  proper 
manner.  In  order  that  the  water  in  the  boiler  may  get  this 
heat  from  the  gasses  the  heat  surrounding  the  tubes  must 
pass  through  the  walls  of  the  tubes  to  the  water  inside.  Iron 
from  which  the  tubes  is  made  conducts  heat  very  readily, 
but  the  tubes  may  be  coated  inside  or  out,  with  material  that 
will  not  conduct  heat  well.  Ashes  Mid  soot  from  the  coal 
are  foimd  on  the  outside  of  the  tubes  and  scale  from  the 
w-ater   is  found   on   the  inside  of  the  tubes. 

Soot  and  Boiler  Scale. — Soot  is  one  of  the  best  coverings 
possible  to  keep  out  heat.  Wool  and  feathers,  which  nature 
have  i)rovided  on  animals  and  birds  that  have  to  endure  the 
cold,  are  among  the  best  materials  to  keep  the  body  warm, 
but  it  is  found  that  soot  is  almost  as  effective  as  wool  or 
feathers.  That  is,  if  the  body  could  be  covered  with  a  uni- 
form thick  coating  of  soot,  it  would  keep  us  warm  in  winter, 
so  it  is  proven  that  soot  on  a  boiler  tube  is  very  effective  in 
keeping  the  heat  from  the  fire  out  of  the  water,  and  it  i^ 
very  important  to  keep  the  outside  of  the  boiler  tube  clean 
from  soot  and  ashes. 

On  the  inside  of  the  boiler  tube,  the  water  forms  a  scale 
because  the  water  boiling  away  in  the  boiler  leaves  behind 
a  solid  matter  which  coats  the  boiler  tube.  Boiler  scale  may 
be  porous  and  thus  not  retard  so  very  much  the  passing  of 
the  heat  into  the  water  or  it  may  be  very  hard  and  form  a 
hard  coat  on  the  inside  of  the  tube  and  thus  seriously  pre- 
vent the  heat  from  passing  into  the  water.  When  a  boiler 
tube  is  burned  and  blisters  and  a  small  hole  blows  through 
the  tube,  the  hole  is  caused  by  the  scale  on  in  the  inside  of 
the  tube  keeping  the  water  away  from  the  tube  and  the  hot 
gasses  of  the  furnace  heating  the  tube  so  hot  that  it  becomes 
soft  and  then  the  pressure  in  the  boiler  blows  the  hole 
through  the  tube.  Therefore,  it  is  very  necessary  for  eco- 
nomical and  safe  operation  to  keep  the  boiler  tubes  clean 
as  possible  inside  and  outside. 

Boiler  and  Pipe  Covering,  Etc.— It  is  important  that  all 
exposed  surface  of  the  boiler  drum  and  steam  pipe  be  cov- 
ered Magnesia  is  one  of  the  most  effective  coverings  for 
this  purpose.  The  reason  for  covering  steam  piping  and  ex- 
posed portions  of  the  boilers  is  to  prevent  the  cold  air  of 
the  boiler  room  coming  in  contact  with  the  hot  iron  of  the 
boiler  and  piping  that  contains  the  steam.  The  steam  has 
a  temperature  of  about  3G6  degrees,  whereas  air  in  the  boiler 
room  may  have  a  temperature  of  from  GO  to  120  degrees. 
The  air.  tlierefore.  on  the  outside  of  the  pipes  condenses 
the  steam  on  the  inside  of  the  pipes,  and  each  square  foot 
of  exposed  pipe  may  cost  one-half  ton  of  coal  a  year. 

It  is  evident  to  all  of  us  that  leaks  of  various  kinds  are 
very  wasteful  and  one  of  the  most  serious  of  these  is  leak- 
ing blow-off  valves.  The  blow-off  valve  is  rather  hard  to 
keep  tight  because  of  the  scale  that  gets  in  the  valve  con- 
stantly  aiving    trouble    in    maintenance.     Another    source   of 
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loss  is  leaks  in  tlie  boiler  that  blow  inside  the  boiler  setting 
that  you  cannot  see  or  hear. 

A  very  important  possible  source  of  economy  is  to  feed 
the  water  into  the  boiler  as  hot  as  possible.  Steam  from 
auxiliary  pumps  and  condensers  should  be  used  to  heat  the 
boiler  feed  water  Any  heat  supplied  to  the  boiler 
feed  water  saves  an  equal  quantity  of  heat  that  would 
otherwise  be  supplied  from  the  furnace.  Heating  the  water 
in  a  feed  water  heater  also  helps  to  purify  the  water  and 
reduces  the  scale  formation  in  the  boiler.  Roughly  speak- 
ing, for  about  each  11'  that  the  boiler  feed  water  is  heated, 
about  1  per  cent  is  saved  in  coal. 

Do    Not   Waste   Coal    in    Boiler    Room    by    Having: 
1.  Holes  in  the   fire. 
L'.  Irregular  thickness  of  fuel  bed. 
:;.  Fires  too  heavy. 

4.  Too  much  fuel  in  the  ashes. 
■').  Too  many  boilers  in  service. 
(1.  Improperly  banked   boilers. 

7.  Improper  operation  of  boiler  dampers. 

5.  Irregular  steam  pressure. 

9.  Air  leak  in  the  boiler  settings. 

10.  Leaky  baffles. 

11.  Soot  in  the  tubes. 

12.  Scale  in  the  tubes. 

13.  Safety  valves   blowing. 

14.  Leaky   blow-off  valves. 
\'<.  Steam  leaks  of  any  kind. 

!•;.  Stokers  or  grates  out  of  repair. 
17.  Bare  steam  pipes. 

15.  Dirty  feed  water  heater. 

19.  Low   feed   water  temperature. 

20.  By  letting  some  boilers  loaf  when  they  should  do  their 
part. 

The  above  discussion  on  the  matter  of  saving  coal  is  a  very 
brief  outline  on  the  most  important  things  pertaining  to  the 
boiler  room.  I  hope  in  the  next  article  to  discuss  the  opera- 
tion of  engines,  generators,  switchboards  and  transformers 
to   obtain   increased   economy. 


Seven  Suggestions  on  the  Management  of 
Boilers 

Assuming  a  properly  installed  and  equipped  plant,  the 
attendant  should  be  a  sober,  industrious  man  with  enough 
intelligence  to  realize  the  responsibility  of  his  position:  he 
should  be  well  paid  and  should  give  heed  to  the  following, 
writes  Mr.  L.  R.  Hoffman  in  Power: 

1.  Boilers  should  be  kept  free  from  scale,  sludge  and  soot, 
inside  and  outside;  frequency  of  cleaning  depends  on  condi- 
tions, but  they  must  be  clean  at  any  cost. 

2.  At  least  one  gage  of  water  should  be  blown  out  of  a 
boiler  daily,  and  more  as  conditions  demand. 

3.  Pop  valves  should  be  lifted  from  their  seats  at  least 
once  a  day,  and  they  should  be  kept  clean  and  free  inside 
and  out. 

4.  Water  columns  should  be  blown  out  at  least  once  a 
day,  noting  that  the  water  returns  quickly  and  does  not  stand 
dead  still;  the  water  should  rise  and  fall  gently  in  the  glass 
at  all  times. 

•5.  Try-cocks  shojild  be  Ijlown  at  least  once  a  day  and  kept 
free  and  clean. 

6.  If  only  one  boiler  is  in-  use,  two  steam  gages  should 
show  the  pressure,  and  when  they  do  not  agree  they  should 
be  inspected  and  adjusted  at  once. 

7.  Sudden  contraction  and  expansion  of  the  metal  of  a 
boiler  saps  its  strength.  This  should  be  avoided  by  keeping 
the  feed  water  going  into  the  boiler  steadily,  holding  the 
water  level  near  the  same  place  when  this  is  possible. 


Removal  of  Oil  in  Exhaust  Steam. — Where  oil  in  the 
exhaust  steam  is  liable  to  give  trouble,  a  large  proportion 
may  be  removed  by  means  of  an  efficient  oil  separator,  but  it 
is  extremely  difficult  to  remove  oil  from  condensed  stenui 
and  great  care  must  be  taken  to  see  that  there  is  no  apiire- 
ciable  amount  of  oil  in  condensate  used  for  boiler  feeding, 
otherwise  serious  damage  to  the  boilers  from  local  over- 
heating will  result  from  the  deposit  of  a  non-conducting  film 
of  oil  bn  the  heating  surface. 


How  Fuel  Can  Be  Saved  in  the 
Power  Plant* 

steam  Traps, — Hundreds  of  cases  come  under  observation 
where  steam  traps  are  either  leaking  or  are  bypassed  and 
where  the  leakage  is  a  source  of  direct  waste.  The  discharge 
from  traps  is  frequently  connected  directly  to  the  sewer  or 
to  mill  trenches  where  leakage  is  invisible,  and  waste  may 
go  on  for  months  and  even  years  undetected.  This  subject 
of  leaky  traps  is  a  long  story,  but  therein  lies  a  great  possi- 
bility. Nearly  every  steam  plant  has  steam  traps,  and'  some-, 
times  there  are  hundreds  of  steam  traps  in  a  single  manufac- 
tory. Yet  it  is  probable  that  not  one  plant  in  ten  has  its 
traps  so  equipped  and  connected  that  they  can  be  readily 
tested  for  leakage.  It  is  the  opinion  of  a  number  of  engi- 
neers that  of  all  the  steam  traps  in  Rhode  Island  today, 
probably  over  75  per  cent  are  either  leaking,  are  bypassed 
or  are  in  some  way  failing  to  serve  their  purpose  purely 
for   want   of  regular  supervision. 

Blowcff  Valves. — Probably  not  one  steam  boiler  out  of  a 
hundrerl  in  Plhode  Island  has  the  boiler  blowoff  valves  so 
arranged  that  they  may  be  readily  tested  for  leaks.  More- 
over, it  is  fashionable  to  sul)nierge  the  end  of  the  blowoff 
pipe  in  some  river  or  brook  so  that  no  offensive  steam 
cloud  caused  by  leakage  W'ill  he  perceptible.  The  blowoff 
platitude  would  be  as  follows: 

-Vre  the  blowoff  valves  so  connected  that  they  may  be 
readily  tested  every  day? 

Pipe  Covering — Pipe  covering  is  almost  an  axiom  of 
steam  economy,  yet  there  is  no  systematic  periodic  inspec- 
tion and  recorded  report  on  the  condition  of  this  most 
thrifty  means  of  saving  coal.  It  is  a  popular  custom  not 
to  cover  the  flanges  because  of  the  inconvenience  when  a 
joint  leaks. 

Excessive  Back  Pressure  on  Engines — Where  steam  is 
used  for  heating  and  drying  purposes,  it  is  often  economical 
to  operate  engines  and  other  prime  movers  against  back 
pressures.  L'nder  these  conditions  every  effort  should  be 
made  to  have  this  back  pressure  as  low  as  possible.  In  one 
instance,  where  a  single  back-pressure  gage  was  in  use,  it 
was  stated  that  1  lb.  back  pressure  was  all  that  was  re- 
quired. But  the  gage  in  use  and  which  indicated  a  pressure 
of  1  lb.  was  found  to  be  nearly  4  lb.  in  error  due  to  faulty 
piping,  and  the  back  pressure  was  in  conse(iuence  nearly 
.->  lb.  The  platitude  in  this  case  would  be: 
Test   the   pressures   periodically. 

In  many  cases  the  hack  pressure  has  been  reduced  owing 
to  a  more  efficient  circulation  of  steam  by  vacuum  heating 
systems  or  other  means.  Plants  running  condensing  can 
frequently  obtain  a  better  vacuum  by  eliminating  air  leaks, 
etc.  It  is  not  unusual  to  find  a  poor  \acuum  caused  by  in- 
sufficient condensing  water  which  latter  is  caused  by  ob- 
structions in  the  piping  such  as  leaves  and  accumulations 
of  foreign   matter. 

At  least  four  cases  have  been  observed  by  one  engineer 
where  live  steam  was  blowing  directly  to  the  atmosphere 
in  large  quantities  through  the  low-pressure  steam  system. 
These  were  in  the  case  of  a  supposedly  insufficient  supply  of 
exhaust  steam,  where  live  steam  was  being  admitted  to  make 
up  the  supposed  deficiency.  At  the  time  the  live  steam  was 
being  admitted  through  a  reducing-pressure  valve  or  by 
hand  control,  the  back-pressure  valve  was  partly  open,  al- 
lowing the  escape  of  steam  direct  to  the  atmosphere.  The 
remedy  is  to  install  properly  sensitive  back-pressure  and 
reducing-pressnre  valves  so  arranged  and  set  as  to  pres- 
sures that  it  will  be  impossible  for  such  waste  to  occur. 

Wasteful  Vacuum  Systems-  Some  of  the  older  vacuum 
heating  systems  are  wasteful  in  that  considerable  quantities 
of  water  are  required  at  the  vacuum  pump  to  assist  in  main- 
taining a  vacuum.  This  condition  is  frequently  caused  by  im- 
proper automatic  expansion  valves  on  the  returti  ends  of 
railiators.  in  many  cases  it  having  been  found  that  the  in- 
tei-iors  of  the  valves  have  been  entirely  removed,  allowing 
the  steam  to  be  pulled  thi'ough  into  the  return  line.  Several 
cases  have  been  observed  where  large  quantities  of  water 
were  being  injected  into  the  vacuum  pump  and  delivered  by 
the  pump  to  an  open  heater  or  receiver,  and  from  there 
overflowing  fin  the  form  of  hot  water)   to  the  sewer. 

Leaks — Leaks   in   pipe   joints   and   flanges   are  a   source  of 
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waste  larger  Uiun  Is  soiueilmes  supposed.  The  cumulative 
effect  of  a  wee  Jet  of  stoam  moving  perhaps  a  mile  a  min 
ute  during  24  hours  a  day  is  considerable. 

Most  plants  keep  their  pipinp  systems  fairly  tight  where 
the  pipes  are  In  plain  view:  but  leaky  joints  on  hidden 
pilies.  leaky  valves  on  connections  between  live  and  exhaust 
systems  ami  on  drains,  etc..  are  common.  It  has  been  found 
helpful  In  large  plants  having  ninny  piping  connections,  to 
go  through  the  plant  late  at  night  when  everything  is  (luiet 
(both  out  of  doors  and  insidel.  at  which  time  it  is  easier  to 
detect  the  sound  of  escaping  or  leaking  steam. 

Largo  plants  should  be  equipped  with  valve  reseating 
tools  and  should  use  them  whenever  necessary  to  maintain 
all  steam  valves  in  proper  condition.  This  is  another  matter 
that  should  have  systematic  attention. 

Heating  of  Water— It  is  nuite  common  in  plants  using 
large  quantities  of  hot  water  to  find  this  water  being  heated 
by  yve  steam,  while  at  the  same  time  exhaust  steam  is 
being  wasted  to  the  atmosphere.  This  matter  needs  little 
comment  as  it  is  obvious  that  great  economies  can  be  ef- 
fected by  using  exhaust  steam  for  this  purpose. 


What  War  Has  Taught  Boiler  Plant 
Managers 

The  lessons  learned  by  boiler  plant  managers  from  the 
operations  under  war  conditions  were  summarized  as  fol- 
lows by  Mr.  EJdward  Marshall  in  an  address  at  a  recent  meet- 
ing of  a  committee  of  the  Ohio  Electric  Light  Association: 

Methods  of  handling  boiler-room  equipment  have  ad- 
vanced. 

Boilers  have  been  tested  and  stokers  have  been  recon- 
structed that  maximum  efficiency  might  be  obtained. 

Baffles  have  been  redesigned  to  get  a  minimum  of  draft- 
loss  consistent  with  good  distribution  of  gases. 

Arches  have  been  raised  and  lengthened  to  give  better 
combustion. 

Settings  have  been  rebuilt  to  exclude  air,  and  car  loads 
of  setting  insulation  have  been  used  with  wonderful  results. 

Pipes,  feed-water  heaters,  boiler  drumheads,  pumps  and 
engine  cylinders  that  were  never  lagged  before  have  been 
covered. 

Boilers  and  stokers  have  been  tested  to  find  the  highest 
point  of  efficiency. 

Boiler-room  instruments,  including  draft  gages,  Orsat  ap- 
paratus, pyrometers  and  CO;  recorders,  have  been  purchased. 

Soot  blowers,  tube  cleaners.  Venturi  tubes,  water  weigh- 
ers and  flow  meters  have  been  installed  to  get  energy  to 
the  switchboard  for  the  least  expenditure  of  B.  t.u.'s. 

More   attention  has   been  given   to   operating   data. 

The  old  method  of  frequently  blowing  down  boilers  has 
been  discarded  in  favor  of  a  titration-test  method  which 
saves  money  by  reducing  the  number  of  blow-downs  to  two 
or  three  a  w-eek. 

All  of  these  things  have  brought  out  lessons  that  should 
not  be  wasted  now  that  the  war  is  over. 


Practical  Man  with  Proper  Training  Makes  Good  Combus- 
tion Expert. — A  good  combustion  operator  need  not  be  highly 
technical.  Experience  has  shown  that  the  practical  man, 
with  the  proper  training,  is  the  best  man  for  the  job,  said 
J.  G.  Worker  of  the  Westinghouse  Electric  &  Manufacturing 
Co.  in  addressing  a  meeting  of  the  station  operating  com- 
mittee of  the  Ohio  Electric  Light  Association.  Statements 
have  frequently  been  made  that  certain  ends  can  be  attained 
in  operation  and  economy  by  employing  experts  in  certain 
plants.  An  analysis  of  such  an  organization  will  show  that 
these  experts  were  at  one  time  in  the  boiler  room  firing  coal. 
They  were  trained  in  combustion  and  gradually  began  to 
think  for  themselves  along  combiistion  lines  until  they  be- 
came analytical  and  commenced  looking  around  for  the 
things  that  affect  the  economy  of  the  plant.  The  building 
up  of  a  boiler-room  organization  for  any  plant  can  best  be 
accomplished  by  taking  a  good  man  in  the  organization  and 
building  him  up  for  the  job.  Very  little  success  will  follow 
a  plan  of  bringing  outside  men  into  the  organization  w-ho 
have  the  reputation  of  being  the  ultimate  authority  on  com- 
bustion work. 


Education   of    Boiler    Room    Men 
Necessary  for  Fuel  Conservation 

Experiences  of  several  large  companies  in  fuel  conserva- 
tion at  their  power  plants  are  summarized  by  Mr.  Edgar  A. 
Hunger  in  an  article  in  the  Electrical  World.  In  his  article, 
an  abstract  of  which  follows,  Mr.  Hunger  points  out  the  im- 
portance of  the  human  element  factor  in  fuel  conservation 
efforts,  and  outlines  means  for  fostering  the  interest  of  fire- 
men. 

A  stiuly  of  fuel  economy  by  means  of  the  human  element 
is  of  particular  interest  at  this  time  since  increased  labor 
turnover  and  general  scarcity  of  labor  have  added  difficulties 
in  organizing  efficient  boiler-room  forces  and  in  creating 
a  spirit  of  economy  among  the  men  without  which  real  fuel 
conservation  is  impossible.  In  many  cases  the  shortage  of 
labor  supply  has  forced  managers  to  direct  attention  for  the 
first  time  to  the  education  of  their  firemen  and  proper  boiler- 
room  accounting  methods.  In  many  plants  this  should  be  a 
blessing  in  disguise,  for  without  careful  supervision  of  the 
man  handling  the  coal  pile  large  leaks  are  sure  to  occur. 

The  time  has  come  tor  the  Introduction  of  Mr.  Manager 
to  Mr.  Fireman.  It  is  high  time  that  plant  managers  should 
know  more  about  the  personnel  in  the  fireroonis.  The  fire- 
man is  a  human  being  and  likes  to  feel  that  he  too  is  an 
important  cog  in  the  big  machine.  If  he  is  made  to  think 
so  by  the  big  boss,  the  other  bosses  will  quickly  fall  in  line 
and  treat  him  w-ith  proper  respect.  Much  depends  on  the 
attitude  of  the  "higher-ups."  therefore,  and  if  they  give  the 
right  kind  of  encouragement  and  sympathy  to  the  firemen 
and  urge  them  to  think  fuel  economy  and  practice  it  to  the 
best  of  their  knowledge,  the  possibilities  of  reducing  the 
amount  of  coal  used  will  be  very  good. 

Means  of  Encouraging  Fuel  Economy. —Various  devices 
may  be  utilized  for  fostering  the  interest  of  the  fireman  in 
fuel  conservation.  Lectures,  night  classes  and  conferences 
with  the  chief  engineer  will  help  immensely.  Placards  with 
fuel-economy  precepts  printed  in  large  letters  posted  in  open 
places  where  they  can  be  plainly  seen  by  every  one  in  the 
boiler  room  will  also  keep  the  big  idea  of  conservation  con- 
tinually in  the  workman's  mind.  To  prevent  a  lapse  of  in- 
terest in  these  placards  they  should  be  changed  frequently 
and.  if  possible,  printed  in  different  colors.  Such  frequent 
change  will  automatically  tend  to  revive  the  man's  interest, 
and  the  fact  that  effort  is  made  to  change  them  will  show 
him  that  interest  in  fuel  economy  in  the  front  office  is  also 
not  on  the  wane. 

This  sustenance  of  interest  in  fuel  economy  is  important. 
Like  all  good  industrial  movements,  it  requires  continual 
application.  The  idea  of  fuel  economy  must  frequently  be 
dished  up  to  the  fireman  in  new  dresses  lest  his  interest 
wane.  .'Vn  occasional  visit  by  the  manager  or  superintendent 
will  help.  Frequent  talks  and  conferences  with  superiors 
should  be  introduced.  Recognition  for  efforts  in  effecting 
savings  will  also  encourage  the  fireman  to  keep  up  his  in- 
terest in  the  saving  of  fuel.  The  plant  bulletin  or  newspaper 
is  another  means  for  keeping  interest  in  fuel  economy  at  a 
keen  point.  In  fact,  every  possible  effort  for  making  the 
fireman  think  everlastingly  in  terms  of  fuel  economy  should 
be  introduced  in  order  that  the  plant  may  operate  with  a 
minimum  consumption  of  coal. 

The  Vnited  States  Fuel  Administration  has  been  gather- 
ing data  on  the  practice  of  fuel  conservation  in  some  of  the 
power  plants.  Some  of  the  information  obtained  on  han- 
dling the  boiler-room  force  is  given  herewith. 

E.  M.  Gilbert,  chief  engineer  of  the  W.  S.  Barstow  Man- 
agement Association,  w-rites  as  follows  on  this  subject:  "A 
year  ago  our  coal  cost  per  killow-att-hour  in  the  West  Read- 
ing power  house  of  the  Metropolitan  Edison  Co.  was  3.2  to 
^.Z  mills.  Our  coal  costs  at  the  present  time  are  running 
from  2.1  to  2.2  mills.  Part  of  this  economy  has  been  due 
to  an  added  turbine  giving  increased  economy,  and  part  to 
a  change  of  mechanical  stokers:  but  fully  2.5  per  cent  of  it 
has  been  due  to  better  methods  of  handling  the  boiler  room. 

"We  had  contemplated  the  trial  of  a  bonus  system,  but 
some  experiments  carried  on  at  various  places  led  us  to 
abandon  this  idea.  In  the  first  place,  we  fond  that  a  great 
many  of  the  firemen  were  intelligent  enough  to  take  ad- 
vantage of  any  bonus  system  which  could  be  applied  on  the 
basis  of  CO,  measurements.  In  the  plant  where  .this  was 
tried    firemen    soon   ascertained    that   the   man   who   did   not 
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force  his  boiler  too  hard  but  kept  a  thick  fire  with  the  damper 
partly  shut  and  not  too  great  an  air  pressure  often  obtained 
a  better  percentage  of  COj  than  the  fireman  who  pushed 
his  fire  as  hard  as  possible.  While  this  was  in  very  many 
cases  not  entirely  true,  still  the  idea  became  fixed  in  the 
firemen's  minds  that  this  was  the  way  to  earn  a  bonus,  and 
we  immediately  had  trouble  in  getting  the  best  results  from 
our  boilers  and  because  of  the  contentions  between  the  men 
that  some  were  carrying  all  the  load  and  doing  all  the  work 
while  some  were  doing  little  it  any. 

"In  other  plants  we  installed  steam-flow  meters  and  tried 
to  work  the  two  plans  in  conjunction,  but  we  feared  that 
the  bonus  system,  from  the  little  we  had  experimented  with 
it,  would  cause  trouble  among  the  firemen  and  would  dis- 
rupt oiir  labor  organization,  which  was  diflicult  enough  to 
maintain  under  present  labor  conditions,  and  we  finally, 
therefore,  adopted  the  following  method: 

"We  installed  two  young  power-ho.use  engineers,  boys  from 
college  getting  from  $G0  to  $90  per  month,  who  were  anxious 
to  progress  and  interested  in  our  work.  CO,  recording  ap- 
paratus, which  could  be  transferred  from  one  boiler  to  the 
other,  was  installed,  and  as  our  boilers  are  all  equipped  with 
steam-flow  meters,  feed-water  heaters  and  Richardson  coal 
scales,  we  were  able  to  keep  daily  records  for  each  shift  in 
this  way.  The  actual  record  of  what  was  done  by  each  one 
of  the  three  shifts  is  carefully  kept  and  is  published  each 
six  weeks,  showing  just  which  shift  is  obtaining  the  best 
results   regarding  the   actual   coal   used   per  kilowatt  output. 

Stimulating  Rivalry  Between  Shifts. — "The  six-week  period 
is  adopted  because  the  men  change  shifts  every  two  weeks. 
and  this  length  of  time  gives  each  shift  of  firemen  two  weeks' 
service  on  the  day  shift,  two  weeks'  service  on  the  night 
shift  and  two  weeks'  service  on  the  graveyard  shift.  This 
plan  stimulated  the  rivalry  between  the  shifts  to  a  great  ex- 
tent, and  though  no  bonus  or  money  offer  was  made  to  the 
firemen,  a  spirit  of  competition  has  developed  between  the 
shifts,  especially  between  the  foremen  of  each  shift,  as  to 
who  can  obtain  the  best  results.  The  young  engineers  whom 
we  have  employed  not  only  take  an  analysis  of  the  coal 
occasionally  but  analyze  the  ashes  taken  out  by  each  one 
of  the  shifts  each  day  to  determine  the  amount  of  carbon 
contained  in  these  ashes.  A  sample  is  taken  by  the  ash  men 
when  they  are  cleaning  out  the  ash  pits,  and  the  analysis  is 
made  every  morning,  being  published  for  the  benefit  of  the 
various  shifts.  By  this  method  we  have  reduced  the  per- 
centage of  carbon  found  in  the  ashes  by  more  than  .50  per 
cent. 

"At  the  pre.sent  time  a  great  deal  of  difficulty  in  obtaining 
coal  is  being  encountered,  and  fuel  of  any  class  or  descrip- 
tion is  being  used,  so  that  we  are  not  able  to  make  so  much 
progress  with  our  conservation  of  fuel  as  we  had  hoped,  the 
variation  in  the  fuel  value  being  such  that  the  comparison 
between  the  shifts  is  now  often  useless. 

"We  think  the  method  described  above  is  one  of  the  best 
which  can  be  used,  and  we  still  hope  that  we  can  work  out 
a  satisfactory  bonus  system  for  each  shift  as  soon  as  condi- 
tions improve  regarding  coal  supply. 

"Our  men  sliow  intelligence,  and  a  great  many  of  them 
show  eagnerness  to  obtain  information  regarding  the  meth- 
ods of  operation.  We  find  that  the  employment  of  a  high 
class  boiler-room  engineer,  who  knows  enough  about  the  ap- 
paratus and  firing  to  have  the  entire  respect  of  the  boiler- 
room  force,  is  essential  and  has  a  great  deal  to  do  with  the 
proper  application  of  any  method  which  may  be  put  into  use." 

Present  Boiler-Room  Labor  Needs  More  Supervision. — An- 
other interesting  communication  on  the  same  subject,  from 
E.  J.  Billings,  mechanical  engineer  for  Henry  L.  Doherty  & 
Co.,  is  given  below: 

Just  at  the  present  time,  and  for  several  months  past,  we 
have  found  it  necessary  to  devote  a  large  part  of  our  ener- 
gies to  a  study  of  our  plant  organizations  in  an  effort  to  keep 
them  up  to  their  standard  of  a  year  ago.  We  find  that  under 
the  present  labor  conditions  it  is  necessary  to  provide  con- 
siderably more  plant  supervision  than  heretofore  This  is 
due,  of  course,  to  the  shitting  and  uneasiness  of  both  skilled 
and  unskilled  labor. 

"The  demand  for  a  few  unusually  keen  operating  men  in 
the  more  important  positions  of  every  plant  has  never  been 
felt  by  us  so  greatly  as  at  the  present  time,  and  we  believe 
that  we  will  be  fully  compensated  if  we  devote  our  efforts 
to  finding  and  developing  men  of  this  class. 

"Some   other    things   along    the   line   of   fuel    saving   which 


we  are  doing  may  be  mentioned  very  briefly.  We  have  our 
plant  inspectors  who  visit  our  plants  at  intervals  and  report 
in  detail  on  the  physical  condition  of  the  plant  equipment. 
We  also  have  results  engineers  who  study  and  analyze  the 
operating  results,  make  plant  tests,  etc.  We  have  a  chemical 
laboratory  tor  analyzing  coal,  ashes,  oils,  water  and  otlier 
power-plant  material.  We  have  recently  been  sending  out  a 
series  of  fuel-saving  bulletins  to  be  posted  in  our  plants,  one 
at  a  time,  calling  attention  to  some  of  the  elementary  prin- 
ciples of  boiler-plant  operation. 

"We  are  equipping  our  plants  as  rapidly  as  possible  with 
steam-flow  meters  on  each  boiler  and  meters  for  measuring 
the  feed  water.  We  are  also  giving  a  good  deal  of  attention 
to  keeping  our  boiler  setting  air-tight  by  the  use  of  boiler 
coatings  or  cements  which  are  now  to  be  found  on  the  mar- 
ket. We  are  also  equipping  our  boilers  as  rapidly  as  possible 
with  mechanical  soot  blowers  to  take  the  place  of  the  old 
method  of  using  a  hand  steam  lance. 

"We  have  tried  various  plant  bonus  schemes  with  more 
or  less  success,  and  while  we  are  heartily  in  favor  of  the 
plan,  we  have  been  unable  as  yet  to  apply  it  generally 
throughout  our  plants,  or  with  continued  success  in  any  one 
plant,  owing  to  changes  in  plant  conditions,  to  shitting  labor 
conditions  or  to  defects  of  the  plan." 

Dealing  wflth  the  Personal  Element. — The  following  from 
Samuel  Insull.  president  of  the  Commonwealth  Edison  Co., 
tells  how  the  personal  element  is  handled  in  the  stations  of 
the  great  Chicago  electric  company  to  bring  about  fuel  econo- 
mies: 

"Technical,  experienced  men.  who  are  in  charge  of  the 
boiler-room  tests  which  are  frequently  conducted,  instruct 
and  educate  the  boiler-room  operating  men  in  the  more  im- 
portant positions  in  the  importance  of  proper  methods  of 
firing  and  operating  the  boiler-room  equipment  and  the 
effect  that  the  proper  methods  have  upon  the  actual  result- 
ing efficiency  in  the  production  of  steam. 

"The  two  things  that  they  are  taught  to  avoid  are  the 
funning  of  too  thin  a  fire  and  thus  admitting  an  excess 
amount  of  air  and,  on  the  other  hand,  running  too  thick  a 
fire  and  thus  losing  too  much  coal  over  the  end  of  the  grate 
with  the  ashes.  Of  course,  with  the  chain-grate  stokers 
generally  used  in  this  part  of  the  country,  in  order  not  to 
have  too  thin  a  fire  as  the  grate  travels  toward  the  back 
end  of  the  furnace,  a  certain  amount  of  coal,  perhaps  1  or 
2  per  cent,  with  good  firing,  is  allowed  to  go  over  the 
grate  with  the  ashes:  but  the  point  is  to  run  the  fire  so  that 
not  more  than  the  necessary  amount  of  coal  is  allowed  to 
go  to  waste  with  the  ashes.  For  best  results,  the  fire  must 
run  as  strong  or  as  hot  as  possible,  and  the  firemen  are  re- 
quired to  cut  off  boilers  as  the  load  decreases,  rather  than 
continue  to  operate  all  the  boilers  with  less  intense  fires. 

"In  smaller  plants,  in  cases  where  the  grate  area  is  a  little 
larger  than  is  necessary  for  the  demand  for  steam,  rather 
than  reduce  the  intensity  of  the  fire,  it  is  our  practice  to 
reduce  the  grate  area.'' 

Cleanliness  about  the  boiler  room  is  an  important  factor 
in  the  maintenance  of  economical  use  of  fuel.  The  boiler, 
for  example,  never  can  be  too  clean,  both  inside  and  outside. 
Soot  is  a  poorer  conductor  of  heat  than  asbestos.  It  pays, 
therefore,  to  clean  the  flues  frequently.  Similarly,  it  the 
interior  of  the  boiler  is  coated  with  scale,  much  more  coal 
is  required.  These  two  items,  the  cleaning  of  tubes  and 
removal  of  boiler  scale,  are  especially  liable  to  neglect  and 
a  continual  check  is  absolutely  necessary. 

Talks  on  fuel  economy  in  industrial  and  power  plants  are 
nothing  new.  The  United  States  Bureau  of  Mines  has  been 
preaching  it  for  years.  In  fact,  some  of  the  best  books  in 
circulation  on  fuel  conservative  have  been  prepared  by  the 
bureau.  These  books  are  easily  available  on  the  payment 
of  a  nominal  fee,  and  it  might  be  well  to  circulate  them 
among  the  boiler-room  men. 

Fuel  Economy  Precepts. — The  following  oft-repeated  fuel- 
economy  precepts  for  hand  firing  with  soft  coal  may  be 
worthy  of  one  more  repetition.  Technical  Paper  No.  80.  on 
"Hand  Firing  Soft  Coal  Under  Power  Plant  Boilers."  pub- 
lished by  the  Bureau  of  Mines.  Department  of  the  Interior, 
contains   a   wealth   of  material  on   the  same  subject:* 

1.  Fire  small  quantities  at  a  time  at  short  intervals. 

2.  Keep  the  fuel  bed  even  by  placing  the  coal  on  the  thin 

•The  Fuel  Administration  has  a  limited  number  of  tlicso  papers 
for  free  distribution.  Apply  to  the  Fuel  Engineerinfr  nr\-ision. 
Bureau  of  Conservation.  Fuel  Administration.  Washington.  P.  C. 
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spols  of  the  fuel  bed  ami  avoiil  raklns  «n<l  sHclnts  the  fuel 
bed. 

J.  Keep  the  fuel  bed  aboiil  t!  in.  deep. 

4.  t'ontrol  the  .steam  pressure  by  regiilntliin  the  draft, 
uiid  reuuhite  the  draft  by  the  draft  damper  in  the  \iptnlte. 
Huve  the  dumper  nearly  closed   when  the  tire  Is  banked. 

j.  riean  llres  when  the  demand  for  steam  is  small,  and 
while  ileanlnK  have  the  draft  damper  partly  elosed, 

(<    I..ook  oiU  for  leaks  in  briok  work. 

In  the  present  emerBeniy  tlie  hlR  drive  must  be  made  on 
the  man  In  the  boiler  room  and  the  man  behind  the  shovel. 
Strict  rei-onis  on  the  amount  of  coal  used  and  steam  pro- 
duced from  this  coal  should  be  kept.  The  men  in  the  boiler 
rwm  must  be  made  lo  understand  that  their  jobs  are  impor- 
tant and  not  for  the  Ily-by-niKht  individual.  Shorter  hours, 
better  pay  and  belter  workinc  conditions— in  a  word,  just 
what  men  In  other  parts  of  the  plant  are  gettinR- will  help 
the  men  lo  be  contented  with  their  jobs  and  stay  at  them. 
mke  B  keen  interfst  in  fuel  conservation  and  become  skilled 
workers  who  will  save  many  times  the  actual  cost  of  in 
creased  wapi's  and  other  innovations  by  the  saving  of  many 
Ions  of  coal 


Richard  H.  Grler  lias  Imh-ii  appoiiuod  ^Ilreotor  ol  the  street  and 
s.'\\<r  ilcpartiiK  IK   of   Wilnilnmoil.   I'el. 

J.  A.  Elliott  !•!  Wheal laiKl.  Wyo..  and  O.  W.  Atherly.  Hason. 
Wyti..  have  heeii  apiiolnted  members  of  the  Wyomins  State  Hoard 
of  Knulneeis'    10.\aiiiliiers. 


Pipe-PIiuing  Machine  That  Eliminates 
Openinji  Paved  Streets 

.\  pIpeplaciiiK  iiuichiiie  that  does  away  with  the  necessity 
ol  opening  up  pavements  for  laying  water  or  gas  service 
lines  lias  been  develojied  by  the  McNutt  Meter  Box  Co.,  Box 
10  ;'.,  Biazil.  Ind.     The  machine  operates  from  a  trench  about 


Tromliiiiii    Machine  for   Digginji  in  Close 
Oiuirters 

.\  side-wheel  excavator  that  can  dig  close  to  curbing,  lines 
of  poles,  abutting  walls  and  in  other  close  quarters  where 
a  trench  is  to  be  dug.  has  been  added  to  the  line  of  the  I^awl 
ing  &  Hnrnischfeger  Co..  Milwaukee.  Wis.  The  ditcher  with 
standard  side  clearance  cutters  is  designed  to  dig  a  trench 
l.i  In.  wide  to  a  maximum  depth  of  -1  ft.  Side  clearance  cut- 
ters can  be  furnished  to  enable  the  machine  to  dig  to  a  max- 
imum width  of  24  in.  The  digging  wheel,  mounted  at  the 
side  of  the  machine,  as  shown  in  the  illustration,  is  of  the 
open  type  without  axle.     It  is  driven  from  the  jackshaft  by 


Side  Wheel   P.   &    H.    Excavator. 

means  cf  two  chain  reductions,  the  internie;liate  shaft  be- 
ing mounted  on  the  wheel  frame.  The  machine  is  driven 
by  a  25-H.P.  4-cyljnder  vertical  engine  of  the  traction  type 
airanged  for  burning  either  kerosene,  gasoline  or  other  motor 
spirits.  The  general  dimensions  of  the  machine  are;  Width 
over  all.  10  ft.  7  in.:  length  of  car  body.  18  ft.:  length  over 
all.  25  ft.  9  in.:  height  over  all.  9  ft.  7%  in.  The  weight  on 
the  "corduroy   grip''  tractions  is  19.500  lb. 


Personals 

N.  A.  Gilman  has  resiened  as  city  engineer  of  Yakima.  Wash. 
Le  Roy  Greenalch  has  lieen  appointed  citv  engineer  of  Rensse- 
laer.   X.    Y. 


McNutt   Pipe   Placing   Machine. 

i;<i  ins.  long  by  14  ins.  wide,  at  any  desired  depth.  A  system 
of  three  sighting  stakes  enables  the  operator  to  push  the 
I)ilot  and  joints  V)  any  point  across  a  street,  under  car  tracks 
or  railroads.  The  only  other  digging  required  is  a  small 
trench  at  the  service  box.  where  the  machine  pulls  the  pipe 
into  the  hole  driven  by  the  jack.  With  this  machine,  it  is 
claimed  to  be  possible  to  run  pipe  even  under  buildings.  In 
tests  up  to  a  distance  of  47  ft.,  the  variation  from  dead  center 
of  aim  at  the  point  to  be  reached  was  never  more  than  4 
ins.,  and  the  manufacturer  estimates  an  efficient  range  of 
7.5  ft.  at  one  setting  of  the  machine.  The  machine  will  place 
either  iron  or  lead  pipe  in  size  from  4-in.  diameter  down  to 
the  smallest  working  sizes. 


statement    of   the    Ownership.    Management.    Circulation.    Etc..    Re- 
quired   by   the   Act   of   Congress   of    August  24,    1312. 
of    Engineering    ami    Contracliny,    published    every    "Wednesday    at 
Chicago,  111.,  for  April  1,  lOlK. 

State  of  Illinois.  County  of  CooK,  ss. — Before  me,  a  notary  pub- 
lic in  and  for  the  state  and  county  aforesaid,  personally  appeared 
H.  P.  Gillette,  who.  having  been  duly  sworn  accoitiing  lo  law. 
deposes  and  says  tliat  he  is  the  editor  of  Engineering  and  Con- 
iracling  and  that  the  following  is.  to  the  best  of  his  knowledge  and 
belief,  a  true  statement  of  the  ownership,  managinent  land  if  a 
daily  paper,  the  circulation),  etc..  of  the  aforesaid  publication  for 
the  date  shown  in  the  above  caption,  required  by  the  Act  of 
August  24,  1912,  embodied  in  section  443.  Postal  Laws  and  Regu- 
lations, printed  on  the  reverse  of  this  form,  to-wit; 

1.  That  the  names  and  addresses  of  the  publisher,  editor,  man- 
aging editor  and   business  manager  are: 

Publisher — Engineering  and  Contracting  Publishing  Co.,  Chi- 
cago, 111. 

Editor— H.    P.    Gillette,    Chicago,    111. 
Managing  Editor — C.  T.  Murray,  Chicago.  111. 
Business  Manager — LfCwis  S.  Louer.  Ciiicago.  111. 

2.  That  the  owners  are:  (Give  names  and  addresses  of  indi- 
vidual owners,  or,  if  a  corporation,  give  its  name  and  the  names 
and  addresses  of  stockholders  owning  or  holding  1  per  cent  or  more 
of  the  total  amount  of  stock.)— H.  P.  Gillette,  Chicago,  111.;  L^wis 
S.   Louer,   Chicago,   ni. :    X.    M.    Rodgers.   Chicago.   111. 

3.  That  the  known  bondholders,  mortgagees  and  other  security 
holders  owning  or  holding  1  per  cent  or  more  of  total  amount  of 
bonds,  mortgages  or  other  securities  are:  (If  there  are  none,  so 
state.) — None. 

4.  That  the  tw-o  paragraphs  next  above,  giving  the  names  of  the 
owners,  stockholders  and  security  holders,  if  any,  contain  not  only 
the  list  of  stockholders  and  security  holders  as  they  appear  upon 
the  books  of  the  company  but  also,  in  cases  where  the  stockholdei 
or  security  holder  appears  upon  the  books  of  the  company  as  trus- 
tee or  in  any  other  fiduciary  relation,  the  name  of  the  person  or 
corporation  for  whom  such  trustee  is  acting,  is  given:  also  that  the 
.•said  two  paragraphs  contain  statements  embracing  afBant's  full 
knowledge  and  belief  as  to  the  circumstances  and  conditions  under 
which  stockholders  and  security  holders  who  do  not  appear  upon 
the  books  of  the  company  as  trustees,  hold  stock  and  securities  in 
a  capacity  other  than  that  of  a  bona  fide  owner:  and  this  aiflant 
has  no  reason  to  believe  that  any  other  person,  association  or  cor- 
poration has  any  interest  direct  or  indirect  in  the  said  stock, 
bonds  or  other  securities  than  as  so  stated  by  him. 

H.  P.  GILLETTE. 
Sworn  to  and  subscribed  before  me  this  2Sth  day  of  March.  1319. 
(Seal.)  C.   E.   MEINDERS. 

(My  commission  expires  June  20,   1920.) 
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special  monthly  issues  may  be  subscribed  for  as  a  monthly  at  $1.00  a  year  (or  any  two  monthly  issues 
at  $1.50  a  year)  and  the  4  special  quarterly  issues  will  be  sent  without  extra  charge.  Three  of  these 
sf)ecial  quarterly  issues  relate  entirely  to  foreign  engineering  and  construction  practice,  and  the  fourth  is 
our  annual  "New  Equipment  Issue."  The  articles  ir  the  first  two  issues  of  each  month  (1st  and  2nd 
Wednesdays)  completely  cover  the  municipal  engineering  and  contracting  field.  The  articles  in  the 
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the  "mast  head"  on  the  first  page  of  the  Weekly  News  Section  for  information  about  our  weekly 


contract  news. 

Roads  and  Streets — 1st  Wednesday 

(a)    Roads  <c)    Street   Cleaning 

(b>  Streets  (d)   Municipal    Miscellanies 

Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)   Waterworks  (c)   Irrigation    and    Dralnare 

lb)   Sewers  and   SanI-       (d)   Power 
tatlon 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Bxcavatlon  and  (c)   Quarries  and  Fits 

Dredging  <«)   Railway       Construction— 

(b)  Rivers  and  Canals  Steam   and    Electric 

Buildings  and  Structures — 4th  Wednesday 

(a)  Buildings  (c)   Harbors  Structures 

(b)  Bridges  (d)    Miscellaneous    Structures 
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\'olunie  LI. 


CHICAGO,    ILL.,    AFRIL    16,    101' 


Number  lo. 


How  High  Wages  Can  Be  Held  and 
Prices  LoAvered 

The  averagp  wage  of  all  employes  of  railways  is  now  $1,460 
a  year,  or  an  increase  of  80  per  cent  over  the  average  paid 
in  1914,  and  117  per  cent  over  the  average  of  1910.  The 
average  wage  now  paid  by  the  U.  S.  Steel  Co.  is  $1,950,  or 
124  per  cent  greater  than  the  average  for  1914.  The  average 
wage  of  members  of  train  crews  is  now  $2,020,  as  compared 
v/ith  $1,253  in  1914. 

These  statistics  should  be  very  significant  to  civil  engi- 
neers, in  many  ways.  Have  the  salaries  of  civil  engineers 
increased  proportionately?  If  not,  why  not?  Can  it  be  ex- 
pected that  construction  and  material  prices  will  recede  in 
the  face  of  50  to  125  per  cent  increases  in  rates  of  wages? 

Some  political  econo- 
mists predict  a  "perma- 
nently higher  level"  of 
prices  i  n  America. 
Others  predict  a  rather 
rapid  lowering  of  the 
price  level.  But  nearly 
all  are  agreed  that  rates 
of  w-ages  will  not  re- 
cede until  prices  have 
fallen.  Our  own. opinion 
is  that  rates  of  wages 
will  rise  rather  than 
fall.  We  base  this  be- 
lief partly  on  the  fact 
that  workmen,  both  or- 
ganized and  unorgan- 
ized, are  determined  not 
only  to  hold  what  they 
liave  but  to  get  a  larger 
income.     Our   other   rea- 


28  Pages  =  40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  1 12  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pa  es  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


son  for  this  belief  is  our  confidence  in  the  ability  of  engi- 
neers and  managers  to  secure  increasingly  larger  outputs 
per  man-day. 

.American  employes  demand  a  larger  income.  Their  de- 
mand is  the  despair  of  many  employers,  whereas  that  very 
rioiiiand  should  be  regarded  as  a  welcome  sign  of  grow- 
ing ambition.  Where  many  men  seek  to  accomplish  a  rea- 
sonable purpose,  leaders  always  are  found  to  show  them  the 
way.  It  is  only  where  ambition  is  dead  or  dormant  that 
'voiild-be  leaders  are  powerless.  Asia  and  India  are  extreme 
examples  that  are  the  despair  of  those  who  would  emanci- 
pate them  from  wretchedness.  America,  at  the  other  ex- 
treme, should  be  the  delight  of  every  man  who  has  the  wel- 
fare of  his  fellows  at  heart.  Here  we  have  an  ambitious  peo- 
ple, eager  to  be  shown  how  to  better  their  condition.  The 
great  problem  now  is  to  devise  workable  plans  for  stimulat- 
ing  the  average  produc- 
tivity of  our  workers. 

Far  sighted  engineers 
are  calling  upon  all  en- 
gineers to  seize  the  lead- 
ership in  the  coming 
crusade  for  greater  in- 
come and  greater  lei- 
sure. Engineers  have 
designed  the  productive 
machinery  and  tliey 
have  been  latterly  rede- 
signing the  methods  of 
managing  men  so  as  to 
increase  productivity. 
Engineers  stand  natural- 
ly between  the  employer 
and  the  employe,  seek- 
ing the  welfare  of  both. 
Perhaps  this  can  be  said 
of    no    other    class.     At 
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nny     nuo     no     otlior     ilusn     shows     iiioie     iiltnilsin.     ooii- 
pled    Willi    H  prHitU-Hl     kiiowlpdce    of     how     to     si'(iti»>     le- 

SoclallstH  arp  tisiiiillv  iilinilsis.  hut  they  lire  ill"  i»  hu-k 
both  the  ecoiiomir  trHinliii:  iiiiil  the  sense  of  priu-tlcalltv  thnt 
Is  possebsetl  by  eiiuliieers.  Soiliillsts  lire  Idealists.  KiikI- 
De*rs  nre  Idonllsts  plus.  The  vlus  Is  the  knowledKe  of  how 
be»'  to  nttain  results  todiiy  iiml  tomorrow.  The  pure  iileal- 
l«t  hu»  no  Bonso  of  time.  His  visions  mny  be  dellullf  enouKh 
Id  every  respoci  but  one;  he  enn  not  tell  how  Ioiik  It  will 
mke  to  reallie  them.  The  enitlueer.  always  denlluK  with 
the  affairs  of  today  and  of  the  dellnlte  future,  has  learned 
to  repnrd  time  as  one  of  the  essential  factors  of  every  eeo- 
norolc  problem.  He  can  not  be  vacuo  as  to  when  n  desired 
Knd  shall  be  attained.  His  Is  the  function  to  he  dctlnlle  In 
every  respect. 

If  euKlneers  will  now  assert  their  right  to  be  leaders  of 
the  public,  they  will  speedily  displace  pure  Idealists  as  lead- 
er*, for  there  Is  a  seiieral  craving  for  Idealism  plus  practi- 
cality. The  public  Is  not  tired  of  dreams  and  dreamers:  it 
welcomes  both.  But.  unless  we  misunderstand  this  practical 
.Xiuerlcan  public.  It  prefers  dreamers  who  are  not  only  the 
hernidd  hut  the  creators  of  fast-following  realities.  Such 
dreamers  are  the  engineers. 


Why  Illinois  Shows  Wisdom  in  Not 
Waiting  for  Road  Material 
Prices  to  Decline 

The  daily  papers  of  Chicago  have  bi^eii  saying  that  the 
•■;overnor  of  Illinois  has  been  opposed  to  starting  state  road 
construction  on  a  large  scale  until  lower  prices  of  materials 
could  be  secured.  Apparently  this  opposition  has  come  to 
an  end.  for  bids  on  state  road  contracts  totaling  lOn  miles 
of  roads  are  to  be  opened  April  24. 

We  take  It  that  the  Governor  and  other  state  officials  have 
come  to  the  conclusion  that  it  is  preferable  to  provide  jobs 
for  Idle  men  than  to  wait  for  problematical  reductions  in 
the  prices  of  materials.  This  is  a  wise  decision,  for  it  will 
certainly  be  cheaper  for  the  citizens  to  pay  a  little  more 
for  road  materials  than  they  want  to  pay,  than  to  stand 
the  vastly  greater  expense  of  supporting  an  army  of  idle 
men.  A  public  official  is  prone  to  forget  that  he  should 
shape  his  economic  policy  in  a  much  broader  way  than  it 
■would  be  shaped  were  he  acting  as  an  individual.  As  an 
individual  the  Governor  of  Illinois  might  find  it  profitable 
to  haggle  for  weeks  over  the  prices  of  construction  mate- 
rials, for  he  would  not  be  footing  the  bill  of  wages  lost  by 
unemployed  men  during  the  haggling  period.  But  as  an  em- 
ploye of  al!  the  people  of  Illinois  the  Governor  can  not 
>?rore  the  wages  that  are  being  lost  by  many  of  the  people 
whom  he  represents. 

On  the  credit  side  of  the  public  ledger  the  Governor  would 
like  to  place  a  reduction  in  prices  of  road  materials.  But 
he  sees  that  it  it  is  going  to  take  very  long  to  secure  this 
result  he  will  be  faced  with  a  far  greater  charge  on  the 
debit  side  of  the  public  ledger,  namely,  the  wages  lost  by 
idle  workers.  It  is  this  broad  view  of  the  economic  prob- 
lem that  has  doubtless  led  Governor  Lowden  to  postpone  no 
longer  the  letting  of  state  highway  contracts.  We  congratu- 
late him  upon  coming  to  this  decision,  for  the  road  building 
season  is  almost  upon  us.  Contractors  need  a  few  weeks 
time  to  assemble  their  plant  and  and  to  secure  new  equip- 
ment. This  preparatory  work  can  not  be  compassed  in  a 
day  or  a  week.  It  is  a  matter  of  three  to  six  weeks  usually, 
and  often  longer. 

Those  that  are  best  acquainted  with  the  reasons  for  pres- 
ent high  prices  of  road  materials  are  the  least  hopeful  of 
seeing  a  substantial  reduction  this  year.  In  the  case  of  sand, 
gravel  and  broken  stone,  the  prices  depend  mainly  on  the 
rates  of  wages.  Wages  have  almost  doubled  in  five  years, 
and  there  is  small  prospect  of  a  decrease  this  year  or  next. 

In  another  editorial  we  have  commented  upon  the  80  per 
cent  increase  in  the  average  wages  of  railway  employes  and 
the  124  per  cent  increase  in  the  average  wages  of  the  U. 
S.  Steel  Co.  employes.  ^Manufacturers  of  road  materials 
have  had  to  grant  similar  increases.  How  absurd,  then,  is 
it  to  contrast  present  prices  of  road  materials  with  those 
that  existed  prior  to  the  war.  and  argue  from  such  a  con- 
trast that  a  marked  reduction  in  material  prices  should  oc- 
cur at  once  or  in  the  near  future. 


In  ;lic  CUM"  ol  till-  nifliils.  lil<e  copper  ;uul  steel,  whore 
ovcrhoml  costs  are  very  great  and  where  targe  stocks  of 
meliil  have  been  accuninlated,  a  somcwliat  different  eoo- 
iioiMlc  condilii'ii  exists.  Cojjper  has  dropped  40  per  cent, 
and  steel  lias  been  reduced  about  In  per  cent  In  price.  But 
in  the  case  of  road  materials  there  is  neither  a  large  stock 
on  hand,  nor  Is  the  overlii'ad  cost  so  great  a  percentage  of 
the  total  cost  of  production.  Wages  constitute  so  large  a 
part  of  the  cost  that  until  wages  recede,  or  until  more  eco- 
nomic methods  of  production  are  developed,  there  can  be  no 
ve'-y   great    roduclioii   in   road   nuilcrial  prices. 

1 1  seems  to  us  preferable  to  accept  present  rates  of  wages 
as  'permanent,"  and  to  turn  our  thoughts  toward  increasing 
the  outi)Ut  of  workers  so  greatly  that  wages  will  not  recede. 
In  this  way  we  can  secure  gradually  decreasing  prices  in  the 
face  of  high  wages.  Let  our  eyes  be  turned  toward  this 
goal  rather  than  toward  the  forcing  down  of  prices  by  re 
fusing  to  buy.  Forced  price  reduction  is  apt  to  prove  a  very 
expensive  luofhod  of  saving  money. 


Shall  the  Railway  Investor  Be  Asked 
to  "Hold  the^ag"? 

Railway  rates  of  wages  have  advanced  80  per  cent  in  five 
years.  The  price  of  rails  has  gone  up  an  eiiual  peicentage. 
Coal  has  almost  doubled  in  price.  But,  somehow  or  other, 
the  public  hopes  to  avoid  a  similar  increment  in  freight  and 
passenger  rates.  It  requires  but  little  study  of  tlie  prob- 
lem to  see  that  the  only  way  in  which  the  public!  can  attain 
its  hope  is  by  depriving  railway  owners  of  a  fair  return  on 
their  investment. 

A  few  years  ago,  before  the  great  rise  in  wages  and  prices, 
it  was  commonly  said  that  a  "fair  return"  on  capital  in- 
vested in  railways  was  6  to  7  per  cent.  But  if  the  average 
price  level  is  to  remain,  say,  170  per  cent  above  the  pre- 
war level,  then  !fl.70  will  buy  only  what  $1  would  buy  be- 
fore the  war.  Consequently  a  railway  stockholder  who  now 
gets  6.5  per  cent  on  his  pre-war  investment,  actually  Is  worse 
off  than  a  stockholder  who  received  only  4  per  cent  before 
the  war.  Putting  it  differently,  a  $4  dividend  on  a  share  of 
stock  prior  to  the  war  would  buy  as  much  food,  clothes  and 
shelter  as  1.7  times  .?4.  ov  $6.80  will  no\v  buy. 

If  railway  and  public  utility  stockholders  are  not  to  be 
made  "bag  holders."  it  is  evident  that  they  should  receive 
a  fair  per  cent  of  dividends  on  the  cost  of  reproducing  their 
property  at  present  prices.  This  will  sound  rather  startling: 
to  those  who  believe  in  actual  cost  of  property  as  the  proper 
base  upon  which  to  estimate  returns  to  stockholders.  Yet. 
if  equity  is  to  be  preserved,  there  seems  to  be  no  escape 
from  the  proposition  that  railway  and  public  utility  rates 
must  be   based   on   present   costs   of  reproducing  the   plants. 

Consider  what  is  happening  in  the  real  estate  field.  Rents 
are  steadily  rising.  Farm  real  estate  has  more  than  doubled 
in  value  in  six  years.  Why?  Because  while  the  rate  of  in- 
terest used  in  capitalizing  values  has  remained  constant, 
the  net  earnings  from  farm  properties  have  doubled.  City 
real  estate  also  shows  a  rising  tendency,  because  rents  are 
steadily  rising.  If  the  prices  of  building  materials  stay  up, 
it  is  inevitable  that  all  rents  will  rise:  for,  if  there  is  a 
demand  for  the  new  buildings  at  the  higher  rents  that  they 
will  command  because  of  their  higher  cost,  the  landlords 
of  old  buildings  will  not  be  very  slow  in  raising  their  I'ents. 

Similarly  the  owners  of  factories  will  find  it  possible  to 
maintain  a  high  enough  price  for  their  products  to  yield 
at  least  a  normal  interest  on  the  cost  of  reproducing  their 
plants  new  at  present  prices  of  materials. 

In  short,  the  owners  of  every  class  of  property  except 
railways  and  public  utilities,  will  be  free  to  raise  the  prices 
of  their  products  until  they  secure  at  least  a  normal  inter- 
est on  the  cost  of  duplicating  their  property  at  the  existing 
level  of  prices  of  materials  and  rates  of  wages.  All  this 
follows  from  tlie  law  of  supply  and  demand.  The  rates 
charged  by  railways  are  subject  to  public  control.  Shall 
this  control  be  so  exercised  as  to  compel  railway  stock 
owners  to  accept  a  fixed  percentage  of  return  on  a  fixed 
value  of  property  when  all  other  values  have  risen  70  per 
cent?  If  this  question  is  answered  in  the  affirmative  by  the 
public,  then  Government  ownership  will  soon  follow,  for 
new  capital  will  cease  to  flow  into  so  unpromising  a  pool. 

The  same  will  happen  as  to  every  class  of  public  utility. 
Already  The  street  railways  of  the  country  are  dangerously 
near    bankruptcy,    because    rates     of     fare     are    insufficient. 
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Even  should  rates  be  raised  so  as  to  yield,  say.  6  or  7  per 
cent  on  the  invested  capital,  investors  in  public  utilities 
ivould  remain  disinclined  to  make  further  mvestments  until 
assured  that  the  base  for  future  rates  would  be  the  future 
cost  of  reproduction  of  the  plant.  Since  the  prospect  of  se- 
curing a  "fair  deal"  of  this  sort  is  remote,  we  are  inclined 
to  think  that  city  ownership  of  street  railways  and  other 
public  utilities  is  imminent.  Government  ownership  of  rail- 
ways will  inevitably  follow,  unless  a  much  more  liberal  at- 
titude toward  investors  in  railway  securities  is  soon  adopted. 
For  111  years  the  managers  and  owners  of  railways  and 
public  utilities  have  struggled  to  secure  more  liberal  treat- 
ment. They  might  have  continued  the  struggle  another  10 
yeprs  had  not  the  war  suddenly  caused  a  crisis  by  nearly 
doubling  wages  and  prices.  As  it  now  stands,  these  men 
are  about  ready  to  quit.  They  are  tired  of  continuously 
lighting.  They  are  sick  of  continuous  criticism.  They  know 
that  it  will  be  a  great  economic  blunder  if  the  public  buys 
the  railways  and  public  utilities.  But  they  are  fast  becom- 
ing resigned  to  seeing  the  blunder  committed.  Perhaps 
they  feel  toward  the  public  as  the  rest  of  the  world  feels 
toward  the  Russians.  If  ignorance  can  not  be  persuaded 
by  wisdom,  then  let  it  be  persuaded  by  its  own  bitter  ex- 
perience. 


Who  Are  the  "Workers?" 

Under  this  caption  The  .Manufacturers'  Record  recently 
took  President  Wilson  to  task  for  saying:  "I  am  as  keeniy 
aware,  as  anybody  can  be,  that  the  social  structure  rests 
upon  the  great  working  classes  of  ilt,e  world."  Although  the 
Record"  stated  nothing  new  wnen  it  contended  that  biai!i 
workers  are  as  essential  as  manual  workers  in  sustaining 
ihe  "social  structure  of  the  world."  it  was  well  to  give  em- 
I)hasis  to  this  fact  at  this  time. 

In  the  actual  presence  of  men  who  have  achieved  great 
Things  by  the  power  of  the  mind — men  such  as  Edison  or 
Burbank — there  are  very  few  "workers'  of  any  class  who  • 
wii;  not  gaze  with  an  admiration  akin  to  awe.  But  it  is  un- 
fortunately a  fact  that  manual  workers  seldom  see  the  great- 
est of  brain  workers,  and  still  more  seldom  hear  their 
achievements  explained  and  extolled.  Labor  agitators  are 
given  to  painting  all  brain  workers  as  mere  exploiters  of 
labor.  They  avoid  picturing  what  this  world  would  be  had 
it  not  been  for  brain  workers.  Never  do  they  throw  upon  the 
screen  pictures  of  the  toiling,  ill  fed  masses  of  India  or 
China — the  masses  whom  no  brain  workers  have  ever  seri- 
ously "exploited,"  the  masses  with  few  public  utility  plants 
and  railways,  the  masses  unfreed  from  drudgery  by  the 
power  of  brain  workers,  the  masses  still  slaves  to  manual 
precedents  and  almost  unaided  by  the  things  that  brains 
have  invented,  developed  and  put  into  effective  use. 

Measured  by  productivity  due  to  his  personal  efforts. 
I.uther  Burbank  has  done  more  work  than  all  the  farmer 
hands  in  Kansas,  for  he  has  more  than  doubled  the  produc- 
tivity of  scores  of  plants.  Would  it  not  be  wise  to  tell  the 
manual  workers  of  America  about  such  men  as  Burbank. 
about  the  great  inventors,  engineers  and  industrial  captains 
who  have  so  enormously  increased  the  income  of  the  average 
American  worker? 

Our  schools  have  taught  political  history,  and  it  has  been 
of  little  practical  use  to  the  average  man.  Had  industrial 
history  and  the  biographies  of  its  real  makers  been  taught. 
we  should  be  today  in  less  danger  of  bolshevism  of  anv  kind 


New  Listening  Instrument  May  Be  Used  in  Tunnel  Work. 
— The  geophone.  a  listening  instrument  invented  by  the 
French  during  the  war  to  detect  enemy  sapping  and  under- 
ground mining  operations  and  for  the  location  of  enemy  ar- 
tillery, is  now  being  used  by  the  Bureau  of  Mines,  Depart- 
ment of  the  Interior,  as  a  possible  aid  in  locating  miners 
who  have  men  entombed  after  a  disastei.  The  instrument 
was  developed  by  United  States  engineers  during  the  war 
and  is  now  used  by  the  bureau  according  to  plans  drawn 
by  these  engineers.  Now  that  the  war  is  over  the  bureau 
work  has  titrned  to  the  development  of  the  instruments  for 
peace  time  uses.  In  metal  mines  expensive  surveys  have 
sometimes  to  be  made  in  order  that  approaching  tunnel  head- 
ings may  be  brought  accurately  together.  Since  direction 
can  be  determined  so  well  with  the  geophones.  it  is  thought 
that  they  can  be  used  to  guide  such  work. 


Freight  Rates  on  Road  Building 
Materials 

To  the  Editor:  Referring  to  the  last  paragraph  of  the  edi- 
torial in  "Engineering  and  Contracting"  of  Feb.  19,  1919,  en- 
titled: "The  Paramount  Duty  of  Engineering  Societies  in 
the   Present   Emergency." 

I  assume  you  are  well  aware  that  present  freight  rates  do 
not  meet  the  cost  of  maintaining  and  operating  the  railroads, 
to  say  nothing  of  a  return  on  the  investment.  That  being 
so,  either  there  must  be  some  increase  of  freight  rates  or 
the  taxpayers  must  make  up  the  deficiency.  That  being  the 
case,  do  you  not  think  the  engineers  and  engineering  societies 
were  wise  not  to  be  represented  at  the  important  conference 
you  refer  to?  Perhaps  that  is  what  you  had  in  mind,  al- 
though I  do  not  think  you  have  made  it  very  clear. 

Freight  rates  on  sand,  gravel,  stone,  etc..  have  been  dis- 
proportionately low.  Perhaps  it  is  your  thought  that  it  would 
be  better  to  let  the  rates  on  these  commodities  remain,  and 
increase  those  on  other  commodities  so  as  to  put  railroad 
operation  on  a  self-paying  basis:  but  if  a  self-paying  basis  is 
desirable  for  the  railroad,  why  not  apply  the  same  principle 
to  the  rates  for  sand,  gravel  and   stone? 

C.  P.  LOWETH. 
Chief  Engineer, 
Chicago,  Milwa\ikee  &  St.  Paul  R.   R. 

Chicago.  111. 

[There  is  no  doubt  whatever  that  the  seneral  level  of 
freight  rates  is  too  low,  in  spite  of  the  recent  increase  in 
rates.  But  it  is  our  opinion  that  the  rates  on  sand,  stone, 
etc..  for  road  building  should  not  be  raised  again  for  some 
time  to  come.  Freight  rates  are  usually  so  designed  as  to 
yield  the  maximum  percentage  of  net  earnings  on  the  in- 
vested capital.  Since  a  substantial  increment  in  farm  produce 
shipped  by  rail  will  aid  in  effecting  this  purpose,  it  will  be 
good  railway  policy  to  keep  down  the  rates  on  road  build- 
ing materials:  for  the  greater  the  mileage  of  good  roads  the 
larger  will  be  the  tonnage  of  farm  produce  shipped  by  rail. 
Moreover— and  this  is  even  more  important — the  "peak  load" 
on  the  railway  plant  will  be  lowered  by  the  building  of  a 
more  extensive  mileage  of  hard  roads.  This  follows  from 
the  fact  that  hauling  of  farm  produce  to  railway  stations  is 
not  confined  to  good  weather  periods.  b::t  occurs  more  uni- 
formly where  roads  are  usable  every  day  of  the  year.  Finally, 
it  is  good  public  policy  at  the  present  time  to  employ  as  many 
men  as  possible  in  road  building.  Every  dollar  of  decreased 
freight  cost  on  road  materials  makes  available  a  large  part 
of  a  dollar  for  wages   of  road   builders,— Editors,] 
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Cost  Accounting.  B.v  J,  Lv-e  Xieliolson  and  ,Iohii  F,  D,  Rohrhacli. 
I'ubiished  by  The  Ronald  Press  Co,.  New  York.     Price  S(i. 

This  book  of  "id  pages  is  written  by  tv/o  well  known  ac- 
countants. It  is  intended  primarily  for  factory  accounting, 
but  there  are  some  parts  applicable  to  construction  account- 
ing. 

With  the  exception  of  the  cliapter  on  Depreciation  and 
Maintenance,  the  book  has  been  well  written.  That  chapter 
relates  to  a  very  important  subject,  yet  it  is  lamentably 
weak.  M'e  suggest  to  the  authors  the  wisdom  of  carefully 
studying  the  writings  of  engineers  on  this  subject.  The  62- 
page  chapter  on  Depreciation  in  the  Handbook  of  Mechanical 
and  Electrical  Cost  Data  by  Gillette  and  Dana  offers  a  strong 
contrast  to  the  19-page  chapter  in  this  book,  both  in  method 
and  in  completeness  of  treatment. 

The  most  valuable  part  of  the  book  to  civil  engineers  and 
contractors  is  the  part  relating  to  "Cost-Plus  Contracts." 
which  covers  about  60  pages.  This  part  may  alone  be  worth 
the  price  of  the  book  to  anyone  who  is  drafting  a  cost-plus 
contract. 

Modern  Management  Applied  to  Construction.  By  Hani.  I  .J,  H.iucr, 
i'ul.lishi-d  li.\   Mclraw-Hill  Book  Co,   X.-w  York  City,     :52.r>i;i. 

This  is  a  200-page  book  whose  title  well  indicates  its  scope. 
The  titles  of  the  10  chapters  are  as  follows: 

I,  What  is  Scientific  Management?  II.  Old  Versus  New- 
Management,  III.  Principles  of  Modern  Management.  IV. 
Finances  and  Efficiency.  V.  Fundamentals  in  Choosing  Type 
and  Amount  of  Plant.  VI.  The  Application  of  Motion  and 
Time  Studies.    VII,  .Application  of  Modern  Management,    VIII. 
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Enffiiufihiii  and  Contract  in;/  fur  AprU    hi.   I!>l!). 


Cost  Keeping  and  Hookkeepins-  IX.  Systematizing  Construc- 
tion. X  Tht'  Kffect  of  Moilorn  Maniiseinont  Ipon  Workmen 
ApppDilix,  Tlio  OrKiiui/ation  of  War  I'onslruollon  Forces. 

Thr  author  has  had  extensive  experience  as  a  contractor, 
ami  di.«<usses  Ills  sul)Ject  in  u  very  practical  and  instructive 
manner. 

riu-   1"»1*>  Kdition  of  I  rautwine's  C.  E. 
Pocket book 

The  I'i'th  edition  of  this  justly  famous  reference  book  con- 
tttlDK  l.Ji'O  pattes.  of  which  400  pages  are  entirely  new.  About 
60  per  cent  of  the  new  matter  relates  to  railways.  Kxamina- 
lion  of  the  new  text  discloses  the  same  painstaking  author- 
ship that  has  charncterlzed  "Trautwlne"  from  the  llrst  edi- 
tion in   ISTl*. 

The  price  of  the  book  is.Jrt.  and  Its  publisher  Is  the  Traut- 
wlne Co..  257  S.  4th  St..  Philadelphia. 


Car  W  heel  Coning  and  Rail  Canting 

The  coning  of  car  wheels  is  for  the  purpose  of  reducing  the 
shock  of  unyielding  impact  when  the  car  sways  from  side  to 
side  and  to  reduce  the  rubbing  or  slipping  friction  between 
wheel  and  rail,  thus  reducing  the  wear  on  wheel  flange  and 
tread  and  on  rail  head.  The  desirability  of  changing  the  taper  of 
coning  has  recently  received  the  attention  of  the  track  com- 
mittee of  the  American  Railway  Engineering  Association,  and 
In  its  report  to  Uie  recent  annual  convention  some  interest- 
ing facts  are  brought  out  relating  to  present  practice. 

Prior  to  ISTS  the  wheel  coning  varied.  At  that  time  a 
ratio  of  1  in  38  was  adopted  by  the  Master  Car  Builders'  Asso- 
ciation and  this  remained  standard  until  1907  when  the  as- 
sociation revised  the  taper  to  1  in  20.  which  is  the  present 
standard,  excepting  on  a  very  few  roads  which  \ise  the  1  in 
3S  taper. 

In  the  past  it  has  been  the  general  practice  of  the  railroads 
to  place  the  vertical  axis  of  the  rail  perpendicular  to  the 
plane  of  the  track.  However,  some  roads  have  deviated 
from  this  practice,  and  canted  the  rail  inward.  With  the 
standard  Master  Car  Builders'  wheel  taper  of  1  in  20  and  the 
vertical  axis  of  rail  at  right  angles  to  the  plane  of  track,  the 
point  of  contact  with  the  rail  of  A.  R.  A.  section  and  14-in. 
top  radius  Is  45, '64  in.  inside  of  center  of  rail  toward  gage 
side  and  for  wheels  having  1  in  38  taper  and  the  same  section 
of  rail,  the  point  of  contact  is  23/64  in.  insit'.e  of  center  of  rail. 

It  would  appear  that  the  amount  of  taper  for  minimum 
wear  of  wheel  is  not  the  condition  which  results  in  econom- 
fcal  wear  and  least  stress  in  rail.  In  view  of  the  fact  that 
rail  must  be  designed  for  the  heaviest  wheel  loads,  while  the 
wheels  are  designed  for  a  definite  car  capacity,  it  may  be 
expedient  to  sacrifice  some  degree  of  service  of  wheel  to 
favor  the  factor  of  safety  and  life  of  rail. 

Twenty-eight  railroads.  Including  four  in  Canada,  reported 
to  the  track  committee  that  they  had  canted  tie  plates,  for 
the  most  part  in  general  use.  The  slope  of  the  canted  tie 
plate  in  use,  however,  reported  on  by  the  various  roads, 
varies  from  1  in  20  to  1  in  174  with  the  mileage  as  shown  in 
table: 

TABLE    SHOWIXG    MILE.':  OF   TRACK    OF    EACH    T.VPER    OF 
CAXTED  TIE  PLATES. 

Milps   sinsrie               With  .Miles   single               With 

track.                  taper  of  track.                  taper  of 

1S.8                   lin20  1.012.0                   1  in  83 

3.H5.0                   1  in  40  30.0                   1  in  86 

S.S                   1  in  43 '74  o.a                   1  in  96 

0.6                   lin44  S.S                   1  in  174 

190.0  1  in  60  

1.0                   1  in  71  15,076.0 

2.417.0                   1  =n  76  Miles    total. 
S. 239.0                   1  in  SO 

On  the  other  hand,  eleven  railroads,  aggregating  50,000 
miles  of  line  and  including  some  of  the  best  known  compa- 
nies, reported  that  in  their  judgment  it  would  not  be  advis- 
able to  cant  the  rail  inward. 

The  Track  Committee  frankly  admits  that  it  has  not  re- 
ceived enough  information  to  recommend  whether  or  not  the 
rail  should  be  canted  inward  and  to  what  exent.  It  does 
feel,  however,  that  the  canting  of  rail  1  in  20,  which  is  the 
same  as  the  taper  or  coning  of  the  wheel  tread  made  stand- 
ard by  the  Master  Car  Builders'  Association,  is  too  much. 

In  view  of  the  great  economic  importance  of  rail  wear  and 
wheel  wear,  it  is  to  be  hoped  that  further  investigations  w-ill 
be  made  which  will  determine  beyond  question  the  proper 
relations  between  wheel  and  rail. 


Portable  Shops  for  Repair  of  Con- 
struction Equipment 

Karly  in  r.U7,  the  advisability  of  supplying  engineer  troops 
in  I'Yance  with  portable  shops  was  considered  by  the  Engi- 
neer Department  of  the  U.  S.  .\niiy.  Designs  were  soon 
drawn  up  and  orders  placed. 

The  units  decided  upon  form  a  train,  consisting  of  a  port- 
able machine  shop,  carpenter  shop,  lilacksmith  and  tin  shop, 
and  a  iHirlable  supply  or  material  unit.  ICach  consists  of  a 
special  body,  inounled  upon  a  ,')%-ton  truck.  The  train  can 
be  o|)erated  as  a  whole,  or  each  of  the  units  can  be  operated 
indepeiulently.  The  shops  were  designed  for  the  repair  of 
the  eciuipinent  of  practically  all  classes  <t  engineer  troops. 
Tills  includes  eciuipinent  for  road-making,  forestry,  quarry 
operations,  pontoon  and  other  bridge  activities,  water  sup- 
ply, general  construction  and  railroad  construction. 

The  most  interesting  unit  of  the  four  is  the  machine  shop, 
the  ei)uipmenl   of  which  is  outlined  below: 

.\  .Ueel   body   with  solid  wood  floor,  supported   from   i)roper 


U.   S.    Engineers   Field    Machine   Shop. 

sills,  was  arranged  to  be  easily  mountable,  or  demountable, 
at  will,  yet  secure  when  under  severe  running  conditions. 

The  floor  spaced  body  closed  is  6  ft.  9  in.  by  13  ft.  While 
with  the  platform  sides  swung  down  to  floor  level,  the  floor 
space  becomes  11  ft.  3  in.  wide  by  15  ft.  3  in.  long.  The  head 
room  is  approximately  7  ft. 

Suitable  canvas  covers  provide  shelter  for  the  top  and  sides 
not  covered  by  the  folding  up  of  the  platform  extensions. 

Within  the  shop  the  equipment  is  arranged  to  give  fair 
work  room  about  each  tool  and  bench,  and,  at  the  same  time, 
all  tools  or  equipment  may  be  removed  for  temporary  use 
outside. 

The  principal  tools  are  a  14-in.  Le  Blond  lathe  with  5  ft.  bed, 
driven  by  a  2  h.p.  110  volt  motor,  the  lathe  having  the  usual 
complement  of  attachments  and  controls,  an  18-in.  drill 
press,  motor  driven  and  capable  of  drilling  with  a  %-in.  drill 
in  steel:  a  2-w-heel  10  in.  by  T  in.  2,000  r.p.m.  motor  driven 
grinder:  a  work  bench  with  vise  and  6  drawers,  the  top  made 
of  1%  in.  oak,  being  2  ft.  3  in.  by  5.5  ft.  6  in.  long:  an  electric 
portable  drill,  good  for  1-in.  holes  in  steel;  2  electric  portable 
hammers,  2  complete  oxyacetylene  welding  and  cutting  out- 
fits; a  reasonable  complement  of  bencli  and  hand  tools, 
abrasives,  drills,  supplies,  jacks,  measuring  tools,  these  lat- 
er being  arranged  for  with  proper  fastenings  in  place. 

The  shop  is  electric  lighted,  the  wiring  being  carried  in 
regulation  conduit,  and  with  suitable  outlets  for  cutting  in  or 
out,  to  or  from  the  engines,  tools  or  other  units  outside  of 
the  shop. 

A  suitable  corner  crane  with  a  1,000-Ib.  Pale  triplex  hoist 
serves  the  purpose  of  lifting  heavy  articles  onto  or  off  of  the 
floor  and  ground.  The  power  plant  is  an  independent  unit, 
direct  connected,  4  cylinder,  1,000  r.p.m.  Winton  gasoline  en- 
gine, and  5  kw.  generator  complete  with  switchboard,  tanks 
and  cooling  system,  arranged  for  power  and  lighting  circuits. 

The  cost  of  the  complete  outfit — truck,  body,  and  comple- 
ments of  tools  at  war  prices  was  less  than  $8,500.  The  en- 
tire train  complete  cost  $27,800.  The  body  and  tools  weigh 
around  11,000  lb.  A  number  of  the  complete  trains  were 
used  in  France  and  others  on  this  side  at  the  training  camps 
and  schools  for  engineer  troops,  giving  excellent  satisfaction 
and  receiving  favorable  comment  from  those  who  used  them 
extensively. 

It  is   believed   that  the  outfit   should   have  a   place   in   the 
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equipment  of  any  contractor  who  handles  projects  of  reason- 
able size.  The  investment  is  not  large,  antl  the  service  capa- 
ble of  being  rendered  on  the  spot,  in  quick  order,  would  save 
much  time  of  delivery  of  parts  for  repairs  usually  sent  to  a 
village  shop  The  body  could  be  demounted  at  the  site  and 
the  truck  used  for  other  work  in  the  interval.  Interest  on 
the  investment  added  to  a  12  per  cent  depreciation  amounts 
to  about  $1,200,  which,  for  30O  working  days,  makes  a  cost  of 
$4.00  per  day  added  to  supplies  needed.  On  this  basis,  it  is 
not  hard  to  figure  the  volume  of  yearly  business  which  would 
warrant  the  maintenance  of  such  an  outfit. 


Storage  Bin  and  Loading  Chute  for  Coal- 
ing Contractor's  Equipment 

When  grading  for  the  Markham  Yard  of  the  Illinois  Central 
R.  R.,  near  Chicago,  was  started  in  July,  191S,  due  to  the 
war  conditions,  the  question  of  getting  sufficient  coal  and  the 
prompt  unloading  of  cars  were  important  problems  to  be 
considered.  It  was  estimated  the  contractors  would  require 
for  the  work,  from  7  to  9  cars  of  coal  per  week.  In  order  to 
handle    this   amount    without    serious    delay    (frequently   one 


Coal   Unloader   and    Bin    at    Markham    I.    C.    R.    R.   Yard. 

week's  supply  would  be  delivered  at  one  time),  it  was  decided 
provision  would  have  to  be  made  tor  ample  storage,  as  well 
as  for  prompt  unloading  of  the  cars. 

To  satisfactorily  handle  the  problem  it  was  decided  to 
set  up  a  stiff  leg  derrick  with  a  CO-ft.  boom,  equipped  with  a 
li/^-cu.  yd.  clam  shell  bucket  for  unloading  coal.  To  provide 
for  promptly  coaling  the  engines  it  was  decided  to  erect  ad- 
jacent to  the  running  track,  a  gravity  bin  with  sloping  pock- 
ets, and  three  vertical  sliding  doors,  with  hinged  chutes  to 
coal  the  engines.  This  bin  was  12  ft.  wide  and  24  ft.  long 
and  of  a  total  height  of  30  ft.,  and  an  average  depth  of  14  ft. 
It  had  a  capacity  of  two  carloads  of  coal.  This  was  deemed 
sufficient  for  the  purposes  required,  as  it  would  enable  most 
of  the  coal  to  be  unloaded  direct  from  the  cars  into  the  bin 
and  save  rehandling.  and  was  of  large  enough  capacity  to 
take  care  of  any  breakdowns  that  might  occur  to  the  plant. 
The  arrangement  of  derrick  and  bin  was  ruch,  that  it  would 
permit  the  storing  within  a  working  radius  of  the  derrick 
of  from  30  to  40  car  loads  of  coal.  Frequently  there  were  as 
many  as  25  to  .30  carloads  in  the  storage  pile.  The  derrick 
has  a  12-ft.  bull  wheel  for  swinging,  and  is  operated  by  a 
double  drum  hoist,  and  a  counter  weight  drum  for  handling 
the  bucket  line.  To  operate  the  derrick,  two  men  are  used. 
one  hoist  engineer,  and  one  general  man,  to  give  signals  and 
clean  out  the  car  pockets. 

The  water  tank  also  was  located  near  the  bin,  so  that  the 
engines  could  coal  up  and  take  water  at  practically  the  one 
stop.  This  installation  has  worked  out  very  satisfactorily 
as  there  has  never  been  any  delay  in  its  operation,  and  there 
has  been  no  delay  in  getting  coal  to  the  engines  or  steam 
shovels,  which  latter  is  handled  by  taking  the  required  amount 
of  coal  in  a  dump  car,  from  the  coaling  plant,  and  dumping 
on  a  coal  board  alongside  of  the  steam  shovel. 

The  Walsh  Construction  Co.  has  the  contract  for  the  grad- 
ing, M.  W.  Woolsey  of  that  company,  being  in  charge  of  the 
work.  F.  G.  Walter,  Jr.,  Assistant  Engineer  Illinois  Central 
R.  R.,  represents  the  railroad. 


General  Problems  and  Aspects  of 
Grade  Separation 

Track  elevation  in  American  cities  has  been  a  very  live 
subject  for  some  years.  Scarcely  a  large  city  has  failed  to 
do  some  work  in  the  separation  of  highway  and  railroad 
grades,  and  today  many  cities  of  moderate  size,  with  the  ex- 
ample which  has  been  set  them  by  their  larger  neighbors, 
have  at  least  awakened  to  the  benefits  to  be  derived,  and  to 
the  importance  of  planning  for  the  future  in  such  a  way  as 
to  best  promote  the  city's  welfare.  Each  city  has  its  own 
peculi,ar  problems,  depending  upon  industrial  conditions, 
topography,  city  layout,  and  the  number  and  Importance  of 
the  railroads  within  its  limits. 

The  Division  of  Grade  Separation  and  Bridges,  of  the  city 
of  Detroit,,  has  recently  issued  a  report  which  is  partly  a 
progress  report  and  partly  a  study  of  the  general  and  special 
problems  with  which  the  city  is  confronted  as  it  looks  for- 
ward to  an  extensive  program  of  construction.  Many  of 
these  general  problems  and  aspects  of  grade  separation  are 
necessarily  common  to  other  cities,  and  in  the  belief  that 
the  statement  of  these  may  be  of  interest  to  engineers  en- 
gaged in  similar  preliminary  work  in  other  cities,  we  have 
quoted  freely  from  this  report. 

Grade  Separation  and  City  Planning. — Grade  separation 
may  be  considered  an  important  phase  of  city  planning,  be- 
cause in  its  broadest  sense  city  planning  deals  with  all  the 
activities  of  life  in  a  great  city.  The  closing  of  some  streets, 
the  opening  of  some  and  widening  and  the  straightening  of 
others  are  sometimes  needed  as  a  part  of  the  solution  of  the 
grade  crossing  problem.  The  establishment  of  a  plan  of 
main  avenues  of  traffic  is  not  only  necessary  for  the  con- 
venience of  the  present  population,  but  it  gives  better  con- 
trol over  the  platting  of  land  and  the  laying  out  of  streets. 
The  general  rule  seems  to  have  been  that  American  rail- 
roads were  built  with  but  little  thought  of  the  possible  dan- 
gers and  interruptions  to  traffic  due  to  grade  crossings.  As 
traffic  density  increased  upon  the  railroad?,  and  second,  third 
and  fourth  tracks  were  added,  certain  crossings  became 
points  of  danger  and  were  eliminated.  As  villages  grew  into 
cities  and  expanded  territorially,  the  need  of  maintaining  a 
few  streets  open  to  traffic  at  all  times,  caused  both  city  and 
railroad  officials  to  seek  for  some  means  of  grade  operation 
^nd  a  considerable  amount  of  the  work  of  elimination  has 
been  done  in  many  cities,  but  in  only  a  few  has  there  been 
adopted  any  general  comprehensive  plan  for  the  complete 
elimination  of  all  grade  crossings.  It  would  appear  from  a 
study  of  .existing  structures  and  reqords  that  generally  the 
work  has  been  undertaken  rather  with  a  view  to  eliminating 
crossings  because  they  were  a  source  of  danger  to  human 
life,  or  to  secure  a  greater  freedom  of  railroad  operation  from 
interruption  by  traffic  on  the  highway,  than  as  an  essential 
part  of  a  comprehensive  plan  for  bettering  city  traffic  con- 
ditions. 

New  Elements  in  Street  Traffic. — Every  rapidly  growing 
city  faces  certain  conditions  which  tend  to  increase  the  diffi- 
culty of  handling  its  local  transportation.  Detroit  perhaps 
more  than  any  other  city  in  America,  is  now'  face  to  face 
with  this  traffic  problem  in  all  of  its  phases. 

The  need  for  more  street  cars,  more  rapid  movement  of 
cars,  relief  of  congestion  in  the  downtown  section,  and  addi- 
tional lines,  as  well  as  the  possibility  of  establishing  some 
form  of  rapid  transit,  are  all  matters  of  public  discussion. 

The  development  of  the  automobile  in  the  past  few  years 
and  the  tremendous  increase  in  the  use  of  motor  driven  vehi- 
cles has  introduced  a  new  element  in  street  traffic.  Streets 
which  a  few  years  ago  had  only  a  few  team  movements  per 
day  are  now  traveled  by  hundreds  or  thousands  of  automo- 
biles and  teams  per  day.  The  increase  in  number  of  street 
movements  makes  more  urgent  the  abolition  of  grade  cross- 
ings, especially  when  we  consider  that  on  many  streets  there 
has  been  a  corresponding  increase  in  pedestrian  movements. 

Interests  of  Public  and  Railways  in  Grade  Separation. — No 
final  adoption  of  any  plan  can  be  made  until  it  has  been  con- 
sidered from  every  possible  angle.  The  interests  of  the  city 
as  a  whole,  and  of  the  railroad,  are  or  should  be,  so  closely 
interwoven  as  to  be  a  mutual  interest  and  both  parties  should 
bend  every  energy  to  the  immediate  working  out  of  a  com- 
plete plan  and  its  rapid  execution. 

It  is  undoubtedly  the  fact  that  in  many  cases  the  feeling 
has  prevailed  that  the  railroad  and  the  city  were  opposing 
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|>iirli.'>  Hiiil  U  U  also  llu-  tun  lliut  in  imiiiy  iiislaiu-os  the 
niilnmil  lnler««st  liuil  boeii  Itxiked  upon  as  the  piiriiiuoum  In- 
tereM  itml  Britli-  >«>piinilloii  priiji'i'ts  ciiirifd  out  vvhli-h  should 
not  hii\f  Ux'ii  hulll  i«hupl.v  bt'ruuse  of  Uw  desire  ou  the  part 
of  nillroud  luttnagomenl  lo  avoid  larse  eNpendltures  of  rail 
road  money  or  rhanRe  ol  exIsthiK  londltlon  of  Inu-ks  and 
yartls 

There  are  eniies  of  siirrenderlns  puhllr  rlRliis  in  the  iuter- 
e.tt  of  pr<>!<ent  economy  wilhuui  reijanl  'o  future  tralllc  con- 
seslion.  This  would  seem  lo  be  due  rather  to  a  failure  lo 
ret-onnUe  the  extent  aiul  chanieter  of  the  use  of  the  city's 
strtels  than  to  a  deliberate  attempt  to  destroy  values.  It 
nemU  no  argument  to  convince  everyone  that  the  ^roat 
growth  of  the  city  of  rK?lroll  has  been  of  incalculable  tinuncial 
b«n(<ttl  lo  th«'  railroads.  It  Is  equully  true  that  the  city  is 
Kn>ntly  beDenti>d  by  the  Improvement  of  railroad  facilities 
and  the  correct  location  of  frelsht  houses,  team,  tracks. 
.HWlichInK  and  storatte  yards  and  industrial  connections. 

Both  city  and  railroad  would  be  benetlted  by  the  complete 
sepuration  not  of  a  few.  but  of  all  the  streets.  The  actual 
carrying  out  of  such  sepanition  is  complicated  by  the  fad 
that  many  hundreds  of  Industries  have  located  along  the  rail- 
roads, have  built  warehouses  or  factories  and  have  sidings 
or  Industrial  connections.  Any  plan  that  is  adopted  must 
take  Intl.  account  the  three  interests,  ami  there  must  needs 
lie  occasional  concessions  to  one  interest  or  the  other. 

Interests  That  Must  Be  Considered  in  Grade  Separation 
Plan.— The  public  demands  an  open  and  safe  tliDroughtare 
with  sulflcient  clear  head  room  to  permit  any  usual  street  or 
street  railway  vehicle  to  pass  freely.  It  must  consider  the 
future  and  not  limit,  by  present  day  construction,  the  reason- 
able future  use  of  the  street.  The  public  may  very  proiierly 
protest  against  .soing  up  or  down  a  heavy  grade  or  asainst 
narrowing  any  roadway  or  against  closing  any  roadway  which 
may  in  a  few  years  be  essential  to  j;uard  against  a  conges- 
tion. The  public  has  a  right  to  demand  not  only  a  safe,  but 
a  clean,  reasonably  noiseless,  and  sightly  structure.  In  view 
of  the  fact  that  the  public  uses  the  crossing  on  important 
streets  tens  or  hundreds  of  times  to  the  railroads'  once  the 
public  interest  may  be  considered  the  paramount  interest, 
especially  if  we  remember  that  the  railroad  is  a  public  trans- 
portation utility  and  that  the  only  reason  for  the  existence  of 
most  of  the  tracks  in  a  city  is  the  convenience  of  that  same 
public  which  uses  the  streets. 

The  railroad  demands  good  grades — safe  head  room;  the 
opportunity  to  run  its  through  trains  at  high  speed,  the  right 
to  maintain  for  the  benefit  of  its  patrons  all  such  facilities 
as  stations  and  team  tracks:  the  right  to  have  ample  yard 
facilities  for  switching,  sorting  and  storing  cars,  and  to  have 
these  yards  so  located  that  they  will  mejt  the  requirements 
of  different  parts  of  the  city,  and  further  the  right  to  main- 
tain all  necessary  track  connections  to  industries. 

The  owners  of  industries  must  have  such  connections  as 
will  permit  the  receiving  and  shipping  of  freight.  They  must 
also  have  full  use  of  the  streets,  and  freedom  from  interrup- 
tion to  the  movement  of  teams  and  employes  to  and  from  the 
industry  The  fact  that  hundreds  of  industries  are  now  in 
existence,  on  tracks  at  the  surface  level,  that  they  have  built 
and  adjusted  their  business  to  those  trac-ks.  greatly  compli- 
cate matters,  as  a  change  in  level  of  track,  or  street,  or  both. 
is  bound  in  most  cases  to  cause  a  readjustment  or  a  recon- 
struction to  fit  the  new  conditions. 

While  all  necessary  side  and  spur  track  facilities  should  be 
afforded  industries,  the  railro.nds  and  the  city  should  co-op- 
erate in  preventing  unnecessary  duplication  of  such  service. 
In  most  cases  the  existing  arrangement  at  the  manufactur- 
ing plant  can  be  used  without  material  change,  in  so"ne  cases 
a  readjustment  can  be  had  by  elevating  the  industrial  spur 
and  loading  platform  or  hy  an  interior  rearrangement,  and 
in  still  others,  more  especially  very  small  industries,  the  cost 
of  the  construction  to  meet  any  condition  that  can  be  con- 
sidered is  such  as  perhaps  to  compel  a  removal  of  the  busi- 
ness to  some  other  location.  All  of  these  interests  have  been 
considered  in  the  plans  so  far  completed 

The  sooner  grades  are  finally  agreed  upon  for  every  mile 
of  track  in  the  city,  the  sooner  new  improvements  and  ex- 
tensions to  existing  industries  can  be  designed  to  conform  to 
the  plan  of  separation,  thereby  saving  hundreds  of  thousands 
or  millions  of  dollars  of  reconstruction  when  the  actual  work 
of  separation  of  grades  is  executed. 

Grade  Separation  Plan  Should  Consider  Future  Needs. — In 
making  any  plan   for  a   public   improvement  in  a  city   which 
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has  grown  as  rai)idly  as  Detroit.  It  is  essential  that  consider- 
ation be  given  to  future  demands.  In  this  case  it  may  be 
argued  that  the  streets  and  railroads  being  now  located  the 
conditions  of  today  Hx  the  problem.  This  is  not  true.  It  is 
ilear  that  all  manufacturing  plants  of  the  character  and  mag- 
nitude of  the  Solvay  Co.,  the  Ford  plants.  Dodge  Hrothers. 
Packard,  and  nuiiiy  other  large  concerns,  which  locate  in  De- 
troll  hiMcaller,  must  seek  a  location  well  out  from  the  center 
of  the  clly  in  order  to  secure  room.  Detroit  is  now  adding 
each  year  lo  its  poi)ulation  the  equivalent  of  two  such  cities 
as  Jackson  or  Kalamazoo.  The  country  toad  of  today,  with 
a  trafH<-  of  L'OO  to  300  movements  per  day  over  a  railroad 
crossing,  may  next  year  be  paved  with  a  street  railway  ex- 
tension to  a  new  plant,  and  traltic  increased  to  between  1,000 
and  L',0(>0  movements  per  day.  The  new  industry  means  new 
business  for  the  railroad  and  in  most  cases  many  additional 
switching  movements  per  day  arc  made  over  the  crossing, 
thus  increasing  the  roadbed  use. 

I'onsiderable  work  has  been  done  in  Detroit  in  the  way  of 
taking  trallic  counts  on  numerous  streets  and  making  esti- 
mates as  to  the  future  growth  of  the  city.  This  has  been 
done  with  the  realization  that  some  comprehensive  program 
should  be  inaugurated  in  order  that  the  work  of  grade  sepa- 
ration shall  not  lag  too  far  behind  the  city's  needs. 

There  are  three  general  methods  of  sei)arating  grades  of 
street  and  railroad  which  have  been  adopted. 

1.  The  railroad  track  is  left  as  it  is  and  the  street  is  either 
depressed  under  the  track  or  elevated  full  height  over  the 
track. 

1.  The  street  is  left  as  it  is  and  the  railroad  depressed  or 
elevated  to  the  extent  required. 

:;.  Both  railroad  and  street  are  changed,  and  such  com- 
I)rouiises  in  grade  made  as  best  suit  the  requirements  of  the 
particular  case. 

Grade  Separation  by  Depression  or  Elevation  of  Street. — 
The  advantages  and  disadvantages  of  the  lirst  method  may 
be   suM\riiarized  as  follows: 

The  advantages,  all  with  the  railroad,  are  (a)  undisturbed 
main  track,  (b)  no  change  of  grades,  (c)  no  changes  of  yards 
or   industrial   connections. 

The  disadvantages  to  the  city  are:  (a)  enormous  property 
damages,  often  extending  several  hundred  feet  from  the  rail- 
road and  onto  side  streets  which  may  be  involved;  (b)  seri- 
ous interference  in  street  depression  with  the  sewers,  drains, 
water  pipes  and  other  underground  construction;  (c)  impedi- 
ment to  iraflfic.  due  to  heavy  grades  of  the  streets  and  the 
additional  rise  and  fall  introduced;  (d)  injurious  effect  on 
the  appearance  of  the  street;  (e)  industries  located  on  the 
railroad  must  provide  new  outlet,  as,  if  the  grade  change  in- 
volves the  full  width  of  the  street, they  are  cut  off  from  access 
to  the  street. 

The  city  of  Chicago  in  first  treating  the  grade  separation 
problem  spent  several  millions  of  dollars  on  long  and  costly 
viaducts  over  railroad  yards.  Finally  it  was  seen  that  this 
was  futile  and  a  comprehensive  plan  of  track  elevation  was 
adopted  and  is  being  carried  out.  This  has  involved  pulling 
down  many  of  the  costly  viaducts  already  constructed.  The 
Chicago  Terminal  Commission  of  1892  says: 

"The  topography  of  the  city  of  Chicago  is  such  that  the 
streets  and  highways  in  their  natural  condition  are  prac- 
tically level,  and  in  the  exercise  of  the  powers  conferred 
and  the  duties  imposed  upon  the  Common  Council,  they 
should  be  preserved  in  the  same  condition  to  public  use,  un- 
less there  are  controlling  reasons  to  the  contrary." 

The  same  general  conditions  of  topography  prevail  in  Chi- 
cago and  in  Detroit.  In  definitely  putting  aside,  as  impos- 
sible and  impracticable  the  plan  of  complete  elevation  or  de- 
pression of  streets  and  leaving  the  railroads  at  present  grade. 
Deiroit  has  not  only  the  arguments  which  have  been  ad- 
vanced, but  she  has  the  example  of  Chicago,  which  adopted 
the  plan  and  then  abandoned  it. 

In  1908  the  city  of  Toronto  petitioned  the  Canadian  Rail- 
road Commission  for  the  elimination  of  grade  crossings  along 
the  water  front.  The  railroads  in  question  proposed  that 
the  grades  be  separated  by  carrying  the  streets  over  the 
tracks  by  means  of  viaducts  without  changing  the  grades  of 
the  tracks.  Chief  Commissioner  Mabee  in  his  opinion.  Dec. 
.30.  1908.  says: 

"I  am  free  to  confess  that  when  I  embarked  on  this  inquiry 
I  thought  the  erection  of  bridges  the  proper  solution  of  the 
problem,  but  the  more  it  is  thought  out.  keeping  steadily  in 
view  the  permanent  welfare  of  a  large  and  rapidly  growing 
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city,  I  am  driven  to  the  belief  tliat.  it  bridges  are  erected  this 
year,  10  years  hence  would  see  them  all  torn  down." 

It  has  been  decided  that  the  first  method  is  not  the  proper 
one  in  Detroit  and  should  receive  no  consideration. 

Changing  the  Railroad  for  Separating  Grades. — From  the 
standpoint  oi  the  hundreds  of  thousands  of  citizens  who  pass 
back  and  forth  every  day  on  the  streets  in  the  course  of  their 
business,  who  are  interested  in  the  trucking  and  hauling  of 
goods  from  point  to  point  in  the  city,  and  who  may  not  come 
into  direct  contact  with  the  railroads  at  all  In  the  course  of 
a  year's  business,  the  ideal  method  is  to  leave  the  streets  on 
their  present  level  and  move  the  railroad.  The  advantages 
of  this  method  are: 

(a)  That  it  leaves  the  street  on  the  best  possible  grade. 

(b)  That  it  practically  or  wholly  eliminates  property  dam- 
ages. 

(cl  That  it  creates  "no  interference  (in  track  elevation) 
with  sewers,  water  mains,  conduits  or  other  underground  con- 
struction. 

The  disadvantages  to  the  railroad  are:  (a)  introduction 
of  additional  grade  and  rise  and  fall  of  2rt  to  25  ft.  at  one  or 
both  ends  of  the  district;  (b)  more  or  less  serious  interfer- 
ence with  industrial  connections,  in  case  of  small  industries 
sometimes  causing  removal:  (c)  necessitates  reconstruction 
of  stations  and  team  track  yards;  (d)  'nay  necessitate  re- 
moval of  yards.  To  the  owner  of  industries  there  is  in- 
volved the  change  of  arrangement  of  plant. 

It  is  the  prevailing  notion  that  the  cost  of  changing  the 
grade  of  the  railroad  is  much  in  excess  of  the  cost  of  chang- 
ing the  grade  of  the  street  and  leaving  the  railroad  at  the 
old  level. 

This  notion  is  erroneous.  It  is  perfectly  clear  of  course 
that  to  elevate  a  railroad  over  a  single  street,  or  over  two  or 
three  streets  is  extremely  bad  practice  regardless  of  the 
qustion  of  cost,  it  is  equally  clear  that  there  are  many  local- 
ities where  the  cost  of  elevating  the  railroad  would  be  in  ex- 
cess of  the  cost  of  lowering  or  raising  the  streets,  but  in  the 
average  level  city,  such  as  Detroit,  where  the  change  of  grade 
of  a  mile  of  track  involves  the  separation  of  grades  of  from 
eight  to  sixteen  streets  there  is  little  difterence  in  cost  in 
the  case  of  the  lesser  number  of  streets,  and  where  there  are 
many  streets  per  mile  the  advantage  in  cost  favors  changing 
the  railroad  The  reasons  for  this  are  obvious.  The  cost  in 
track  elevation  is  largely  in  the  items  of  grading,  masonry 
or  concrete,  and  carrying  traffic  during  construction.  The 
same  three  items  with  the  cost  of  readjustment  of  street  sur- 
face and  subsurface  structures  occur  where  the  street  is  rad- 
ically changed  and  the  additional  element  of  damages  to 
property  is  introduced. 

Material  for  a  railroad  fill  is  brought  in  by  train.  The  cost 
of  steam  shovel  loading,  train  haul  and  unloading  will  aver- 
age less  than  half  the  cost  per  yard  of  the  removal  of  the  clay 
soil  in  Detroit  streets,  and  its  wagon  haul  to  dump  scows  and 
dumping  will  cost.  The  actual  quantities  of  earth  to  be 
moved  to  fill  an  entire  100  ft.  right-of-way  to  a  height  of  20  ft. 
for  B.OOo  ft.  is  approximately  the  same  as  would  be  moved  in 
lowering  12  CO  ft.  streets  on  an  equal  length  of  track. 

The  masonry  involved  in  walls  for  the  railroad  fill  is  of 
uniform  height  and  standard  section,  while  the  street  retain- 
ing walls,  having  approximately  10  per  :;ent  more  masonry 
are  irregular  in  height  and  section  and  consequently  more 
costly  per  yard. 

The  permanent  bridges  and  cost  of  carrying  the  railroad 
traffic  during  construction  are  substantially  equal  in  either 
case,  and  the  cost  of  carrying  street  traffic  where  it  must  be 
maintained  is  less  in  the  case  of  railroad  elevation  than  in 
case  of  street  depression. 

There  remains  the  question  of  track  reconstruction  and 
readjustment  of  industrial  tracks,  which  is  more  than  offset 
by  the  cost  of  rebuilding  sewers,  water  mains,  pavement. 
sidewalks  and  street  railway  tracks,  and  the  property  dam- 
ages. 

Until  one  goes  into  this  question  fully  as  the  grade  sepa- 
ration department  has  done  during  the  past  year,  it  would 
not  appear  to  be  possible  that  full  elevation  of  the  railroad 
is  the  cheapest  solution,  as  far  as  dollars  and  cents  are  con- 
cerned. Yet  while  this  statement  is  fairly  true  for  all  rail- 
road rights  of  way  GO  to  100  ft.  wide  crossing  8  or  9  streets 
per  mile,  it  will  not  hold  true 

(a)  In  cases  where  there  are  only  a  few  streets  per  mile 
and  w-here  the  railroads  have  large  yards: 

(b)  In  cases  where  the  elevation  of  the  railroad  involves 


the  elevation  of  a  large  mileage  of  connecting  industrial  spur 
tracks  or  extensive  rearrangement  of  many  factory  buildings. 
The  foregoing  discussion  leads  to  the  ,:onclusion  that  from 
the  standpoint  of  most  ideal  conditions  for  the  city  the  full 
elevation  of  the  railroad  tracks  is  the  proper  thing,  that  cost 
of  construction  is  not  only  not  against  the  method  but  in  the 
city  of  Detroit  this  is  the  cheapest  solution,  that  inasmuch 
as  the  main  tracks  are  elevated  for  their  entire  length  in  the 
city  there  is  no  objection  to  be  urged  on  account  of  grade, 
and  that  the  only  reasons  that  would  cause  local  modification 
of  the  plan  are; 

1.  The  inability  of  existing  manufacturing  plants  to  ad- 
just themselves  to  an  elevation  of  IS  or  19  ft.  which  is  likely 
to  occur  only  in  exceptional  cases. 

2.  Difficulties  of  securing  proper  team  tracks. 

These  conditions  require  compromise  in  such  districts  as 
are  thickly  built  with  industrial  plants  or  yards. 

Separation  by  Changing  Grade  of  both  Street  and  Railroad. 
— This  plan  has  been  adopted  in  the  case  of  all  "Track  eleva- 
tion." so-called,  completed  or  under  contract,  to  date,  in  De- 
troit. The  tracks  have  been  elevated  from  G  to  10  ft.  The 
streets  have  been  lowered  from  G  to  14  ft. 

The  general  recommendations  tor  Detroit  are  as  follows: 

(a)  Nearly  complete  elevation  over  important  streets. 

(b)  Compromise  elevation  at  such  points  as  the  needs  of 
permanent  industries  or  the  consideration  of  team  tracks  or 
other  public  facilities  of  the  railroads  demand. 

(c)  Moderate  elevation  or  no  elevation  in  such  industrial 
districts  as  are  on  one  side  of  through  traffic. 

Such  a  program  would  really  mean — 

A.  Giving  prior  consideration  to  the  streets  on  all  through 
thoroughfares. 

B.  The  complete  elimination  of  all  railroad  main  line 
grade  crossings  thus  permitting  free  and  fast  passage  of 
trains  within  the  city  area. 

C.  Maximum  concession  to  the  industries  wherever  such 
concession  does  not  perpetuate  bad  conditions  in  streets 
which  are.  or  may  become,  well  used  thoroughfares. 

With  regard  to  types  of  construction,  the  following  con- 
clusions are  presented; 

(a)  Streets  of  .50  ft.  or  less,  where  the  crossing  is  substan- 
tially a  right  angle,  a  clear  span  without  posts. 

(hi  Streets  over  50  ft.  or  streets  on  a  skew,  clear  span 
curb  to  curb,  posts  clear  of  the  curb  lines. 

(c)  Extremely  wide  streets  or  streets  on  a  bad  skew  angle, 
four  spans  may  be  permitted  and  the  special  type  of  con- 
struction adopted  to  meet  the  special  conditions  shall  be  ap- 
proved by  the  city.  'Wherever  possible  driveways  shall  not 
be  less  than  30  ft.,  measured  at  right  angles  to  the  center  line 
of  the  street. 

(d)  In  no  case  shall  abutments  for  bridges  be  built  within 
the  limits  of  the  street. 

(e)  Exceptional  cases  of  short  streets  or  driveways  to  fac- 
tories may  be   given   individual   treatment. 

The  majority  of  cities  have  favored  the  use  of  the  stone, 
concrete  or  brick  arch,  rather  than  a  structure  with  straight 
lines.  That  there  are  many  arguments  in  favor  of  the  use  of 
•  arches  in  such  locations  as  fine  residential  sections  of  the 
city,  parks,  boulevards  and  in  locations  where  the  topography 
admits  of  ample  head  room  there  can  be  no  question.  The 
problem  here  is  rather  to  secure  a  structure  with  minimum 
height  to  provide  the  necessary  clearance,  of  maximum  width, 
noiseless  as  possible,  and  of  good  sightly  design,  than  to  seek 
for  purely  aesthetic  effects. 

The  use  of  the  arch  reduces  head  room  on  the  sides  of  the 
street,  and  tends  to  materially  lessen  the  light  under  the 
structure.  Present  day  methods  of  concrete  construction  in- 
sure that  with  proper  specifications  a  durable  and  pleasing 
surface  can  be  secured,  and  fine  artistic  effect  can  be  had  by 
the  use  of  good  lines  and  proper  finish  of  materials. 

M\ich  thought  has  been  given  to  questions  of  design,  and 
it  is  the  conclusion  that  for  a  general  standard  of-  construc- 
tion the  concrete  bridge  with  simple  straight  lines,  will  be 
far  more  satisfactory  than  the  arch  in  nearly  all  locations  and 
will  be  subject  to  such  artistic  treatment  in  the  way  of  balus- 
trades or  coping  as  will  best  conform  to  the  surrroundings. 

In  an  appendix  to  the  above-quoted  report  an  abstract  of 
the  laws  governing  grade  sepriration  in  various  states  is  given 
from  which  the  following  is  taken: 

Eighteen  states  have  as  yet  no  laws  re.gulating  the  work 
of  grade  separation  and  where  within  their  boundaries  any 
of  this  work  has  been  done  it  has  been  arranged  by  agree- 
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■    t  iH'tween  the  ciiy  uiid  tlio  rnllrotuls.    Twenty-four  states 

,,  .    lutts  reguIntiiiB  H'*"  «>""k  luul  In  Uu'm<  the  division  o( 

.OI.I   is  either  determlueil   by   the  state  ruilroiid   cuniiiiisslon 

,,r  l!«   «   I'Hrt   or   the   luw.   ns  tor  exiimple   in   Mi\8sailuisotts, 

imys  10  per  cent,  the  stute  .'6  per  cent  and  the 

.r  cent. 

■.  ot  cinide  riepiiralion  in  tlie  Detroit  City   Kn- 

,  irtment  was  estublislied  In  January.  l'.U7.  with 

.Ml.  Jului  W.  IJeld  as  ensineer  In  oliiuso  and  Prof.  Henry  E. 

HIcK"  of  llie   fniversily  of  Miihipan  as  consultinR  eniilneer. 

,.„   carried   on  continuously   on   a   study   ot   the 

of  criidK  s.Mniration  for  the  city. 


Ballast  Can^  Organization 

Se»ernl  uumth.-.  .ii;ii  iho  i.\>innutlci>  on  liallast  of  the  Amer- 
Iran  Hallway  l-:nKineerlnK  Association  sent  out  to  the  various 
railroads  a  tentative  diaiirsini  showing  the  organization  ot  a 
Itallast  KauK  and  askiuK  for  suggestions  and  criticisms. 

After  recelvlnis  the  replies  the  committee  modified  some- 
.'hat  Its  tentative  diagram  and  presented  it  at  the  March  con- 
vention. This  diagram  Is  reproduced  below.  In  tliis  diagram 
it  is  presupposed  that  old  track  has  been  skeletonized  and 
that  a  follow-up  gang  will  do  the  finished  lining  and  dress- 
ing, after  the  track  has  been  pounded  down  under  traffic. 
The  skeletonizing  gang  should  precede  the  raising 
gang  by   about    one   day's    work.     Slow    order    should    gov- 
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Suggested  Organization  and  Distribution  of  a  Ballast  Raising  Gang. 

em  train  movements  over  skeletonized  track  as  well  as  the 
track  being  lifted.  Lifting  jacks  should  be  set  away  from 
the  joints  preferably  at  least  two  ties.  Ties  should  be  re- 
spaced  if  necessary  particularly  at  the  joints. 

Some  additional  suggestions  received  by  the  committee 
were  as  follows: 

Some  railroads  claim  it  is  helpful  to  number  the  men  and 
chalk  their  numbers  on  the  rail  over  the  particular  ties  these 
men  are  to  tamp. 

Others  suggest  that  the  head  flagman,  whose  duties  will  be 
light,  can  tighten  bolts  and  in  some  instances  dig  jack  holes. 
The  rear  flagman  can  put  on  rail  anchors  and  tidy  up  with- 
out interfering  with  his  job.  This  presupposes  that  the  flag- 
ging will  be  done  by  one  of  the  ballast  gang  as  would  be 
the  case  on  a  new  line.  If  regular  trainmen  are  used  on  an 
operated  line,  such  work  presumably  could  not  be  required 
from  them. 

Several  comment  that  a  tamping  spade,  heavy  and  narrow, 
is  better  than  pick  or  bar  for  the  first  tamping  after  a  raise. 

Agreement  is  pretty  general  that  on  an  operated  track,  an 
advance  gang  digging  out  spent  ballast,  widening  shoulder, 
renewing  ties  and  making  general  preparation  for  the  spread- 
ing of  the  new  ballast,  should  be  handled  as  a  separate  unit 
well  in  advance  of  the  ballast  gang.  If  track  has  to  be  low- 
ered under  overhead  obstructions,  bank  widening  is  required 
or  similar  work  has  to  be  done.  This  preliminary  work  may 
require  a  large  force  and  special  facilities. 


Adaption  of  Motor  Trucks  for  Haul- 
ing Cars  on  Light  Railways 

An  ingenious  arrangement  by  which  a  motor  Iruek  is  util- 
ized for  haulage  puri)oses  on  pioneer  light  railways  has  been 
developed  by  a  South  African  engineer.  The  plan  is  de- 
scribed in  the  South  African  .Tournal  ot  Industries  by  the  in- 
ventor. Mr.  l''iiink  llulton. 

The  track  is  adapted  for  rail  liaiilage  by  lilting  the  front 
axle  with  a  ball  socket  and  attaching  a  l-wheel  rail  bogie  to 
support  the  front  part  of  the  truck.  The  front  wheels  of  the 
I  ruck  are  raised  up  clear  ot  the  ground  when  the  outfit  is 
running  on  rails.  The  driving  wheels  ot  the  truck,  shod  with 
solid  rubber  tires,  run  on  prepared  strips  ot  road  metal  on 
each  side  of  the  railway  track.  The  weight  is  so  distributed 
that  3.000  lb.  rests  on  the  rails  and  5,0.55  lb.  on  the  driving 
wheels.  The  arrangement  is  such  that  the  truck  can,  in  a 
few  seconds'  be  converted  from  road  to  rail  or  vice  versa. 

The  system  was  tried  out  last  summer  near  Johannesburg, 
South  Africa,  on  a  test  section  of  track.  The  rails  used  on 
the  section  were  the  ordinary  mine  track  type,  weighing  IG  lb. 
per  yard  and  were  supported  on  the  usual  light  steel  sleeper 
weighing  about  f!  lb.  The  rail  sleepers  were  not  ballasted,  but 
were  laid  on  the  gravel  and  dirt  fss  found  on  the  site.  The 
wheelways  for  the  driving  wheels  were  comprised  of  the  same 
material  and   received  no  preparation  whatever,  beyond  the 


$8,000,000   Rapid  Transit   Line  Opened  at  New  York  City.— 

The  Clark  St.  tunnel  line  of  the  Interborough  Rapid  Transit 
Co..  New  York  City,  was  placed  in  service  on  April  15.  The 
new  line  has  been  under  construction  since  1914  and  will  cost 
ccmplefed  between  ?7,000.000  and  $8,000,000.  The  line  in- 
cludes twin  tubes  under  the  East  River. 


Convention  of  American  Concrete  Institute. — The  next  an- 
nual convention  of  the  American  Concrete  Institute  will  be 
held  June  27-28  at  Hotel  Traymore.  Atlantic  City.  N.  J. 


Truck    Equipped    for    Operation    on    Light    Railway. 

pressure  of  the  wheels  of  the  truck  running  over  them 
a  few  times.  Other  difficulties  'were  incurred,  such  as  put- 
ting the  super-elevation  on  the  wrong  side  on  curves,  using 
crippled  second-hand  track,  or  check  rails  on  curves,  and 
similar  modifications. 

Fairly  long  grades  of  1  to  17  and  1  in  18  were  used  on  the 
straight,  though  there  is  a  grade  of  1  in  18  on  a  100-ft.  curve. 
This  is  equivalent  to  a  grade  of  1  in  14  on  the  straight. 

One  of  the  most  remarkable  features  of  the  test  was  the 
accuracy  with  which  the  driving  wheels  aligned  themselves  to 
the  setting  of  the  steering  bogie  on  the  rail  track.  No  mat- 
ter how  many  times  or  in  which  direction  the  truck 
ran  over  the  course,  the  driving  wheels  followed  the  same 
track  exactly.  The  cars  used  on  the  trial  were  high-sided 
bogies  with  a  floor  space  16  ft.  long  by  5  ft.  6  in.  wide.  The 
test  load  of  16  tons  was  made  up  with  railway  sleepers.  It 
was  found  that  the  truck  rode  easily  at  18  miles  an  hour  and 
took  the  50-ft.  curves  at  12  miles  an  hour  with  perfect  steadi- 
ness. The  truck  could  stop  and  start  with  a  full  load  on  any 
grade  or  curve  on  the  trial  track,  without  any  jerking  or  slip- 
ping, and  this  with  the  full  weight  of  the  train  hanging  on. 


Intensive  Training  and  Essential  Production. — In  a  written 
discussion  presented  at  the  last  annual  meeting  of  the 
American  Society  of  Mechanical  Engineers,  Mr.  H.  E.  Miles 
stated  that  usually  the  powers  of  the  individual  man  drawn 
upon  did  not  exceed  40  or  60  per  cent  of  his  possibilities, 
leaving  him  a  great  reservoir  untapped.  He  pointed  out  that 
the  war  had  taught  us  to  utilize  this;  that  it  had  taught  us 
to  train  in  six  weeks  where  years  were  needed  formerly  in 
the  wasteful  apprentice  system.  He  believed  that  the  value 
of  the  practice  of  intensive  training  taught  by  the  war  has 
been  proven  in  many  factories  and  was  about  to  be  accepted 
as  a  part  of  the  essential  production  program  of  every  first- 
rate  shop. 
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Concreting  Plant  for  Boston 
Dry  Dock 

A  concreting  plant,  notable  tor  its  labor  saving  features, 
was  employed  by  the  Holbrook.  Cabot  &  Rollins  Corp.  in  the 
construction  of  the  state  dry  dock  at  Boston,  Mass.  The 
dock  is  1,200  ft.  long,  1.50  wide  at  the  top  and  contains  over 
IIG.OOO  cu.  yd.  of  concrete.  The  sand,  gravel  and  cement 
were  conveyed  to  the  nii.\er  house  by  belt  conveyors.  The 
concrete  was  transported  by  special  cars  hauled  by  gasoline 
locomotives.     The  placing  was  done  by  a  traveling  tower. 

The  mixer  house  was  a  4-story  timber  structure  20x24  ft.  in 
plan  and  56  ft.  high.  The  two  mixers  set  back  to  back  were 
located   at  the   bottom   of  the   house.     Above   them   was  the 


travel  to  elevator,  empty  into  elevator  bucket  and  return  to 
mixers. 

The  distributing  tower  consisted  of  a  30  ft.  high  30x30  ft. 
traveling  frame  running  on  16  22-in.  wheels  on  a  30  ft.  gage 
track.  The  frame  carries  a  50  ft.  high  8  ft.  square  hoisting 
tower  built  of  timber.  The  concrete  from  the  75  cu.  ft.  car 
was  discharging  into  the  bucket  of  the  hoisting  tower  and 
elevated  to  a  receiving  hopper,  whence  It  was  chuted  into 
pl.Hce.  The  50  ft.  sections  of  the  distributing  chutes  were 
su.?pended  frjra  the  tower  by  a  timber  boom. 

With  this  outfit  the  manual  labor  required  was  reduced  to 
a  minimum.  The  concrete  agrgegates  were  delivered  in 
barges.  The  sand  was  placed  in  a  large  hopper  by  a  clam- 
shell operated  from  a  stiff  leg  derrick.  The  hoisting  engi- 
neer operated   both   the  derrick  and  the  gate  in  the  hopper 


Upper  Left  View— 75  Cu.   Ft    Capacity  Concrete  Car.     Upper  Right— Concrete    Car    and      Locomotive.      Lower     Left— Discharge     End      (at 
Right)    of   Mixer  Plant.     Lower   Right— Concrete  Distributing  Tower  and  Chutes. 


charging  floor,  and  above  that  were  the  sand  and  gravel  bins. 
These  bir:s  had  a  capacity  of  about  130  tons  of  material.  The 
cement  v,as  scored  on  the  top  floor,  about  150  sacks  being 
kept  there. 

Ihe  batches  were  measured  in  two  boxes  on  the  charging 
floor  and  were  discharged  into  the  mixers  below  through 
special  metal  chutes  which  took  the  place  of  the  regular 
mixer  hoppers.  The  water  tank  also  was  on  the  charging 
floor. 

The  concrete  was  discharged  through  metal  lined  chutes  to 
a  main  outlet  chute  whicli  discharged  into  a  75  cu.  ft.  hopper 
car.  This  car  was  hauled  by  a  Plymouth  gasoline  locomotive 
to  the  distributing  tower.  The  haul  was  over  standard  gage 
track,  laid  along  the  center  line  of  the  dock.  The  run  be- 
tween the  mixers  and  the  elevator  was  300  ft.  and  the  loco- 
motive and  car  was  able  to  make  the  round  trip  regularly  in 
2  minutes,  this  including  the  time  required  to  load  the  car, 
through  which  the  sand  was  discharged  onto  the  belt  con- 
veyor.    The  gravel  was  unloaded  from  the  barges  by  a  15-ton 


crane  and  clamshell  and  discharged  through  hopper  gates 
onto  a  belt  conveyor.  The  sand  conveyor  was  operated  by  a 
10  h.  p.  motor  and  gravel  belts  by  5  h.p.  motors.  The  con- 
veyors had  a  delivery  capacity  of  115  tons  of  aggregate  per 
hour.  The  cement  came  by  rail,  and  was  stored  in  two 
houses.  A  conveyor  belt  running  through  the  center  of  one 
of  these  houses  carried  the  bags  of  cement  to  a  metal  lined 
chute  in  the  mixer  house  adjacent  to  the  cement  hoppers. 
The  other  cement  house  was  used  only  for  storage  purposes. 
In  the  mixer  house  also  very  little  labor  was  needed.  The 
sand  and  gravel  were  chuted  from  bins  into  the  measuring 
boxes  on  the  charging  floor  and  cement  likewise  was  sent 
down  in  chutes.  The  lower  end  of  the  latter  chutes  consisted 
of  a  length  of  10  in.  iron  pipe.  The  upper  part  of  the  chutes 
had  flaring  hoppers  set  in  the  floor.  The  cement  for  each 
batch  was  emptied  into  the  hoppers  and  held  there  by  sliding 
metal  gates  until  the  signal  was  received  from  the  charging 
floor. 
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Methods  of  Cleaning  Track  Ballast 

.Mfthmls  ol  rli-uiiln;;  .stoiif  liallast  wiis  olio  of  the  subjects 
rt-porlwl  on  by  ii  i-oiiimlltii'  at  the  rceent  oonveiition  of  the 
American  Kuilwuy  i:  KiitiiieeriUK  Association.  As  n  mat- 
ter of  inroriuutlon  the  committee  submitted  as  n  part  of  its 
reptirt  u  copy  of  some  Inslnicllons  which  were  issued  some 
time  «Ki>  to  certain  <llvlsion  engineers  on  the  Pennsylvania 
Lines  west  of  I'lllsbiirK  by  Mr,  \V.  r.  Ciishing.  thief  Kngi- 
ne««r  of  Mulntenance.  These  methods  are  being  tried  out 
and  when  the  supply  of  railroad  labor  gets  back  to  a  more 
nearly  normal  condition  It  Is  hoped  that  some  detlnlte  con- 
clusions may  bo  reached  as  to  their  conipiivnilve  value. 
Meanwhile  It  Is  considered  that  the  description  of  these 
meihiHls  Is  valunlile  ciunii;h  to  warrant  iiublioation.  The 
Instructions  follow 

Ballast  Cleaning — Not   in  Connection   with  Tie   Renewals. 

The  space  between  the  ties  tcrlbst  to  be  cleaned  to  the 
l>ottom  of  the  ties,  the  space  between  tracks  to  be  cleaned 
to  6  In.  below  the  liottoni  of  the  ties,  luid  the  shoulders  out- 
side of  the  ties  to  be  cleaned  down  to  the  top  of  the  sub- 
ballasi.  where  any.  Where  there  Is  no  sub-ballast,  clean 
I"  the  sub-grade.  Kvery  .'lO  ft.  one  crib  to  be  cleaned  out  to 
.  ;  ;io.  on  n  uniform  grade  between  the  bottom  of  the  center 
■  i.uh  and  the  sub-grade  outside  the  track  to  form  a  cross 
Irnin  from  the  center  ditch. 

Ordinary  Fork  Method.— I'nder  the  ordinary  method,  the 
ballast  to  be  cleaned  in  the  usual  manner  by  shaking  the  bal- 
last on  forks  and  throwing  the  cleaned  ballast  remaining  on 
the  forks  back  Into  the  track,  and  the  small  particles  of  bal- 
last and  dirt  which  pass  between  the  tines  of  the  forks  to  be 
disposed  of  by  throwing  it  over  the  bank,  or  by  any  other 
way  that  may  be  expedient.  A\Tien  the  dirt  can  be  disposed 
of  by  throwing  over  the  bank,  its  cost  may  be  included  in  with 
the  cleaning.  When  it  is  necessary  to  nioie  the  dirt  any  dis- 
tance It  shall  be  thrown  into  piles  and  ihe  cost  of  doing  so 
included  with  the  cost  of  cleaning,  but  the  cost  of  removing 
it  afterwards  shall  be  kept  separate  and  not  made  a  part  of 
the  cleaning  cost. 

Vnder  this  method  of  cleaning  it  will  not  be  necessary  to 
use  a  definite  number  of  men  in  the  gang,  but  it  should  not 
be  extra  large,  nor  very  small.  On  double  track  there  should 
be  three  men  in  each  sub-gang:  one  on  each  berme  and  one 
;n  the  center.  The  man  in  the  center  to  work  to  the  right 
or  left  as  needed,  and  those  on  the  sides  to  work  in  through 
Ihe  cribs  to  meet  him.  The  sub-gangs  to  be  started  about 
IvO  ft.  apart.  Thus,  with  a  gang  of  12  men  they  would  be 
spread  out  over  about  300  ft.  of  track.  W'hen  starting,  the 
ballast  removed  will  have  to  be  piled  up  until  a  space  about 
;  ft.  is  cleaned,  after  which  the  shaken  ballast  can  be  thrown 
directly  back  into  the  track  in  the  3-ft.  space. 

Trench-Zepp  Method. — For  this  method  three  screens  are 
to  be  used  with  a  force  of  12  men  and  a  foreman,  distributed 
as  follows:  Two  men  to  shovel  from  each  shoulder  to  their 
respective  screen:  two  from  the  center  into  the  center  screen, 
and  one  man  in  the  center  of  each  track  shoveling  into  the 
screen  most  available :  one  man  with  a  pick  working  ahead 
to  loosen  hardened  ballast,  and  three  men,  one  for  each 
screen,  to  dress  down  the  ballast  on  the  center  and  shoulders, 
form  a  uniform  ballast  line  and  dispose  ot  the  dirt.  When 
the  dirt  can  be  disposed  of  by  throwing  over  the  bank,  its 
cost  may  be  included  in  with  the  cleaning.  When  it  is  neces- 
sar>-  to  move  the  dirt  any  distance  it  shall  be  thrown  into 
piles  and  the  cost  of  doing  so  included  with  the  cost  of  clean- 
ing, but  the  cost  of  removing  it  afterward  shall  be  kept  sep- 
arate and  not  made  a  part  of  the  cleaning  cost.  When  neces- 
sarj".  a  water  boy  in  addition  to  the  12  men  can  be  employed. 
In  operation,  the  center  screen  will  work  ahead  of  the  side 
screens,  and  the  man  attached  to  this  screen  will  work  ahead 
cf  the  side  screens  and  the  men  attached  to  this  screen  will 
clean  out  the  cribs,  to  about  1  ft.  inside  of  the  inside  rails 
of  the  double  track. 

Ballast   Cleaning    in    Connection    with   Tie    Renewals. 

Ordinary  Method. — Under  this  method  such  ties  as  are 
spotted  are  to  be  renewed  in  the  ordinary  manner  with  the 
ordinary  sized  force. 

Screen  Method. — By  this  method  such  ties  as  are  spotted 
are  to  be  renewed  by  a  force  of  8  men  and  a  foreman  with 
one  screen,  and  a  water  boy  if  thought  expedient.  The  force 
is  to  be  distributed  as  follows: 

One  man  picking  ballast  loose  ahead  of  the  gang. 
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Three  men  digging  the  Imlla.si  oul  of  the  Inuk  and  throw- 
ing it  onto  the  screen. 

One  man  removing  the  refuse  and  straightening  up  the  bal- 
last. 

Two  men  removing  the  spikes,  taking  out  the  old  tie.  put- 
ting In  the  new  tie  and  spiking. 

OiH'  man  following  up  about  30(1  to  imi  tl.  in  the  rear,  put- 
ting ballast   in  around  the  tie  and  trimming  up  the  track. 

-Ml  the  ballast  on  the  shoulder  and  in  the  cribs  is  to  be 
taken  out.  but  not  from  the  center  between  tracks  (this  can 
be  cleaned  at  another  time).  Where  only  one  tie  is  to  be  re- 
newed clean  out  the  cribs  on  both  sides  of  the  tie.  When 
two  ties  are  to  be  renewed  clean  out  the  crib  between  the 
two  ties  and  one  crib  on  the  outside  of  each  tie  or  three  cribs. 
When  three  ties  are  to  be  renewed  clean  out  four  cribs,  etc. 

The  work  to  progress  as  follows:  The  first  man  with  a 
pick  will  proceed  to  pick  loose  ths  ballast  where  ties  are 
.spotted.  The  three  men  cleaning  out  the  ballast  from  track 
will  follow  about  12  ft.  behind  and  shovel  onto  the  screen. 
The  one  man  in  charge  of  the  screen  will  see  that  the  ballast 
falls  onto  the  track,  into  pans,  or  on  the  outside  shoulder,  as 
may  be  deemed  best  in  each  case,  for  reuse  in  tamping  the 
new  ties.  It  is  left  in  this  shape  until  the  two  men  who  are 
putting  In  the  ties  come  along.  They  will  take  out  the 
spikes,  remove  the  old  tie,  put  in  the  new  tie  and  tamp  im- 
mediately, leveling  off  enough  ballast  into  the  cribs  to  make 
the  track  safe.  The  man  who  follows  up  in  the  rear  is  not 
started  until  the  other  force  has  proceeded  far  enough  to 
allow  as  many  trains  to  go  over  as  may  bo  deemed  necessary 
by  the  foreman  to  settle  the  ties  and  permit  of  proper  re- 
tamping,  the  idea  being  that  the  retamping  after  traffic  has 
gone  over  it  will  all  be  done  before  the  ballast  is  filled  in  to 
its  proper  section,  so  that  it  will  not  be  in  the  way  of  tamp- 


Cost  of  Operating  Ford  Car  on  Contract 

Work 

The  following  data  relate  to  the  cost  of  operating  a  Ford 
car  used  on  contract  work  in  Southern  California.  The  ob- 
servation covers  a  period  of  one  year,  Sept.  1.  1918.  to  Sept. 
1,  1919.  The  work  consisted  in  transporting  men  and  small 
tools  on  scattering  concrete  jobs  and  was  mainly  on  paved 
roads  in  a  level  country. 

The  depreciation  was  based  on  a  valuation  of  |350  for  th& 
machine  at  the  end  of  the  year.  The  distance  covered  was 
9,100  miles.  Interest  was  figured  at  C  per  cent.  An  average 
of  24.4  miles  per  gallon  of  gasoline  was  obtained. 

r  , .         ,    ,                                                           Per  mile.  Total. 

Interest  and   depreciation    $0.011S8  $108.13 

License  fef  and  taxes   00164  14  qo 

Oasolene,  376  pal.  at  21  ct ioOSSS  78'qfi 

Oil.  16  gal.  at  50  ct oOOSS  8  00- 

Miscellaneous  supplies  and  repair.s   00100  q'lti 

Tire  expense    o0976  88:80 

'^oi'^l     $0.O33S4  .S.-JOT.flS 

We  are  indebted  to  Mr.  R.  H.  Elsea.  contractor,  Ontario.. 
Calif.,  for  the  above  information. 


Heat  Treatment  of  Rail  Joints 

A  report  of  some  tests  on  splice  bars  made  at  the  Altoona 
Laboratory  of  the  Pennsylvania  Railroad  was  included  in  a 
committee  report  made  at  the  March  convention  of  the  Amer- 
ican Railway  Engineering  Association.  Probably  the  most  in- 
teresting part  of  this  report  is  the  data  given  on  the  effect  of 
heat  treatment  in  increasing  the  stiffness  of  rail  joint  bars.  This 
treatment  consists  in  heating  the  material  to  approximately 
1,500^  F  and  quenching  in  water  from  that  temperature  and 
then  annealing  the  hardened  steel  at  a  temperature  of  ap- 
proximately 1,050°  F.  This  adds  a  few  dollars  per  ton  to  the 
cost  of  the  steel,  but  in  view  of  the  results  shown  in  the  table 
below,  it  is  considered  that  this  will  be  worth  while: 

HEAT  TREATMENT  RESULTS. 

Elastic  Limit  of  Joint 
or  Rail. 
T,.,.       f  D    •,         c.   ,.       ^  Before  After  Gain  in 

„  i.>P<^  of  ??,'', Of  Splice  B.'.r.     treatment.       treatment.         percent 

1°  ''I   '■"■','•  Al^ll'' 175,000  280.000  GO.O 

Solid  rail.  125-lb.'  220,000  375,000  70  0 

Plain  bar.   No.  8.  four-hole    ....  50,000  125.000  1500 

Plain  bar.  No.  8.  six-hole   70.000  125  000  7^0 

Continuous  bar.  four-hole 130.000  210  000  .lio ' 

Bonzano.  four-holer   120,000  255.000  112^0 

'High  carbon  steel.      ^Chrome  ni.-kel  steel. 
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How  Shall  Proper  Recognition  of 

the  Engineering  Profession 

Be  Obtained?* 

By  W.  W.  K.  SPARROW, 

Chief  En;4iiieer,  C,  M.  &  St.   P.   R.  R..  Chicago.  111. 

There  is  a  regrettable  lack  of  recognition  of  the  engineer- 
ing profession,  not  only  in  the  matter  of  compensation,  but 
also  in  the  administration  of  public  affairs.  As  an  illustra- 
tion of  this,  take  the  present  administration  of  our  great 
raihvay  systems,  the  greatest  in  the  world,  and  largely  the 
handiwork  of  our  profession.  It  seems  to  me  that  if  there 
is  one  position  in  the  cabinet  of  the  Director  General  of 
Railroads  which  the  engineer  is  peculiarly  fitted  to  fill,  it  is 
that  of  Director  of  Capital  Expenditures.  The  problem  of 
the  development  of  our  railways,  their  economic  requirements 
in  the  way  of  additional  facilities  and  improvements,  is  cer- 
tainly largely  an  engineering  one.  While  this  is  evidenced 
by  the  fact  that  practically  every  employe  in  that  department 
is  an  engineer,  and  in  every  case  the  assistant  to  the  Regional 
Director  in  charge  of  capital  expenditures  is  also  an  engi- 
neer, yet  w-e  find  this  important  position  first  occupied  by  a 
lawyer  and  now  by  a  gentleman  who  graduated  from  the 
traffic  department  of  one  of  our  railroads.  The  same  lack 
of  recognition  is  found  in  the  representation  of  the  Inter- 
state Commerce  Commission,  a  body  .charged,  among  its 
other  important  duties,  with  one  of  the  greatest  economic 
and  engineering  tasks  of  the  day,  viz.:  the  valuation  of 
our  railroads  and  in  like  manner  in  the  representation  of 
the  State  Commissions,  the  National  Commission  on  the  de- 
velopment of  waterways  and  other  similar  bodies. 

This  lack  of  recognition  is  sometimes  almost  grotesque 
as,  for  example,  when  a  few  years  ago  the  Governor  of  the 
state  of  Missouri  appointed  a  lawyer  as  State  Highway  Engi- 
neer of  that  state. 

While  in  the  past  few  years  engineers  have  received 
greater  recognition,  as  tor  example  in  the  appointment  by 
the  Federal  Government  in  August,  1915,  of  the  Naval  Con- 
sulting Board,  consisting  of  two  representatives  from  11  en- 
gineering and  scientific  societies  to  co-operate  with  the  Naval 
Advisory  Board  for  the  purpose  of  obtaining  the  most  ad- 
vanced experience  and  thought  in  technic^.l  research  and  en- 
gineering developments;  in  the  important  positions  some 
have  been  called  to  fill  in  the  administration  of  the  affairs 
of  our  large  railroad  corporations,  in  the  situation  they  at 
present  find  themselves,  and  also  in  the  administration  of 
the  municipal  affairs  of  some  of  our  large  cities  in  the  ca- 
pacity of  City  Manager,  yet  I  feel  that  the  profession  is  far 
from  taking  its  proper  place  in  the  affairs  of  our  nation,  states 
or  cities.  I  think  that  this  is  more  marked  in  the  United 
States  than  in  some  other  countries,  at  least  that  was  the 
impression  I  gained  when  I  first  came  to  this  country.  It  is 
certainly  true  of  England  and  South  Africa,  where  I  spent 
some  years  of  my  life.  Just  about  the  time  I  left  South  Africa 
where,  by  the  way,  the  railroads  and  harbors  are  all  Gov- 
ernment owned  and  operated,  it  was  decided  to  change  from 
the  British  system  of  organization  to  the  American  system 
and  it  was  interesting  to  observe  that  the  greater  number 
of  the  newly  created  general  superintendents  and  superin- 
tendents were  drafted  from  the  engineering  department.  This 
may  have  been  due  to  some  extent,  to  the  fact  that  under 
the  British  organization  the  engineering  department  has  com- 
plete charge  and  supervision  of  all  track  and  structures, 
but  I  think  it  was  also  largely  attributable  to  the  standing 
and  recognition  attained  by  the  engineering  profession. 

I  have  dealt  somewhat  at  length  on  what  I  believe  we  all 
recognize — the  failure  of  the  engineering  profession  to  take 
its  proper  plate  in  the  ranks  of  society  and  the  afi'airs  of 
our  country  not  only  for  the  reason  that  I  believe  that  with 
a  better  understanding  and  appreciation  of  the  engineer's 
work  on  the  part  of  those  outside  the  profession,  and  the 
service  he  renders  to  our  industry,  health,  comfort  and  wel- 
fare, would  come  more  liberal  compensation,  but  also  be- 
cause I  have  lost  none  of  the  ideals  of  the  greatness  and 
nobility  of  the  profession  and  the  desire,  which  T  am  confi- 
dent you  all  share,  to  see  it  receive  at  the  hands  of  the 
general  public  the  recognition  and  standing  which  as  one  of 
the  greatest  professions  of  the  world  it  ought  to  receive.     I 
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believe  there  will  be  little  or  no  disagreement  with  what  I 
have  said  so  far,  in  fact  I  think  it  is  a  condition  of  affairs 
we  have  recognized  for  some  time  and  what  we  are  most 
interested  in  is  not  a  discussion  of  this  situation,  but  how 
to  remedy  it. 

I  think  the  training  of  our  profession  teaches  us  the  law 
of  cause  and  effect,  and  that  to  every  action  there  is  an  equal 
and  opposite  reaction.  Consequently,  there  must  be  a  cause 
tor  this  lack  of  recognition  and  interest  in  us.  Therefore, 
before  prescribing  a  remedy,  we  must  first  ascertain  the 
cause.  To  me  the  answer  to  this  question  is  largely  our 
own  lack  of  interest  in  affairs  outside  of  our  profession,  and 
also  our  lack  of  organization  and  concerted  action.  The  en- 
gineer, as  a  rule,  is  diffident  and  modest;  he  has  stood  aloof 
from  and  taken  little  interest  or  activity  in  matters  of  public 
and  political  importance,  and  the  activities  of  our  societies 
;uid  associations  have  been  largely,  if  not  exclusively,  con- 
fined to  technical  matters  within  the  profession,  and  even 
in  those  affairs  little  or  no  effort  has  been  made  to  bring 
to  the  attention  of  those  outside  of  the  profession  the  part 
that  it  has  taken  and  is  taking  in  the  progress  of  the  world. 
I  have  stated  that  as  a  profession  we  have  taken  little  inter- 
est in  other  than  technical  matters  and  as  an  illustration  of 
how  the  profession  suffers  as  a  result  of  such  lack  of  inter- 
est, I  would  call  your  attention  to  the  Newlands  Bill,  intro- 
duced in  the  United  States  Senate  at  the  first  session  of  the 
<J4th  Congress,  for  the  purpose  of  creating  experimental  sta- 
tions in  engineering,  similar  to  the  experimental  stations 
already  inaugurated  in  agriculture.  The  introduction  of  the 
bill  was  the  result  of  the  awakening  which  the  war  produced 
and  which  led  to  fresh  and  renewed  activity  among  the  ad- 
vocates of  Federal  support  for  technical  and  engineering  re- 
search, which  it  was  felt  would  greatly  assist  in  the  develop- 
ment of  all  industrial  resources.  The  bill  failed  and  1  am 
sorry  to  say  that  its  failure  was  mainly  due  to  the  lack  of 
active  interest  on  the  part  of  engineers  and  those  interested 
in   the  development  of  our  industries. 

Another  contributory  cause  is.  in  my  opinion,  the  absence 
with  few  exceptions  of  state  or  national  regulation  in  the 
practice  of  the  profession.  In  the  majority  of  our  states  any 
one  who  so  desires  may  start  to  practice  the  profession  of 
engineering  without  let  or  hindrance.  Our  profession  in  this 
respect  is  in  about  the  same  position  as  the  medical  pro- 
fession was  about  100  years  or  more  ago  when  any  apoth'^- 
cary  could  practice  medicine,  just  as  any  plumber  can  today 
practice  engineering  as  a  sanitary  engineer.  Everyone  today 
knows  that  a  doctor  must  be  licensed  by  the  state  to  practice 
medicine  and  that  before  he  is  able  to  obtain  that  license 
he  must  be  properly  qualified.  In  England  the  social  class 
is,  or  was,  more  distinctive  than  in  this  country,  and  there 
was.  and  is,  unless  the  war  has  eliminated  it,  still  a  distinct 
line  of  separation  between  classes  and  the  social  class  to 
which  ho  belongs  is  distinctive  of  a  man's  position  in  life. 
Before  the  medical  profession  was  subject  to  state  license 
and  when  any  "quack"  could  legally  practice  medicine,  a  doc- 
tor or  "leech"  as  he  was  often  termed,  had  little  or  no  social 
recognition  and  ranked  in  about  the  same  class  as  an  under- 
taker. In  England  today  the  medical  profession  has  taken 
its  place  in  society  and  receives  the  recc-gnition  of  all,  and 
the  first  step  in  placing  it  on  the  plane  it  now  occupies  was 
in  requiring  everyone  who  practiced  medicine  to  be  licensed 
to  do  so  by  the  state. 

In  South  Africa  land  surveyors  or  Government  land  sur- 
veyors as  they  are  known  there,  must  be  licensed  by  the 
state  to  practice.  In  transferring  or  subdividing  land  the 
deed  or  legal  document  mtist  be  accompanied  by  a  plat  giving 
the  necessary  information  in  a  prescribed  manner  prepared 
by  a  Government  Land  Surveyor.  The  plf-t  and  survey  must 
be  submitted  to  the  Surveyor-General's  office,  where  it  is 
checked  and  a  record  made  of  it.  No  transfer,  subdivision 
or  plat  of  land  has  any  legal  standing  unless  the  work  is 
done  by  a  Government  Land  Surveyor  and  the  survey  passed 
through  the  Surveyor-General's  office.  The  qualifications  of 
Government  Land  Surveyor  are  high.  He  must  pass  a  very 
rigid  theoretical  examination  and  if  succesful  in  tl'at,  a  prac- 
tical one.  It  requires  about  3  years'  hard  work  to  qualify. 
The  result  is  that  the  Cape  Government  Surveyor  has  reg- 
ular fees  which  give  him  a  better  return  than  the  average 
engineer  in  that  country,  and  bis  nrofession,  which  is  only 
the  kindergarten  of  engineering,  has  received  recognition 
and  standing  both  in  the  country  and  out  of  it.  I  have  heard 
it  said  on  more  than  one  occasion,  and  I  believe  with  truth, 
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that  nowhere  has  the  practiie  of  land  surveying  been  brought 
to  the  .standard  of  South  Africa. 

A  (urtliiT  i-ause  I  lielio\e  lies  in  our  education,  wliuh  I 
think  has  been  toi>  much  along  technical  lines  and  not  enough 
attention  paid  to  education  of  a  general  natui-e.  The  result 
is  that  the  outlook  and  view  of  the  young  engineer  leavinu 
college  is  inclined  to  be  too  narrow  and  technical  and  ho  is 
often  not  sutllciently  well  informed  upon  or  his  interest 
aroused  in  nuostlons  other  than  those  of  a  technical  nature. 

Summarising  what  I  have  said,  my  views  as  to  the  throe 
prime  requisites  to  obtaining  greater  recognition  for  the 
engineering:  profession  may  be  stated  as  follows: 

1-  Organitation. 

2--Llcensing. 

3— Broader  education,  interest  and  activity  in  other  than 
purely  technical  matters. 

A  letter,  in  u  recent  Issue  of  the  News  Record,  advocated 
an  Kngineering  I'nion  afllliated  with  the  American  Federa- 
tion of  Labor,  and  1  desire  to  state  clearly  and  beyond  possi- 
bility of  misunderstanding  that  I  am  unalterably  opposed  to 
any  organixation  along  the  lines  of  the  labor  unions,  or  per- 
haps It  will  be  more  correct  to  say  to  the  methods  adopted 
by  those  unions,  as  it  Is  not  the  organization,  but  their 
■methods  to  which  1  am  opposed.  The  question  of  organiza- 
tion Is  receiving  the  thought  and  attention  of  many  engi- 
neers and  we  must  be  quite  clear  and  definite  as  to  the 
kind  of  organization  we  want. 

It  would  be  outside  the  range  of  this  discussion  to  enter 
Into  an  argument  upon  the  merits  and  demerits  of  the  strug- 
gle between  labor  and  capital,  but  1  am  convinced  that  the 
engineering  profession  as  a  whole  would  never  countenance 
the  adoption  of  methods  destructive  to  our  economic  wel- 
fare. Strikes  and  lockouts  are  economically  unsound,  and 
an  extensive  application  of  the  movement  must  inevitably 
lead  to  economic  disaster.  No  matter  what  the  argument, 
genuine  or  specious,  made  in  support  of  the  use  of  the  strike 
threat,  the  cumulative  result  is  the  undermining  and  de- 
struction of  governmental  authority  and  industrial  enterprise. 
Our  profession  is  constructive,  not  destructive,  and  we  cannot 
countenance  for  a  minute  the  adoption  of  such  methods. 
There  are  other  objections  to  the  methods  of  trade  unionism, 
one  of  which  is  that  it  destrtn  s  the  individuality  and  initiative 
and  tends  to  reduce  the  efficient  to  the  level  of  the  ineflicient. 

It  is  not.  in  my  judgment,  necessary,  in  order  to  secure 
recognition  of  the  qualifications  and  accomplishments  of  the 
engineering  profession  and  readjustment  of  the  compensa- 
tion paid,  so  as  to  be  adequate  for  the  services  performed 
in  comparison  with  and  in  relation  to  the  compensation  paid 
to  others,  to  resort  to  or  adopt  the  methods  of  organized 
labor,  and  to  do  so  would  lower,  instead  of  raise,  the  stand- 
ards of  the  profession.  Unity  and  concerted  action  are,  how- 
ever, necessarj",  and  what  I  would  Uke  to  see  brought  about 
would  be  an  organization  known  as  the  United  States  Asso- 
ciation of  Engineers,  similar  to  the  United  States  Chamber 
of  Commerce,  which  is  the  national  organization  of  the  busi- 
ness men  of  America,  and  which  would  embrace  all  branches 
and  existing  organizations,  civil,  mining,  electrical  and  me- 
chanical. Such  an  organization  would  have  for  the  different 
branches  of  the  profession,  its  section  devoted  to  technical 
discussion  and  research:  its  section  devoted  to  the  promo- 
tion of  the  economic  welfare  of  the  engineer;  its  section  de- 
voted to  matters  of  political  and  public  interest,  as  for  ex- 
ample, education  of  public  opinion  to  the  advantage  and  de- 
sirability of  having  engineering  representation  on  public  bod- 
ies having  to  deal  with  questions  and  problems  involving  en- 
gineering knowledge  and  experience,  the  appointment  of  en- 
gineers to  public  positions,  involving  similar  knowledge  and 
experience,  the  adoption  of  a  National  Department  of  Public 
Works  and  many  other  similar  and  important  questions. 
Such  an  organization,  with  its  supreme,  or  chief  executive 
council,  made  up  of  representatives  of  all  branches  of  the 
engineering  profession,  would  command  the  attention  and 
respect  of  the  nation. 

This  may  seem  to  many  an  impracticable  dream,  but  to- 
day when  we  are  dealing  with  Leagues  of  Nations  why  not 
a  league  of  the  American  engineering  associations  and  so- 
cieties? The  framing  of  such  a  constitution  ought  to  be 
simple  compared  to  that  of  the  League  of  Nations.  Noth- 
ing, of  course,  can  be  accomplished  without  a  start,  and  as 
a  start  we  have  the  American  Association  of  Engineers,  the 
only  engineering  organization  I  know  of  in  this  country  de- 
voted to  other  than  technical  matters.     Let  us  develop  it  and 


build  it  up  along  such  lines  that  it  will  stand  to  the  engi- 
neering profession  in  the  manner  that  thi  t'hamhor  of  Com- 
merce stands  to  the  business  men  of  America. 

1  am  a  railroad  man  and  am  speaking,  I  presume,  largely 
to  railroad  men  and,  of  course,  that  is  the  branch  of  the  pro- 
fession which,  as  railroad  men,  we  are  most  interested  in. 
At  the  present  time  1  do  not  belong  to  the  American  Asso- 
ciation of  lOngineers.  1  have,  with  the  conservativeness  of 
the  land  of  my  birlli,  hesitated  in  joining  until  1  felt  quite 
satislled  that  the  objects  and  methods  of  the  association  were 
along  thi'  rJ^ht  lines.  1  have  reached  my  decision  and  am 
going  to  send  in  my  ai)plication  for  membership  this  month 
uyd  shall  urge,  not  only  railroad  engineers,  but  every  engi- 
neer of  my  ac(iuaintai'ce,  to  join  the  association  and  lend 
11  hand.  We  should  not  rest  in  the  organization  of  railroad 
alTairs  until  we  see  every  railroad  in  the  country  with  its 
chapter  or  division  of  the  American  Association,  with  sub- 
divisions over  its  entire  system,  each  subdivision  to  have  its 
own  ollicers.  reporting  to  the  chief  executive  council  for  that 
railroad,  which  in  turn  would  report  to  the  railroad  council 
of  the  National  Association.  Let  us  invite  the  co-operation 
of  our  sister  organization,  the  American  Railway  Engineer- 
ing Association,  and  build  up  a  nucleus  of  a  National  Asso- 
ciation, embracing  all   branches  of  the  profession. 

While  urging  complete  organization  of  railroad  engineers, 
I  do  not  want  anyone  to  go  away  with  that  as  the  goal  in 
view.  A  small  organization  of  one  section  of  the  profession 
will  not  accomplish  the  desired  result.  We  must  have  an 
organization  which,  when  it  speaks  through  its  duly  elected 
representatives,  will  speak  for  the  whole  engineering  pro- 
fession of  the  United  States.  That  voice,  gentlemen,  will  be 
heard  and  listened  to.  We  railroad  engineers  can,  however, 
set  the  necessary  example  and  strive  to  organize  the  rail- 
road section  of  the  National  Association  in  such  a  manner 
that  it  will  serve  as  an  incentive  to  other  branches  of  the 
profession  to  do  likewise. 

Whether  for  good  or  for  ill,  the  individualistic  age  is  al- 
most a  thing  of  the  past.  We  have  in  the  last  10  or  15  years 
seen  some  great  changes,  but  the  changes  in  the  next  10  or 
15  years  will,  I  think,  be  much  greater.  It  is  not  so  very 
long  ago  when  a  man  could  beat  his  horse  or  his  child  as 
much  as  he  liked.  Today  he  cannot,  and  as  an  illustration 
of  the  restriction  that  is  being  placed  on  the  individual,  he 
has  not,  or  soon  will  not  have  the  privilege  of  abusing  him- 
self by  drinking  what  he  likes. 

The  movement  of  the  day  appears  to  be  in  the  direction 
of  organization  by  classes,  and  the  engineering  profession 
ought  to  be,  and  I  trust  is,  alive  to  the  movement.  There- 
fore, let  us  invite  the  co-operation  of  all  and  use  our  influ- 
ence in  every  direction  to  build  up  a  National  Association 
which  will  embrace  all  branches  of  the  profession  and  have 
as  its  object  not  only  the  advancement  of  technical  research, 
but  the  economic,  social  and  political  welfare  of  the  profes- 
sion as  a  whole. 


700  Miles  of  New  Railway  Under  Construction  in  Mexico — 
Manuel  Aguirre  Berlanga,  Secretario  de  Gubernacion  of  the 
Mexican  Government,  has  officially  announced  that  construc- 
tion is  now  in  progress  on  about  700  miles  of  new  lines  of 
railway.  This  work  is  being  done  at  the  joint  cost  of  the 
federal  government  and  the  states  traversed  by  the  roads. 
While  the  primary  purpose  of  inaugurating  extensive  railroad 
construction  at  this  time  is  to  give  steady  employment  to 
thousands  of  laborers,  the  new  lines  will  also  afford  trans- 
portation outlets  to  rich  mineral  and  agricultural  districts. 
All  of  the  materials  for  the  building  of  these  railroads  are 
obtained  in  Mexico.  The  cross  ties  come  from  the  native 
lumber  mills  and  the  steel  rails  are  manufactured  at  the  plant 
of  the  Monterey  Iron  and  Steel  Company. 


New  Shaft  Sinking  Record, — A  new  world's  record  for  shaft 
sinking  was  made  in  December,  1918,  at  the  Crown  Mines, 
Johannesburg,  South  Africa.  The  shaft  is  circular,  having  a 
diameter  of  20  ft.  Inside  the  walling.  During  December  it  w-as 
sunk  27^  ft.  from  a  depth  of  655  to  934  ft.,  the  average  speed 
being  9  ft.  per  24  hours.  The  cost  of  sinking,  exclusive  of 
walling,  was  between  $02.40  and  $67.40  per  foot  for  the  month. 
The  previous  world's  record  also  was  made  at  the  Crown 
Mines,  where  252  ft.  was  made  in  a  31-day  month  at  the  No. 
14  circular  shaft  of  the  mines;  this  was  also  a  20-shaft.  R. 
C.  Warriner,  120  Broadway,  New  York,  was  Consulting  Engi- 
neer at  the  Crown  Mines  up  to  the  end  of  191S. 
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Stripping  and  Drilling  Methods  at 

the  Sacramento  Hill  Copper 

Mines 

Systematic  prospect  drilling  on  Sacramento  Hill  by  the 
Copper  Queen  branch  of  the  Phelps  Dodge  Corporation  has 
developed  approximately  15.000.000  tons  of  copper  ore  aver- 
aging better  than  1%  per  cent  of  copper.  The  excavation 
and  drilling  methods  that  are  being  employed  in  opening  up 


Fig.   1. — Arranget7ient  of   Benches  on   Sacramento   Hill 


these  newly  developed  ere  bodies  are  described  by  Mr.  Robert 
T.  Banks  in  April  Mine  and  Quarry,  to  wh;ch  we  are  indebted 
for  the,  matter  in  our  article. 

The  ore  developed  is  in  tvi'o  bodies,  which  have  been  named 
the  east  and  the  west  ore  bodies,  and  are  separated  by  a 
comparatively  barren  strip  of  ground  from  400  to  500  ft.  wide. 
The  west  ore  body,  which  will  be  mined  first,  is  accurately 
defined  and  will  produce  something  over  6.000,000  tons  of  ore. 

Drilling    is   still    in    progress   on    the   east        

ore  body,  but  sufficient  has  been  done 
to  insure  a  production  in  excess  of  10,- 
000,000  tons.  The  west  ore  body,  con- 
sidered as  a  unit,  will  average  better 
than  2  per  cent  copper,  which  is  consid- 
erably higher  than  the  average  of  the 
working  "porphyry"  deposits  in  the  Unit- 
ed States.  The  east  ore  body  will  run 
lower  in  copper  content. 

Sacramento  Hill,  the  most  prominent 
physical  and  geological  feature  of  the 
Warren  district,  is  a  massive  granite 
porphyry  block.  Around  its  southern  base 
in  a  semi-circle  are  grouped  the  mines  of 
the  Copper  Queen  and  the  Calumet  and 
Arizona    companies.      From    these    mines  "! 

over  4.000  tons  of  ore  are  hoisted  dail> 
and  are  shipped  to  the  smelters  at  Doug- 
las. 

The    hill    itself,    with    reference    to    the 
newly  developed  ore  bodies,  is  a  capping 
of  overburden  or  waste,  and  a  large  part 
of  the  hill  must   be  removed   before   min- 
ing  operations    can   begin.     The   stripping 
operations  over  the  west  ore  body,  which 
are   well   under  way,   as   is   shown   in  the 
photograph,    require    the    removal    of    ap- 
proximately  15,000,000  tons  of  waste  before  a  pound   of  ore 
can  be  mined.    About  two  years  will  be  required  to  complete 
the   stripping  operations   which   will   lay   bare   the   west   ore 
body.    This  in  itself  is  an  exceedingly  expensive  undertaking 
Every  ton  of  waste  is  solid  rock,  which  must  be  drilled  and 
shot  with  powder  before  it  becomes  accessible  for  the  steam 
shovels. 


Bench  Method  of  Excavation. — To  carry  on  the  stripping 
operations  the  hill  has  been  laid  off  in  benches  as  is  shown 
in  Fig.  1.  The  lower  or  "machine  shop"  bench  is  immedi- 
ately over  the  ore  body.  The  three  benches  above  this  are 
GO  ft.  apart  vertically.  Each  bench  has  its  own  steam  shovel 
and  trackage  system,  and  the  broken  waste  is  placed  on 
20-ton  side  dump  standard  gauge  cars.  Because  of  the  heavy 
grades  required  to  reach  the  dumping  grounds  four  cars  con- 
stitute a  train,  which  is  drawn  by  an  oil-burning  locomotive. 
Both  churn  drills  and  tripod  drills  are  used  in  the  rock 
breaking  operations.  From  ihe  bench  above,  60-ft.  churn 
drill  holes  are  put  down;  and  these  are 
first  "sprung,"  then  loaded  and  fired  by 
electricity.  To  relieve  the  churn  drill 
holes,  22-ft.  flat  holes  are  drilled  at  the 
base  of  the  bench  by  tripod  drills.  These 
also  are  "sprung"  first  and  then  loaded 
with  two  or  three  boxes  of  dynamite  each. 
Because  of  extremely  variable  rock  con- 
ditions no  set  rule  can  be  applied  to  the 
spacing  of  churn  drill  holes.  It  is  simply 
a  case  of  "the  harder  the  ground,  the 
closer  the  holes  and  the  heavier  the 
charge." 

Methods  of  Drilling  for  Toe-holes. — 
The  Sullivan  "Hyspeed"  pistol  drill  with 
%-in.  cylinder  diameter  waS'  selected  for 
this  work.  These  drills  have  seen  ex- 
tremely hard  service.  The  air  for  the 
piston  drills  is  supplied  from  the  Copper 
Queen   power  plant. 

Each  machine's  crew  consists  of  a  Mex- 
ican runner  and  helper.  The  "toe-holes" 
are  spaced  approximately  6  ft.  apart  in 
hard  ground  and  from  8  to  15  ft.  apart  in 
the  medium  and  broken  ground.  All 
holes  are  drilled  nearly  flat  with  just 
enough  down  pitch  to  permit  water  to 
run  into  the  hole.  Solid  steel  with  a 
cross  bit  is  used  and  blow  pipes  are  employed  to  help  clean 
the  holes. 

In  many  places  extremely  difficult  drilling  ground  has  been 
encountered,  the  rock  being  unusually  hard  and  at  the  same 
time  "fitchery  and  cavey."  Consequently  many  holes,  after 
reaching  a  depth  of  15  ft.  or  more,  caved  behind  the  bit,  mak- 
ing  recovery    difficult.     The    extremely    variable   ground   has 


Fig.    2. — Drilling    Operations    on    Upper    Bench. 

made  the  keeping  of  accurate  drilling  records  impracticable, 
but  in  hard  ground  one  22-ft.  hole  is  considered  a  shift's 
work  for  a  runner  and  helper.  When  drilling  conditions  are 
reasonably  good  a  crew  will  drill  two  of  the  22-ft.  holes  in  a 
shift.  All  machines  are  mounted  on  heavy  tripods,  and  as 
the  ground  is  usually  rough  and  covered  with  boulders  con- 
siderable time  is  consumed  in  setting  up  and  moving. 
(79) 
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New  Milltite  Being  Cleared.  I'olmUleul  with  the  stripplnis 
operollims  «>n  Sucrtimeiito  Hill  the  Copper  Queen  roiuoii 
trutor  department  Is  preparing  a  nilllaite  for  the  erection  of 
a  4.0t>i»ton  concentrator,  tlie  work  beins  so  planned  that  the 
conifntnilor  will  be  Ilnislieil  about  the  time  the  slripplnn 
openitionK  over  the  west  ore  lioily  iin-  coniiileti'd.  liiless  the 
delivery  of  structural  steel  for  the  mill  bulldini;  Is  hold  up  by 
unforeseen  conditions,  llu'  mill  will  be 
producinK  copper  concentrates  about 
Jan.  1,  ISJU  A  small  test  mill  has  been 
in  operation  for  some  time  and  ver> 
satisfactory  results  have  been  obtained. 
usinic  the  latest  practlci-s  in  pniviiy  con 
centration   and   tiolatiou 

.\n  excellent  millsile  has  been  seleci 
ed  on  the  southern  slope  of  the  Mul. 
.Mui-ntain  faciiiK  the  internatioual  boi 
der.  about  2  miles  soutli  of  the  Sacra- 
mento iiill  operations  and  '>;  mile 
southwest  of  the  town  of  Warren.  .Vm- 
pie  tailiuKS  storane  is  provide*!  for  on 
the   sloplns   mesa   to   the   south. 

Excavating  with  Rotators.  In  prr 
luirin);  the  terraces  for  mill  Hoors  e\ 
tremely  hard  close  prained  qiiarlziti- 
and  limestone  were  encountered  almost 
at  the  surfoce.  At  no  place  on  the  millsile 
Is  the  wash  more  than  a  few  fret  thick. 
Sullivan  "lvP-33"  hollow  piston  rotators 
were  selected  for  drillins  operations 
the  nir  being  supplied  through  a  .")-iii 
air  line  from  the  Copper  Qvieen  powe. 
plant.  Even  in  the  hands  of  ine.xperi 
enced  Mexican  operators  the  upkeep  on 
thene  machines  has  been  exceedingly 
small  and  a  runner  will  drill  a  100  fi. 
of  hole  per  shift  in  the  hardest  quartzite. 
Sixteen  of  the  Sullivan  rotators  have 
been  in  constant  use  since  the  worlv  started.  Hollow  liexagon 
rotator  steel  with  a  cross  bit  Is  used  and  holes  4  to  6  ft.  deep 
are  the  rule.  The  drill  steel  is  sharpened  at  the  Copper 
Queen  central  shop. 

Blasting  Practice. — The  management  has  been  exception- 
ally careful  in  regard  to  the  safety  of  the  workmen  on  the 
millsite  and  has  found  it  good  practice  to  tire  from  200  to  300 
holes  at   a   time,   giving  the  woricmen  ample  opportunity   to 


placi-  a  half  c'rtrld.u>'  of  low  freezii\g  I'O  per  cent  dynamite 
Info  which  a  .No.  t!  blasting  cap  and  length  of  fuse  long 
enough  to  reach  a  couple  of  inches  out  of  the  top  of  the 
bore  bole  has  i)een  inserted.  Tamp  the  charge  in  well  with 
damp  clay.  U>ani  or  sand.  Light  the  fuse  an(i  move  about  2i> 
fl  away,  .\fler  the  blast,  dig  out  the  hole  being  careful  to 
locate  ami  till  the  cavity  at  the  bottom.  Fill  in  the  hole 
with  subsoil  up  to  within  al)out   3  in.  of  the  point   where  the 


Fig.    J. 


Drills   Working   on   Toe   Holes,   Sacramento    Hill 

roots  are  to  rest.  Fill  in  that  3  in.  and  all  around  the  roots 
with  rich  topKoil.  If  the  soil  is  poor,  place  some  manure  or 
other  suitable  fertilizer  in  the  bottom  of  the  hole  and  be 
careful  not  to  permit  the  fertilizer  to  come  in  direct  Contact 
with  the  roots.  After  the  hole  has  been  completely  filled 
tramp  the  soil  down  firmly  around  the  tree.  If  the  soil  is 
dry  at  the  time  the  liee  is  being  planted,  it  is  well  to  pour 
water  on   it. 


Groutiiia 
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Fig.  4.      Excavation   for   Concentrator. 

get  out  of  range  of  flying  roclt.  It  is  worthy  of  note  that 
only  one  man  has  been  injured  on  the  works  and  this  injury 
consisted  of  a  slight  scalp  cut.  This  is  probably  a  record,  in- 
asmuch as  the  work  on  the  millsite  has  been  in  progress 
more  than  six  months  and  not  less  than  12.5  men  are  em- 
ployed. 


Dynamite  as  an  Aid  in  Tree  Planting 

Tf  the  soil  is  hard  dynamite  can  be  used  to  advantage  in 
planting  trees.     The  method  is  as  follows: 

First,  put  down  stakes  where  the  trees  are  to  stand.  Then 
■with  a  soil  auger  or  pointed  steel  bar.  using  a  sledge  or  maul 
:f  necessary,  put  down  a  bore  hole  which  would  be  about  1% 
or  2  in.  ia  diameter  and  about  30  in.  deep.     In  each  bore  hole 


Low  Alumina  Cement  Used    in 
East  Boston  Tunnel 

Neat  cement  grout  made  from  a  low  alumina  cement  was 
used  during  the  past  year  in  grouting  the  East  Boston  Tun- 
nel of  the  Boston  Transit  System.  The  grout  was  placed 
in  cracks  and  relatively  porous  places,  where  small  leaks 
occur  in  the  arch  and  upper  sidewalls.  about  94  cu.  yd.  be- 
ing used  in  the  year.  Practically  all  of  the  grouting  was 
done  between  the  pumpwell  and  Webster  St.  on  the  East 
Boston  end  of  the  tunnel.  The  average  force  employed  has 
been  one  foreman  and  14  laborers.  The  East  Boston  Tun- 
nel is  the  first  instance  of  which  we  have  any  record  of  a 
monolithic  concrete  tunnel  having  been  built  under  salt  w'ater. 
It  was  constructed  with  the  ordinary  high  alumina  Portland 
cement  at  a  time  when  there  was  less  knowledge  than  we 
now  have  of  the  action  of  sea  water  on  such  cement.  There 
was  no  waterproofing  membrane  between  the  concrete  and 
the  surrounding  earth  to  prevent  the  water  from  percolating 
to  the  outside  of  the  concrete.  The  leakage  into  the  tunnel, 
however,  is  very  small,  states  the  last  annual  report  of  the 
Boston  Transit  Commission.  The  East  Boston  Tunnel  differs 
from  the  recently  built  Dorchester  Tunnel  under  Fort  Point 
channel  in  that  the  two  tubes  of  the  Dorchester  Tunnel  have 
an  outer  shell  of  hard  pine,  between  which  and  the  concrete 
there  is  a  waterproof  membrane  consisting  of  three  layers 
of  asphalt  saturated  waterproofing  fabric  w-jth  asphalt 
mopped  on  to  tl-e  fabric,  so  that  there  are  three  layers  of 
fabric  and  four  layers  of  mopped  asphalt  between  the  hard 
pine  outer  shell  and  the  concrete.  The  cement  used  in  the 
construction  of  the  Dorchester  Tunnel  w?s  selected  cement 
containing  less  than  fi.5  per  cent  of  alumina  (A,  O,).  such 
cement  being  found  by  tests  of  the  Commission  to  better 
withstand  the  effects  of  contact  with  sea  water. 
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Tie  Renewals,  Use  of  Screw  Spikes, 
and  Substitutes  for  Timber  Ties 

At  tlie  lasl  annual  coiiventiiin  of  the  American  Railway 
Engineering  Association  the  coniniittee  on  ties  reported  as 
follows;  ■ 

The  Use  of  Screw  Spikes.  -In  PJH.  127  (Hit  of  29  railroads 
who  gave  an  opinion  agreed  on  the  .staten:ent  "screw  spikes 
prolong  the  life  of  ties  over  that  obtained  with  cut  spikes." 
Three  years  later  a  committee  for  the  Pennsylvania  R.  R. 
finished  an  investigation  on  this  subject,  which  it  had  con- 
ducted for  9  years,  and  agreed  upon  the  following  statement: 
"Screw  spikes  have  no  advantage  over  nail  spikes.  When 
used  with  clips  without  tie  plates,  the  cutting  of  the  rail  into 
the  tie  permits  the  rail  to  slip  under  the  clip,  thus  widening 
the   gage." 

As  a  result  of  these  divering  opinions,  the  committee  has 
tried  to  find  the  present  general  opinion  among  railroads  on 
this  subject,  in  the  hope  that  they  could  summarize  the  prac- 
tice and  distinguish  the  conditions  under  which  either  form 
of  track  connection  was  the  better  as  regards  the  durability 
of  the  ties. 

For  this  purpose  a  list  of  questions  was  sent  to  75  rail- 
roads. From  these.  .58  have  replied,  and  of  these  5S.  ''2 
stated  either  that  they  had  never  used  any  screw  spikes,  or 
else  that  their  trials  had  been  so  limited  that  no  conclusion 
could  be  formed.  Of  the  other  G  replies,  i  railroads  believed 
that  screw  spikes  permitted  a  longer  life  of  tie  than  cut 
spikes.  Three  railroads  reported  that  screw  spikes  did  not 
permit  longer  life  of  tie  than  cut  spikes.  One  electric  ele- 
vated and  subway  road  reports  that  screw  spikes  do  prolong 
the  life  of  ties.  Two  railroads  believed  there  was  no  reason 
for  using  screw  spikes  unless  the  ties  were  bored  and  treated 
before  the  screw  spikes  were  applied.  Six  railroads  con- 
sidered this  unnecessary.  Eight  railroads  believed  that  a 
screw  spike  should  not  be  used  as  an  anchor,  and  that  it 
should  be  kept  free  from  the  slots  in  the  angle.  Five  rail- 
roads considered  that  it  should  be  used  as  an  anchor  and  put 
in  the  slots  in  the  angle.  One  railroad  used  some  device  to 
put  in  the  spike  hole  to  make  the  screw  spike  secure  again 
after  it  had  become  loose,  or  after  the  chamber  around  it  had 
decayed.     Eleven  railroads  used  no  such  device. 

One  elevated  electric  road  reported  on  the  elevated  struc- 
tures and  subways  as  follows: 

"©n  the  elevated  structure  and  iu  the  subways  screw 
spikes  can  be  installed  or  taken  out  as  quickly  as  cut  spikes. 
This  is  due  undoubtedly  to  the  limited  space  in  which  to 
work  and  the  fact  that  screw  spikes  are  installed  or  removed 
by  means  of  pneumatic  tools.  Without  question  for  this  type 
of  service,  or  any  service  requiring  frequent  renewal  of  rail. 
screw  spikes  will  prolong  the  life  of  the  ties  and  will  result 
in  better  track." 

Another  railroad  advised:  "For  ordinary  maintenance  no 
power  tools  are  needed,  but  are  of  advantage  for  first  in- 
stallation:   can   be  maintained  by  ordinary  track  labor." 

As  a  result  of  these  diverging  opinions,  it  is  the  opinion 
of  the  committee — 

(1)  That  there  is  not  sufficient  data  available,  due  to  lack 
of  general  use,  to  show  that  the  use  of  screw  spikes  will  in- 
crease the  durability  of  ties,  except  under  special  conditions 

(2)  That  there  may  be  specific  forms  of  track  construction 
where  screw  spikes  prolong  the  life  of  ties  such  as  on  ele- 
vated structures,  and  so-called  permanent  track  where  there 
is  a  more  substantial  foundation  provided  than  an  ordinary 
tie  and  ballast  track. 

Controlling  Tie  Renewals. — Tl-e  study  of  the  replies  to  in- 
quiries in  lasl  year's  investigation  of  methods  for  controlling 
tie  renewals  indicates  a  wide  divergence  of  methods  under 
apparent   similarity  of   organization   and   physical   conditions. 

This  suggests  the  possibility  of  developing  a  uniform 
method  of  determining  the  essentials  necessary  to  control  tie 
renewals,  namely: 

(II  Preliminary  physical  inspection  of  ties  in  track — based 
on  a  predetermined  renewal  standard. 

(2)  Field  checks  of  the  preliminary  inspection  in  whole  (U- 
in  part 

(3)  T'tilization  of  statistics  as  a  further  check  on  tie  re- 
newals and  the  determination  of  final  allotment. 

(4)  Checking  results  obtained. 

The  tabulation  of  replies  received  from  Kiu  railroads  with 
an  aggregate  mileage  of  223,000  would  indicate  that  there  are 


three  general  methods  for  determining  the  number  of  ties  to 
be  renewed. 

(a)  Field  inspection  by  section  foremen,  supervisor  or 
roadmaster. 

(b)  Inspection  by  tie  inspector. 
Id   Determination  by  statistics. 

Evidence  should  be  obtained  to  disclose  which  method  is 
best  suited  to  local  conditions  and  type  of  organization  to 
insure  following  predetermined  standards  of  renewal  and 
avoid  divided  responsibility  for  safe  maintenance. 

Information  at  hand  does  not  indicate  the  best  meihods  of 
obtaining  effective  field  checks  to  secure  economy  and  safety. 

The  best  methods  of  final  allotment  of  tie  supply  should  be 
further  developed. 

It  is  evident  that  an  inspection  of  ties  removed  fnnn  track 
!i fiords  the  best  means  of  checking  extravagance  and  placing 
the  responsibility  for  same.  This  leads  to  the  determination 
of  the  liest  method  for  making  "an  independent  check  and 
devising  means  f<ir  determining  and  avoiding  inadequate  re- 
newals. 

Substitute  Ties. — Twenty-three  railroads  reported  to  the 
.(I'nmittee  on  the  use  of  various  steel  and  reinforced  con- 
iiete  ties.  For  the  most  part  these  reports  were  very  brief 
and  referred  to  very  limited  installations  of  substi'ute  ties, 
Irom  as  far  as  three  in  number  to  several  thousand.  As  is 
well  known,  the  number  of  steel  ties  in  service  greatly  ex- 
ceeds the  number  of  reinforced  concrete.  Owing  to  war 
(■onditi(nis  practically  no  new  steel  ties  have  been  put  in  dur- 
ing the  last  year,  even  on  those  roads  wh'ch  at  present  have 
the  greatest  number  in  service. 

The  particular  substitute  ties  reported  as  undergoing  trial 
are  as  follows:  I'niversal,  Baird,  Carnegie.  Hardmau.  Sim- 
plex. Bates.  Percival,  Buhrer.  Snyder,  Goodlett,  .^timdard, 
Leonard,   Shane.  Smith.  Riegler.  Alfred,  and  Wolf. 

Several  instances  are  reported  in  which  it  has  been  found 
necessar.v  to  remove  steel  ties  on  account  of  excessive  cor- 
rosion, or  to  renew  the  rail  fastenings  for  the  same  reason 
and  on  account  of  wear.  Other  roads  report  that  so  far  their 
substitute  ties  are  performing  good  service. 

The  life  of  a  steel  tie  is  still  uncertain.  dependiiiLj  consid- 
erably upon  local  conditions.  Instances  have  been  reported 
of  their  lasting  but  little  longer  than  the  best  wooden  tie, 
due  to  corrosion,  web  splitting  and  rivets  becoming  loose. 

An  instance  is  reported  of  an  installation  of  reinforced  ties 
d.'iO  in  number)  which  had  to  be  taken  out  after  being  in 
the  track  but  a  few  nionths,  on  account  of  a  derailment  which 
cracked   and  broke  them. 


Dust  Eliminator  for  Cleaning  Empty 
Cement  Bags 

.\  simple  and  efficient  device  is  being  used  at  the  Kngle- 
wood  dam  of  the  Miami  Conservancy  District.  Ohio,  for 
eliminating  dust  while  cleaning  empty  cement  bags.  It  con- 
sists of  a  box  6  It.  long,  3'^  ft.  wide,  and  :;  ft.  deep,  with 
a  wooden  air  shaft  running  from 
the  top  of  the  box  up  through  the 
root  of  the  cement  shed.  Three 
inches  from  the  lop  of  the  box,  the 
two  long  sides  flare  out.  as  shown, 
at  an  angle  of  f.bout  4.5-.  The  box 
has  a  lid  narrower  than  the  width 
of  the  box  so  as  to  leave  an  open 
space  about  2  in.  wide  between  the 
long  edges  of  the  lid  and  the  sides 
of  the  box.  as  .shown.  The  empty 
cement  sack  is  dropped  mouth 
down  through  tMs  2-in.  slot  and 
shaken  into  the  box.  The  effect 
of  the  ventilator  is  to  present  dust 
rising  through  the  slot  into  the 
cement  shed.  The  device,  states 
the  Miami  Conservancy  Bulletin, 
practically  eliminates  the  dust,  due 
to  shaking  empty  cement  sacks,  so  disagreeable  to  laborers, 
and  reclaims  fully  twice  as  much  cement  as  when  the  bags 
are  shaken  out  as  usual  on  the  floor  of  the  cement  shed,  or 
in  an  open  box.  Also  twice  as  many  bags  can  be  cleaned 
in  a  given  time  as  by  the  usual  method.  Eleven  full  bags 
of  cement  were  saved  from  1,.500  bags  cleaned.  This  device 
originated  with  .John  Owens,  foreman  of  the  Enelewood 
gravel    washing   and   concrete   mixing   plant. 


Cross   Section   of  Cement 
Bag    Cleaner. 
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Kiifjitni'iitiii  and  Coiititulinij  for  April  10,   I'Jl'J. 


A  Hold  Exporiinent:  The  First  Con- 
crete Freight  Car 

The  liulldiiic  oi  ii  O.ci'n  urn  CDUcri'lo  ship  was  oue  of  the 
boldest  of  ■iiclnooiius  i-xpoiimonls  iluiing  the  wur.  Many 
were   tl  oxurossod   as  .tp   the   seiiworthinoss   of   so 

larso  11  vessel.     lUit   tlie  "l-'aith"  has  Justitlod  her 

name. 

Not  less  bold,  in  Us  way.  Is  the  reinforced  concrete  freight 
car  that  has  Just  been  built  nfter  the  designs  of  Joseph  B. 


t'ity;  u  ooiu-iele  having  a  weight  of  104  lb.  per  cu.  ft.  re- 
sulted, having  a  strength  of  4,ir)0  lb.  compressive  strtnigth  in 
::S-day  tests. 

Uoi'ause  the  concrete  sections  on  this  car  are  lliinuer  than 
ever  boloro  attempted  in  such  concrete  work,  it  was  ilocided 
to  use  the  comcnt  gun  for  walls  and  floor.  Cross-bearers 
were  poured  in  tlio  usual  manner.  Wood  forms  were  placed 
on  the  outside  of  the  cur  and  the  concrete  was  "shot"  Into 
place  by  compressed  air.  The  resulting  concrete  is  exceed- 
ingly dense  and  the  finish  remarkably  smootli  on  the  surface 
which   was  against  forms.     The   interior   surfaces   were  left 


Fig.   1 — Completed   Car   Ready   for 

Strauss,  civil  engineer  of  Chicago.  Fig.  1  sliows  the  com- 
pleted car  ready  for  service  on  the  Illinois  Central  Ry.  Figs. 
2  and  3  are  views  of  the  car  during  construction,  showlag 
the  steel  rods  prior  to  being  encased  with  concrete. 

As  compared  with  the  ordinary  all-steel  freight  car,  a 
concrete  car  should  have  the  following  advantages:  (1) 
Lower  first  cost;  (2)  lower  maintenance  cost,  and  (3)  longer 
life.  Steel  cars  require  frequent  painting,  and  are  by  no 
means  as  everlasting  as  was  anticipated  when  they  were  first 
introduced  in  place  of  wooden  cars. 

If  a  reinforced  concrete  car  will  stand  up  well  under  the 


Service   on    Illinois   Central    R.    R. 

more  or  less  as  produced  by  the  cement  gun.  The  use  of  the 
cement  gun  increased  the  unit  weight  of  the  concrete  above 
that  computed.  As  a  result  of  this  and  the  necessity  of  using 
heavier  sections  than  required,  the  weight  of  the  car  when 
completed  exceeded  the  computed  weight  by  more  than  3,600 
lb.  This  experiment  however  makes  it  evident  that  with 
proper  facilities  for  construction,  another  car  of  this  size 
and  design  can  be  made  to  weigh  somewhere  between  46,000 
and  48,000  lb. 

This  car  was  built  with  the  sanction  and  co-operation  of 
the  United  States  Railroad  Administration  under  occasional 


Fig.    2 — Frame    With    Reinforcement    Partly    Completed. 

shocks  of  service  and  it  its  ratio  of  dead  weight  to  load 
carried  can  be  kept  as  low  as  that  of  a  steel  car,  there  is 
little  doubt  that  reinforced  concrete  will  displace  steel  cars 
just  as  steel  cars  have  been  replacing  those  o(  wooa. 

This  first  concrete  car  has  a  capacity  of  100.000  lb.  and  it 
weighs  53.600  lb.  But  the  makers  say  that  with  proper  facili- 
ties for  construction  the  weight  can  be  reduced  fully  10  per 
cent.  The  average  steel  car  of  like  capacity  weighs  from 
43,000  to  45.000  lb. 

For  the  concrete  used  in  this  construction  the  first  com- 
mercial application  of  a  new  lightweight  aggregate  known 
as  Haydite  was  made.  This  material  is  a  result  of  a  manu- 
facturing process  developed  by  Stephen  J.  Hayde  of  Kansas 


Fig.  3 — Reinforcement   in   Place  Ready  for  the  Concrete. 

inspection  by  J.  J.  Tatum,  supervisor  of  car  repairs,  acting 
under  ihe  direction  of  F.  P.  Pfahler,  chief  mechanical  engi- 
neer, and  Frank  McManamy,  assistant  director  of  the  division 
of  operations.  The  Illinois  Central  Railroad  took  an  active 
interest  in  the  car  and  contributed  many  parts  of  the  equip- 
ment. 

In  leading  up  to  the  construction  of  this  first  reinforced 
concrete  gondola  car,  the  Concrete  Car  Co.  of  America  was 
organized  with  J.  J.  McCarthy,  president  of  the  R.  F.  Conway 
Co.,  of  Chicago,  Joseph  B.  Strauss  and  F.  E.  Sullivan,  Chi- 
cago, as  principals.  This  company  is  now  actively  developing 
plans  for  various  types  of  concrete  cars  with  a  view  to  under- 
taking their  manufacture  on  a  commercial  scale. 


(82) 


Engineering  and  Contracting  for  April  16,  1919. 


393 


Salary  Schedule  for  Railway  Tech- 
nical Engineers  Adopted  at 
Chicago  Conference     . 

Engineering  departments  from  54  railroads  were  repre- 
sented at  tlie  national  conference  of  railroad  engineers  held 
March  17  at  Chicago  under  the  auspices  of  the  American 
Association  of  Engineers.  Some  350  engineers  attended  the 
conference.  The  primary  purpose  of  the  meeting  was  to 
discuss  conditions  affecting  the  economic  welfare  of  the 
railway  technical  engineer  and  to  take  steps  to  secure  for 
him  more  adequate  compensation  for  his  services.  The  fol- 
lowing schedule  of  minimum  salaries  for  railroad  profes- 
sional engineers  was  adopted  by  the  conference  and  has 
been  submitted  to  the  Government  Wage  Board  at  Wash- 
ington: 

Schedule  of  Minimum  Salaries  for  Railroad  Professional 
Engineers. 

The  duties  of  Resident  Engineer  involve  construction  work 
of  ordinary  magnitude.  Where  exceptional  work  is  under- 
taken it  is  assumed  that  the  Assistant  District  Engineer, 
District  Engineer  or  Assistant  Chief  Engineer  will  take 
charge  in  the  field. 

The  duties  and  qualifications  attached  to  the  positions 
named  are  generally  well  understood.  Any  schedule  of  rates 
promulgated  should  specify  that  the  work  actually  performed 
should  govern.  Thus  if  a  railroad  calls  a  man  an  Assistant 
Engineer  and  he  is  actually  performing  the  usual  duties  of 
a  Division  Engineer  or  other  position,  he  should  receive  the 
pay  of  that  position. 

In  the  schedule  the  rates  tor  the  higher  positions  do  not 
apply  to  short  lines,  terminal  railroads  and  roads  of  similar 
character. 

The  rates  of  pay  for  the  higher  positions  on  the  smaller 
roads  to  be  in  proportion  to  the  duties  and  responsibilities 
assumed,  based  upon  above  schedule. 

This  schedule  not  to  operate  to  reduce  any  salaries  now 
existing. 

Expenses  away  from  headquarters  or  in  connection  with 
moving  headquarters   to   be   allowed. 

Xo  pay  for  overtime. 

Civil  service  rules  to  apply  as  to  annual  and  sick  leave. 

Per  year. 

Chief  Engineer    . $15,000  to  $3,000 

Assistant    Chief   Engineer 9,000  to     7  200 

District  Er.gineer   6,000  to     4,800 

.Assistant   District  Engineer 5,400  to     4  200 

Division   Engmeer    4,800  to     4,200 

Assistant    Divi.<;ion    Sngineer 3,600  to     3.00(1 

Resident  Engineer 4.200  to     3,00u 

Office  Engineer — Field  Engineer 5,400  to     3,600 

Engineer    of    Bridges 7,500  to     6.000 

.A.ssistant  Engineer  of  Bridges 5,400  to     4.800 

Signal  Engineer    7,200  to     4,200 

.-Assistant  Signal  Engineer 4.800  to     3  000 

Building  Engineer    6.000  to     3,000 

Valuation  Engineer    S.400  to     7.200 

Assistant  Valuation   Engineer 6,000  to     4.800 

Chief  Pilot  Engineer 4,800  to     3,600 

Pilot  Engineer  3,600  to     3,000 

Engineer  Accountant   4,800  to     3.000 

General   Superintendent  of   Motive   Power 15,000  to    9.000 

Assistant  General  Superintendent  of  Motive   Power     9.000  to     7  200 

Jlechanical  Engineer    7.500  to     6,000 

Assistant    Mechanical    Engineer 4,800  to     3  600 

Engineer    of    Tests 7,500  to     eioOO 

Electrical    Engineer    8,000  to     6,000 

Assistant    Electrical    Engineer 4,800  to     3.000 

District    Electrical    Engineer 3,600  to     2  700 

Shop   Engineer    4.800  to     3!600 

Chief  Draftsman   3.600  to     3,000 

.T       ,.         T^      ,  Per  month. 

•Leadrng:   Draftsman    or   Designer 200  to        250 

•Draftsman    150  to        200 

'■Junior   Draftsman    125  to        150 

•Tracer    100  to        120 

'Engineer  Inspectors    150  to        225 

•Instrument  Man    200  to .      225 

"•Rodman     125  to        150 

*Tapem.an    100  to        1 2(1 

*Tlates  stated  for  junior  positions  cover  the  length  of  service  in 
the  respective  positions.  An  increase  of  not  1ps.«  than  $5  for  eacli 
6  months'  service  to  be  granted  up  to  the  maximum  rate  of  the 
position. 


New  Railways  for  Mexico. — President  Carranza  has  asked 
the  extra  session  of  tlie  Mexican  Congress  which  meets  May 
1,  to  authorize  the  construction  by  the  Federal  Government 
of  three  railroad  lines  and  the  acquisition  of  another  rail- 
v.-ay  system.  One  of  the  proposed  lines  will  run  from  some 
point  on  the  Southern  Pacific  of  Mexico  between  Magda  and 
Hermosillo  to  Ensenada,  the  capital  of  Lower  California. 
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Water    Softening   Plant    on    Con- 
struction Job  Pays  for  Itself 
in    Two    Months 

On  many  construction  undertakings  contractoi's  are  con- 
fronted with  the  problem  of  securing  satisfactory  water  for 
the  boilers  of  their  locomotives,  steam  shovels  and  other 
steam  operated  equipment.  This  problem  was  satisfactorily 
solved  by  the  Walsh  Construction  Co.  on  its  grading  con- 
tract at  the  Markham  yards  of  the  Illinois  Central  R.  R.  by 
the  installation   of  a  special  plant  for  treating  the  water. 

The  contract  involves  the  handling  of  some  1,500,000  cu. 
yd.  of  material  for  which  the  contractors  are  employing  two 
steam  shovels,  six  locomotives  and  two  hoisting  engines. 
When  the  grading  was  started  last  July  it  was  discovered 
that  the  available  water  was  so  unsatisfactory  as  to  cause 
serious  difficulty  in  the  operation  of  the  equipment.  The 
supply  is  obtained  from  a  driven  well  about  170  ft.  deep,  the 
consumption  being  about  40  gal.  per  minute.  The  character  of 
the  water  was  such  as  to  cause  a  very  heavy  scale  forma- 
tion, and  much  trouble  with  leaking  flues  and  stray  bolts 
resulted. 

A  water  softening  plant,  supplied  by  the  Railroad  Water 
&  Coal  Handling  Co.  of  Chicago  was  placed  in  operation  on 
Oct.  27.  This  plant  consisted  of  a  10-ft.  diameter  tank  inside 
an  18-ft.  diameter  tank,  both  tanks  being  IS  ft.  high.  On  top 
of  the  tank  is  a  shallow  mixing  box.  Raw  water  and  re- 
agents are  pumped  independently  into  the  mixing  box,  from 
which  they  pass  as  a  mixture  through  a  10-in.  pipe  extend- 
ing almost  to  the  bottom  of  the  inside  tank.  The  water  es- 
caping in  this  tank  rises  upward  in  the  tank  slowly  while 
the  chemical  action  is  taking  place,  the  solid  matter  pre- 
cipitated in  the  meantime  being  deposited  for  the  most  part 
in  the  bottom  of  the  tank,  which  is  equipped  with  a  sludge 
valve  which  allows  the  sludge  to  escape  at  intervals.  As 
the  treated  water  approaches  the  top  of  the  interior  tank  it 
encounters  a  filter  which  consists  of  a  diaphragm  of  excel- 
sior interposed  between  two  grids  of  wooden  slats.  Passing 
through  this  filter  the  water  reaches  the  top  of  the  interior 
tank,  where  it  is  allowed  to  escape  into  the  outside  tank 
through  two  4-in.  pipes  extending  from  the  top  of  the  inner 
tank  to  near  the  bottom  of  the  outer  tank,  the  latter  serv- 
ing as  storage  for  the  treated  water. 

Conditions  at  the  Markham  yards  are  such  as  to  give  an 
exceptionally  favorable  opportunity  for  determining  the  econ- 
omy of  using  treated  water  on  a  large  « onstruction  under- 
taking. The  job  is  isolated  and  all  water  for  the  entire  work 
since  the  treating  plant  was  installed  is  taken  from  the  deep 
well  and  run  through  the  treating  plant.  The  following  in- 
formation furnished  us  by  Mr.  M.  W.  Woolsey  of  the  Walsh. 
Construction   Co.   should   therefore   be   of  interest. 

The  equipment  used  by  the  contractors  includes  two  70- 
ton  steam  shovels  equipped  with  locomotive  type  boilers,  in 
fuel  and  water  consumption  practically  equal  with  locomo- 
tives used;  six  46-ton  C-wheel  switching  type  locomotives,  hav- 
ing 155  2-in.  flues,  13  ft.  6  in.  long,  180  lb.  working  pressure; 
one  40-HP.  locomotive  type  hoist  boiler;  one  25-HP.  upright 
hoist  boiler. 

All  boilers  were  in  good  overhaule.l  condition,  when 
started  on  job  July  24,  1918.  The  normal  equipment  work- 
ing day  shift  was  two  steam  shovels,  fou.-  locomotives  haul- 
ing dirt,  1  locomotive  switching  and  spreading  and  one  loco- 
motive for  reserve.  Working  on  night  shift  was  one  steam 
shovel,  and  three  locomotives  hauling  and  spreading. 

Before  starting  to  use  treated  water,  the  contractors  were 
having  engine  failures  nearly  every  day,  practically  all  stay 
and  crown  bolts,  flues  and  mud  rims  were  leaking  more  or 
less.  Repairs  were  good  for  about  three  days  on  an  average. 
The  time  required  to  make  repairs  was  3  to  5  hours  for  each 
boiler.  Electrically  welding  flues  helped  for  a  time,  but  in 
three  weeks  the  leaking  condition  was  about  the  same  as 
before  welding,  though  undoubtedly  it  would  have  been  much 
worse  had  they  not  been  welded. 

During  the  untreated  water  period  the  contractors  moved 
a  total  of  316,224  cu.  yd.  of  dirt  and  used  2,756  tons  of  coal, 
which,  assuming  that  the  cost  would  be  $3.50  per  ton,  would 
mean  a  coal  cost  of  $.0306  cu.  yd. 

During  the  treated  water  period  335.075  cu.  yd.  of  dirt  were 
moved,  1,961  tons  of  coal  at  $3.50  per  ton  being  used.  This 
would  mean  a  coal  cost  of  $.0204  per  yard  or  a  saving  of 
$.0102    per   yard    between    using    the    treated    and    untreated 


y^  t:,i,)i>itering  and  Cuut meting  for  .\i»U   m.   /.''/.•'. 

»ulrr.  il.l*  beliiB  due  tor  .he  most  imrl  t>.  tho  differonce  In  /[nc      ChloridC     Treatment      foF 
8tiauitiiK  .'f  boil.   O..-  st.-.im  shov..ls  ».ul   liuomotlv..  boilers. 

TbP    follow Inc    Is    u    iomimrlson.    showiiiR    the    results    ob-  KdllrOaG       1  ICS 

Uined   d..rlnK    three    perunls   on    the    Marklu.m    )"'■''    "^"'"'v  i,„..re8tlng  conclusions  on  zluc  chloride  treated  ties  were 
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the  irentMl  water:  ,          „                    ,.,     .,          .-       i-          -.i 

Krum  l.»  stnrt  of  work  until  getting  the  good  coal,  a  total  records   and    personal   conferences   with    Ihose    tanuhar   with 

ot  380  bollor  shift*  was  worked,  using  on  en  average  :!.G  tons  the  use  of  zinc  treated  ties  lead  to  the  following  conclusions 

of  ciwl  JHT  boiler  shift,  at  a  coal  cost  based  on  the  yardage  .,^  ,„  j|,,,  general  service  which  may  be  expected  from  ties 

of  I.03TS  per  yard.  properly   treated    with    this   preservative.     Proper   treatment 

rtom   the   time   of   getting   the    good    coal    until    the    com-  ^^.||    .^^  j^^^^^,    double  the  life  of  an  untreated  tie  in  the  same 

„,..              -    .^f  using   treated    water    the   7'""-"';'»?_,7;'=«''  ..i,„;„ion.     To  illustrate:     If  a   pine   tie  would  give  4  years' 

a  t                    .  boiler  shifts,  and  although  they  used  an  aver-  • 

ase  o:    i  .   tons  per  boiler  shift,  they  had  an   increase  of  70  lite  untreated,  eight  years  could  be  hgured  upon  when  treated 

p*r  cent   In   these   shifts  over  the   lirst    period.    During   this  with  zinc  chloride;  and  the  same  result  weuld  apply  to  other 

period   they  also  Increased  their  yardage   l.")0   per  cent  over  ^oods.     To  use  another  example:      It  an  untreated   Douglas 

the  first  period,  thereby  reducing  the  cost  per  yard  to  $.0300.  ^^  ^^^^^^^  ^.^  ^^^^^^^  ^,^^  rainfall  is  2.5  in.  or  less,  gives  G  years' 

From   the  start   of  using  the  treated   water   until   Dec.   2'^  j.^,^     .^  _^^.^^    ^^^  expected  to  last  12  years  if  properly  treated 

there  was  a  reduction  of  4  per  cent  in  the  boiler  shifts,  and  _^^^^  |,,,„octed  from  mechanical  wear.     If  this  same  tie,  liow- 

n  reduction  in  coal  consumption  to  :i.l  tons  per  boiler  shitt.  ^^,^^   .^  ^^^^^^,  .^  ^  ^^.^^  climate,  say.  of  40  in.  rainfall  or  more, 

and  a  3  per  cent  increase  in  the  yardage  nioved.  meaning  a  .^  ^^_^^^^^^  probablv  not  give  over  4  years'  life  untreated,  but 

.-oal  cost  of  $.0204  per  yard,  or  a  saving  ot  $.ul<)2   per  yard  ^,„      .^,i„„.,^,,.   ,;„,„d   resist  decay  8   years  in  the  same  cli- 

over  the  untreated  water  period  and  $.01,:;  per  yard  over  the  _^^^^^^  .^  oropeVlv  treated 

poor  coal  period,  which  would  mean  a  stving  in  coal  alone.  '                .  l^     ^      j.,.         ,»..,»,     j   ^  .        -r       .         , 

■between  the  treated  and  untreated  water  periods,  amounting  Influence  of  the  Condition  o    the  Wood   Before  Treatmen. 

10  SCO   per  dav.   or  more   than   enough   to   cover  the   cost   of  -The  experience  of  roads  which  have  used  zinc  chloride  treat- 

the  water  softening  plant  since  its  installation.  ed  ties  clearly  shows  that  the  best  results  are  obtamd  only 

,       _     .       .  when  thoroughlv  sound  ties  are  treated.     Undoubtedly,  many 

The  cost  of  boiler   work   for  the   two   months.   September  ^^  ^^^  ^^^^  ^^-^^^^^  obtained   with  zinc   chloride  treated  ties 

and  October,  previous  to  using  treated  water,  was:  ^^  ^,^^  ^^^.^  ^,^^^            ,  ^.^^  ^^.^^.^  ^^^^.^  ^^  ,^^^  ^^^_ 

Average         Per  Ijoiler  ,     ^            .                      ^        ..    j 

per  liay.            day.  ten  before  they  were  treated. 

Bollcnn.-iker.   12  lir '  ic''!               It  's  frequently  stated  that  ties  can   be  properly  seasoned 

Poiu-miaker  heliwr.  12  lir *..^             _.^^  ^^^^^  ^1^^  ^..^j^j.  ^j  ^.^^  ^^  where  cut.  and  that  any  deteriora- 

■"'■''     ■■-'   $12.6.1              $l.40u  fjQjj   pjijj   easily   be   detected    by   careful   inspection.     It   has 

iH.  ■                 lizlzV"  """^"""^  *'"^^'  ^^'""  "  '°  ''■   '"'-^^  been  demonstrated  beyond  all  doubt  that  visual  inspection  of 

Tin-    <o?t    of    boiler    wor;?  In  January  and    February,    two  ties  several  months  after  cutting  is  not  only  impractical  but 

months'   treated   water   period,   beginning   two   months   after  frequently    very    misleading,   because    of   the   internal    decay 

nsing  treated  water,  was:  not  evident  on  the  outside. 

LABOR  COST.  The   successful   preliminary   preparation   of   ties   is   one   of 
Average      ^^^^^      MatfTi-U  *'^^  most  vital  factors  in  obtaining  successful  service,  and  it 
day.          day.        '  cost. '         Total.  is  necessary  that  ties  in  all  stages  before  treatment  be  kept 
Bolleneaker   $0.62          $0.07          $....           $ in  well-ventilated  piles,  free  from  every  possible  kind  of  in- 
Extra  'vork:  «     ♦• 
ChanKinc  Hues,  engine  Xo.  .11.  fect.ion. 
twil,  rmaker  .ind  helper 6T              .07               .94*           9G.45  .j.^  ^g]p  prevent  these  conditions,  all  ties  should  be  shipped 

c*T>^  r  n  ii  \" 

The  lirst' item  covers  the  running  boiler  work  expense  for  this  promptly  after  cutting  to  the  seasoning  yard  at  the  treating 

pcriofi.    The   second   item   covers   the   cutting  out   of  38   flues   in  plant.     This  means  that  all  yards  should   be  kept  free  from 

engine  Xo.  51.   In  order  to  clean  out  scale  and  mud  in  bottom  ot»^  j^^j. 

twiler.  amounting  to  lou  cu.  ft.  weeds,  decayed  wood  and  standing  water. 

Had  all  boilers  been  reflued  the  estimated  cost  per  boiler.  Influence  of  Treatment.— One  of  the  most   striking  conclu- 

after  taking  a  credit  of  SO  per  cent  for  ol  1  flues,  would  have  sions   obtained   from   the  study   made  is  that  the  quality  of 

amounted  to  $277.73.  including  labor,  or  a  cost  of  $1.84  per  treatment  has  the   most  direct  bearing  on  the  ultimate  life 

boiler  day.  estimating  five  months  as  the  life  of  the   flues.  obtained.     A  well-treated  tie  gives  appreciably  longer  service 

There    would    also    be    considerable     stay     bolt     work    upon  than  a  poorly  treated  tie.     Poor  treatment  is  caused  by — 

which  we  have  no  data.  1.  Excessive  steaming  of  green  or  partially  seasoned  ties. 

in  order  to  obtain  any  absorption  at  all.     Even  then  the  ab- 

Spitting    Fuse    in    a   Wet   Shaft. — In    sinking   the   Leesburg  sorption  is  very  poor. 

shaft  near  Salmon  City.  Idaho,  considerable  difficulty  was  ex-  ,.  The  injection  of  an  inadequate  amount  of  zinc  chloride. 

perienced   in   lighting    the   fuses   for   blasting,   owing   to   the  ..    paying  no  attention  to  the  relation  between  the  strength 

/water  that  was  encountered.    The  method  of  overcoming  this  ^f  ^^^  solution  and  the  duration  of  the  pressure,  resulting  in 

difficulty  is  described  by  Mr.  Frank  B.  Bryant  in  Engineering  ^   large   amount   of   the    zinc   chloride,   solution    being    com- 

and  Mining  .lournal.  as  follows:     A  (J-in.  length  of  2-in.  shaft-  paeted  in  the  outer  layer  of  wood,  when  it  should  have  per- 

ing  was  drawn  to  a  chisel  edge  at  one  end.  the  planes  of  the  meated  the  entire  tie 

bit  making  an  angle  of  about  (50=  with  each  other.     The  other  ^    -j-j^p  ,3^^  ,,j  intelligent  and  thorough  inspection. 

end  was  drilled  and  tapped  to   %   in.,  and  a  piece  of   %-in.  -..,,.        ,,   ,..      ^          «  »,          ■.•   •  „       e  *i 

,..■,,                    J                         J  •     r          I       .5i„     -n-i^^n  Leaching   of   the   Zinc   Salt. — One   of   the   criticisms   of  the 

rod.  threaded  at  one  end.  was  screwed  in  for  a  handle.    \\  hen  ii,     -j     ^                ^  .    ^,.   ^  ...                     i-        i,   •           ,   >■ 

.     ^,        ,    -^   ,                ,      »•         tv,     ,„„  zinc  chloride  treatment  is  that  the  preservative,  being  soluble 

all  was  in   readiness   in   the  shaft  for  tne   shooting,   the   top  .,1,            ^j^i.^                       ^  ^                 .j. 

,   ,     ..  .      ^.      .       ...       ,    ■  .  .       J  ,      .     .         „„ii  in  water,  leaches  out  and.  therefore,  can  not  be  expected  to 

man  heated  the    shooting  iron    to  a  bright  red  heat  at  a  small  .                           ^          ^     ^-            >                 ,    •          t-     »■          c   *i  „ 

...                   ,             ,   i     ^t      I,   ..            ^i,     „  .    .  Sive   permanent   protection.      A   general   investigation    of   the 

forge,  and  the  iron  was  lowered  to  the  bottom.     The  water  "      ,.       ,       ,      •    ,•     ,       *,    .  .1,     ,       ,  •                       .,         „^r 

.....     -^     ^     ,              ,     ^               .      ^            41,  »  •»  „,„„  results   clearly  indicates  that  the  leaching  process   does  not 

raisea  in  the  shaft  at  about  a  foot  per  minute,  so  that  it  was      ^  ,        ,  '        ■„  ,        ^  j      -n-     i  j«. 

„     ^   ,,       .              -.T          1              J   1,1     1         n„„  take  place  as  rapidlv  as  has  been  assumed.     T\  e  have  deter- 

necessarv  to  float  the  fuses  with   wedges   and  blocks.     One  .      f  «                          .     ^.          .  ^.          ,...,.         v,          ■     .1 

,    ,,     ,       .                             ,,   ,  ,     ,•      ,  .,     .,  „   ^^, „„jt  mined  from  an  examination  of  ties  which  have  been  in  the 

man  held   the   fuses  on   a   small   block   while   the   other  spit  .       ,     -                   ,          ,                »,    .^    ..,,           ..-,1        .   •       ,•    , 

,         .        ^  ...             ,       .,,    ^i.     ,      .  J   •            .K-     J  1  ..  „.„^  track   for   a   number   of   rears    that    they    still    retain    zmc 

ibem  bv  stabbing  each  with  the  heated  ircm.     No  delay  was  ,  ,     .,          ,,    ,•  ^  .,    .    j'^,          ,.     ^   i,      ».        r,^,  •     • 

.  ■       ,         f  .                               1,     »     ,•  It          ™„„„   0=  chloride   well   distributed   throughout   the  tie.     This  is   more 

experienced,  and   two   men   were   able   to   light   as   many   as  »•       v,     •      ,  .        ,•      ^         mZ.               -t*       c   j     .,    »      ui 

„„\_  ,                   ^.  noticeable  in  drier  climates.    The  committee  finds  that  while 

22  holes  at  one  time.  .         x.<     ■ ,     ■             .          ,   ■  ,         ,i    ■»  1             .1,            j       „., 

zinc  chloride  is  a  water  soluble  salt,  it  leaves  the  wood  ver.v 

Draftsmen  to   Hold   Meeting.--The  Chicago  local  of  the  In-  slowly   and   that   sufficient   is   retained   in   the   wood   fiber   to 

temational  Federation  of  Draftsmen's  Union  will  hold  a  meet-  give   protection   that   will   at  least   double   the   life   obtained 

ing  at  1:S0  p.  m..  April  19,  at  73  W.  Randolph  street.  Chicago.  from  the  untreated  wood. 
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Some  years  ago  a  series  of  leaching  tests  was  made,  talk- 
ing twelve  ties  for  each  test.  A  careful  determination  was 
made  of  the  actual  amount  of  zinc  chloride  absorbed  by  each 
individual  tie.  Some  ties  were  thoroughly  air  seasoned 
several  months  after  treatment:  others  were  used  freshly 
treated.  These  ties  were  submerged  in  water  for  2-t  hours 
and  then  dried  for  six  days.  They  were  again  submerged  for 
24  hours  and  dried  for  six  days,  this  procedure  being  carried 
on  for  several  months.  After  each  submersion  the  actual 
amount  of  zinc  chloride  which  had  leached  out  was  deter- 
mined. 

The  results  show  that  the  loss  of  preservative  from  leach- 
ing is  about  the  same  in  the  seasoned  and  freshly  treated 
ties.  The  small  excess  of  loss  from  the  freshly  treated  ties  is 
not  of  any  great  moment.  The  more  important  fact  is  that 
while  the  actual  amount  which  has  leached  out  from  the  two 
sets  is  very  nearly  the  same,  yet  the  manner  in  which  this 
leaching  took  place  is  very  different.  The  solution  leached 
out  of  the  freshly  treated  ties  much  more  rapidly  than  from 
the  winter  seasoned  ties.     This  may  be  explained  as  follows: 

In  the  case  of  the  freshly  treated  ties  there  was  a  direct 
water  connection  with  the  preservative  in  the  wood  so  that 
practically  all  the  zinc  chloride  leached  out  from  the  outside 
of  the  tie  in  a  very  short  period  of  time.  With  the  seasoned 
tie  a  very  gradual  leaching  out  took  place  from  all  parts  of 
the  tie.  This  would  mean  in  the  case  of  the  freshly  treated 
tie  that  the  outside  would  very  soon  be  unprotected,  permit- 
ting decay  to  start,  while  in  the  seasoned  tie  a  more  uniform 
displacement  of  the  salt  takes  place,  insuring  longer  life. 

The  summer  seasoned  ties  show  a  striking  difference  com- 
pared with  the  other  two.  The  rate  of  leaching  was  very 
much  reduced  during  the  same  period  of  soaking  and  the 
total  amount  actually  leached  out  during  a  given  period  be- 
ing verj-  much  less  than  for  the  other  two  series.  The  ties 
seasoned  from  October  to  May,  the  winter  period,  dried  out 
very  slowly  and  at  the  beginning  of  the  test  probably  still 
contained  considerable  water  in  the  wood  cells  while  the  ties 
seasoned  from  May  to  July,  the  summer  period,  dried  out 
much  more  rapidly  and  more  completely  than  the  winter  sea- 
soned ties.  These  tests  were  made  under  extraordinarily  se- 
vere conditions,  and  it  is  reasonable  to  assume  that  if  these 
ties  had  been  in  track,  the  results  probably  would  have  been 
still  more  striking. 

Checking  of  Zinc  Treated  Ties.— One  of  the  results  found 
by  actual  track  inspection  is  that  many  zinc  treated  ties  were 
taken  out  because  of  checking.  The  extent  of  checking 
varies  with  the  climate,  ballast  conditions,  and  the  kind  of 
wood,  and  appears  to  be  peculiar  to  zinc  treated  ties  and  does 
not  prevail  with  creosoted  ties. 

General  Reasons  for  Failure  of  Zinc  Chloride  Treated  Ties, 
— As  already  indicated,  zinc  chloride  treated  ties  have  failed 
because  (1)  partially  decayed  or  improperly  seasoning  be- 
fore treatment:  (2)  improperly  treated,  either  from  exces- 
sive steaming,  insufficient  absorption  of  preservative,  or  un- 
equal distribution  of  preservative  throughout  the  tie:  (3) 
poorly  protected  against  mechanical  wear:  and  (4)  for  lack 
of  careful  supervision  of  the  entire  process  of  treatment. 

These  factors  have  undoubtedly  contributed  much  to  the 
severe  criticism  of  zinc  chloride  treatment. 

Lack  of  proper  mechanical  protection  stands  out  strongly 
as  another  reason  for  frequent  failure  of  zinc  chloride  treated 
ties.  While  proper  mechanical  protection  is  essential  on 
any  treated  ties.  It  is  especially  important  on  those  treated 
with  zinc  chloride.  Very  slight  mechanical  abrasion  or  in- 
jury permits  the  preservative  to  leach  out  of  the  tie.  Hun- 
dreds of  thousands  of  zinc  chloride  treated  ties  have  been 
removed  from  track  in  which  the  ends  and  middle  were  per- 
fectly sound,  but  which  failed  immediately  under  the  rail 
base. 

Improper  inspection  ajid  supervision  of  treatment  is  fre- 
quently responsible  for  the  failure  of  zinc  chloride  treated 
ties.  The  solution  is  colorless  and  gives  in  itself  no  indica- 
tion of  its  strength,  nor  is  it  easy  to  determine  penetration 
by  borings.  Visual  inspection  of  penetration  is  difficult,  and 
more  reliance  must  be  placed  on  volumetric  absorption. 
Slight  errors  in  determining  the  strength  of  the  solutions 
may  have  serious  results.  Zinc  chloride  treatment,  further- 
more, requires  judgment  of  the  conditions  of  the  wood  be- 
fore treatment,  and  a  complete  appreciation  of  the  many 
variable  factors  making  for  good  treatment  require  technical 
inspection   and   supervision  at   all   stages. 
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Contractors'  Organizations  and 

What  They  Can  Ac- 

compHsh* 

By  D.  A,  GARBER, 

President  of  Associated  General  Cojitiactois  of  Anieriea. 
Organization  the  Remedy  for  Unfair  Contracts.— Nearly 
all  of  the  contracts  and  specifications  prepared  for  public- 
works  throughoui  the  United  States  places  all  risks  and  re- 
sponsibility upon  the  general  contractor  and  are  conspicu- 
ously one  sided  and  unfair  and  in  many  cases  have  caused 
great  and  unnecessary   loss  to  contractors. 

The  only  remedy  for  these  and  many  other  evils  that 
could  be  mentioned  is  organization.  One  of  the  chief  con- 
cerns of  The  Associated  General  Contr:-!Ctors  of  America, 
which  was  organized  last  November  in  Chicago,  is  for  the 
promotion  of  local,  state  or  sectional  associations  of  general 
contractors,  since  many  of  the  reforms  desired  can  only  be 
secured  through  the  concerted  action  on  the  part  of  the  con- 
tractors concerned  and  the  national  body  that  co-ordinate 
the  efforts  of  all  local  and  sectional  associations  to  realize 
these  reforms. 

Purposes  of  Contractors'  Associations,- Associations  of 
this  kind  should  have  high  ideals  as  in  accordance  with  the 
purposes  set  forth  in  your  proposed  constitution : 

First:  To  promote  better  relations  betv.een  private  own- 
ers and  public  bodies,  their  architects  and  engineers  on  the 
one  hand,  and  contractors  on  the  other. 

Second:  To  maintain  high  professional  staiulards  in  the 
conduct  of  work. 

Third:    To  combat  unfair  practices. 
Fourth:     To  encourage  efficiency  among  contractors. 
Fifth:     To    support    contractors    and    contractors'    associa- 
tions   in    efforts    to    rectify    conditions  of    an  unsatisfactory 
character. 

Sixth:  To  encourage  those  methods  of  contracting  for 
work  which  relieves  the  contractor  of  improper  risks. 

Seventh:  To  encourage  sound  business  methods  tending 
to  raise  the  standing  of  contractors  generally  in  the  busi- 
ness  world. 

These  are  high  and  commendable  ideals  and  if  faithfully 
carried  out  will  result  unquestionably  in  great  benefit  to  the 
contracting   fraternity   everywhere. 

It  should  have  a  code  of  practice— an  unwritten  code,  if 
you  please— which  would  from  this  time  on  stop  throat-cut- 
ting, which  has  been  one  of  the  faults  of  contractors  in  the 
past. 

No  honorable  contractor  objects  to  fair  and  legitimate 
competition,  and  no  association  or  organization  should  be 
formed  for  the  purpose  of  destroying  fair  competition,  but 
the  competition  to  which  the  average  contractor  has  been 
subjected  in  the  past  is  harmful  to  both  owner  and  contrac- 
tor. Unquestionably  a  proper  code  of  practice  would  es- 
tablish the  contracting  business  in  its  rightful  place. 

There  should  be  a  committee  also  on  mutual  aid  for  the 
exchange  of  information  concerning  proper  cost  accounting, 
reliable  estimating,  fair  and  reasonable  allowance  for  de- 
preciation of  plant  conditions  covering  rentals  and  terms 
as  applied  to  equipment.  In  fact,  a  general  clearing  house 
for  the  convenience  and  information  of  contractors  gener- 
ally. This  association  should  also  co-operate  with  all  other 
associations  which  are  formed  for  the  betterment  of  busi- 
ness. They  should  be  in  close  touch  with  the  American 
Society  of  Civil  Engineers,  the  Railroad  Engineers  and  such 
other  bodies  as  are  interested  in  construction  work  gen- 
erally. This  association  should  protect  its  members  against 
conditions  arising  from  unfair  legislation  bidding  conditions, 
specifications,  plans,  contracts,  supervision  and  unfair  labor 
conditions. 

What  Contractors'  Associations  Have  Done  in  Securing 
Legislation,— In  the  matter  of  legislation  alone  the  New  York 
Contractors'  Association  has  secured  legislation  at  Albany 
which  has  been  of  great  benefit  to  contractors  generally 
throughout  the  state.  In  the  last  seven  years  they  have 
had  enacted  10  separate  and  distinct  laws  for  the  benefit 
of  the  contractors.     These  amendments  are  as  follows: 

Amendment  to  labor  law,  abolishing  the  penalty  of  cancel- 
lation of  contract  for  violation  of  the  S-hour  law. 


»Ki'C.m  on  address  Jfarcli  20  before  tlie  Xorthwe.stern  Association 
ot  General  Contractors.  .=!t.  Paul.  iSIinn. 
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Amendment  to  the  alien  labor  law  permltling  aliens  to  be 
employed  when  clUien  labor  is  not  available.  The  penalty 
for  violation  of  the  old  law  was  also  cancellation  of  con- 
tract with  a  prison  term  and  line  added. 

K   law   permittinK  contractors   to   withdraw   their   retained 

•  .'s  on  public  work  contracts  by  siibsliliitlns  socuri- 

,  lal  value  to  the  amount  withdrawn. 

A  law  for  the  relict  ot  the   public   works  contractors   pcr- 

luiltliu'    state  or   municipality   to   pay   contractors   on   public 

which   they   had  tak^u   prior  to  .\i)ril  C.   1917,   tho 

St  of  the  work  when  tho  cost  was  in  excess  ot  the 

contract   price.     This   applied   to   all   barge   canal    contracts, 

subway  contracts,   and   In   fact   all   public   works  contractors 

in  Now  York  state. 

The  Rivers  and  Harbors  Association,  assisted  somewhat 
by  the  Associated  (.Jonoral  Contractors  of  America,  secured 
the  passage  of  the  relief  bill,  giving  relief  to  rivers  and  har- 
bors contractors.  The  Southwestern  Ship  Builders'  Associa- 
tion is  attempting  to  get  relief  for  the  builders  of  wooden 
ships:  the  Government  Contractors'  Association  and  the 
Associated  General  Contractors  of  America  had  introduced 
last  session  in  the  House  and  In  the  Senate  bills  for  the  re- 
lief of  building  contractors  engaged  upon  Federal  buildinss 
throughout  the  United  States,  also  had  a  relief  measure  in- 
serted In  tiie  Public  Building  bill,  and  also  in  the  General 
DeOclency  bill,  and  would  have  obtained  the  relief  had  it 
not  been  for  the  fllibusterin?  of  the  Senate,  which  prevented 
the  passage  of  all  appropriation  bills.  These  bills  will  be 
passed  when  they  come  up  In  special  session,  which  we  all 
hope  will  be  soon  called,  and  these  contractors  or  many  of 
them  will  be  sa^ed  from  bankruptcy. 

Contractors  and  Business  Men  Should  Oppose  Immigration 
Bill. — This  association  also  can  use  its  influence  not  only  in 
promoting  legislation  advantageous  to  contractors,  but  in 
defeating  legislation  that  is  detrimental  to  their  interests 
and  detrimental  to  the  interests  of  the  country  at  large. 

The  bill  prohibiting  immigration,  introduced  at  the  last 
session  of  Congress,  should  be  contested  by  every  contrac- 
tor and  other  business  man  in  the  counto'-  That  is  a  bad 
and  a  vicious  piece  of  legislation.  There  is  a  great  demand 
for  this  bill,  for  they  say  we  must  keep  out  of  this  country 
the  Bolshevism  of  the  old  world;  we  must  keep  ourselves 
free  ot  them  for  four  years,  but  it  admits  into  this  coun- 
try the  student,  the  musician,  the  artist  and  traveler.  That 
is  what  that  bill  does;  it  prevents  the  entry  into  this  coun- 
try of  the  common  laborer,  the  man  w-ho  actually  works  here, 
who  makes  a  good  citizen  and  who  is  a  constant  worker.  It 
keeps  him  away,  and  lets  in  that  long-haired  aggregation 
of  students,  which  includes  the  agitator.  It  is  the  duty  ot 
every  one  of  you  as  Americans  to  oppose  that  law  because  it 
is  class  legislation  ot  the  worst  kind. 

They  will  tell  you  that  one  of  the  great  reasons  why  we 
don't  want  these  people  in  this  country  is  because  the  re- 
turn ot  the  soldiers  is  at  hand  and  we  want  places  for  them. 
Now,  as  a  matter  ot  fact,  the  class  of  work  that  this  class 
does  is  not  now  and  never  was  and  I  hope  never  will  be 
what  the  returned  soldier  has  been  doing  and  is  not  con- 
nected with  that  class  of  labor  at  all.  Let  it  be  done  by  this 
same  class  that  has  always  done  it  before  and  has  done  it 
well.  Now,  I  think  your  organization  can  do  a  great  deal 
towards  these  relief  bills. 

Getting  Construction  Started. — The  railroad  contractors  in 
this  country  have  been  called  upon  to  stop  work.  Now,  I  be- 
lieve the  things  we  are  all  interested  in  is  to  get  something 
started.  We  have  been  in  a  desperate  condition  and  the 
country  is  in  a  bad  condition  now. 

We  have  got  to  maintain  that  prices  are  more  or  less  stable 
now.  We  know  that  labor  is  stable  and  is  going  to  remain 
so  more  or  less  and  possibly  there  will  be  an  increase  and 
the  man  that  does  the  work  is  entitled  to  a  legitimate  wage, 
just  as  much  so  as  we.  He  has  the  same  heart  and  the 
same  desires  for  home  and  family  and  for  the  luxuries  of  lite 
that  we  have.  That  is  right  and  proper.  It  isn't  for  us  to 
discourage  him,  but  there  is  another  side  to  the  thing.  When 
you,  either  as  agent  or  owner,  pay  him  $10  when  you  used 
to  pay  him  $5,  all  you  ask  of  him  is  efficiency  to  a  point  of 
honesty  that  he  shall  give  you  back  100  per  cent  in  labor  for 
the  additional  money  you  give  him.  That  is  all  you  can  ask. 
That  is  the  situation  of  the  labor  proposition. 

Men  in  your  walk  of  life  in  order  to  study  the  labor  situa- 


tion and  be  more  (U'  less  faniiliar  with  it  must  be  friendly 
with  your  men,  but  try  to  increase  elticiency  wherever  you 
can.  Now.  1  hate  tho  word  etliciency,  that  is  camouflage  to 
talk  about  il  the  way  it  has  been  exploited  in  the  past,  but 
I'lllcliMicy  to  the  point  of  honesty  and  not  to  the  point  of 
exacting  more  from  him  than  you  pay  him  is  all  right  and 
proper,  for  you  should  get  from  him  exactly  what  you  pay 
for,  and  then  you  are  honest  with  him  and  he  is  honest  with 
you  and  you  will  lind  there  is  no  more  trouble! 

A  Plan  for  Getting  Building  and  Railway  Construction 
Started.--My  idea  abdut  this  Ihing  is  that  an  organization 
such  as  this  and  all  o;her  organizations  as  soon  as  the  next 
liberty  Loan  is  out  (it  the  way,  as  soon  as  we  re-convene 
Congress,  which  will  be  in  the  very  near  future,  is  to  secure 
the  passage  of  the  omnibus  bill,  tho  public  buildings  bill,  it 
will  release  $t!0,0OO,0OO  out  into  these  jobs  and  il  will  let 
somebody  get  to  work.  It  will  also  release  another  $:'.3,000,000 
now  in  the  treasury  department  because  ot  the  fact  that  the 
appropriations  were  made  on  the  basis  of  1915  prices  and 
are  not  sulticient  for  present  day  prices.  That  could  be  re- 
leased in  10  days  after  the  act.  How  the  $00,000,000  would 
be  handled  was  provided  for  in  a  clause  empower- 
ing the  Governnor,  Secretary  ot  Treasury  and  Mayor 
of  a  town  to  appoint  one  man  each  to  form  a  board  in  the 
community  in  which  these  projects  are  to  be  built.  Those 
men  were  to  employ  an  architect  to  make  the  drawings  im- 
mediately and  the  work  let  to  a  local  firm  wherever  it  could 
be  done  and  not  necessarily  to  the  lowest.  Immediately 
when  the  bill  passes  there  will  be  1.50  ofliices  working  on 
these  projects  instead  of  one  office  in  Washington,  and  the 
whole  $00,000,000  would  be  on  the  market  in  CO  days. 

Now,  the  thing  that  interests  you  is  the  railroad  problem. 
There  can  not  be  any  prosperity  in  this  country  under  the 
conditions  as  they  exist  today  as  far  as  the  railroads  are 
concerned.  We  must  in  some  way  start  something  so  the 
proper  officials  of  the  railroads  can  go  ahead  with  what  im- 
provements they  so  badly  need.  When  I  speak  of  we  I  mean 
the  Government.  In  the  past,  instead  ot  helping  them  to  go 
ahead  we  have  refused  to  appropriate  the  money.  Then  we 
fell  out,  with  the  railroad  oflicials  as  to  how  these  charges 
ought  to  be  apportioned,  whether  to  the  corporation  or  to  the 
Railroad  Administration,  and  the  result  has  been  that 
the  railroad  contractor  in  this  country  has  been  called  upon 
to  stop   work. 


Trap  Loading  with  Dump  Wagons 

An  interesting  method  of  trap  loading  with  Western  dump 
wagons  was  employed  by  the  Cook-O'Brien  Construction  Co. 
in  the  construction  of  an  8-mile  railroad  for  the  Cudahy 
Packing  Co.  for  the  development  of  silica  beds  near  Fowler, 
Kans.  The  illustration,  from  the  Earth  Mover,  shows  the 
method  ot  loading  stripping  material  which  was  used  for  bal- 


Trap  Loading  from  Dump  Wagons. 

last.  The  elevation  of  the  hill  where  the  stripping  took  place 
was  slightly  above  the  level  ot  the  platform.  In  the  plat- 
form was  a  trap  door  on  hinges,  so  fastened  that  it  could  be 
tripped  at  will.  The  wagons  from  the  elevating  grader  were 
driven  successively  to  the  platform  and  dumped  upon  the 
trap  door  without  stopping  the  teams.  After  each  load  had 
been  discharged  the  door  was  tripped,  letting  the  material 
fall  into  the  car  below.  Such  an  arrangement  permits  a  tree 
movement  of  the  team  and  does  not  restrict  the  output  ot 
the  elevating  grader. 
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Effect  of  Curvature  on  Railway 
Maintenance  of  Way 

Railway  engineers  in  making  surve.vs  (or  new  lines  or  for 
contemplated  changes  in  old  lines  have  desired  accurate  data 
as  to  the  effect  of  curvature  on  maintenance,  and  for  the  most 
part  have  had  to  content  themselves  with  rather  unsatisfac- 
tory information.  This  has  been  due  to  the  fact  that  many 
railroads  have  not  until  comparatively  recent  years  kept 
records  which  would  be  of  value  in  securing  the  desired  data. 

The  Pennsylvania  Lines  West  of  Pittsburgh  have  recently 
furnished  to  the  Committee  on  Economics  of  Railway  Loca- 
tion of  the  American  Railway  Engineering  Association  some- 
interesting  data  which  were  presented  in  the  committee's  re- 
port at  the  March  convention. 

Table  I,  from  the  committee  report,  gives  data  concerning 
rail  renewals  on  straight  and  curved  track  on  1C4  miles  of 
the  Eastern  Division  of  the  P.,  Ft.  W.  &  C.  Ry.  from  Roch- 
ester to  Crestline,  for  a  period  of  31  years. 
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£ 

■ss 

, 

S  i^ 

tm 
•    § 

0)^ 

(U 

"-" 

,_  „ 

.t^ 

QJ  C  „ 

<.-i 

o.— 

Pa 

r-   C  W 

£  ^  ^ 

0> 

-  m  '»» 

Saja) 

diS  c 

<  = 

J-^ 

z""'- 

<>- 

;^    rt — 

1.037.633 
117.107 

2,988,561 
332,539 

2.88 
2.84 

10.76 
10.90 

1.00 

Curve     . . . . 

. ...  0°  to  1" 

.99 

Curve    

.  ...1°  to  2° 

157.323 

510.289 

3.24 

9.57 

1.12 

Curve    

....2°  to  3° 

79,847 

267,823 

3.35 

9.25 

1.16 

Curve     . . .  . 

3°  to4° 

46.3S4 

186.291 

4.01 

7.73 

1.39 

Curve    . . .  . 

4°  to5° 

34..S19 

153,764 

4.42 

7.04 

1.53 

Curi-e     

...  .5°  to6° 

4.5S0 

24,146 

5.27 

5.90 

I.S2 

On  account  of  the  physical  characteristics  of  the  portion 
of  the  road  investigated  there  are  no  data  covering  curves 
over    6'.     The    information   contained    in   Table    I   has    been 


/JO  ^c 


^ 


Fig. 


1  —  Relation    Between   Wear   of   Rail   on   Straight   Line   as   Com- 
pared   with    That    on    Curves. 

plotted  graphically,  and  an  effort  has  been  made  to  plot  a 
curve  showing  a  fair  average  of  the  results  obtained.  (See 
Fig.  1.) 

Table  II  gives  the  length  in  miles  and  percentages  of 
straight  and  curved  track  on  the  Pennsylvania  Lines  West 
tor  all  main  tracks. 

T.\BLE  II. 


Miles. 

Straight    2,212 

Curves  2"  and  under  269 

Curves  over  2°,  under  4'' l'!S 

Curves  4°  and  over  83 


ad , 

, All 

tracks 

Per  cent. 

Miles. 

Per  cent 

80.9 

3.365 

78.4 

9.8 

487 

11.3 

G.l 

286 

6.6 

3.0 

151 

3.5 

Total— Curved 


520 


19.1 


924 


21.5 


Total— Straiglit  and  curved. 2. 733  100.0  4.289  100.0 

The  ratio  of  wear  tor  different  degrees  of  curve  has  been 
combined  with  the  lengths  and  percentages  of  straight  and 
curved  track  and  these  results  are  shown  in  Table  III. 
TABLE  III. 

Equivalent 
miles  of 
straight 
track. 
3,365 
536 
372 
242 


No.  of 
miles. 
3.365 

487 

2.8(, 

151 

4.289 


Ratio 

of 
wear. 

Straight     1.00 

Curves  2"  and  under   1.10 

Curves  2°  and  under  4 ' 1.30 

Curves  over  4°    1.60 

1.076 


Table  III  indicates  that  the  increased  wear  of  rail  due  to 
curvature  is  about  7.6  per  cent. 

It  would  seem  a  fair  assumption  that  other  maintenance  of 
way  expenses  due  to  curvature  would  increase  in  about  the 
same  proportion  as  that  for  renewals  of  rails,  and  that  the 
expenses  will  vary  on  each  part  of  the  liiie  according  to  the  , 
amount  and  degree  of  curve.  The  committee  hopes  tlisit^' 
further  investigations  will  determine  the  accuracy  of  this" 
assumption. 

The  committee  calls  attention  to  the  fact  that  the  Penn- 
sylvania data  show  that  the  average  increase  in  rail  wear  on 
curves  as  compared  with  tangents,  is  about  100  per  cent  for  a 
0°  curve,  and  25  per  cent  for  a  3°  curve,  or  approximately  as 
the  square  of  the  degree  of  curve.  The  value  of  this  in- 
formation is  evident  when  it  is  remembered  that  heretofore 
it  has  been  customary  to  estimate  curve  expense  directly  with 
the  central  angle,  or  with  the  degree  of  curve  when  a  given 
length  is  considered. 


Motor    Truck    Operated    on    Hetch 
Hetchy   R.   R. 

Motor  trucks  equipped  with  flanged  rear  wheels  and  pony 
trucks  in  front  are  being  successfully  employed  on  the  Hetch 
Hetchy  R.  R.  for  hauling  express.  This  railroad,  68  miles 
in  length,  was  built  by  San  Francisco  for  conveying  construc- 
tion material  for  the  Hetch  Hetchy  water  supply  project 
which  the  city  is  developing.  Two  Pierce  Arrow  2-ton  ca- 
pacity trucks  and  one  Packard  3-ton  capacity  truck  are  at 
present  in  use  on  the  railroad.  An  interesting  feature  of 
these  rail-trucks  is  the  arrangement  for  turning  them.  This 
is  done  by  means  of  a  turntable  permanently  fastened  under- 
neath the  chassis.  ' 

In  order  to  facilitate  operation,  it  Is  necessary  that  the 
turntable  be  located  very  accurately  in  the  center  of  the 
weight,  so  that  a  perfect  balancing   effect  is   obtained  after 


Two-ton   Pierce  Arrow  Trucl<   Equipped  for   Operation   on    Railroad. 

will  perform  the  whole  operation  in  from  10  to  12  minutes, 
the  rig  is  raised  for  turning.  A  regular  5-ton  jack  is  used 
for  this  purpose. 

When  it  is  necessary  to  turn  the  machine,  the  turntable  is 
swung  horizontal  with  the  rails  and  one  side  is  raised  about  2 
in.  and  blocked  up;  the  jack  is  then  removed  to  the  other 
side  and  raised  until  the  wheel  flanges  are  clear — this  side  is 
then  blocked  up  also,  after  which  the  jack  is  removed.  If 
the  turntable  installation  has  been  properly  made,  the  driver 

The  air  sanders  on  the  truck  are  operated  from  an  8-in.  by 
35-in.  reservoir,  charged  by  a  4-cylinder  Kellogg  pump,  in- 
stalled inside  the  engine  hood. 

The  Hetch  Hetchy  development  is  being  carried  out  under 
the  direction  of  M.  M.  O'Shaughnessy.  City  Engineer  of  San 
Francisco. 
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314,936  Tractors  Will  Be  Made  in  1919,  Manufacturers  Esti- 
mate.—A  production  of  314,936  tractors  in  the  United  Slates 
in  1919  is  estimated  by  manufacturers  reporting  to  the  Offlce 
of  Farm  Equipment  Control,  United  States  Department  of 
Agriculture.  The  reports  obtained  in  a  special  inquiry  by 
the  department  show  a  production  of  132,697  tractors  in  191S. 
Of  the  1919  production  157.671  will  be  of  the  20  and  22  hp. 
size:  48,545  will  have  a  rating  of  16  and  18  hp.;  40,875  of  24  and 
2.-,  hp.,  and  27.465  of  27,  28,  30  and  32  hp. 
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Ma\a(,i:ment  and  Office  System 

This  section  is  publislied  twice  a  month:  (1)  In  the  Waterworks  and 
Hvtlrauhc  Monthly  issue,  ant^  (2)  in  the  Railway  and  Excavation 
Monthly  issue,  it  covers  what  may  be  broadly  termed  "management 
engineering"  as  applied  in  the  civil  engineering  and  construction  fields. 


Training  Employes* 

lU  K.  A.  HAH.NKS. 
I'.vui  111',  Kli'oirU-  I'o..  Fori  Wayii*,  InO, 
Reducing  Labor  Turnover. — While  this  turnover  is  esti- 
iiiiiltHl  to  cost  the  emiiloj^T  from  %'lh  to  $1;'0  per  person,  it  is 
by  HO  ineiins  the  only  loss  thiit  needs  intention.  The  loss  I 
hnvp  In  ininil  is  the  loss  iliie  to  the  Improper  phioing  oi;  men 
In  the  establishment  and  contlnnlnK.  or  iitttMnpting  to  con- 
Itnne.  ih"m  in  work  for  which  they  are  not  particularly  fitted 
or  in  which  they  are  not  sntlstled.  It  is  obvious,  I  believe, 
that  the  correction  of  this  latter  condition  will  not  only  con- 
tribute to  the  general  ediciency  of  the  plant  but  will  be  a 
strong  Influence  in  reducing  labor  turnover. 

Kew  Industrial  establishments  have  a  real  system  of  hir- 
ing, selecting,  training,  inspecting,  and  upgrading  their  help. 
In  too  many  cases  the  old  system  of  letting  the  shop  fore- 
man hire  the  men.  without  much  consideration  as  to  the 
npiiliranis'  ability  and  training,  is  *still  in  effect,  with  the 
result  that  many  of  the  new  employes  spoil  work,  ruin  ex- 
pensive machinery  and  tools,  and  really  produce  but  little 
work  that  is  ported  enough  to  be  shipped.  The  "higher-ups" 
at  such  institutions,  either  throush  ignorance  or  fear,  evince 
no  interest  In  the  working  conditions  of  the  men,  but  are 
satisfied  to  grumble  and  growl  as  a  perfected  system  of  book- 
keepini:  brings  enormous  amounts  of  waste  tickets  to  their 
attention  month  .ifter  month.  The  question,  is  the  worker 
in  the  shop  or  office  efficient,  and.  if  not,  why  not?  seems 
not  to  attract  nr.icb  attention.  There  are  e\ceptions,  how- 
ever, to  this  general  ri'le,  for  some  few  employers,  are  now 
giving  these  questions  the  attention  they  merit. 

Specialized  Training  Courses.— We  conduct  specialized 
training  courses  which  may  be  divided  into  three  groups. 

l-'irst.  <he  school  for  the  graduate  engineer.  Here  we  give 
ih.;  young  technical-college  graduates  an  extensive  course 
through  the  shops,  laboratories,  and  testing  departments. 
supplemented  by  lectures  on  special  subjects. 

Second,  the  apprentice  school  tor  machinists  and  toolmak- 
ers.  In  this  school  selected  applicants  are  given  a  short  pre- 
liminarv-  course  to  see  if  they  are  likely  to  develop  into  effi- 
cient workmen.  Those  who  pass  this  preliminary  course 
sign  a  contract  for  four  years  ithe  time  required  for  the  com- 
pletion of  the  course),  during  which  the  men  are  given  one 
and  one-quarter  hours"  daily  instruction  in  such  subjects  as 
drafting,  mathematics,  and  business  English.  The  other 
hours  of  the  day  are  spent  at  the  machine  or  bench,  where 
they  are  under  the  direction  of  experienced  instructors. 
These  apprentice  students  are  paid  a  fair  and  graded  rate 
during  the  entire  time,  and  at  the  end  of  the  course  are 
given  a  bonus  if  they  pass  their  school  examinations,  and 
still  a  second  bonus  if  they  pass  their  mechanical  examina- 
tions. It  takes  no  stretch  of  imagination  to  realize  that  men 
so  trained  in  an  atmosphere  of  intelligence  and  advancement 
can  not  tail  to  become  the  finest  grade  of  high-class  me- 
chanics, forem.en.  and  leaders. 

Third,  intensive  specialized  courses.  We  have  also  found 
it  exceedingly  profitable  to  give  an  intensive  training  course 
in  drafting  for  women,  who.  on  completion  of  the  course, 
are  transferred  to  regular  drafting  work  in  the  engineering 
and  drafting  departments.  Women  clerks  in  the  factory  also 
are  given  the  advantage  of  special  courses  in  blueprint  read- 
ing and  factory  routine,  which  familiarizes  them  with  the 
product  and  systems  to  the  extent  that  they  can  readily  grasp 
situations  and  intelligently  carry  on  the  ^.ork. 

In  general,  we  are  prepared  to  give  to  special  classes  of 
our  employes  intensive  instruction  in  subjects  pertaining  to 

'From  a  bulletin  issued  h.v  rhe  L".  S.  Training  Service  of  the 
Department  of  I.at'Or. 


tlioir  daily  work  thai  a  few  years  ago  would  have-  Ikmmi 
thought  wholly  unnecessary. 

Temporary  Training  Department.-  Provision  having  been 
made  for  llic  irainini;  of  ilie  future  engineers,  special  ma- 
chinists, draftsmen,  clerks,  and  future  office  executives  it 
would  seem  that  the  training  and  upgrading  of  the  man  in 
the  shop  should  bo  taken  in  hand  and  followed  continuously 
and  vigorously. 

Our  exiierience  along  this  line  extends  over  two  years. 
When  this  country  entered  the  war  we  were  confronted  with 
the  common  problem  of  obtaining  adequate  help  to  make 
up  for  the  losses  of  young  men  entering  the  service,  and 
were  attracted  by  the  bulletins  put  out  by  the  U.  .S.  Train- 
ing Service  concerning  the  vestibule  school  or  training  lie- 
partment  An  investigation  of  some  of  the  established  schools 
developed  the  fact  that  they  were  in  many  respects  similar 
to  sugge^-'tions  that  we  already  had  under  consideration.  We 
therefore  decided  to  establish  a  real  training  department  in 
which  all  classes  of  drill  presses,  grinders,  engine  lathes, 
turret  lathes,  and  automatic  screw  machines  would  be  in- 
stalled, and  where  competent  instructors  would  take  appli- 
cants for  employment  and  train  them  a  sufficient  length  of 
time  to  guarantee  their  being  productive  when  transferred  to 
the  factory.  The  rates  to  be  paid  the  trained  workers  were 
attractive,  and   steady  employment  was  insured. 

We  ran  this  school,  training  operators  for  machine  work  with 
great  success  until  the  armistice  was  signed,  when  the  neces- 
sity for  it  in  its  initial  form  naturally  ceased  to  exist.  The 
reports  from  the  foremen  and  manufacturing  engineers  in 
the  factory  indicated  that  the  employes  who  had  been  trained 
in  this  vestibule  school  were  very  efficient  and  desirable 
help:  these  trained  operators  were,  in  fact,  much  sought 
after  and  competed  for  by  our  various  manufacturing  de- 
partments. These  facts  lead  us  to  the  conclusion  that  the 
systematic  training  system  is  a  good  thing,  and  that  it  should 
be  installed  permanently. 

Permanent  Training  Department. — We  have  taken  our  in- 
structors and  are  giving  them  a  postgraduate  course  through 
the  shops — a  few  days  or  a  week,  perhaps,  in  the  automatic 
screw-  machine  department,  automatic  bolt  heading,  in  the 
special  machine  department  where  automatic  wire  bending 
and  forming  machines  are  installed,  in  the  punch-press  de- 
partment, etc. — in  order  that  these  instructors  shall  know 
from  actual  experience  the  refinements  and  adjustments, 
speeds  and  conditions  applying  to  all  these  machines. 

With  this  training  school  in  operation,  it  is  our  intention 
to  refer  to  this  school  all  newly  engaged  machine  operators 
who  can  not  furnish  evidence  of  bavin;:,  served  time  or 
worked  efficiently  in  a  machine  shop.  In  this  school  the  capa- 
bilities of  such  new  employes  will  be  gaged  before  they  are 
allowed  to  get  into  the  shop  proper. 

"Instructors  at  Large." — Before  we  hire  any  more  help  we 
feel  that  our  present  employes  should  receive  close  atten- 
tion and  we  propose  to  have  "instructors  at  large,"'  who  are 
bright  mechanics,  going  around  the  shop  picking  out  opera- 
tors who,  due  to  lack  of  initial  training,  are  less  efficient  than 
their  neighbors.  Such  operators  will  be  sent  to  the  train- 
ing department  tor  a  short  period  and  will  then  be  returned 
to  their  regular  departments  much  improved,  we  believe. 
because  they  will  have  received  individual,  intensive  train- 
ing which  they  can  not  get  in  the  shop  itself. 

In  connection  with  this  training  department  we  expect  to 
have  classes  in  blue-print  reading.  Information  will  also  be 
presented  which  will  promote  better  relations  between  the 
employe  and  employer.  Much  of  the  general  unrest  that 
exists  in  shops  today  is  brought  about  by  the  lack  of  appre- 
ciation of  what  the  employer  is  doing,  or  would  like  to  do, 
for  the  men.    We  feel  sure  that  much  benefit  will  be  derived 
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from  an  uncierstanding  of  the  situation  that  comes  with  prac- 
tical demonstration.  In  other  words,  we  will  upgrade  and 
educate  our  less  fortunate  employes,  and  in  the  hiring  and 
.selecting  of  new  ones  we  will  attempt  to  launch  them  into 
the  factory  world  with  a  better  knowledge  of  what  is  e.\- 
pected  of  them  than  has  been  possible  in  the  past.  There  is 
nothing  revolutionary  about  this  scheme;  it  is  simply  a  com- 
mon-sense application  to  a  worker  on  a  special  machine  of 
what  a  modern  apprenticeship  system  is  to  the  more  skilled 
mechanic. 

A  Splendid  Investment. — This  systematic  training  may  ap- 
pear to  be  an  exceedingly  expensive  enterprise  in  which  only 
a  few  concerns  can  afford  to  embark.  This  is  by  no  means 
the  case.  Our  statisticians  have  shown  us  that  it  costs 
from  ?25  to  $100  to  train  each  employe.  If,  therefore,  this 
system  of  scientific  training  enables  us  to  cut  our  turnover 
in  two,  or  even  reduce  it  by  one-quarter,  the  amount  saved 
would  be  unbelievable. 

A  well-organized  training  department  must  of  necessity 
work  on  production  work  that  it  needed  in  the  shop,  so,  as 
a  matter  of  fact,  while  you  are  training  your  mechanics  a^d 
workers  their  output  is  bfeing  sold  with  profit.  If  business 
conditions  should  not  warrant  a  continued  hiring  of  new 
help,  the  training  department,  equipped  as  it  is  with  modern 
machinery,  can  be  used  to  advantage  to  test  out  applicants 
for  better  positions.  It  has  been  developed  that  as  soon  as 
some  systematic  training  system  it  put  into  effect,  operators 
who  under  ordinary  conditions  would  be  satisfied  to  stay  on 
one  particular  job.  become  ambitious  to  advance,  and  if  the 
opportunity  is  held  out  to  them  through  the  medium  of  these 
industrial  engineer  "instructors  at  large,"  etc.,  their  applica- 
tions for  advancement  and  trial  elsewhere  can  be  given  much 
better  consideration.  On  the  other  hand,  the  foreman  of  the 
department  is  usually  only  interested  in  keeping  his  help  so 
as  not  to  have  to  break  in  new  men.  There  is  no  doubt  that 
contented  employes  can  only  be  insured  by  giving  them  op- 
portunities to  advance,  good  pay.  ideal  surroundings,  and 
thoughtful   and   humane   employers. 

I  The  United  States  Training  Service  will  furnish  free  ex- 
pert advice  and  guidance  in  forming  training  departments  in 
any  plant.  The  experts  of  the  service  are  assigned  to  most 
of  the  big  industrial  centers  between  the  Atlantic  Coast  and 
the  Mississippi  River.  They  are  at  the  call  of  manufacturers 
who  are  considering  the  training  of  their  employes  as  a  stim- 
ulus to  production  and  are  seeking  to  minimize  their  labor 
turnover.  Address  all  inquiries  to  Charles  T.  Clayton,  Diree 
tor  United  States  Training  Service,  G18  17th  St.,  Washing- 
ton, D.  C] 


Engineers  as  Intermediaries  Between  Labor 
and  Capital 

Discussing  a  paper  on  the  "Use  of  Non-Financial  Incentives 
in  Industry"  at  the  last  annual  convention  of  the  American 
Society  of  Mechanical  Engineers.   Mr.  A.  L.  De   Leeuw  said 
that  the  lasting  growth  of  labor  can  only  be  caused  by  mak- 
ing labor  grow  from  the  inside  out.     The  effort  must  be  made 
by  the  laboring  man.  and  not  by  the  employer.    The  employer 
has  only  helped  labor  in   general,  but  has  not  caused  it   to 
grow.     Labor  has  taken  the  stand  ti:at  it  can  grow  only  by 
antagonizing  the  employer,  who,  at  one  time,  held  this  same 
view  of  labor.    Something  should  be  done  to  make  labor  start 
a   growth   or  development   of   itself   in   the   proper   direction. 
If  labor  has  not  seen  these  facts,  should  not  some  one  hold 
out     the     hand     and     invite     labor     to     move    in     the     right 
direction?      Has    not     the     time     come,     he     asked,    when 
the     engineer      should    get    in    touch     with     labor     and    in- 
vite    it     to     discuss     labor     questions     from    a     standpoint 
of     pure     and      simple     engineering,     dropping     all      ideas 
of  malice,  and  presenting  the  idea  that  a  true  bargain  is  one 
which   benefits   both   parties?     "Should   there   not   be   a    third 
party,"  he  said,  "more  or  less  disinterested,  or  rather,  inter 
psted  in  (he  welfare  of  both,  who  will  hold  out  the  hanil   to 
labor   and   invite   it    to   develop   itself,     to     make   an    organic 
growth    Iron:   the   inside   outward?     Would   it  not   be    well    il 
some  engineering  society  were  to  invite  hibor  into  its  couii 
sel  and  see  that  a   proper  organized  effort,  can  be   made  for 
labor  to  look  at  the  questions,  not   only  of  its  own  develop- 
ment, but  of  the  development  of  industry  as  a  whole,  mak- 
ing labor  to  realize  that  no  real  benefits  can  ever  come  to  it 
and  be  lasting  unless  similar  benefits  come  to  the  industry 
as  a  whole?" 


Saving  Labor  in  Pay  Roll  Ac- 
counting 

By  using  labor  saving  office  appliances  and  systematizing 
methods  a  railroad  effected  a  saving  of  .?:M0  per  month  in 
handling  the  accounting  for  .ihops  employing  ■1,.500  men  and 
having  a  monthly  wage  disbursement  of  $30(1,000  and  material 
dislMirsement  of  .$410,000.  The  system  employed  is  described 
in  the  Railway  Age  to  which  vve  are  indebted  for  the  matter 
in   this  article. 

As  an  experiment  a  calculating  machii;e  was  secured  for 
handling  the  daily  time  and  materials  tickets.  A  junior  clerk 
was  put  to  work  on  the  machine  and  the  results  shortly  jus- 
tified the  elimination  of  an  $.S0  position  and  the  employment 
of  an  experienced  operator  at  $.5.5  per  month.  The  machine 
not  only  handled  the  above  features,  but  also  took  care  of  all 
calculations,  pro  rata  included. 

The  next  move  was  to  reduce  the  time  put  in  on  the  pay- 
rolls. The  average  number  of  men  handled  by  this  depart- 
ment was  4.500.  This  meant  that  by  "man  power"  it  was 
necessary  to  write  the  name,  occupation  and  check  number 
of  4,500  men  twice  each  month. 

After  casting  about  for  some  time  the  bright  idea  of  an 
addressing  machine  was  thought  of.  One  was  purchased,  and 
in  a  test  case,  with  an  inexperienced  operator,  this  machine 
in  one  hour  and  twenty-five  minutes  performed  work  that 
formerly  consumed  50  man  hours.  The  first  move  after  em- 
ploying a  man  is  to  make  up  a  plate  (from  approved  employ- 
ment application)  showing  his  name,  occupation  and  check 
number.  His  service  record  card  is  then  stamped:  a  loose 
leaf  time  record  sheet  is  next  stamped;  the  time  sheet  is 
stamped  and  the  plate  is  then  put  in  a  plate  cabinet  in  its 
proper  place.  Thus  the  name,  occupation  and  check  num- 
ber is  always  the  same  on  all  records. 

Payroll  Machine. — The  progress  thus  far  made  did  not 
satisfy  our  chief  accountant.  He  still  felt  there  was  room 
for  improvement,  especially  on  the  pay-rolls.  The  purchase 
of  a  pay-roll  machine  was  his  next  recommendation.  Due 
to  his  previous  success  he  had  little  trouble  in  getting  a 
requisition  through.  It  was  necessary  that  some  additional 
features  be  incorporated  in  the  standard  pay-roll  machine 
in  order  to  meet  his  requirements,  and  this  was  done,  with 
the  result  that  we  now  turn  out  our  pay-rolls  as  indicated  in 
the  form  shown. 

As  only  the  one  central  shop  was  usmg  the  addressing 
machine  the  standard  form  pay-roll  sheet  is  used  as  it  would 
not  have  been  economy  to  make  a  new  form  to  accommodate 
the  one  point.  It  will  be  noted  that  occupation  is  placed  on 
the  right  of  the  sheet  instead  of  on  the  left.  The  addressing 
machine  takes  care  of  the  name,  check  number  (which  ap- 
pears under  the  caption  "line  numbers")  and  the  occupa- 
tion. The  pay-roll  machine  handles  all  other  details  on  the 
form.  The  entire  pay-roll  is  first  run  through  the  addressing 
machine,  after  which  it  is  turned  over  to  the  pay-roll  ma- 
chine operator  for  listing  the  time. 

The   time-keepers  close   their  time-books,   the  earnings   be- 
ing determined  by  use  of  regular  rate  tables  and  the  figures 
appearing   in   the   first    four   columns   are   those    which    have 
already  been  determined,  but  in  putting  these  items  through 
the  listing  machine  the  figures  are  checked;  that  is,  the  total 
items   under  the  caption    "items"   are   automatically   derived 
and  printed  in  the  "total  earned"  column.     Next   the  deduc 
tions  are  set  in  and  the  amounts  are  automatically  deducted 
from  the  "total  earned"  and  placed  in  either  of  the  columns 
"amount   due."     If  a   time   check   has   been   issued   the   time 
check   members  are   set  in   the  "remark   column,"  as  shown 
on  lines  •"  and   5.     By  use  of  portable  stops  on  the  machine 
the   carriage   automatically   travels   from   column    to   column. 
For  example:     The  first  figures  in  the  column  are  set  in.  the 
lever  pressed  and  the  carriage  moves  to  the  second  column, 
then  to  the  upper  portion  of  tlie  third  column,  then  it   moves 
backward  and  up  one  line  in  order  to  put  the  figures  in  the 
lower  part   of  column   three,  etc..  until  it  reaches  the  end  of 
the    line,    after    which    the    carriage   rolls    up   one    space   and 
I  ravels  back  to  column  one.     A  tew  seconds  to  a  line  are  all 
I  hat   is   necessary,   and    after   becoming   acquainted    with    the 
Miachine  the  entries  are  made  with  much  greater  speed  than 
by   hand. 

.Mtention  is  called  to  the  sjiecial  features  of  the  machine 
which  show  by  abbreviations,  PA,  CT  and  PW,  meaning 
"days,"  "constructive  time"  and  "piece  work,"  respectively; 
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also  to  tho  frikctlons  o<  2  6.  ■(  6.  %,  ^,  nnd   \.    These  hlero- 

ml  fnifllons  arc  siun-iiil  detnlls  of  the  ninchlno  In- 

1    this   sptH-liil    imriuiso      Tho   ribhuiis    in   both    ma- 

chiiii's  nrv  copy  ribbons  nnd  a  ntinibor  of  tissue  copies  can 

111'   111  a  it 0 

of  live  men  and  tho  employment  of  oiio 
iiiR    machine    operator,   a    monthly    suvinK 
1.1  vneciod.    Thi-  ollice  appliances  needed   to  effect 
I  i;  were; 

1  \t:\s  roll  niaolilne. 
i  cnli'iilatli\R  machines. 

1  addrrssinK  m!ii-liln.>  (IncltidinK  a  machine  for  mitkinR 
plates  and  one  cabinet  for  llllnR  the  plates.) 

One-half  of  the  annual  savins  more  than  pays  for  the  cost 
of  the  machines.  Added  to  this  Is  the  uniformity  in  which 
the  work  Is  handled,  the  neatness,  the  elimination  of  errors 
(SO  costly  In  locatlni;)  and  llie  fact  that  not  only  can  the 
machines  be  used  In  the  accounting  department,  but  they  can 
and  are  belns  used  by  the  numerous  other  clerks  in  the  same 
office. 

The  New  Relations  Between  Man- 
•aj^er  and  Employees 

In  an  excollent  urticlc  in  the  Scientilic  American,  Mr.  Mack 
M.  .'ones.  Supervisor  of  Personnel  of  the  Thomas  A.  Edison 
Industries,  calls  attention  to  the  importance  of  developing 
a  community  of  Interest  between  the  manager  and  the  em- 
ployes. He  points  out  that  the  different  phases  of  pro- 
duction and  distribution  group  themselves  around  five  "M's" 
— Men.  Money,  Material,  Methods  and  Machines,  and  states 
that  industries  have  grown  up  around  a  management  which 
has  emphasized  these  "M's"  in  varying  degrees,  and  usually 
failed  to  balance  them.  He  points  out  that  the  opportunities 
for  constructive  direction  and  control  along  the  lines  of  one 
"M"  alone — "Men"- — afford  opportunities  for  leadership  that 
should  challenge  the  genius  of  any  financial  power.  He  then 
goes  on  to  say: 

Are  we  to  continue  to  be  satisfied  by  purchasing  the  se- 
curities, clipping  the  coupons  and  depostins  the  proceeds  or 
will  we  go  further  and  inquire  "how"  and  "why." 

Scientific  management  ought  to  be  viewed  as  "doing  some- 
thing the  -way  it  ought  to  be  done."  It  should  stand  for  bal- 
anced administration.  In  acually  following  out  its  principles 
we  have  analyzed  and  classified  the  more  tangible  of  the  in- 
dustrial "M's"  referred  to  above.  Intensification  of  manage- 
ment, so  far  as  it  has  applied  to  money,  methods,  materials 
and  machines  has  been  a  process  of  analyzing  and  classify- 
ing that  has  brought  great  results  and  established  the  United 
States  as  the  leading  industrial  nation  of  the  world.  Is  it  not 
time  then,  if  we  are  using  money,  methods,  materials  and 
machines  more  scientifically  and  managing  them  more  sensi- 
bly, to  e.xtend  our  energies  further  and  take  the  other  "M" — 
"Men" — applying  the  same  experimentation,  analysis,  classi- 
fication, etc.,  to  it.  Will  the  results  not  more  than  justify  our 
action?     It  seems  reasonable  to  suppose  so. 

The  Manager  Who  Knows  His  IVIen. — One  of  the  main  prob- 
lems in  strengthening  the  industrial  fabric  of  the  United 
States  is  that  of  restoring  tie  relationship  between  manage- 
ment and  men  that  existed  when  industrial  units  were  small 
and  the  manager  knew  all  the  joys  and  sorrows  of  each  in- 
dividual working  for  him.  It  of  course  may  be  out  of  the 
question  to  expect  that  the  exact  condition  of  acquaintance- 
ship between  the  management  and  all  of  the  men  will  be 
accomplished  in  fact,  but  it  can  be  accomplished  in  effect. 
Through  intensive  organization  can  we  not  see  that  scientific 
methods  are  set  up  whereby  the  same  intelligence  is  applied 
to  transactions  involving  men  as  to  all  others? 

Special  emphasis  should  particularly  be  placed  upon  "will 
to  serve."  as  the  national  efficiency  today  is  low,  and  prin- 
cipally on  account  of  the  lack  of  a  "will  to  serve":  not  lack 
of  "will  to  serve"  the  nation,  but  national  ideals  which 
call  for  doing  well  what  is  worth  doing.  More  patience  must 
he  shown  and  more  time  spent  in  pointing  out  to  men  rea- 
sons why  things'  are  done. 

Beating  vs.  Playing  the  Game.— So  far  as  "will  to  serve" 
is  concerned,  we  have  been  accused  of  being  far  behind  the 
average  European  nation.  The  joy  of  "a  deed  -rell  done"  is 
rather  infrequent  and  almost  a  rarity.  We  have  demanded 
so  much  speed  that  we  have  sacrificed  accuracy  and  have  been 
on  a  quantity  rather  than  quality  basis.    If  we  are  to  throw 


off  the  repulalion  of  'dollar-chaser"  we  must  stimulate  the 
will  to  produce  for  the  joy  of  producing  and  not  subjugate 
the  means  to  the  end.  We  must  have  more  of  the  spirit  of 
"play  the  game"  than  "beat  the  game."  Individual  lesponsl- 
biliiy  must  he  extended  into  the  rank  and  lllo  of  the  nation, 
and  only  by  the  lliiest  kind  of  leadership  can  it  be  done. 

Human  relations  determine  the  extent  of  realization  upon 
an  Investment,  nnd  lluancial  leadership  determines  the  na- 
ture of  the  opportunity  for  the  application  of  human  energy. 
If  investors  therefore  are  not  salislled  simply  to  liavo  the  re- 
sults, but  go  further  and  insist  upon  having  (he  results  in  a 
given  way,  a  new  era  in  management  will  be  upon  us. 

You  then  who  stand  for  or  mold  leadership  will  go  one  more 
step  In  advance  it  you  will  think,  act  and  spread  the  follow- 
ing three  ideas: 

1.  Develop  "the   will  to  serve"  industrially. 

2.  Show  that  "what  is  worth  doing  is  worth  doing  well." 

:;.  Persuade  men  to  "play  the  game"  versus  "beat  the  game." 


Applying  a  Bonus  System  to  an 
Office* 

By  WAiyriOK  I).  FULLER, 
Secretary,    Curtis    Publishing    Co.,     Plilladc  Iphin. 

Tlie  need  for  encouraging  high  average  workers  .to  main- 
tain their  positions  is  obvious.  If  a  bonus  offer  is  to  be  truly 
successful,  however,  it  is  of  even  greater  importance  that  the 
employee  be  raised  to  bonus  earning  ability,  for  until  he 
reaches  the  production  required  for  his  guaranteed  salary 
rate,  he  is  an  unduly  expensive  individual. 

Peculiarly  there  seems  to  be  a  lack  of  comprehension  of 
this  need  in  many  offices.  Much  pride  is  felt  in  the  bonus 
earners,  but  little  attention  is  given  the  less  successful  work- 
ers. Pride  and  the  bonus  furnish  but  slight  stimulus  to  such 
workers.  The  cure  comes  through  personal  study  and  in- 
struction, and  through  some  sort  of  prize  as  an  incentive. 

Take  for  instance  an  office  worker  who  is  guaranteed  a  $12 
w^eekly  salary,  but  who,  because  her  production  of  2,f)00  in- 
stead of  3,200  units,  is  earning  only  $7.50— a  loss  to  the  es- 
tablishment of  $4.50.  Before  she  can  make  any  bonus  she 
must  increase  her  production  by  1,200,  which  seems  to  ber 
almost  impossible,  unless  she  is  encouraged  and  made  to  see 
how^  simple  it  really  is.  To  this  end  we  offer  various  forms 
of  special  prizes.  One  of  the  favorite  methods  is  to  offer  a 
cash  prize  for  each  increase  of  5  or  10  points  in  efficiency, 
over  the  clerk's  best  previous  weekly  average. 

In  the  above  instance  the  jump  of  1,200  points  before  bonus 
earning  commences  might  not  seem  worth  the  trouble,  but 
where  an  offer  of  possibly  $1  extra  for  a  jump  of  200  points  is 
made,  it  is  easier  to  get  real  effort  from  the  worker.  In  such 
cases   everyone   gains. 

One  of  the  special  values  of  this  plan  is  that  it  gives  the 
workers  a  "taste"  of  extra  money  and  they  usually  move  step 
by  step  into  the  bonus  earning  class.  The  offer  is  never  with- 
drawn, but  at  about  lOO  per  cent  the  possibility  of  further  in- 
crease ceases. 

This  is  a  very  simple  example,  but  the  same  plan  may  easily 
be  applied  to  more  intricate  bonus  plans.  The  trouble  with 
many  schemes  which  start  with  small  earnings  at  GG  per  cent 
or  70  per  cent  is  that  the  amount  offered  is  so  small  that  it  is 
no  real  incentive  at  the  time  when  it  is  most  needed. 

In  brief,  standardization  work  consists  in  revising  condi- 
tions and  methods  after  investigation,  installing  new  methods, 
supervising  the  installation  and  doing  whatever  follow-up 
work  may  be  necessary  to  insure  efficiency.  The  actual  per- 
manent maintenance  of  the  plan  is  handed  over  to  the  oper- 
ating departments. 

Let  me  review  the  advantages  we  secure  through  our  corps 
of  standardization  specialists. 

1.  They  insure  uniform  methods  throughout  the  organiza- 
tion. 

2.  They 
friction. 

Z.  They  spread  inlormation  of  methods  and  facts  which 
have  been  found  valuable  in  other  departments. 

4.  They  relieve  managers  of  much  detail  which  they  have 
neither  time  nor  inclination  to  attempt. 

.5.  They  centralize  records  of  expense  and  results. 

6.  They  centralize  standardization  in  the  hands  of  special- 
ists. 


bring    in    the    valuable    outside    viewpoint    without 
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Labor  Saving  in  Pay  Roll  and  Pay 
Check  Writing 

Payroll  and  check  writing  requires  a  large  amount  of  lime 
in  railroad  oftice  practice.  This  work  is  of  a  very  routine 
nature  and  on  most  railroads  the  writing,  e.xtendiug  and 
checking  of  payroll  figures  are  done  several  times.  In  order 
to  eliminate  duplicate  work  as  much  as  possible  the  Erie 
R.  R.  has  adopted  a  plan  of  writing  payrolls  and  the  checks 
in  operation.  This  plan,  which,  by  the  way,  could  be  used 
by  contractors,  is  described  in  the  Railway  Review  to  which 
we  are  indebted  for  the  matter  that  follows: 

\t  the  accounting  bureau  of  the  railroad  approximately 
12.000  payroll  items  and 
checks  are  written  twice 
a  month,  which  is  done  on 
three  payroll  and  check 
writing  machines.  Pre- 
vious to  the  installation  of 
this  bureau  the  payrolls 
were  forwarded  to  the 
.offlce  of  the  auditor  of  dis- 
bursements, audited  and 
then  turned  over  to  the 
payroll  department  in  the 
general  auditor's  office. 
The  checks  were  written 
by  hand  after  hours  by  a 
force  of  clerks  who  re- 
ceived 70  ct.  a  hundred. 
Under  the  present  ar- 
rangement the  payroll  and 
pay  checks  are  written  at 
the  same  time,  thus  sav- 
ing the  cost  of  writing  checks,  and  amounts  to  an  annual  sav- 
ing of  approximately  $2,000. 

A  one-line  check  is  written:  that  is  to  say,  the  payee  and 
amount  is  written  on  the  same  line,  thus  saving  time.  The 
check  is  protected  or  safeguarded  by  the  use  of  indenting 
type  which  cut  the  paper  without  mutiliation  and  an  acid 
proof  ribbon  is  used. 

In  the  various  payroll  bureaus,  14  Remington  railroad  ac- 
counting machines  equipped  for  both  vertical  and  cross  add- 
ing are  used,  and  they  are  entirely  satisfactory  in  their  op- 
erations. The  operators  each  average  SOO  payroll  items  and 
checks  in  an  eight-hour  day.  When  the  machines  are  not  in 
use  for  payroll  pay  check  writing  they  are  used  for  the  writ- 
ing of  vouchers  and  other  matter. 

The  payroll  is  a  form  17%  in.  wide  by  10  in.  deep.  Twelve 
columns  are  used,  namely:  "How  employed,  time  rates, 
items,  total  earned,  deductions,  names,  amount  due,  date 
paid,  check  number,  remarks."  As  the  items  are  written  in 
the  item  column  they  are  added  in  both  the  vertical  and  the 
cross  totalizer  of  the  machine.  Each  column  is  added  ver- 
tically showing  the  total  amount  earned,  total  amuont  de- 
ducted and  the  total  amount  due.  When  the  total  amount 
earned  is  written  it  accumulates  in  the  vertical,  but  not  in 
the  cross  totalizer.  As  the  deductions  are  written  they  are 
subtracted  through  the  cross  totalizer,  the  latter  now  show- 
ing the  amount  due  the  employe.  From  here  they  are  gen- 
erally tabulated  to  the  name  column  and  at  this  point  the 
check  is  fed  into  the  machine.  The  name  is  written  on  the 
check,  as  well  as  on  the  payroll  and  the  carbon  copy.  The 
amount  due  is  written  on  the  same  line  as  the  name,  as  the 
one  line  check  is  used. 

Regular  payroll  checks  are  run  in  constant  serial  number 
and  a  separate  series  is  used  for  substitute  checks.  Where 
the  regular  check  is  written  incorrectly  it  is  made  void  with 
red  ink  and  the  number  of  the  substitute  check  written 
thereon.  The  regular  check  number  is  inserted  on  the  sub- 
stitute check,  thereby  accounting  for  all  checks.  In  no  in- 
stance is  a  check  destroyed,  and  the  first  check  number  and 
last  number  indicate  the  number  of  checks  written.  When 
an  error  is  made  in  the  writing  of  the  original  check  the 
correction  is  made  on  the  payroll  only,  the  number  of  the 
check  being  w'ritten  as  usual  after  the  amount.  The  incor- 
rectly written  check  is  laid  to  one  side  and  stamped  "void" 
in  red  ink  and  the  substitute  number  placed  thereon.  When 
the  payroll  sheet  is  completed  the  substitute  check  is  filled 
in  with  the  machine  set  at  "disconnect,"  writing  on  platen 
roll,  and  the  regular  check  number  is  written  on  the  sub- 
stitute check. 


In  view  of  the  desire  of  the  railroad  administration  that 
railroad  employes  be  paid  by  check,  the  saving  that  can  be 
effected  by  this  method  of  pay  check  writing  on  all  railroads 
in   the   United   States  is   enormous. 


An  Excellent  Plan  for  Handling  Employee's 
Suggestions 

The  men  employed  in  electric  power  plant  of  a  large  in- 
dustry are  encouraged  to  make  suggestions  which  not  only 
work  to  their  benefit  but  prolong  the  life  of  equipment.  So 
thorough  is  the  belief  in  this  policy  that  superintendents  and 
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foremen  are  instructed  to  consider  seriously  all  suggestions 
from  the  men,  even  if  they  at  first  doubt  the  practicability 
of  the  suggested  idea.  There  is  more  back  of  this  policy 
than  a  mere  desire  to  please  the  man  who  makes  the  sug- 
gestions. The  idea  may  be  good  and  the  man  may  be  en- 
tirely unable  to  put  it  into  words.  Even  if  the  idea  will  not 
work,  the  company  eventually  gains  because  when  the  sug- 
gester  has  been  shown  that  his  idea  is  impracticable  he  Is 
encouraged  to  find  a  way  to  remedy  the  condition  which  he 
has   said  can   be   improved. 

The  suggestion  box  system  is  different  from  the  one  ordi- 
narily used,  states  the  Electrical  World,  from  which  this  note 
is  taken.  Suggestions  are  typewritten  in  duplicate  and  the 
originals  are  dropped  in  the  boxes  unsigned.  When  they 
are  considered  by  the  'committee  it  is  impossible  for  that 
body  to  tell  whether  it  is  handling  an  idea  of  the  most  skilled 
employe  or  of  the  newest  helper  in  the  shops.  Each  sug- 
gestion is  considered  on  its  merits.  At  the  end  oS  each  six 
months  all  accepted  suggestions  are  published  in  abstract 
so  that  the  holders  of  the  carbon  copies  can  produce  them 
and  claim  their  awards  of  $2  to  $100  for  each  idea,  depending 
on  the  estimated  value.  This  plan  helps  to  fill  the  sugges- 
tion boxes.  However,  the  biggest  factor  in  bringing  out  ideas 
that  will  make  equipment  last  longer  is  the  company's  policy 
of  being  liberal  in  trying  out  ideas. 


Nine  Laws  of  Industrial  Organization. — In  his  paper,  "In- 
dustrial Organization  as  It  Affects  Executives  and  Workers,'' 
presented  at  the  last  annual  meeting  of  the  American  So- 
ciety of  Mechanical  Engineers,  Mr.  Charles  E.  Knoeppel  em- 
phasizes the  following  points  as  being  essential  to  the  formu- 
lation of  definite  laws  of  organization:  (1)  The  necessity 
of  having  an  objective  in  the  mind  before  beginning  to  work ; 
(2)  the  exclusive  concentration  of  each  man  to  definite  func- 
tions; (3)  the  avoidance  of  contusion  and  conflict  of  author- 
ities: (4)  the  proper  division  of  departments  in  order  to  in- 
sure that  each  executive  has  complete  control  of  all  the  fac- 
tors affecting  the  success  of  his  function;  (.5)  the  creation 
of  divisions  which  will  develop  specialists;  (0)  the  provision 
for  permanency  by  training  men  to  fill  the  positions  of  their 
superiors;  (7)  the  exact  definition  of  the  duties  of  each  em- 
ploye and  of  his  relations  to  the  others;  (S)  the  logical  selec- 
tion of  personnel  according  to  individual  qualifications;  CJ) 
and  the  creation  of  a  standard  manufacturing  practice. 
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oitp  of  (he  most  rominnn  duties  of  iniiiiittMiiincc  onuiiu'ors 
i!ic  supply  of  liibor  or  ilio  nuinlit'r  of  work- 
':>>ll  niul   to  try  iiiul   Imve   llitt  Kaiigs   kept   up 
ii  i>iTiiiitti>(l  by  t'lirronl  approprlatlous.     An  \int'or' 

I  ;rf    of    lliis    obli.KiilUin    Is    tbat    not    Infreiiiiontly 

I'  'US  tbosi>  who  themselves  have  not 

ii<  :   iraeknicu   that  It   is  enough   if  the 

KunKs  urv  (ull.  (hut  ilu-  best  utilization  of  (be  labor  furnished 
re<!tilf<;  nntonintirally,  anil  tbat  the  supervisor,  in  spite  of 
li  M    duties,    will    some    way.    so[nehow,    evolve    ini- 

pi  iiiul!*  and  train  the  men  and  the  foremen  in  short 

eu(»  uiid  .timplilled  operations.  To  unload  this  responsibility 
un  the  supervisors  Is  unreasonable,  us  they  are  completely 
occupied  with  seeing  that  existing  standards  are  adhered  to 
without  evolvlnt!  new  ones.  Nor  can  the  result  be  attained 
nil  nt  once  by  those  in  higher  authority  •"raw-hiding"  the  di- 
vision ctT-lneers  when  instances  are  observed  of  too  many 
!■  .>d  to  a  job.  of  men  bunched  in  surfacing  or  self- 

1-  -.'s  of  improper  methods. 

The  need  for  general  standards  of  methods  of  work  and 
of  orc:inf7!itlon  of  gangs  applicable  to  the  whole  railroad, 
ii'  with  authority  just  as  a  standard  turnout  plan  is 

i>  .   the  result  of  as  careful,  intelligent  investigation 

by  e(nployes  assigned  to  the  special  t;»sk.  The  scientific  and 
analytical  training  of  the  engineer  peculiarly  adapts  him 
for  such  work  if  supplemented  by  the  practical  experience  of 
trackmen. 

Factors  Affecting  Efficiency. — It  is  a  common  error  to  as- 
sume that  each  name  on  a  payroll  means  a  definite  and  fixed 
amount  of  work  performed  daily,  and  to  confine  our  worries 
in  the  "shortage  of  labor."  The  fact  is  that  more  may  be 
1  .  '  nipllshed  with  a  30  per  cent  labor  supply  well  super- 
WMii  and  using  the  best  methods,  than  with  a  150  per  cent 
labor  supply  doing  the  work  any  old  way,  under  mediocre 
foremen.  Every  variation  of  accomplishment  from  prac- 
tically zero  to  nearly  100  per  cent  can  generally  be  found 
among  the  track  laborers  on  a  sub-division  depending  on  the 
following  and  other  factors: 

1.  Ability  of  foreman,  in 

(a)  Planning  work  ahead 

(b)  Short  cuts  or  quick  methods. 

(c)  Placing  the  men  while  working. 

(d)  Energj-. 

2.  Incentive  offered  for  accomplishment. 

3.  T}-pe  of  labor  furnished. 

4.  Feeding  and  housing. 

The  "type  of  labor  furnished"  is  purposely  placed  near  the 
foot  of  the  list,  as  it  is  the  firm  belief  of  the  writer  that 
except  for  the  very  highest  grade  of  native  labor  or  the 
worst  "bar-flies"  the  ability  of  the  foreman  is  of  greater  rela- 
tive importance  than  the  grade  of  trackmen  available. 

It  appears  evident,  therefore,  that  when  maintenance  en- 
gineers convene  for  mutual  help,  they  will  do  well  to  devote 
time  to  planning  how  to  organize  to  determine  standard 
methods,  and  enforce  them,  for  it  is  likely  that  the  present 
labor  shortage  will  become  worse  in.stead  of  better. 
The  thing  to  do  is  clearly  indicated — to  shorten  and 
simplify  all  manual  operations,  eliminate  lost  motion 
and  all  non-essentials.  set  standard  methods  and 
times  based  on  these  factors  and  finally  to  take  steps  to  see 
that  the  recommended  practices  are  followed.  It  is  common 
at  conventions  and  committee  meetings  to  investigate  and 
discuss  technical  matters  like  the  coning  of  car  wheels,  the 
form  of  cut  spikes,  the  chemical  composition  of  wood  pre- 
servatives, etc..  all  subjects  doubtless  of  great  importance, 
but  it  is  hoped  that  some  time  will  also  be  given  to  the  con- 
sideration of  how  to  utilize  most  fully  the  present  restricted 
supply  of  labor  by  defining  and  standardizing  methods  of 
work  and  evolving  short  cuts. 

Labor  Wastes  in  Tracl<  Work. — In  case  anyone  thinks  the 
labor  wastes  in  track  work  are  insi.anificant,  let  him  con- 
sider the  following  figures:  Taking  the  ideal  as  100  per 
cent,  and  assuming  that  an  attainment  of  only  80  per  cent  is 
made  owing  to  the  over-assignment  of  men  to  different  jobs, 
the  result  is  SO  per  cent.     If  a  percentage  of  75  is  reached 


In  the  method  of  work  the  attainment  now  becomes  80x7,'), 
or  GO  per  lonl.  This  will  be  reduced  still  further  if  there  is 
no  Incentive.  Suppose  tor  lack  of  tliis  sli.nulation  the  exact 
percentage  is  but  t!(>% :  then  the  dependent  sei|uence  be- 
comes GOxt!(;%,  or  10  i)er  cent  liiKil  etiiciency.  The  labor 
wastes  are  Ihon  (iO  per  cent,  il  the  assumed  percent 
ages  are  correct  (it  anything  tliey  are  too  liberal,  e.  g., 
75  per  cent  elllciency  for  "methods"),  and  it  the  operations 
are  in  seiiuence.  In  the  following  paragraph  the  subject  is 
analyzed  in  units  of  men  to  show  this  sequence  and  to  make 
the  conclusion  more  apimrent  to  those  who  wish  to  study  il 
more  thoroughly: 

Suppose  we  have  a  gang  of  10  men,  in  which  the  foreman 
has  the  common  but  unfortunate  custom  of  assigniut;  or  al- 
lowing more  men  to  the  different  operations  than  are  neces- 
sary, e.  g.,  when  carrying  ties  a  tiiird  man  is  allowed  to  walk 
along,  taking  hold  of  Uie  tie;  five  men  are  sent  with  the 
hand  car  where  four  are  sufficient;  one  man  is  permitted  to 
stand  and  hold  the  tie  up  against  the  rail  with  a  bar  or  shovel 
while  tamping,  wliich  i?.  an  unnecessary  measure  if  the  spikes 
are  settled  before  the  tamping  begins.  The  result  of  this 
practice  in  many  gangs  reduces  the  working  force  to  80  per 
cent  of  the  original  amount  or  to  the  equivalent  of  8  men. 
These  are  all  that  are  productively  empl.iyed,  and  the  fact 
that  there  are  10  on  the  roll  mid  present  does  not  alter  this 
fact. 

Next,  as  to  the  methods  employed.  We  now  have  8  men 
available.  In  nearly  all  operations  there  are  short  cuts  and 
there  are  roundabout  methods  which  result  in  reduced  out- 
put. Kor  instance,  in  clearing  around  yards,  if  the  lumps 
of  coal  and  the  cinders  are  thrown  over  the  bank  with  small 
shovels  the  work  goes  slowly;  but  if  spike  kegs,  boxes  or 
large  shovels  are  used  to  carry  and  dump  the  debris,  much 
faster  progress  is  made.  Again,  when  tamping,  some  men 
w-ill  stand  and  tamp  until  the  ballast  is  driven  out  on  the  other 
side  of  the  tie.  if  the  foreman  is  not  vigilant.  Further,  when 
unloading  ballast,  if  the  foreman  assigns  the  men  properly, 
sees  that  the  catches  on  the  pockets  are  free  and  explains 
what  each  man  is  to  do,  the  work  can  go  on  rapidly;  but  if 
these  things  are  not  done  the  job  will  be  unsatisfactory  and 
slow,  stone  will  be  unloaded  in  heaps  (to  be  moved  later  at 
considerable  and  unnecessary  expense),  and  cars  will  be  de- 
railed. There  are,  therefore,  great  possibilities  in  good  meth- 
ods, predetermined  and  standardized,  and  to  call  the  usual  av- 
erage 75  per  cent  is  conservative.  This  means  that  but  75 
per  cent  of  the  8  men  usefully  employed  are  necessary  or 
that  the  excess  over  6  men  are  wasted. 

The  effective  force  is  now  the  equivalent  of  6  men.  In  the 
previous  analysis  the  effort  of  the  men,  if  working  for  day 
wages,  was  estimated  to  be  but  66%  per  cent,  or  two-thirds 
of  what  they  will  accomplish  if  working  for  pay  in  propor- 
tion to  output.  Therefore  the  output  of  the  six  men  will 
be  reduced  to  what  lour  might  perform  if  the  latter  are  paid 
for  accomplishment. 


•From   the   Railway   Maintenance   Engineer. 


New  Feeling  of  Labor  Regarding  Restricted  Output. — In  a 
discussion  at  the  last  annual  meeting  of  the  .American  So- 
ciety Mechanical  Engineers.  Mr.  Frank  B.  Gilbreth  called  at- 
tention to  the  changed  conditions  which  were  confronting 
industry  with  the  close  of  the  war.  Where  a  soldier  was 
returning  to  his  former  job,  now  held  by  someone  whom  he 
considered  his  inferior,  he  found  that  more  work  had  been 
accomplished  than  he  had  been  accustomed  to  do  and  that 
greater  productive  effort  was  to  be  required  of  him  in  the 
future.  So  true  was  this  in  Europe  that  it  has  resulted  in 
the  eliminations  of  all  restrictions  upon  output.  The  realiza- 
tion has  come  that  the  salvation  of  the  world  lies  in  big  out- 
puts per  man,  said  Mr.  Gilbreth.  Engineers  and  economists 
have  known  this  for  some  time,  but  laborers  have  not.  They 
have  held  an  honest  belief  that  restricted  output  was  the 
one  thing  which  assured  every  man  his  job.  They  are  not 
going  to  believe  this  any  more  because  the  labor  leader  knows 
that  it  is  not  true.  Further,  the  laborer  wil!  not  only  release 
all  limitations  upon  output  but  he  will  use  his  craft  and  skill 
to  increase  output.  The  workingman's  committee  is  operat- 
ing in  a  number  of  places  as  yet  unannounced  and  with  re- 
markable results.  They  are  not  interfering  with  the  man- 
agement in  obtaining  intensive  outputs  but  are  working  on 
such  things  as  heating  and  ventilating,  elimination  of  labor 
turnover,  the  selection  of  the  right  man  for  the  right  place, 
fatigue  elimination,  education  and  corporation   schools. 
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Program    of  Work   of  Associated 
General  Contractors  of  America 

The  purposes  of  the  Associated  tieneial  Cqntractors  of 
Amd^'ica.  organized  last  November,  are  set  forth  in  the  con- 
stitution as  follows; 

!.  To  promote  better  relations  between  private  owners 
and  public  bodies,  their  architects  and  engineers  on  the  one 
hand  and  contractors  on  the  other. 

2.  To  maintain  high  professional  standards  in  the  conduct 
of  work. 

:!.     To  combat  unfair  practices. 

4.     To  encourage  efficiency  among  contractors. 

.').  To  support  contractors  and  contractors  associations  in 
efforts  to  rectify  conditions  of  an  unsatisfactory  character. 

C.  To  encourage  those  methods  of  contracting  for  work 
which  relieve  the  contractor  of  improper  risks. 

7.  To  encourage  sound  business  methods  tending  to  raise 
the  standing  of  contractors  generally  in  the  business  world. 

At  a  recent  meeting  of  the  executive  board  of  the  associa- 
tion Mr.  G.  W.  Buchholz.  acting  secretary  of  the  organization, 
submitted  a  report  outlining  the  methods  by  which  these  pur- 
poses were  to  be  accomplished.  An  abstract  of  his  report 
follows:  To  carry  out  the  work  of  the  association  10  stand- 
ing and  5  special  committees  have  been  created  as  follows: 
Standing  Committees — Executive,  Membership,  Contracts, 
Legislative,  Labor.  Publicity  and  Education,  Associated  Or- 
ganizations, Building  Codes,  Auditing,  Mutual  Aid.  Special 
Committees — Cost  Accounting,  Finance.  By-laws  Revision, 
Ethics.  Safety. 

The  first  purpose  of  the  association — the  establishment  of 
better  relations  between  owners  and  contractors — is  to  be  ac- 
complished: (a)  By  convincing  owners  that  the  association 
stands  for  high  ideals  and  that  membership  in  the  association 
guarantees  the  reputation  of  the  contractor  for  skill,  honesty 
and  responsibility;  (b)  By  establishing  a  uniform  equitable 
contract;  (c)  By  securing  a  more  universal  adoption  of  the 
cost  plus  sliding  scale  fee  contract:  (d)  By  persuading  con- 
tractors that  the  interests  of  their  clients  and  the  community 
are  identical  with  its  own;  (e);  By  treating  employes  with 
.lustice  and  liberality.     This  can  be  practiced  by: 

(a)  Reducing  lost  time  of  men. 

(b)  Schooling  our  foremen.  , 

(c)  Encouraging  apprenticeship. 

(d)  Reducing  jurisdictional  disputes. 

The  second  purpose,  the  maintenance  of  high  professional 
standards  in  the  conduct  of  work,  is  to  be  accomplished  by: 

(A)  Making  the  association  so  universal,  so  powerful,  that 
those  who  do  not  conform  to  its  standards  shall  be  outlawed, 
forced  to  reform,  or  seek  some  other  industry;  (B)  By  keep- 
ing in  such  close  touch  with  the  industry  as  a  whole  and  mak- 
ing the  association,  its  aims  and  purposes,  so  widely  known 
that  members  or  other  general  contractors  will  not  dare  to 
err;  (c)  By  offering  prizes  for  quality  construction,  original 
construction,  etc.:  (D)  By  using  the  association  insignia  on 
office  doors,  stationary  and  construction  signs:  (E)  Proper 
advertising;   (F)  By  assisting  in  the  revision  of  building  codes. 

I'nfair  practices  are  to  be  combated  by:  (A)  Moulding 
public  opinion  through  propaganda  and  education:  (B)  Edu- 
cating legislative  bodies  and  public  officials:  (C)  By  confer- 
ring with  other  associations  of  architects,  engineers  and  their 
clients  and  convincing  them  that  their  erring  members 
should  be  disciplined:  (D)  By  making  the  association  univer- 
sal enough,  powerful  enough,  to  hold  emploves  within  the 
bounds  of  reason;  (E)  By  co-operation  with  National  Associa- 
tion of  Builders'  Exchanges  (representing  sub-contractors); 
(F)  By  co-operation  with  National  Material  Dealers'  Associa- 
tion to  secure  proper  service,  equitable  prices  and  direct  dis- 
counts. 

Efficiency  among  contractors  is  to  be  encouraged  by:  (A)  Ex- 
change of  information  among  our  members;  (B)  By  a  system  of 
studies  and  reports  of  committees  or  employes  of  the  associa- 
tion, thus  disseminating  among  members  methods  which  have 
proved  efficient;  (C)  By  encouraging  the  adoption  of  safety 
methods  and  precautions:  (D)  By  compiling  a  record  of  all 
competent  and  incompetent  superintendents  and  foremen  for 
the  use  of  members.  Also  award  appropriate  association  but- 
tons to  superintendents  for  every  5  years  of  service  with 
members  of  this  association;  (E)  By  the  study  of  equipment 
problems,  their  construction,  improvement,  maintenance,  de- 
preciation and  rental;   (F)  By  assisting  in  securing  compensa- 


tion insurance  in  the  various  states  and  urging  the  necessity 
of  other  insurance  features;  (G)  By  encouraging  the  use  of 
progress  diagrams  and  weekly  summaries  of  costs. 

The  fifth  purpose,  rectifying  conditions  of  an  unsatisfactory 
character,  is  to  be  accomplished  by:  (A)  Employing  counsel 
to  fight  battles  where  the  issue  is  of  general  interest;  (B) 
By  being  able  to  discuss  and  adjust  authoritatively  such  condi- 
tions with  other  national  associations;  (C)  By  watching  legis- 
lation and  the  utterances  of  prominent  or  notorious  men  or 
bodies;  ( D)  By  co-operation  with  the  United  States  Chamber 
of  Commerce,  National  Federation  of  Construction  Industries, 
National  Highway  Association,  etc. 

Encouragement  of  those  methods  of  contracting  for  work 
which  relieve  the  contractor  of  improper  risks  is  to  be  carried 
out  by:  (A)  Urging  the  adoption  of  the  cost  plus  sliding 
scale  fee  contract  where  practicable;  (B)  By  insisting  that 
full  information  be  given  when  lump  sum  bids  are  required; 

(C)  By  compelling  the  abandoning  of  the  usual  clauses  putting 
up  to  the  contractor  all  unforeseen  risks  and  the  clauses  re- 
quiring the  contractor  to  deliver  a  finished  project  regardless 
of  what  the  architect  or  engineer  forgot  to  specify  or  show; 

(D)  By  studying  and  possibly  working  out  a  practical  arrange- 
ment for  quantity  surveys. 

Encouragement  of  sound  business  methods  tending  to  raise 
the  standing  of  contractors  generally  in  the  business  world 
is  to  be  accomplished  by;  (A)  Studying  various  systems  of 
cost  accounting,  bookkeeping,  estimating  now  in  use,  and 
making  recommendations  of  the  best  methods  for  universal 
adoption;  (B)  By  making  general  contractors  appreciate  that 
there  is  such  a  thing  as  overhead;  (C)  By  arranging  with 
auditing  companies  in  various  regions  to  employ  field  auditors 
experienced  in  construction  work,  by  studying  credits,  fianc- 
ing,  prompt  system  of  payments  and  use  of  trade  acceptances. 


Concrete  in  Railway  Track  Con- 
struction 

During  the  past  few  years  engineers  engaged  in  railroad 
maintenance  have  watched  with  concern  the  increasing 
speeds  and  enormously  increased  loads  which  the  track  has 
been  called  upon  to  sustain,  and  have  sometimes  wondered  if 
the  present  type  of  track  construction  would  not,  at  some  not 
distant  date,  have  to  give  way  to  something  radically  differ- 
ent. Inventors  have  from  time  to  time  worked  with  this  idea 
in  view  and  numerous  substitutes  for  the  present  standard 
track  construction  have  been  presented  to  railroad  officials. 
In  the  main,  these  suggested  departures  from  the  present 
standard  have  been  honest  attempts  to  provide  a  more  nearly 
continuous  support  for  the  rail  and  to  assure  that  this  sup- 
port should  distribute  the  load  safely  to  the  soil,  extend  be- 
low the  ordinary  depth  of  frost,  and  eliminate  the  necessity 
for  a  deep  bed  of  ballast  to  provide  drainage,  and  in  some 
cases  to  do  away  with  the  present  wooden  tie.  But  in  all 
these  improved  (or  different)  forms  of  construction  the  rail- 
road official  has  been  but  mildly  interested  on  account  of  the 
invariably  prohibitive  expense  of  their  adoption. 

As  is  well  known,  some  of  the  street  railway  companies  in 
congested  districts  have  used  as  a  foundation  under  the  ties 
a  bed  of  lean  concrete  with  good  results:  but  the  conditions 
are  so  unlike  those  under  which  steam  railroads  operate  as  to 
make  any  comparison  of  little  value. 

In  several  modern  rapid  transit  and  other  railroad  timnels. 
special  designs  have  been  worked  out,  making  use  of  con- 
crete in  the  track  construction. 

A  recent  report  of  the  Committee  on  Ballast  of  the  Amer- 
ican Railway  Engineering  Association  contains  information 
concerning  some  uses  of  reinforced  concrete  in  track  con- 
struction. The  following  instances  are  abstracted  from  this 
report: 

The  Southern  Ry.  has  used  a  slab  of  concrete,  either 
plain  or  reinforced,  cast  in  place  under  a  part  or  all  of  the 
track,  where  small  soft  places  developed  in  the  roadway  in 
locations  where  the  expense  of  draining  them  with  tile  to  a 
suitable  outlet  would  be  very  expensive.  No  forms  were 
used  for  this  slab  of  2  or  3  ft.  in  thickness.  The  mix  was 
comparatively  lean,  and  the  work  was  done  by  the  section 
forces. 

Experimental  concrete  slabs  in  which  short  ties  are  em- 
bedded were  placed  by  the  Northern  Pacific  R.  R.  on  some 
new  construction  on  a  line  just  out  of  Tacoma,  Wash.,  in 
l!t14.     Three  types  of  slabs   of  varying  cross   sections   were 
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used,  bul  sutnoi«nt  time  han  not  elapsed  to  miike  records  con- 
clusive. 

Slnb.s  »«•«<  im«>d  by  the  Long  Islimd  R.  K.  on  some  speilnl 
work  in  Junmlia.  N.  Y..  ilurlns  llio  wliitor  of  l!tl2  and  I'.U:! 
on  wlml  Is  known  aH  llu<  Jiimalcii  Torminal  IminovtMiioiil. 
Thps.'  ti|ab»  «r«'  K  In.  Ihlrk  and  tliero  i.s  ii  in.  of  stone  ballast 
■  fii  thi'in  and  th<>  bottom  of  the  ties.  J.  A.  McCroa, 
;.il  iii!ii!»i;<>r  of  tho  railroad,  in  commenting  on  this  con- 
.-irui  s: 

Til.  lire   placed   under   43  crossings,   switches   and 

rail  and  the  total  area  was  over  73.000  sq.  ft. 
.  lit  wu.-i  composed  of  sand,  and  averaged  20  ft. 
luKli.  tt  poitum  of  the  slab  was  placed  without  allowing  lime 
for  the  embankment  to  scllle.  The  trallK-  has  been  e.\- 
iremely  hea>y  froni  the  day  It  wa.s  put  in  service,  May,  191.". 
ninniiiK  as  liliih  as  1.300  train  movements  per  day.  The 
switches  are  Interlocked,  electro-pneumatic  system,  and  the 
slpn:il  deiartment  states  that  there  has  been  practically  no 
■  of  the  rail  that  has  caused  them  any  trouble  with 
;  i;  devices,  and  they  attribute  It  to  the  presence  of 

iho  slab  underneath.  The  maintenance  department  states 
that  since  the  track  was  put  in  proper  shape  there  has  been 
practically  no  maintenance,  after  3 Ms  years'  service.  This  is 
particularly  noticeable  In  the  frogs,  which  do  not  "rack"  or 
loo.scn  the  bolts,  and  none  have  been  replaced  throuKli  this 
territory  to  date. 

Concrete  slabs  are  now  used  by  several  railroads  under 
crossing  frogs.  As  used  by  the  Burlington  R.  R.,  the  slab  is 
IS  in.  thick,  reinforced,  and  extends  G  in.  beyond  the  ends  of 
the  crossing  frog  ties.  The  top  of  the  slab  is  either  4  in.  or 
C  in.  below  the  bottom  of  the  ties.  Regular  ballast  is  used. 
Just  below  Uie  slab  there  are  two  feet  of  crushed  rock,  while 
drain  Ule  at  the  base  of  this  layer  and  leading  to  a  nearby 
<mtlet  takes  care  of  the  drainage. 

The  Bikllnst  Committee  in  corresponding  with  chief  engi- 
neers of  many  railroads  found  from  the  replies  received  two 
distinct  ideas  given  considerable  attention.  First,  that  a  con- 
crete slab  be  used  in  which  wooden  blocks  are  embedded  to 
which  the  rail  is  attached,  and  second,  a  thin  concrete  slab 
which  would  act  as  a  division  between  the  ballast  and  the 
earth  roadbed. 


Loading  Machine  for  Underground  Work 

.\  loading  machine,  specially  cifsigrifd  for  underground 
work,  has  been  placed  on  the  market  by  tlie  Wellman-Seaver- 
Morgan  Co..  Cleveland,  O.  This  machine  digs  loose  ore,  dirt 
or  muck  by  a  continuous  scooping  process — the  material  be- 


McDermott    Continuous    Loading    IVtachlne. 

ing  taken  up  by  scoops  or  buckets  on  an  endless  chain  ele- 
vated and  dropped  into  a  hopper  which  feeds  to  a  conveyor 
belt  which  in  turn  loads  into  a  car.  The  scooping  mechan- 
ism is  so  pivoted  that  it  can  dig  to  the  side  as  well  as  fn 
front  of  the  machine.  The  ore.  however,  being  delivered 
to  the  conveyor  through  the  hopper,  reaches  the  car  behind 
the  loader  no  matter  at  what  ansle  the  scoop  is  working. 
The  movement  of  the  scoops  is  continuous — not  reciprocating. 
The  machine  is  self-propelled  and  is  so  dimensioned  that  it 
can  easily  be  transferred  around  the  mine.  It  is  claimed  that 
it  will  load  at  the  rate  of  over  a  ton  a  minute  and  may  be 
operated  by  unskilled  labor.  While  designed  particularly  for 
underground  work,  the  loader  can  also  be  used  on  the  sur- 
face for  loading  coal  from   piles   to  cars,  removing  piles   of 


rock  and  sand  and  similar  operations.  The  loader  is  fitted 
with  motors  wound  for  L'30  volts.  D.  C,  providing  power  for 
all  of  the  operations.  The  general  dimensions  of  the  loader 
are  as  follows: 

Maximum  overall  length.  15  ft.  Si  in.;  Maximum  height.  \>  ft. 
•J^i  In.  with  bucUels  in  lowest  position;  maximum  overall 
height,  t;  ft  TVi  in.,  when  machine  is  in  opoVation;  maximum 
overall  width.  1  ft.;  gauge  of  truck  wheels,  21  in.  Maxinuim 
rated  capacity  with  full  buckets  is  1.75  tons  per  minute  and 
the  average  rated  capacity  Is  45  tons  per  hour.  The  weight 
of  till'  complete  machine  is  8,000  lb. 


Personals 

J.  B.  Davidson,  U>v  tlu'  ii:isl  I  years  prolL-ssur  of  farm  iiiiHh:ii>irM 
.11  llii'  l'iil\  ii.xli.v  rl'  Ciiliforiila.  Iia.'i  Ih'c'm  apuolEileil  liiail  iii  llip 
aKrli'Ullvinil   I'liyiruM'i  iiiK  dcparliiuMU   of    Iowa    Sliilc   Colliui'. 

Georoe  W.  Snyder,  assistant  oiiKiucer  inaliiteuance  (jf  wa.v  on 
llu>  IVniis.vlvaiiia  It.  U..  has  boeii  appolnli-d  to  the  newl.v  rreated 
position  tif  Kcnt-ral  sloroliGei>er  for  tlio  l'enMS>'lvaiiia  1-lnes  I'^ast. 
Willi  luMil«iuarttrs  at  IMiil.'uielplila. 

D.  C.  Fen»termal<er  lias  liuiii  appointed  district  engineer  of  the 
ClilcaKn.  Mil\vaiil<ce  \-  St.  Paul  It.  It.,  with  headqu.arters  at  Chi- 
laKo.  In  rliarse  of  Iciwa,  lies  Moines.  Kansas  City,  Slou.v  City 
and  Halvotu  and  nuliimue  Divisions. 

Colonel  W.  Morris  Chubb,  corps  of  enpineers,  V.  H.  A.,  has 
l-ieen  appointed  lo  take  charge  of  the  -Monoimahela  Kiver  by  Dis- 
trict ICiiKlneor  Colonel  H.  W.  .Stickle,  relievini;  United  States  Kn- 
ffliieer  W.  D.  l'"alrchlkl,  who  wilt  report  to  Senior  United  States 
ICiiKlneer  .1.  W.  Arras,  in  charge  of  locks  and  dams  In  the  Ohio 
and   Allegheny   rivers. 

G.  W.  T.  Miller,  formerly  a-ssistant  .-engineer  connected  with  the 
I'nitcd  .States  enKincering  ofTioe  in  Wilminptoii.  Del.,  who  was 
apjiolnled  several  months  ago  to  the  ITnited  States  engineer  ofhce 
in  Baltlinore.  ha.s  been  retransferred  liack  to  the  Wilmington  of- 
fice as  iirincipal  assistant  engineer.  He  will  have  charge  ol  the 
work  of  enlarging  and  rebuilding  the  Chesapeake  and  Delaware 
Canal  under  Colonel  Jervey.  United  Stales  ensineer. 


Obituaries 

Edward  B.  Sturgis,  lawyei-,  eleetric  railway  builder  and  coal 
operator,  died  April  8  at  .Scranton,  Pa.,  aged  74.  Mr.  Sturgis  was 
builder  ni  the  Suburban  Street  Railway  of  Scranton,  said  to  be 
the  llr.'it  successful  road  of  its  kind  in  the  country. 

Col.  James  I.  Baird,  a  well  known  engineer,  died  April  6  at 
ftvaiHi  Rapids,  IVTicIi.  Col.  Baird  had  charge  of  the  construction 
of  the  .Monon  It.  R.  before  the  Civil  War.  In  1882  Col.  Baird 
moved  to  Chicago,  whei-e  he  built  the  Lake  street  elevated  road, 
and  also  laid  out  many  of  the  suburbs  of  the  city. 

Allen  T.  Fraser,  of  Winnipeg,  chief  engineer  of  the  Canadian 
Xational  Kuihvays,  was  killed  by  a  snowslide  March  31  near 
Mount  I;ol).son.  in  the  Yellow  Head  Pass  through  the  Rockies. 
Mr.  Fraser  was  appointed  to  the  position  of  chief  engineer  on 
Jan.  1.  and  previously  he  had  been  district  engineer  of  the  C.  N.  R. 
and  liv.^d  in  Edmonton. 

ChariRs  E.  Hoge.  banker,  contractor  and  manufacturer,  died 
.^Iiril  1  at  Hot  Springs.  Ark.,  aged  74.  As  partner  in  the  Mason- 
Hoge  Co.  lie  built  a  large  part  of  the  C.  &  O.  system  in  Eastern 
Kentucky  and  West  Virginia,  now  a  part  of  the  Ij.  &  N.  system: 
the  I'Yanlifort  &  Cincinnati  Railroad,  from  Paris  to  FYankfort.  of 
wliicli  be  became  president,  and  many  miles  of  the  I>.  &  N.  system 
in  Eastern  Kentucky. 


Industrial  Notes 

The  Chicago  Pneumatic  Tool  Co.  has  moved  its  Milwaukee  office 
frf)rn  Itdoni  i:j!05.  Majestic  Building,  to  Room  141S  in  the  same 
building,  wliere  more  convenient  tiuarters  have  been  obtained. 

F-  V.  Sargent  has  been  ai^pointed  by  the  Chicago  Pneumatic 
Tool  Co.  district  manager  of  sales  in  the  Boston  territory  with 
headquarters  at  182  High  street.  Boston.  Mass..  succeeding  F.  S. 
Eggleston. 

The  Newhall  Chain  Forge  &  Iron  Co.,  90  West  street.  New  York, 
recently  <onipleted  and  placed  in  operation  a  section  of  its  new 
shop  at  (.'larwood,  X.  .7.,  for  the  production  of  dredge,  crane,  steam 
sho\el  .ind  foundry  sling  chains,  special  forgings.  etc. 

T.  E.  Doremus  has  been  transferred  to  the  E.  I.  Du  Pont  de 
Nemours  Export  Co.  as  general  Eastern  manager,  with  headquar- 
ters in  Shanghai.  China.  E.  R.  Galvin  has  been  appointed  man- 
ager of  the  sporting  powder  division  to  succeed  Mr.  IDoremus. 

The  Chicago  Pneumatic  Tool  Co.  announces  the  discontinuance 
of  the  ofbee'  at  "Wichita.  Kans.,  and  the  transfer  of  stock  to  El- 
dorado. Kans.,  where  an  otflce  and  wareliouse  have  been  estab- 
lished. The  company  also  announces  the  opening  of  a  new  office 
at  Tulsa.  Oka..  313  Richards  building,  with  warehouses  at  102  North 
Cheyenne  street. 

Lieutenant  Commander  H.  J.  Elson,  V.  S.  Naval  Reserve  rorce. 
has  been  released  to  inactive  status  and  has  resumed  his  civilian 
work  as  secretary  and  treasury  t,>f  Walter  .\.  Zelnicker  Supply 
Co..  of  St.  Louis.  He  will  have  the  general  internal  management 
of  operations  and  manufacturing  of  the  Zelnicker  company  and 
its  various  allied  subsidiaries. 

The  Dayton-Dowd  Co.,  Qiiincy,  III.,  manufacturers  of  centri- 
fugal and  underwriters'  fire  Tuimps.  announce  the  appointment  of 
E.  E.  ^laber  as  manager  of  the  Chicago  branch  with  offices  at  30 
N.  Micbit^an  boulevard.  Mr.  Maher  was  formerly  western  manage*- 
of  the  Lea-Courtenay  Co.  and  more  recently  district  manager  for 
the   Terry   Steam   Turbine   Co. 

The  B.  F.  Sturtevant  Co..  Boston.  -Mass..  has  inaugurated  a 
special  coursv*  of  training  for  its  foremen  in  order  to  improve  pro- 
duction and  labor  relations  in  its  plant.  A  study  group  has  been 
organized  under  John  E.  Calder.  -M.  E-,  of  the  Business  Training 
Corporation.  New  York,  and  R.  B.  Freeman,  vice-president,  at  the 
factory,  to  take  up  a  course  in  modern  production  methods. 

The  Sullivan  fVtachlnery  Co.  ha."  recently  organized  a  foreign 
trade  department,  w-itli  F.  W.  Copeland.  formerly  attached  to  the 
.St.  Louis  office,  as  manager,  with  headquarters  at  Chicago.  The 
pui-pose  of  this  department  will  be  to  co-ordinate  and  assist  the 
work  of  the  foreign  brandies  and  agents  of  the  coinpany,  and  to 
devote  the  particular  attention  necessary  to  correspondence  and 
inquiries  from  abroad. 
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Roads  and  Streets — 1st  Wednesday 

<  ;t )    Roads  'ci    Street    Cleaning 

ibt    Streets  el)    Municipal    Miscellanies 

Waterworks  and   Hydraulics — 2nd  Wednesday 

tai    Waterworks  <c)    Irrigation    and    Drainage 

(Ijl    Sewers   and   Sani-        (di    Power  and   Pumping 
tation 

te)    jvranagement  and  Office 
System 


Railways   and    Excavation — 3rd    Wednesday 

(a)  Excavation   and  ic)    Quarries   and    Pits 

Dredging  (d)    Railways.    Steam    and 

(b)  Rivers   and   Canals  Electric 

(e)    Management  and  Office 
System 

Buildings   and   Structures — 4th   Wednesday 

•  a*    Buildings  (c)    Harl.ur   Structures 

(1.)    Bridges  (d)    Miscellaneous    Structures 

(e)    Properties  of  Materials 
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An  Employer  Who  Buys  Books  for 

His  Employes  and  the 

Reason  Why 

The  world  war  has  to  its  credit  an  awakened  appreciation 
of  the  possibilities  of  industrial  education  and  training.  It 
is  probable  that  the  entire  cost  of  the  war  will  be  recouped 
in  the  ne.\t  ten  years  by  the  increased  efficiency  of  workmen. 
If  so,  no  small  part  of  this  gain  will  be  attributable  to  educa- 
tional methods  adopted  by  employers  as  a  result  of  the  suc- 
cess of  the  improvised  schools  for  teaching  and  training  war 
workers  and  military  men. 

May  it  not  also  come  to  pass  that  employers  will  not  only 
provide  industrial  libraries  for  employes  but  will  present  a 
copy  of  any  useful  book 
to     any     employe     who      ~ 
shows  a  desire  to  study 
and  an  aptitude  at  learn- 
ing?    Indicative  of  such 
a  trend  we  quote  the  fol- 
lowing   from    an    article 
by   Charles   R.   Wiers   in 
"System": 

"We  purchase  for  an 
employe  any  book  he 
wants  which  has  been 
approved  by  a  commit- 
tee; the  book  remains 
our  property  until  the 
employe,  having  read  it 
twice,  writes  a  brief  ac- 
cepted synopsis  of  it. 
Then  we  present  it  to 
the  employe. 

"For  the   first   quarter 


of  this  year  we  bought,  for  62  employes,  189  books.  Some  of 
these  are  duplicates:  there  were  80  different  titles.  Fiction 
predominated. 

"It  is  difficult,  of  course,  to  determine  the  e.xact  results  we 
have  gained  from  our  educational  work:  but  I  think  we  may 
reasonably  conclude,  from  the  higher  quality  of  work  our 
employes  do,  that  our  investment  has  returned  us  a  good 
dividend." 

Mr.  Wiers  states  that  his  company  also  offers  to  pay  the 
entire  cost  of  any  educational  course  taken  by  any  employe 
who  has  been  with  the  company  six  months  or  more,  pro- 
vided the  employe  attains  a  scholarship  record  of  75  per  cent. 
He  says: 

"Last  year  44  of  our  employes  enrolled  for  study  under  this 
plan  at  a  total  expenditure  to  the  company  of  ^400,     Ten  took 

up  the  study  of  English: 

five,  typewriting  and 
shorthand.  Not  all 
studied  commercial  sub- 
jects: our  records  show, 
among  others,  an  enroll- 
ment of  14  in  swimming 
classes,  one  in  first  aid, 
and  one  in  public 
speaking. 

In  this  connection  it 
may  be  added  that  many 
railway  companies  make 
it  a  practice  to  subscribe 
for  railway  journals  for 
their  employes  individu- 
ally. This  is  far  prefer- 
able to  the  older  practice 
of  merely  supplying  such 
periodicals  through  a 
librarv  reading  room.     A 

("3) 


28  Pages  =  40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 
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man  who  Is  free  to  clu.  itn.i  lUe  articles  ts  niuoh  moro  likely 
to  protlt  from  a  Journal  than  Is  the  man  who  merely  reads  a 
borrowed  copy.  If  the  object  is  to  educate  the  employe 
tbrouch  readlnc.  then  a  company  may  well  afford  to  buy  both 
books  and  n>aK!i»tnes  for  the  employes'  personal  use. 

If  stwkholders  In  companies  had  an  Inkling  of  the  really 
profound  iKUorance  of  most  of  their  employes— iKnorance 
about  the  very  matters  In  »hUh  those  employes  are  i)resumed 
to  be  adept-who  can  question  the  action  that  most  stock- 
holders would  take?  They  would  speedily  insist  that  their 
dln<ctors  and  omdals  of  their  companies  should  waste  no 
time  In  orKanlzInu  classes  of  instruction.  They  would  insist 
that  the  employes  be  provided  with  hooks  and  magazines  for 
Ihclr  personal  use. 

Editors  of  technical  niaisailnes  are  perhaps  better  nuallfled 
than  any  other  class  of  men  to  state  correctly  the  economic 
waste  resulting  from  pure  ipnornnce.  Going,  as  we  editors  do. 
from  place  to  place,  and  noting  the  obsolete  methods  and 
machines  In  common  use.  we  would  be  daily  amazed  at  the 
prevailing  Ignorance  were  we  not  calloused  by  long  experi- 
ence. We  have  come  to  regard  It  as  inevitable  that  the  aver- 
age producer  even  In  America  is  20  years  behind  the  times. 
It  seems  to  take  about  a  generation  for  a  new  economic 
method  to  permeate  entirely  through  the  mass  of  men,  even 
with  all  our  agencies  for  spreading  knowledge. 

I.uther  Burbank.  in  his  great  book,  bemoans  the  general 
ignorance  of  hortlculturallsts  and  of  farmers  in  general — an 
Ignorance  that  makes  the  average  cost  of  producing  food  fully 
double  what  it  should  be.  We  engineers  read  such  a  state- 
ment and  pride  ourselves  that  it  applies  only  to  "the  unedu- 
cated"— to  farmers  and  the  like — little  dreaming  that  it  ap- 
plies with  equal  force  to  the  average  man  in  every  business 
or  profession. 

Ignorance  and  bad  habits  are  the  twin  obstacles  to  progress. 
Whoever  has  the  welfare  of  his  fellow  man  at  heart  will  do 
all  that  he  can  to  reduce  ignorance.  Engineers  in  authority 
over  other  engineers  should  see  to  it  that  lack  of  engineering 
books  and  periodicals  be  not  one  of  the  bars  to  their  progress. 
In  general,  all  the  "higherups"  should  lend  a  helping  hand  to 
the  "lowerdowns."  not  merely  by  advice  but  by  real  educa- 
tional service.  Let  it  become  the  practice  for  companies  and 
municipalities  to  furnish  every  worthy  employe  with  the  tools 
of  education  as  well  as  with  the  tools  of  production. 


How  Long  Will  High  Prices  Last? 

All  long  wars  of  modern  times  have  resulted  in  a  great  rise 
in  prices.  This  is  known  to  most  men,  but  it  is  not  so  well 
known  that  the  price  readjustments  following  every  war  have 
been  spread  over  a  long  term  of  years.  Our  own  Civil  War  of 
1S61-5  created  an  era  of  high  prices  that  did  not  end  till  the 
panic  of  '73.  In  England  the  Crimean  War  brought  about  a 
rise  in  prices  that  persisted  for  ten  years.  The  average  of 
prices  for  the  eight  years  preceding  that  war  was  85,  as  com- 
pared with  122  for  the  ten  years  that  followed  it.  In  Russia 
prices  average  103  for  the  ten  years  before  the  war  with 
Japan  and  130  for  the  seven  years  following  the  war. 

More  than  a  third  of  the  world's  stock  of  gold  is  now  in 
America.  Our  currency  has  increased  from  $35  per  capita 
prior  to  the  world  war  to  $55  at  the  present  time.  In  the 
course  of  time  much  of  our  gold  is  likely  to  flow  back  to 
Europe:  but  who  can  tell  how  many  years  will  pass  before 
equilibrium  is  again  restored?  It  is  true  that  many  emigrants 
have  recently  been  leaving  America,  taking  with  them  large 
quantities  of  gold.  On  the  other  hand,  interest  payments  on 
our  loans  to  our  allies  amount  to  nearly  half  a  billion  dollars 
annually.  JIuch  of  our  gold  is  apt  to  seek  investment  in  Mex- 
ico and  South  America,  but  it  will  not  go  all  at  once.  The 
movement  of  large  amounts  of  capital  into  new  fields  is 
usually  slow,  because  of  the  caution  of  capitalists. 

There  can  he  little  doubt  that  the  supply  of  gold  in  this 
country  will  remain  abnormally  large  for  many  years.  This 
will  tend  to  keep  prices  up,  particularly  if  a  policy  of  protec- 
tion instead  of  free  trade  is  maintained.  But  the  quantity  of 
hard  money  is  not  the  only  factor  to  be  considered  in  fore- 
casting price  levels.  Far  more  important  are  the  psychological 
factors.  Here  it  is  that  political  economists  are  apt  to  err. 
Prices  would  recede  at  once,  in  spite  of  the  abundance  of 
gold,  if  workers  were  to  show  a  disposition  to  accept  lower 
wages.  But  both  in  America  where  gold  is  more  plentiful 
than  ever  and  in  England  where  it  is  less  plentiful  than  it  has 
been   in   many   years,   price   levels   remain   abnormally   high. 


Clearly,  then,  the  de'erniination  of  the  wage  earners  to  main- 
tain high  wages  aciiiunts  for  the  high  prices  in  both  countries, 
the  quantity  of  gold  being  a  minor  factor. 

When  the  war  ended,  nearly  six  months  ago,  most  men 
looked  for  a  rapid  drop  in  prices.  Now  the  majority  probably 
see  that  the  drop  will  occur  very  slowly.  At  any  rate,  farm- 
ers are  maintaining  the  prices  of  their  staple  produce,  while 
manufacturers  and  merchants  show  a  similar  tendency. 

After  all,  will  it  not  be  better  for  all  concerned  if  we  cease 
waiting  for  a  fall  in  prices,  adjust  ourselves  to  the  existing 
price  level,  and  go  ahead?  The  business  men  and  farmers 
of  America  have  apparently  answered  this  question  afflrm- 
atively. 


The  Fetish  of  Professionalism 

Only  williiti  Ihe  last  ten  years  have  many  civil  engineers 
ceased  to  worship  the  fetish  of  professionalism.  Even  yet 
there  are  some  who  look  down  upon  "commercialism."  as 
they  term  anything  that  savors  of  business  and  lacks  the 
professional  taste.  But  the  majority  of  civil  engineers  now 
re^-ard  engineering  as  being  an  amalgam  of  science  and  eco- 
nomics. Since  business  and  economics  have  much  in  common, 
it  follows  that  most  engineers  now  regard  themselves  as  part 
business  man  and  part  professional  man.  This  is  not  the 
case,  however,  with  the  average  architect,  as  is  well  brought 
out  in  an  article  in  this  issue  by  Oscar  Wenderoth,  Every 
engineer  should  read'  that  article,  "The  Architect  as  a  Busi- 
ness Man  and  Mis  Relation  to  the  Engineer,"  not  only  becausfr 
it  indicates  a  changing  attitude  toward  professionalism  on  the 
part  of  architects,  but  because  Mr.  Wenderoth  makes  it  very 
clear  that  architects  and  civil  engineers  must  hereafter  work 
in  greater  harmony  and  upon  an  equal  plane. 

Structural  engineers  employed  by  architects  have  long  re- 
belled at  being  regarded  as  a  "lower  class."  professional,  it  is 
true,  but  not  quite  so  professional  as  an  architect.  In  turn, 
the  engineer  has  been  inclined  to  look  down  upon  the  con- 
tractor because  he  is  still  less  professional  or  not  profes- 
sional at  all.  And  all  this  has  happened  because  of  a  false 
theory  of  relative  human  merit,  a  theory  that  is  traceable  to 
the  ancient  reverence  for  the  gentleman  aristocrat,  coupled 
with  ill  concealed  contempt  of  the  plebeian  shopkeeper.  Why 
have  the  "middle  classes"  of  Europe  aspired  to  educating 
their  sons  to  be  professional  men?  Mainly  because  they 
thus  hoped  to  lift  them  into  a  caste  one  notch  higher.  The 
professional  man  had  to  earn  his  living,  it  is  true,  but  by  as 
far  as  he  was  able  to  escape  the  appearance  of  being  a  money 
grabber  he  was  supposed  to  be  nearer  the  nobility  and  far- 
ther from  the  trades  people. 

In  spite  of  our  American  ideals  of  democracy,  we  have 
never  ceased  to  worship  the  European  fetish  of  profession- 
alism. We  still  have  a  lingering  feeling  that  there  is  some- 
thing demeaning  about  money  making:  we  are  prone  to 
regard  it  as  a  necessary  evil.  If  not.  why  does  the  average 
architect  think  that  to  be  an  artist  is  preferable  to  being  an 
economic  designer — a  structural  engineer?  It  not,  why  does 
a  structural  engineer  regard  a  building  contractor  as  a  lower 
order  of  being?  If  not.  why  have  our  engineering  societies 
so  long  looked  askance  at  any  activities  partaking  in  the  least 
of  "commercialism"? 

Is  there  anything  disgraceful  about  saving  or  making 
money?  One  might  think  so,  judging  by  the  attitude  of  the 
worshipers  of  professionalism.  "I  will  not  commercialize  my 
profession,"  said  the  architect,  and  forthwith  began  to  lose 
"patrons"  who  became  "clients"  of  structural  engineers  and 
"customers"  of  contractors.  Now  many  architects  are  urging 
the  commercializing  of  their  profession,  pointing  to  the  pre- 
cedents established  by  engineers.  There  is  a  growing  feeling 
that  it  is  as  respectable  to  earn  or  save  money  as  to  spend  it. 


Examination  for  Assistant  Highway  Engineers, — The  State 
Department  of  Highways  of  Tennessee  will  conduct  an  ex- 
amination for  engineers,  at  Nashville,  Tenn.,  on  May  7.  1919. 
to  qualify  assistant  highway  engineers  for  the  construction 
and  reconstruction  of  roads  under  State  and  Federal  super- 
vision in  the  State  of  Tennessee.  Any  engineer  from  any 
State  in  the  Union  who  is  a  citizen  may  take  this  examination, 
which  is  conducted  by  the  Examining  Board,  as  provided  for 
in  the  general  road  law  of  Tennessee  of  1917,  From  the 
register  of  eligibles  resulting  from  this  examination  there 
will  be  selected  employes  to  serve  under  the  State  Highway 
Department's   direction  in   the  conduct  of  its   work. 
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steel  Railway  Bridges:  Designs  and  Weights.  By  Edward  C.  Dil- 
worth,  Assoc.  .Aicni.  Ait.  Soc.  C.  E.,  Designing  and  Contracting 
Engineer.  Pittsburgh-Des  Moines  Steel  Co..  formerly  Designing 
Engineer.  American  Bridge  Co.  With  105  full-page  plates.  New 
York:  D.  Van  Nostrand  Co. 

REVIEWED  BY  J.  C.  PEXN, 
Assistant  Professor  of  Structural  Engineering,  Armour  Institute 
of  Technology. 
Those  who  do  not  have  access  to  shipping  weights  and 
the  data  on  weights  of  structures  such  as  large  fabricating 
plants  should  have,  will  find  this  work  of  greatest  use.  Its 
aim  as  expressed  by  the  preface,  to  supply  practical  data 
for  the  design  and  weight  of  steel  for  railway  bridges,  has 
been  fully  realized. 

The  first  14  pages  are  devoted  to  general  dimensions,  de- 
tails of  design  and  designing  methods  of  the  various  parts 
of  the  structures.  Centrifugal  force,  and  clearances  occupy 
another  chapter.  Some  general  notes  on  draw-spans,  power 
required  and  their  machinery,  and  turntables,  cover  some  8 
pages.  Detailing,  presented  in  a  way  that  appeals  to  one 
who  has  seen  the  usual  hodgepodge  in  text  books  on  struc- 
tural steel,  covers  some  2.5  pages. 

The  remainder  of  the  book,  some  120  pages,  is  devoted 
to  weight  curves  illustrated  by  three  or  four  complete  de- 
signs, giving  stresses,  sections  of  members,  depth  of  girders 
and  trusses,  clearances,  lateral  bracing  and  nearly  all  of 
the  assumptions  and  practical  computations  necessary  for  a 
complete  design.  Problems  that  are  unusual  are  elucidated 
in  the  accompanying  text.  All  kinds  of  railway  structures 
are  covered,  except  arches,  cantilevers  and  suspension 
bridges.  Both  single  and  double-track  structures  are  in- 
cluded; all  designs  are  for  Cooper's  E40,  E50  and  E60,  and 
all  are  according  to  our  American  Railway  Engineering  Asso- 
ciation Specifications  of  1912.  The  latter  are  quoted  in  full. 
The  author  has  succeded  in  determining  a  general  formula 
that  takes  in  the  span,  the  type  of  bridge  and  the  specifica- 
tions for  which  the  bridge  has  been  designed.  It  is  evi- 
dently an  empirical  formula  derived  from  the  weight  curves 
themselves,  although  it  derivation  is  not  stated.  Curves 
for  the  three  loadings  are  given  under  each  type,  for  the 
spans  usually  built  under  that  type. 

The  author  has  succeeded  in  giving  rational  figures  for 
the  weight  of  steel.  He  is  to  be  complimented  on  sticking 
to  the  aim  of  the  book,  in  his  ability  to  eliminate  all  out- 
side matters  and  avoid  the  usual  padding  of  a  book. 

There  is  no  doubt  that  a  student  would  tuyn  more  often 
to  a  book  of  this  type  for  help  in  the  drafting  room  than  to 
his  own  text  book,  yet  this  book  cannot  be  considered  as 
taking  the  place  of  any  text  book. 

Instructors  will  find  it  a  veritable  mine  of  information  for 
the  assignment  of  problems. 


Concrete  Engineers'  Handbook:  Data  for  the  Design  and  Con- 
struction of  Plain  and  Reinforced  Concrete  Structures.  By  Geo. 
.  A.  Hool,  S.  B.,  Professor  of  Structural  Engineering,  the  Uni- 
versity of  Wisconsin,  and  Nathan  C.  Johnson.  M.  M.  E.,  Con- 
sulting Concrete  Engineer.  New  Y'ork  City,  assisted  by  S.  C. 
Hollister.  B.  S..  Research  Engineer.  Corrugated  Bar  Co.;  with 
chapters  by  Harvey  Whipple.  Adelbert  P.  Mills.  Walter  S.  Edge. 
A.  G.  Hillberg  and  Leslie  H.  Allen.  New  York:  McGraw-Hill 
Book  Co..  Inc.  London:  Hill  Publishing  Co.,  Ltd.  Cloth;  6x1 
in.:  pp.  S60;  illustrated.     $5. 

REVIEWED  BY  J.  C.  PENN. 
Assistant  Profe.Sfor  of  Structural  Engineering.  Armour  Institute 
of  Technologj-. 
In  placing  this  book  before  the  public  the  authors  have 
thoroughly  demonstrated  their  ability  "to  make  available  in 
concise  form  the  best  of  present  day  knowledge  concerning 
concrete  and  reinforced  concrete  and  to  present  complete 
data  and  details,  as  well  as  numerous  tables  and  diagrams 
for  the  design  and  construction  of  the  principal  types  of  con- 
crete structures." 

The  volume  is  in  no  sense  a  reprint  of  Hool's  "Reinforced 
Concrete  Construction."  Many  subjects  have  been  condensed 
or  elaborated:  many  new  subjects  have  been  added  and  some 
entirely  reconsidered  by  specialists  in  their  lines. 

The  book  can  hardly  be  considered  a  text  book,  but  stu- 
dents can  find  in  it  in  addition  to  what  their  texts  contain,  all 
that  is  available  on  the  subject  and  that  information  in  con- 
cise form. 

The  book  is  divided  into  19  sections,  each  subdivided  into 
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numbered  articles.  The  contents  of  the  books  are  fairly  in- 
dicated by  the  sections  as  follows;  (1)  Materials;  (2)  gen- 
eral methods  of  construction;  (3)  construction  plant;  (4) 
concrete  floors  and  floor  surfaces,  sidewalks  and  pavements; 
(5)  properties  of  cement,  mortar  and  plain  concrete;  (6) 
general  properties  of  reinforced  concrete;  (7)  beams  and 
slabs;  (8)  columns:  (9)  bending  and  direct  stress;  (10)  mo- 
ments in  rigid  building  frames;  (11)  buildings;  (12)  founda- 
tions; (13)  retaining  walls:  (14)  slab  and  girder  bridges; 
(1.5)  concrete  floors  and  abutments  for  steel  bridges;  (16) 
arches;  (17)  hydraulic  structures:  (18)  miscellaneous  struc- 
tures, including  deep  grain  bins,  silos,  shallow  bins  and 
chimneys,  and  (19)  estimating.  The  appendix  contains  speci- 
fications, working  stresses,  the  latest  flat  slab  rulings  of 
various  cities,  standard  notation  and  a  paper  on  concrete 
barges  and  ships. 

Section  5  is  not  over-burdened  with  results  of  tests.  Ref- 
erences are  given,  and  concise,  definite  conclusions  are  de- 
rived from  the  results. 

The  section  on  m.oments  in  rigid  buildin.g  frames  is  not 
as  satisfactory  as  it  might  be.  and  yet  it  is  probably  the  best 
available.  The  stresses  in  rigid  frames  bring  up  memories 
of  complicated  mathematics  based  on  various  assumptions 
that  may  or  may  not  be  correct.  With  as  little  mathematics 
as  possible,  using  the  slab  deflection  method,  formulas  for 
moment  and  shear  for  a  variety  of  rigid  frames  are  deduced. 
Various  style  of  roof  and  L  frames  are  included. 

Flat  slab  construction  is  handled  in  a  very  able  way,  many 
of  the  common  commercial  types  being  illustrated  and  many 
extensive  tables  being  given.  The  Chicago  and  Pittsburgh 
fiat  slab  rulings  are  quoted  in  full. 

Under  the  subject  of  dams,  arch  dams,  spillways,  overflow 
dams,  sluices,  siphon  spillways,  as  well  as  the  preliminary 
studies,  the  foundations  and  effects  of  uplift  are  treated  in  a 
clear  and  concise  manner.  The  problem  of  dome  analysis  is 
illustrated  by  an  actual  example. 

Under  arches,  the  method  as  given  in  Hool's  original  book 
is  followed,  as  well  as  Cochrane's  paper  almost  in  its 
original  form  on  the  design  by  the  elastic  theory.  Form 
work  and  centering  are  well  illustrated. 

The  drawings  are  not  always  as  clear  as  they  might  be, 
either  because  of  too  small  lettering  on  the  original  or  too 
much  reducing.  The  use  of  various  sizes  of  type  to  bring 
out  the  various  degrees  of  importance  of  subject  matter  is 
to  be  commended. 

Johnson's  Materials  of  Construction.  Rewritten  by  M.  O.  Withey, 
A.ssociate  Professor  of  Mechanics  in  the  University  of  Wiscon- 
sin, and  James  Aston.  Metallurgist  with  the  A.  M.  Byers  Co.  of 
Pittsburgh.  Edited  by  F.  E.  Turneaure.  Dean  of  the  College  of 
Engineering  of  the  University  of  Wisconsin.  Fifth  edition. 
New  York:  John  Wiley  &  Sons.  Inc.  London:  Chapman  &  Hall. 
Ltd.  Cloth;  6x9  in.;  pp.  S29;  illustrated.  Price  $6. 
REVIEWED    BY   J.    C.    PENN. 

Assistant    Professor    of    Structural    Engineering.    Armour    Institute 
of   Technology. 

The  materials  of  construction,  their  variations  and  their 
diversified  applications  have  become  so  numerous  since  John- 
son wrote  his  great  work,  22  years  ago,  that  it  becomes  a 
question  whether  all  desirable  information  can  be  boiled 
down  and  contained  in  less  than  1,000  pages.  Yet  the  authors, 
each  in  his  own  line,  under  the  direction  of  P.  E.  Turneaure, 
have  succeeded  in  making  the  new  edition  an  up-to-date, 
thorough  book  of  reference. 

The  greater  part  of  the  book  is  written  by  M.  O.  Withey. 
Six  chapters  on  iron  and  steel,  their  production  and  consti- 
tution, are  written  by  J.  Aston;  fatigue  of  metals  is  treated 
by  J.  B.  Kommers.  and  erosion  of  iron  and  steel  by  O.  P. 
Watts.  The  collaborators  have  used  good  judgment  in  the 
selection  of  results  of  tests  and  data,  and  their  application. 

Applied  mechanics,  testing  machines,  and  testing  procedure 
occupy  some  140  pages. 

About  137  pages  are  devoted  to  wood,  and  30  pages  to 
stone  and  clay  pj-oducts.  Cement  and  concrete,  including 
lime  and  natural  cement,  spread  over  220  pages.  Metals, 
non-ferrous  metals,  cast  iron,  iron,  steel  and  its  alloys  and 
properties  require  230  pages.  Three  chapters  on  Effects  of 
Temperature  on  Mechanical  Properties,  Fatigue  of  Metals, 
and  Corrosion  of  Metal,  respectively,  close  the  book. 

The  data  on  cement  and  concrete,  iron  and  steel  are  ac- 
cumulating very  rapidly,  and  the  staggering  amount  of  ma- 
terial on  hand  has  been  thoroughly  combed  by  the  authors. 
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lo  brlni;  the  iisubU'  iiiforiimtlou  into  one  handy  volume. 
Trontises  on  the  rornmtlon  iiiul  stnutuio  of  nlloya,  the  com- 
mon alloys  ihemsolvos.  heat  troatmont  of  steel,  microscopic 
structure  vt  sleol  can  be  consulted  by  the  specialist,  but 
Johnsons  "Muterlals  of  Construction."  contains  enough  of 
each,  and  these  are  but  representative  topics,  to  be  of  value 
to  the  nveraRe  man. 
An    appendix    Rives    a    list    of   standards    adopted    by    the 

\ ...    Society    of   Testing   Materials   and    Abrams    Fine- 

ilus  Method  for  Proportioning  Concrete. 
»  ..,..•  V  ot  so  wide  a  scope  must  of  necessity  contain  opin- 
ions that  n\ay  differ  from  the  accepted  Ideas.  They  merely 
.  -vrhnsite  the  fact  that  our  knowledge  of  the  disputed  point 
I  •  !s  further  elaboration.  As  an  example,  their  opinion  on 
ilif  value  of  the  tensile  test  of  cement  may  upset  some  pet 
Ideas,  yet  their  reasoning  Is  clear  and  obvious. 


\ahu'  ami   Construction  Uses  of  Non- 
Metallic  Mineral  Products 

The  vahu'  of  clay  and  clay  producls  produced  in  191C.  ac- 
rnrilinc  to  statistics  compiled  by  the  V.  S.  Geolosical  Survey, 
V        ;  ".     It  Is  interesting  to  note  that  clay  and  clay 

surpassed  in  value  among  all  mineral  products 
,  :,.  li;.  lu.il  .iiid  Iron.  The  value  of  other  nonmetallic  mineral 
!• '■.lucts  produced  In  1016  were: 

Total  vuioe. 

sioi.ono.ouo 

si!.20o.<:oo 

« 30.000.000 

11.000.000 

S. 300,000 

3.000.000 

2,200.000 

2.000.000 

1.660,000 

970,000 

.    .......            880,000 

120,000 

!  lie  following  tabulations  from  the  March,  1919,  bulletin 
on  mineral  investigations  of  the  V.  S.  Bureau  of  Mines  shows 
the  Industrial  uses  of  the  above  mentioned  products,  the  esti- 
mates being  based  on  the  1916  figures: 

I'SES  OF  STONE.  S.XND  AND  GRAVEI^   CLAY.   CIIAIvK.   GYP- 
SCM.    TALC    AND    SOAPSTONE.    ASBKSTO.S.    MICA,    MAO 
NESITE.  FWORSPAR.  ABRASI\T5S.  AND 
FL-LUiRS  EARTH. 
Grouped  on  basis  of  con.suming  indu.strics. 
Groups  of  consuming  industries  (given  Percentage  of 

in   order  of  value  of  mineral  products  total  value, 

employed) —  (Estimate  only) 

1.  Structures  relating  to  land  and  water  transportation. 

including  bridges,  roads,  streets,  sidewalks,  rail- 
road.-'  aiul  stations,  tunnels,  subways,  dams,  canals, 
river  and  harbor  work  (including  breakwaters,  dr.v 
docks,  lighthouses,  docks  and  wharves),  concrete 
ships  and  barges,  and  certain  parts  of  all  ships 31 

2.  Private  huilding  enterprises,  including  dwellings,  farm 

buildings.  apartment  houses.  stores,  theaters, 
churches,  warehouses,  factories,  gas  and  electric 
light  plants,  etc 27 

3.  Public     works,     including      postoffi<-es.      court      houses. 

schools  and  colleges,  liliraries.  museums  and  other 
federal,  state  and  municipal  buildings,  fortifications. 
filtration   plants,  water  distribution   systems,   sewage 

systems,  etc l.j 

t.  Mining  and  metallurgical  industries,  including  mines. 
ore  dressing  plants,  smelters,  refineries,  foundries, 
rolling  mills,  linie  and  cement  plants  11 

5.  Electrical  installations   £ 

6.  Monumental    industries    1.7 

7.  Chemical  industries   0.4 

S.     Agricultural   uses    0.3 

9.     Oil  industries  0.2 

10.     Motor  and  aerial  transportation 

General   consumption    (the   relative    importance   of   this 
group  is  uncertain). 

Strength  of  Scratched  and  Smooth  Glued  Joints. — The  com- 
mon assertion  that  scratched  surfaces  make  stronger  glued 
joints  than  smooth  surfaces  seems  hard  to  prove.  Compara- 
tive tests  made  on  several  occasions  by  the  Forest  Products 
Laborator>'  all  indicate  that  the  strengths  of  these  two  types 
of  joints  are  practically  the  same.  The  test  specimens  used 
by  the  laboratory,  were  pairs  of  hard  maple  blocks,  some 
with  smooth  and  some  with  tooth-planed  contact  surfaces. 
These  blocks  were  glued  with  a  high-grade  hide  glue,  allowed 
to  stand  for  a  week,  and  then  sheared  apaft  in  an  Olsen  uni- 
versal testing  machine.  Four  joints  of  each  type  were  com- 
pared in  a  single  test.  For  11  such  tests  the  general  average 
shear  strength  for  scratched  joints  was  1.988  lb.  per  square 
inch;  for  smooth  joints  the  general  average  shear  strength 
was  2.040  lb.  per  square  inch.  In  seven  of  the  eleven  tests 
smooth  surfaces  gave  the  better  adhesion.  It  w-ould  seem 
that  there  is  no  advantage  in  tooth-planing  wood  for  gluing 
purposes. 
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Cost  Plus  Fee  Contract  for  Bridge 
Construction 

TxcoUont  competititui  under  a  cost  i)lus  a  tee  form  of 
contract  was  obtained  at  n  bridge  letting  in  Kansas  City,  Mo., 
lust  month.  The  work  called  for  the  construction  of  the 
2;id  St.  viaduct,  n  i-elnforced  concrete  and  steel  girder  struc- 
ture, requiring  approximately  19,000  cii.  yd.  of  concrete,  900 
tons  of  steel,  1,000  tons  ot  reinforcing  metal  and  13,000  sq, 
yd.  of  iiavemont.  The  contract,  prepared  by  Harrington, 
Howard  i*l  .'\sh,  Kansas  City,  Mo.,  Consulting  Engineers  for 
the  bridge,  provides  that  in  case  the  actual  cost  overruns  the 
estimated  cost  the  contractor  loses  one-half  of  the  excess 
up  to  a  maximum  loss  of  two-thirds  of  his  profit  fee;  in 
case  the  actual  cost  Is  less  than  the  estimated  cost  the  con- 
tractor receives  one-half  ot  the  saving.  It  also  provides  .u 
method  for  correcting  the  contractor's  estimated  cost  in 
case  the  quantities  in  the  structure  vary. 

Bids  for  the  work  were  opened  March  11.  The  following 
is  a  sumiiiary  ot  the  bids  received  for  constructing  the  via- 
duct, including  paving  with  wood  blocks.  Bids  also  were 
taken  for  paving  with  brick  and  bitulithic: 

Contractors 

est.    cost,  i'rolit 

Contractor.                    using  w-ood  fee  Total, 

block  paving.  asked, 

..\,  S,  Heckcr  Co $6Sl,0OO  .$.SO,000  $    731.000 

.■\rkan.sas  I5rklge  Co 679,.'ii;(i  60,000  739,560 

Edward  H.  Gari-etson  Co.  .. .       681,44(1  61.32!)  742  769 

-Mellan-.Stuart-Nelson  Co.    ..       695.000  SO.OOO  745,000 

.Missouri  Valley  B.  &  I.  Co..       686.000  67,000  753,000 

Hunkin-Conkey  Constr.  Co.  .       756.861  40.000  796,861 

Koss  Construction  Co 739,000  70,000  809,000 

.r.  O.  I'etterson  &  Co 795,000  78,000  873,000 

.-\.   Guthrie  &   Co 813,300  60,000  873,300 

Fraser,    Brace   &    Co 925,406  .SO.OOO  1,025,406 

l-"ound.-xtion    Co 986,211  60,000  1,048,214 

Extracts  from  the  form  of  contract  follow; 

Bid.s  are  to  be  on  a  "co.st  plus  a  fee  basis"  as  set  forth  in  the 
contract.  Each  bidder  shall  state  his  estiinated  "cost  of  the 
work,"  which  shall  be  termed  Contractor's  Estimated  Cost,  and 
shall  -ilso  state  a  fee  which  shall  be  termed  Contractor's  Profit 
I'^ee,  w-hich  shall  be  separate  from  and  not  a  part  of  the  Con- 
tr.actor's  Estimated  Cost.  The  Contractor's  Profit  Fee  must  not 
i'\ceed  10  per  cent  of  the  Contractor's  Estimated  Cost. 

The  Contractor's  Estimated  Cost  shall  be  assumed  to  be  based 
upon  the  approximate  quantities  stated  in  the  contract.  Inas- 
mucii  as  the  actual  quantities  in  the  finished  structure  may  vary 
from  these  approximate  quantities,  each  bidder  must  also  quote 
unit  prices  for  each  of  the  various  construction  items  as  given  in 
the  form  of  proposal  and  bid  herewith.  These  unit  prices  shall  be 
applied  to  the  differences  betwpen  the  approximate  quantities  given 
and  the  actual  quantities  in  the  completed  structure.  The  sums 
so  obtained  shall  be  added  to  or  subtracted  from  the  Contractor's 
Estimated  Cost  accordingly  as  the  actual  quantities  are  respective- 
i.v  .greater  or  less  than  the  corresponding  approximate  quantities, 
thus  fi.xine  an  amount  to  be  termed  the  Revised  Contractor's  Esti- 
mated Cost.     (See  Clause  2  of  contract  concerning  Pi-oflt  Fee.) 

2.  MODinC.-VTIONS  OF  PROFIT  FEE, 

The  contractor  shall  be  paid  in  cash  in  the  manner  hereinattei 
provided,  the  Actual  Cost  of  the  Work  plus  a  Profit  Fee,  If  the 
Actual  Cost  of  the  Work  is  equal  to  the  Revised  Contractor's  Esti- 
mated Cost,  the  contractor  shall  be  paid  the  Contractor's  Pioflt 
Fee  in  full.  If  the  Actual  Cost  of  the  Work  is  less  than  the  Re- 
vised Contractor's  Estimated  Cost  the  contractor  shall  be  paid  the 
Contractor's  Profit  Fee,  and  in  addition  thereto,  one-half  of  the 
amount  which  the  Actual  Cost  of  the  Work  is  less  than  the  Re- 
vised Contractor's  Estimated  Cost.  If  the  Actual  Cost  of  the 
Work  is  niorf  than  the  Revised  Contractor's  Estimated  Cost,  the 
contractor  will  be  paid  the  Contractor's  Profit  Fee  less  one-half  of 
the  amount  which  the  Actual  Cost  of  the  Work  is  in  excess  of  the 
Revised  Contractor's  Estimated  Cost;  but  in  no  event  shall  the 
contractor  be  paid  less  than  the  Actual  Cost  of  the  Work,  plus  one- 
ihird  of  the  Contractor's  Profit  Fee. 

3.  ACTUAL.  COST  OF  WORK. 

The  Actual  Cost  of  the  Work  shall  include  such  of  the  actual 
net  expenditures  ot  the  contractor  in  the  performance  of  the  work 
as  may  be  approved  or  ratified  by  the  engineers  and  as  are  in- 
cluded in  the  following  items: 

(a)  Wages  and  salaries  paid  laborers,  mechanics,  watchmen, 
general  foreman,  bookkeepers,  instrument  men.  foremen,  time- 
keepers, auditor,  stock  clerks  and  other  employees,  actually  en- 
gaged on  the  work,  and  team  hire:  the  number  and  qualifications 
of  each  to  be  determined  by  the  engineers. 

(b)  IMaterials  and  supplies,  including  fuel,  oil  and  power,  hand 
tools   not   owned   by  the   workmen,   equipment   for   plant    (such   as 
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timbers  in  derricks,  lines  for  hoisting  engines,  pipes  and  hose  for 
air  tools),  and  tools  wholly  or  partially  consumed  on  the  work. 

(c)  Building  and  equipment  for  necessary  field  office  and  the 
cost  01  maintaining  and  operating  said  office,  including  incidental 
expenses,  such  as  telegi'ams,  telephone  service,  e^cpressage  and 
postage. 

(d)  Rental  on  plant  and  eqiiipnient  supplied  for  the  work  at 
3  per  cent  of  its  -value  per  month  for  the  calendar  months,  or 
parts  thereof  from  its  installation  at  the  site  until  its  removal  is 
directed  or  authorized  by  the  engineers;  the  cost  of  unloading  the 
plant  and  equipment  at  the  site  of  reloading  it  for  shipment  upon 
completion  of  the  work;  the  freight  on  the  plant  and  equipment 
from  its  present  position  to  the  site  of  the  work  (but  not  return 
freight  upon  the  plant  and  equipment  from  the  site  of  the  work 
to  its  origin).  Whenever  the  total  rental  paid  for  any  element  of 
plant  shall  equal  50  per  cent  of  the  value  of  such  element  on 
which  the  rental  is  based  no  additional  rental  will  be  paid  for  such 
element  but  it  shall  be  continued  on  the  work  as  much  longer  as 
desired,  rent  free. 

(e)  Permit  fees,  royalties,  premiums  on  insurance,  including 
public  and  employer's  liability,  fire  and  ohe'r  insurance,  and  such 
losses  and  expenses  not  covered  by  insurance  or  otherwise,  as  are 
found  by  the  engineers  to  have  been  actually  sustained  by  the 
contractor,  in  connection  with  the  work,  and  to  have  clearly  re- 
sulted from  causes  other  than  the  fault  or  neglect  of  the  con- 
tractor. 

(f)  Transportation  and  legitimate  expenses  involved  in  procur- 
ing and  bringing  labor,  mechanics  or  other  employes  to  the  work 
and  in  expediting  the  production  and  transportation  of  material 
and  equipment;  freight  and  other  transportation  charges  (but  not 
transportation  or  traveling  expenses  of  contractor's  executive  of- 
ficers or  general  superintendent  in  charge  of  the  w'ork). 

(g)  Such  other  items  of  expense  as  should,  in  the  opinion  of 
the  engineers,  be  included  in  the  cost  of  the  work.  'When  such 
an  item  is  allowed  by  the  engineers,  it  shall  be  specifically  certified 
as  being  aIlov\'ed  under  this  paragraph. 

■1.     PROFIT  FEE. 

Tho  profit  fee  paid  to  the  contractor  shall  be  deemed  to  cover 
and  include  the  contractor's  profit,  the  use  of  his  organization,  his 
skill  and  energy,  overhead  expenses,  administrative  expenses,  serv- 
ices of  contractors'  executives  giving  occasional  attention  to  work, 
services  of  the  general  superintendent  devoting  all  his  time  to 
the  work,  all  contractor's  legal  expenses,  interest  on  moneys  used, 
taxes,  all  expenses  of  any  office  or  offices  of  the  contractor  other 
than  the  field  office  on  the  work,  maintenance  and  repair  of  the 
plant  items  he  furnishes,  and  all  other  expenses  deemed  by  the 
engineers  not  a  part  of  the  actual  cost  of  work  as  herein  defined. 

5.     PLANT. 

The  contractor  shall  furnish  at  such  times  as  the  engineers 
may  direct  or  approve  ^11  plant  and  equipment  considered  by  the 
engineers  necessary  or  desirable  for  the  conduct  of  the  work. 
Plant  shall  be  defined  as  boilers,  hoisting  engines,  pumps,  air 
compressors,  Iocomoti\es.  dump  cars,  rails  and  splices  for  rail- 
way tracks,  concrete  mixers,  concrete  hoists  and  chutes,  clam 
shell  and  other  buckets,  derrick  irons,  iron  fittings  for  travelers, 
electric  motors,  electric  controllers  and  transformers,  electric  or 
air  drills,  electric  or  air  hammers,  engineers'  levels  and  transits, 
electric  or  steam  hoists,  locomotive  cranes,  power  saws,  power 
operated  tools,  wagons,  bottom  dump  wagons,  wheel  scrapers  and 
slips,  motor  trucks,  and  such  other  plant  and  equipment  which, 
in  the  opinion  of  the  engineers,  is  of  similar  character.  All  such 
plant  and  equipment  shall  be  delivered  at  the  site  complete  with 
All  necessary  parts  and  attachments  in  sound  and  workable  con- 
dition ready  to  be  operated.  (Plant  is  not  expected  to  be  delivered 
equipped  with  lines  for  noist  engines,  hose  for  pumps  and  air  tools, 
wiring  for  electrical  machinei-y,  and  similar  plant  accessories,  ex- 
cept that  conveyors  or  sim.ilar  equipment  shall  be  complete  with 
wira  ropes.) 

AVhen  such  plant  and  equipment  or  any  part  thereof,  shall 
arrive  at  the  site  of  the  work,  the  contractor  shall  file  with  the 
engineers  a  schedule  setting  forth  the  fair  valuation  at  that  time 
of  each  part  of  such  construction  plant.  Any  evidence  of  such 
valuation,  required  by  the  engineers,  shall  be  furnished  and  such 
valuation  shall  be  deemed  final  unless  the  engineers  shall,  within 
ten  days  after  the  plant  and  equipment  have  been  installed  and 
are  working,  modify  or  change  such  valuation,  in  which  event  tho 
valuation  so  fixed  by  the  engineers  shall  be  deemed  final. 

Plant  and  equipment  shall  be  delivered  to  the  site  of  the  work 
at  times,  which  may  be  approved  by  the  engineers  and  rental 
v.ill  be  paid  for  the  plant  and  equipment  from  the  date  of  un- 
loading, if  required  to  be  immediately  installed,  or  from  the  date 
of  installation  authorized,  until  its  removal  is  authorized  by  the 
engineers. 

The  contractor  shall,  at  'nis  own  expense,  maintain  all  plant 
elements  on  which  rental  is  paid,  in  good  operating  condition,  and 
shall  replace  brokeii  p.arts  or  elements  consumed.  AH  costs  in- 
cident to  the  operation  of  plant  shall  be  paid  as  part  of  the  actual 
cost  of  the  work,  but  costs  incident  to  the  maintenance  or  repair 
or  replacing  broken  or  defective  parts  shall  be  considered  as 
covered  in  the  rental  allowance  for  plant,  and  shall  be  paid  for  by 
the  contractor.    In  case  of  plant  damaged  or  destroyed  by  accident 


not  incident  to  the  operation  of  the  plant  and  not  the  fault  of 
the  contractor,  but  due  to  unusual  and  unforeseen  causes,  the 
restoration  and  repair  of  the  plant  elements  on  which  rental  is 
being  paid,  if  the  engineers  so  direct,  be  included  as  part  of  the 
actual  cost  of  the  work. 

C.     WAGES— MATERIALS— PRICES. 

Tho  wages  paid  for  labor  and  the  prices  for  material  shall  not 
exceed  the  usual  prevailing  prices  for  labor  and  material  of  the 
kind  and  character  paid  in  Kansas  City,  Mo.,  without  the  prior 
consent  and  approval  of  the  engineers.  All  materials  and  supplies 
shall  be  purchased  upon  prior  requisitions  approved  by  the  en- 
gineers. Unless  otherwise  approved  by  the  engineers  purchases 
shall  be  made  after  competitive  prices  are  received  by  the  con- 
tractor, which  must  be  as  low  as  those  generally  prevailing  in 
Kansas  City,  Mo.  The  contractor  shall  furnish  to  the  engineers 
schedules  of  the  materials  necessary  for  the  work  from  time  to 
time  and  shall  submit  the  prices  at  which  the  contractor  can 
purchase  such  materials.  Purchase  shall  be  made  after  approval 
by  the  engineers  unless  the  city  through  the  engineers,  should 
secure  other  lower  and  more  satisfactory  prices  for  the  given 
schedule  of  materials. 
7.     SALE  OF  MATERL4LS. 

Upon  the  completion  of  the  work  all  materials,  supplies,  tools 
and  elements  w-hich  have  been  included  under  actual  cost  of  the 
work  and  which  are  not  entirely  consumed,  shall  be  sold  or  dis- 
posed of  as  directed  by  the  engineers,  and  the  amounts  derived 
from  such  salvage  value  shall  be  applied  to  a  reduction  of  the 
actual  cost  of  the  work. 

The  contractor  will  be  held  responsible  for  a  proper  accounting 
of  all  such  materials,  supplies,  tools  and  elements,  and  will  be 
charged  for  any  which  cannot  be  produced  or  be  shown  to  have 
been  wholly  or  partly  consumed  in  the  work.  The  parts  of 
broken  tools  and  other  such  elements  as  may  be  consumed  in 
the  work  shall  be  produced  at  the  end  of  the  job  or  at  intervals 
throughout  the  Job  so  that  they  may  be  certified  off  by  the 
engineers.  Immediate  disposition  shall  be  made  of  any  such 
items  certified  off  at  times  prior  to  the  end  of  the  work  by  sale 
or  otherwise,  as  may  be  directed.  Tools  or  other  elements  so 
destroyed,  lost  or  missing*  from  the  work  as  to  make  impracticable 
the  presentation  of  broken  parts  shall  be  accounted  for  by  suitable 
affidavit  made  at  the  time  of  such  destruction. 

10.     PAYMENTS. 

On  or  about  the  first  day  of  the  month  the  contractor  shall 
prepare  a  statement  showing  the  amounts  which  he  has  expended 
for  labor  and  materials  including  the  rentals  of  the  plant,  during 
the  previous  month  (which  had  been  previously  ordered  and  ap- 
proved by  the  engineers) ;  such  statement  shall  be  accompanied  by 
signed  pay  rolls  and  receipted  bills,  or  other  evidence  that  pay- 
ments have  been  made  for  all  of  the  expenditures  represented. 
The  engineers  shall  verify  such  statement  and,  if  found  correct, 
shall  render  estimates  to  the  city  covering  the  total  amount  of 
such  statements,  or  so  much  thereof  as  may  be  found  correct. 
Payments  m  cash  in  the  manner  hereinafter  provided  will  be  made 
upon  the  engineers'  estimates  about  fifteen  days  after  they  are 
rendered.  The  engineers'  decisions  shall  govern  as  to  what  items 
shall  be  and  what  snail  not  be  included  in  the  estimate  under  the 
cost  of  the  work  as  provided  herein.  The  estimate  shall  show  the 
total  -^Toss  amount  of  expenditures  to  date,  the  expenditures  for 
the  month  past,  and  the  previously  allowed  payments.  The  total 
amount  of  the  estimate,  less  previous  payment.s,  shall  be  paid  to 
the  contractor  in  cash. 


Effect  of  Colors  on  Tensile  Strength  of  Concrete. — The  re- 
sults o£  a  series  of  tests  made  to  determine  the  effect  of  the 
various  commercial  colors  used  in  concrete  work  upon  the 
tensile  strength  of  Portland  cement,  are  given  by  Mr.  O.  R. 
Smith,  Testing  Engineer,  in  a  recent  issue  of  Concrete. 
Usual  cement  testing  procedure  was  followed  in  all  the  tests, 
the  test  pieces  being  aged  in  water.  Ten  per  cent  ot  the 
color  was  used  in  each  case  except  the  black,  ot  which  only 
Tj  per  cent  was  used.  The  results  given  in  the  table  below 
are  in  each  case  the  average  of  three  tests. 

No 

Age.                                adidtion  Brown  Red  Black  TeDow  Buff 

10%  10%  5%  10%  10% 

24  hours    neat           400           .370  .373  2S0  37.'>  385 

7  davs     neat           710           f.70  640  fiOO  fi4.5  610 

2.S    davs    neat         7S5           830  710  640  7.';o  760 

3  months     neat           800           010  87.5  .  7S5  S40  .830 

1  vear    neat           890           ROO  810  SOO  790  800 

7  'davs    1/3  sand           300           340  310  240  300  320 

25  davs  ....1/3  sand  360  360  3S0  320  420  470 
3  mtinths  .1'3-^and  490  410  520  360  475  400 
1  year    1/3  .-^and           445           445  420  410  400  440 

The  setting  time  of  the  cement  with  the  various  additions 
of  the  color  was  nearly  normal  in  every  case  excepting 
where  the  black  color  was  used.  This  caused  the  cement  to 
set  very  quickly.  The  permanence  ot  the  color  was  also 
noted,  at  each  period,  by  comparing  it  with  the  color  of  test 
pieces  made  out  of  the  same  batch,  but  allowed  to  age  in 
moist  air.     No  change  of  color  was  apparent. 


{77) 


410 


I'lniiiiiiiitifi  and  Contiacthiq  for  April   ;',>'.    /.''/.' 


A  Simple    Method    for   Dcsij^ninj^ 

Concrete  Beams  Reinforced 

for  Compression 

Hy    Altrmii    K.WMOND. 

The  Iheoretlcnl  fonmilue  for  (louble-reliitorcud  concrete 
beams  huvo  the  iisuul  objection  of  beins  ciunborsome  and 
difflcult  In  applying  In  practice.  As  the  result  of  this  many 
dlnKnvnis  and  tables  have  bemi  deduced  to  curtail  the  malhe- 
nintlcal  work  Involved.  The  writer  is  always  ready  to  avail 
himself  of  aids  and  helps  of  all  kinds  to  facilitate  designing. 
In  his  experience,  he  has  found  there  is  one  serious  objection 
In  using  those  "short-cuts'"  and  that  is.  In  not  bearing  in 
mind  tlie  limits  between  which  they  apply  and  beyond  which 
Ihoy  do  not.  As  a  usual  thing,  concrete  beams  are  reinforced 
for  tension  only  and  when  it  is  necessary  to  reinforce  them 
tor  compression  It  is.  because,  as  a  rule,  of  complying  with 
some  pn\ctical  considerations  in  the  structure.  Many  times 
such  a  beam  is  a  very  important  member  in  the  structure 
and  some  care  should  be  given  to  its  design. 

Kor  example,  recently  the  writer  had  in  connection  with 
the  design  of  a  club  house  of  reinforced  concrete  construc- 
tion, a  girder  of  40-ft.  span  in  the  auditorium  above  the  stage. 
Two  columns  trom  the  storv  above  came  at  about  the  third 

-i- 


Concrete  takes  care  of 

kd  b  U 


jd 


(See  Figs.  1  and  2) 


■c".  The  compression  to  be  taken  care  of  by  steel 
kd  — z 


Then— 


T 


Case  2:  Tee  Beams. — 'I'he  iiicthoii  here  i:^  similar  and  ap- 
plies to  beams  that  have  not  a  sulllcient  toe,  in  order  to 
develop  the  tension  steel,  therefore,  compression  steel  is 
needed.    Again — 

M  X  12 

T  =  C= 

j(i 

t 
Here    j    will    vary,    deiicmliiig    uiuin    ratio    of    —    and    unit 

d 
t 
stresses  used.     Where  ratio  —  is  very  siikiII  :nul  Iho  neulral 

d 
axis  naturally  falls  well  down  in  the  stem  of  the  beam,  j  can 
be  easily  obtained  from  a  table  or  a  diagram  that  is  found  in 

t 
every    odice,    using   —   and    the    unit   stresses   as    arguments. 

d 
When  the  neutral  axis  falls  near  the  tee  or  in  the  tee,  the 
beam  can  be  treated  as  in  CASE  1. 

The  concrete  takes  care  of  thf  following  coniprossion: 
kd  b  f. 

(1)  Stem  of  beam= 

2 

(2)  Tee  of  beam  =  (b'  — b)  tt'c     (see  figure  3) 

Where  t'c  =  average  compressive  stress  of  the  concrete  in 

6      _.  .  *  b' 


Fig.  I 

Figs.  1, 

points  of  this  girder  in  addition  to  the  floor  load.  As  the 
depth  of  this  girder  was  limited  in  order  to  give  the  required 
head  room  at  the  stage,  and  the  loads  and  span  being  large, 
the  concrete  could  not  take  all  the  compression  and  compres- 
sion steel  had  to  be  used.  So  in  this  particular  case,  the 
girder  was  a  very  important  member  and  had  to  be  carefully 
designed. 

The  following  is  the  general  theory  covering  this  matter. 
The  student  of  this  subject  will  note  that  some  approxima- 
tions have  been  made,  but  they  are  all  on  the  safe  side  and 
what  the  writer  particularly  wishes  to  emphasize  is  the  clear- 
ness and  practicability  of  this  method.  The  notation  used 
was: 

a."  =  cross-sectional  area  of  compressive  steel. 

as    =:  cross-sectional  areu  of  tensile  steel. 

f.'  =  unit  compressive  stress  in  steel. 

M   =  bending  moment  in  foot  pounds. 

T    =  total    tension. 

C    =  total   compression. 

c'    n  ■:!ompress:on  taken  care  of  by  concrete. 

c"   =  compression  taken  care  of  by  steel. 
The  other   notation,  is   that  commonly   used   in   reinforced 
concrete  design. 

Case  1:  Rectangular  Beams. — Having  found  the  bending 
Moment  M,  we  have. 

M  X  12 
T  =  C= 


the  tee  of  beam;   f,   can  be  found  at  same  time  as  j  or  can 
be  readily  computed  as  follows: 

Let  f,,  =  compressive  stress  In  concrete  at  distance  t  from 
top  of  beam 


(kd  — t    \ 


Then  f, 


fci    -f   f- 


Adding   (1)   and   (2)   we  obtain  c', 

The  remainder  of  the  method  is  the  same  as  in  Case  1. 

Illustrative  Problem. — ^Given  a  beam  whose  cross-section  is 
limited  to  10  in.  x  24  in.  and  w^hlch  is  to  sustain  a  bending 
moment  of  800,000  In.  lb.,  n  =  15  fc  =  650  lb.  per  square  Inch 
and  fs=  10,000  lb.  per  square  Inch.  Both  the  tensile  and  com- 
pressive reinforcement  is  to  be  placed  at  2  in.  from  the  re- 
spective surfaces  of  the  beam: 

M  =  800,000  in.  lb. 

M  X  12        800,000 

T  =  C= = =  41,000  1b. 


,  jd  .874x22 

kd  b  fc       378x22x10x050 


:27,000  1b. 


41,600  —  27,000  =  14.600  lb.  =  c"  - 

kd-z  \             p  (.378)  (22)  —2 
(15)  (050)   I  


/  Kd-z  \ 

,,  =  nfc  (  ) 

V  kd  / 


f'»  =  7,420  lb.  per  square  Inch. 

14,600 
Then  a',,  = ^  1.97  sq.  In. 


(.378)  (22) 


7.420 
41,600 


Then  a, : 


16,000 


2.60  sq.  in. 
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Fabricated  Shop  Capacity  Contracted  for  in  March. — The 
records  of  the  Bridge  Builders  and  Structural  Society,  as  col- 
lected by  its  Secretary,  show  that  during  the  month  of  March, 
1918,  17%  per  cent  of  the  entire  capacity  of  the  bridge  and 
structural   shops   of  the  country  was   contracted   tor. 


Enfioiccring  and  Contracting  for  April  23,  I'Jl'J. 
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Strength  of  Hollow  Building  Tile 

A  final  report  on  an  investigation  of  the  strength  in  com- 
pression of  hollow  building  tile  has  been  issued  as  Tech- 
nologic Paper  No.  120  of  the  Bureau  of  Standards.  The  tiles 
used  in  these  tests  were  manufactured  in  the  state  of  Ohio 
and  supplied  to  the  Pittsburgh  Branch  of  the  Bureau  by  the 
National  Fire  Proofing  Co. 

Although  originally  used  for  their  fire-resisting  qualities, 
other  advantages  have  extended  the  usefulness  of  tiles 
to  a  great  extent.     They  may  be  briefly  sta.ted  as  follows: 

(1)  It  requires  comparatively  less  labor  in  construction,  as 
the  space  occupied  by  one  tile  is  quite  large;  (2)  it  is  rela- 
tively impervious  to  moisture;  (3)  it  possesses  good  heat-in- 
sulating qualities;  (4)  it  effects  a  saving  in  clay  compared 
to  solid  brick  because  of  the  hollow  cells  of  the  tiles  and  a 
consequent  reduction  in  the  cost  of  transportation;  (5)  it 
possesses  good  fire-resisting  properties;  (G)  it  is  a  poor  con- 
ductor of  sound;    and    (7)   it  has  sufficient  strength  to  meet 


the  needs  of  building  practice  under  the  limitations  of  ade- 
quate specifications.  Of  these  several  advantages  the  paper 
is  limited  to  a  discussion  of  the  one  pertaining  to  the  strength 
of  the  tiles. 

The  temperature  of  burning,  although  moderate,  the  sev- 
eral degrees  of  porosity,  caused  either  by  burning  at  differ- 
ent temperatures  or  by  admixture  of  coal  dust  or  sawdust 
before  molding,  the  properties  of  the  clays  used,  the  degree 
of  burning,  the  position  in  kilns  when  burning,*  all  enter 
into  the  strength  in  compression.  Although  the  position  in 
the  kiln,  and  to  some  extent  this  is  a  measure  of  the  tempera- 
ture at  which  the  tile  has  been  burned,  can  be  judged  by  the 
color  of  the  product,  yet  the  natural  color  of  some  clays  or 
the  presence  of  coloring  matter  will  cause  a  variation.  In 
general  the  high-burned  tiles  are  dark  in  color,  the  medium- 
burned  of  medium  shade,  and  the  low-burned  light. 

Very  porous  tile  is  light  in  weight  and  a  splendid  fire  re- 


*Cbang:e.s  in  the  amount  of  pressure  to  which  clay  is  subjected 
while  being  molded. 
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FlQ.  1.— Tiles   (from   left  to  right)  4  by  5  by   12   in.:   5   by  8  by  12  in.;   3   by   12  by   12   in.,   type   1 ;   3  by   12   by   12   in.,   type  2;  4  by   12   by   12 

in.,  type;  4  by   12  by  12  in.,  type  2;  6  by  12  in.,  type    1;  6  by  12  by  12  in.,  type  2;  6  by  12  by  12  in.,  type  3; 

8  by  12  by  12  in.,  type  1;  8  by  12  by  12  in.,  type  2;  8  by  12  in.  ,tpye  3. 


UAXIUUU  COMPRESSIVE  STRESOTH  -  LBS.   PER  SQ-    IN. 
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MAXIMUM   COMPRESSIVE   STRENGTH   -   L^.    PER   SQj^IN. 
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4"x  5"x  li" 


6"x  8"x   la" 


3"x  18"x  18"   TYPE 

I  I 

3"x   12"x   12"    TYPE  8 
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Bistant.  and  Is  used  only  whoro  strength  Is  of  minor  consid- 
eration. Ponse  or  only  slightly  porous  tile  is  much  hcnvlor 
and  slrongfr.  and  Is  senonilly  used  for  exterior  walls  where 
strength  Is  iho  (irincipiil  delernilning  factor. 

The  total  number  of  tests  performed  Is  approximately  250, 
of  which  the  majority  were  of  tiles  in  compression.  Stress- 
strain  readings  wen>  taken  upon  IH  of  these  for  moduli  of 
elasticity  determinations.  To  establish  the  relationship  ex- 
isting between  the  strength  and  porosity  about  70  absorp- 
tion tests  wore  made  upon  samples  taken  from  tiles  pre- 
viously tested  in  compression. 

The  various  sizes  and  types  of  tiles  tested,  arranged  ac- 
cording to  their  structure,  are  shown  In  Figs.  1  and  2  in  which 
all  the  tiles  art>  lying  on  edge.  Also  the  tiles  were  graded  ac- 
cording to  their  color  as  dark,  medium  or  light,  correspond- 
ing to  the  variations  produceii  by  burning  as  described  In  the 
introduction.  The  tiles  tested  were  made  with  few  exceptions 
from  clay  of  the  bulT-burnlng  variety  and  the  colors  given 
above  indicate  variations  in  the  bullf  color;  that  is,  they  cor- 
respond respectively  to  dark  buff,  medium  buff,  and  light  buff. 


Previous  lo  the  actual  testing,  the  tiles  were  capped  with 
plaster  of  Taris  to  Insure  u  uniform  bearing  in  the  testing 
machine.  Plugs  were  also  set  in  the  tilos  for  compressometer 
readings. 

No  strain  readings  wei-e  taken  in  tests  where  the  maxi- 
mum height  of  the  specimen  was  leas  than  10  in.,  but  where 
the  specimen  was  U)  in.  or  more  in  height  strain  readings 
were  taken  with  the  Sin.  Berry  gage,  beginning  with  an  in- 
itial load  of  100  lb.  per  square  inch  of  net  sectional  area  and 
continued  at  increments  of  500  lb.  per  square  inch  until  fail- 
ure was  approached. 

Three  pieces  were  selected  from  each  tile  upon  which  the 
absorption  determination  was  desired.  Two  ot  the  three 
pieces  were  taken  from  opposite  ends  of  the  specimen  and 
from  different  webs,  and  one  from  the  middle  portion.  The 
pieces  were  approximately  square  and  ranged  from  12  to  20 
sq.  in.  area  of  face  and  were  free  from  cracks  or  fissures 
from  the  breaking  in  the  compression  test. 

The  average  weight  per  cubic  foot  of  the  constituent  ma- 
terial ot  the  tiles  tested     was  determined  to  be  approximate- 


Fig.    2.— Tile*    (from    left   to   right)    10   by   12   by   12   In.,   type    1:10  by   12  by   12   in.,  type  2;   10   by  12  by   12  In.,  type   3;   12  by  12   by 
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type  2:  12  by   12  by  12  in.,  type  3. 

ly  124  lb.  by  using  the  net  sectional  area,  the  length,  and  the 
weight  as  the  basis  for  the  compulations.  The  maximum  va- 
rations  from  this  average  w^ere  11 1;  and  loo  lb.,  or  6. .5  and  S.9 
per  cent,  respectively. 

The  variations  in  weight  depend  on  the  same  factors  that 
determine  the  strength,  although  not  necessarilv  proportion- 
ally. 

Figures  ?<.  4  and  .">  give  the  average  maximum  strengths 
and  the  range  in  compression  of  every  size  and  type  of  tile 
tested.     Size  and   type  are  illustrated    in    Figs.  1  and   2.    A 
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Fig.    6. — Representative    Stress-Strain    Curves    of    Tiles. 

typical  stress  strain  curve  is  given  in  Fig.  G.  It  is  evident 
that  the  strain  is  approximately  a  linear  function  of  the 
applied  load. 

Although  some  of  the  smaller  sizes  gave  greater  strengths 
when  tested  on  flat,  yet  since  the  smaller  sizes  are  rarely 
used  in  this  position,  the  general  statement  can  be  made 
that  all  types  develop  the  greater  strength  on  end  than  in 
any  other  useful  position. 

It  is  common  practice  to  lay  tiles  either  on  end  or  on  edge 
in  a  building,  but  according  to  the  results  of  this  series  of 
tests,  excepting  size  4  by  .5  by  12  in.,  it  appears  that  an  aver- 
age of  about  40  per  cent  more  strength  can  be  developed  bv 
(80) 
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laying  the  tiles  on  end  ratlier  tlian  on  edge:  that  is,  by 
buildings  all  walls  and  other  structures  in  such  a  manner  that 
the  load  is  applied  to  the  tiles  parallel  to  the  flues  or  cells. 
The  vai'iations  from  this  average  are  large  and  the  strengths 
range  from  equality  to  a  ratio  of  nearly  three. 

Based  on  tests  on  end,  the  following  shows  the  relation 
between  the  compressive  strength  of  tiles  and  their  colors: 

COilPRESSIVE   STRENGTH  IX   POfXDS   PER    SQUARE   IXCH. 
Color  Average.  Range. 

Dark  buff  ' -51"  4,6.10-111.700 

Medium  huft- T.400  4,500-12,3(;o 

Lignt  buff S.33I)  4.S20-   7,500 

The  results  indicate  that  the  dark  and  the  medium-burned 
tiles  are  of  nearly  the  same  strength,  while  the  light-burned 
tiles  average  25  to  30  per  cent  lower.  A  similar  relation 
holds  between  the  modulus  of  elasticity,  the  average  for  dark 
buff  being  4,519,000.  for  medium  buff  4.352,000,  for  light  buff 
3,074,000. 

The  relation  between  absorption  and  compressive  strength 
cannot  be  expressed  as  a  general  law.  but  there  is  a  tendency 
for  the  maximum  compressive  strength  to  vary  inversely  with 
the  percentage  of  absorption.  In  general,  too,  the  darker 
tiles  show  lower  percentages  of  absorption. 

The  conclusions  derived  from  the  test  of  the  particular 
tiles  tested  are  quoted  in  full.  It  should  be  borne  in  mind 
that  conditions  in  practice  are  quite  different  from  those  of 
the  laboratory,  that  there  are  many  grades  and  varieties  of 
tiles,  and  that  there  are  wide  variations  in  the  strength  prop- 
erties shown  by  tiles  which  are  apparently  similar. 

1.  The  weight  of  the  tiles  per  cubic  unit  varies  greatly  with 
the  porosity  of  the  constituent  nuiterial. 

2.  The  porosity  of  the  constituent  material  of  tiles  is  de- 
pendent upon  the  clays  used,  the  percentage  of  sawdust 
mixed  with  the  clay  before  burning,  the  pressure  to  which  it 
is  subjected  during  molding,  and  the  degree  of  burning. 

3.  The  color  of  the  same  tile  material  is  subject  to  change 
during  the  burning  process,  and  the  resulting  tiles  may  vary 
in  color  from  very  light  to  very  dark  shades,  depending  upon 
the  temperature  reached  and  the  time  of  burning. 

4.  The  strain  produced  by  loading  a  tile  is  approximately 
a  linear  function  of  the  applied  load  until  failure  is  reached, 
or,  in  other  words,  the  modulus  of  e'asticity  of  a  tile  is 
nearly  constant  until  failure. 

5.  There  is  no  definite  elastic  limit  for  tile:  that  is.  the  pro- 
portional limit  usually  coincident  with  failure. 

G.  An  incipient  failure  is  not  always  indicative  that  the  ulti- 
mate failure  is  being  approached,  as  it  often  occurs  early  in 
a  test. 

7.  In  general  a  tile  develops  greatest  compressive  strength 
when  laid  on  end. 

S.  The  tile  having  the  highest  modulus  of  elasticity  may 
not  have  the  greatest  strength,  but,  in  general,  if  the  modulus 
is  high,  it  is  to  be  expected  that  the  compressive  strength 
will  also  be  relatively  high. 

9.  The  dark  and  medium  buff  tiles  have  approximately  the 
same  relative  compressive  strengths  and  moduli  of  elasticity. 
The  average  compressive  strength  of  tiles  of  these  colors 
tested  on  end  is  about  7,500  lb.  per  square  inch,  with  a  possi- 
ble range  from  4.500  to  12,000  lb.  per  square  inch,  and  the 
average  modulus  of  elasticity  is  about  4,430,000  lb.  per  square 
inch,  with  a  possible  range  from  2,800,000  to  6,200,000  lb.  per 
square  inch.  The  same  properties  of  light-burned  tiles  are 
on  an  average  about  30  per  cent  lower. 

10.  The  maximum  comprehensive  strength  of  tiles  varies  ap- 
proximately inversely  with  the  percentage  of  absorption. 

11.  The  percentages  of  absorption  of  tiles  vary  with  the 
color.  In  general,  the  darker  the  tiles  the  lower  the  percent- 
age of  absorption  is  likely  to  be. 

Price  of  Common  Brick  for  Past  4  Years. — At  the  first 
annual  convention  of  the  Common  Brick  Manufacturers  of 
America  at  Chicago,  last  February,  information  was  col- 
lected from  the  delegates  regarding  the  prices  of  common 
brick  in  various  cities.  The  following  table  shows  the  trend 
of  prices  for  the  years  1916-1919  in  9  large  cities: 

191G.  1917.  191R.  i;il9. 

Boston     $12  on  $11.00  $17.00  $1,'!  00 

Chicago     ...'. 7.00  9.00  12  00  12  00 

Cincinnati    10.00  13.00  15. no  16.75 

Detroit    9.00  11. on  12. on  1.3  00 

Los  .\ngeles  0.00  s.nn  ii.oo  12.50 

Douisville     S.50  12.50  20.00  17.fiO 

"Xew  York   7.35  S.15  10. S5  14.00 

Philadelphia   8.50  12.50  14.00  19.00 

t  San  Francisco   7.50  10.00  11.00  12.50 

•Delivered  at  ferrv.     tDelivered  at  plant. 
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New  260  Ft.  Span    Vertical    Lift 
Bridge  of  Pennsylvania  R.  R. 

A  few  weeks  ago  the  Pennsylvania  Lines  west  of  Pitts- 
burgh placed  in  operation  a  260-ft.  double  track  vertical  lift 
bridge  designed  by  Waddell  &  Sons,  Inc.  The  Iwidge  spans 
the  Louisville  &  Portland  Canal  adjacent  to  the  Ohio  River 
at  Louisville,  Ky.  As  this  structure  is  perhaps  the  latest 
development  in  lift  bridge  construction  the  following  descrip- 
tion, taken  from  an  article  by  Dr.  .7.  A.  L.  Waddell  in  the  April 
Journal  of  the  American  Society  of  Mechanical  Engineers, 
should  be  of  interest. 

The  double-track  span,  which  is  260  ft.  long  between  cen- 
ters of  end  bearings,  weighs  about  3,000,000  lb.,  and  is  lifted 
32.4  ft.  in  45  seconds.  There  are  64  counterweight  ropes  2% 
in.  in  dameter.  passing  over  the  four  15-ft.  sheaves.  The  mo- 
tive power  consists  of  two  150-hp.,  220-volt,  a.c,  60-cycle,  580- 
r.p.m.  motors  equipped  with  solenoid  brakes.  Magnetic  con- 
trol is  used.     Speed  reduction  from  the  motors  to  the  wind- 
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Vertical    Lift    Bridge    Over    Louisville    and    Portland    Canal. 

ing  drums  is  made  through  a  train  of  thre  sets  of  spur  gears 
to  a  cross-shaft  having  a  pinion  at  each  end  meshing  with 
two  drum  gears. 

The  operating  drums  which  raise  or  lower  the  span  are 
quite  similar  to  those  used  on  the  Don  River  bridge  in  Rus- 
sia. However,  the  detail  of  the  cross  shaft  has  been  im- 
proved by  adding  two  bearings  and  two  couplings,  thus  giv- 
ing more  rigid  supports  for  the  pinions  and  making  the 
lengths  of  shaft  between  the  center  main  frame  and  the 
drum  frames  truly  flexible.  This  detail  eliminates  entirely 
any  trouble  from  errors  in  the  alignment  of  the  three  frames, 
which  otherwise  would  cause  considerable  friction  and  loss 
of  power.  Hand  operation  is  provided  for  by  two  4-arm  cap- 
stans. 

There  are  1(3  plow  steel  operating  ropes,  each  1  in.  in  di- 
ameter, the  drums  and  sheaves  over  which  they  run  being 
3fi  in.  in  diameter.  These  ropes  work  in  pairs,  i.  e.,  there  are 
two  up-haul  and  two  down-haul  ropes  at  each  corner  of  the 
span.  The  take-up  devices  for  the  ropes  are  eyebolts 
threaded  over  the  entire  length,  with  anchorage  attachments 
at  top  and  bottom  of  towers. 

The  counterweight  sheaves  are  the  heaviest  yet  built.  They 
are  constructed  of  steel  plates,  angles  and  castings.  Each 
rim  segment  is  fastened  to  the  side  plates  by  a  sufficient 
number  of  rivets  to  take  the  entire  load  coming  upon  it  from 
the  ropes:  and  %-in.  spaces  were  left  between  the  segments, 
so  that  there  might  be  no  trouble  if  the  lengths  of  the  seg- 
ments should  overrun.  It  was  originally  intended  to  fill  these 
spaces  with  hemp:  but  the  cutting  tools  gave  trouble  when 
the  machining  of  the  grooves  was  begun:  and  it  was  found 
necessary  to  fill  them  with  babbitt.  The  trouble  previously 
experienced  from  bad  fit  of  side  plates  on  the  hub  casting 
was  eliminated  by  making  the  said  side  plates  bear  directly 
on  the  shaft  instead  of  on  the  hub  casting.  The  hole  for  the 
shaft  was  bored  out  after  the  sheave  was  completely  as- 
sembled and  riveted.  The  journals  are  22%  in.  in  diameter 
and  24  in.  long,  the  overall  length  of  the  shaft  being  7  ft. 
8  in.  The  hub  is  keyed  to  the  shaft  by  three  keys  1%  in. 
wide  and  1  in.  deep,  secured  from  longitudinal  movement 
my  set  screws.  The  bearings  are  lined  with  phosphor-bronze 
bushings  for  high  pressure  and  low  speed.     Oil  grooves  are 
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cut  Into  the  busliinss.  the  hibrloant  being  supplied  from 
marine-type,  screw-feed,  compression  grease  cups. 

The  rail  locks  are  of  sllillnptongue  type,  stnnilanl  with 
the  Pennsylvania  Linos.  The  four  tongues  nt  en.h  end  of 
the  span  are  driven  by  a  r.llP.  motor.  Limit  switches  are 
provided  to  cut  off  the  current  at  each  end  of  the  travel.  The 
controllers  for  the  nilllock  motors  are  Interlocked  with  the 
signal  system,  so  that  the  locks  cannot  be  opened  until  the 
signals  are  set  against  train  movements  over  the  bridge,  and 
so  that  clear  signals  for  train  operation  cannot  be  given  until 
the  locks  are  closed.  The  controllers  are  also  Interlocked 
with  those  for  the  main  operating  motors  so  that  the  cur- 
rent cannot  be  supplied  to  the  latter  until  the  locks  have 
be«n  opened,  and  so  that  the  locks  cannot  be  closed  until 
the  bridge  l-as  been  seated. 

The  span  Is  kept  In  correct  position  during  motion  by 
guide  rollers,  which  roll  on  vertical  guides  on  the  outsides 
of  the  tower  columns.  There  are  eight  rollers  for  trans- 
verse guiding,  one  at  each  U.  point  and  one  at  each  U„  point, 
longitudinal  Kulding  Is  effected  by  two  rollers  at  each  L„ 
point  at  the  llxed  end  of  the  span.  There  Is  considerable 
play  In  the  guides,  so  as  to  eliminate  any  possibility  of  bind- 
ing! On  account  of  this  play  they  do  not  center  the  span 
closely  enoujth  for  the  rail  locks,  which  have  very  little  play. 
For  tills  reason  there  is  placed  a  transverse  centering  cast- 
ing, having  very  little  play,  at  the  middle  of  each  end  floor 
beam.  In  earlier  designs  a  transverse  centering  casting  was 
placed  at  each  L,  point:  but  considerable  play  had  to  be  left 
In  these  castings  to  provide  for  expansion  and  contraction, 
and  they  did  not  center  the  span  accurately  enough  for  the 
rail  locks. 

The  train  thrust  Is  cared  for  by  two  thrust  castings,  one 
at  each  U,  point  at  the  fixed  end  of  the  span. 

In  order  to  eliminate  jar  when  the  span  seats,  there  are 
provided  air  buffers  near  each  end  of  each  of  the  end  floor 
beams.  Adjustable  needle  valves  on  the  exhaust  ports  of 
the  buffers  enable  the  resistance  of  the  said  buffers  to  be 
varied  at  will. 

Bridge  locks  w-ere  not  used,  but  the  counterweights  were 
made  about  6  tons  lighter  than  the  span,  the  excess  weight 
of  the  latter  overcoming  any  tendency  for  it  to  rise. 

The  span  can  be  handled  from  the  machinery  house,  which 
Is  located  at  the  center  thereof,  or  from  an  interlocking 
tower  on  shore  about  100  ft.  from  the  south  end  of  the  span. 
It  is  Intended  to  operate  the  span  from  the  machinery  house 
until  the  operators  become  thoroughly  familiar  with  the 
manipulation,  after  which  it  will  be  operated  from  the  in- 
terlocking tower.  Duplicate  switchboards,  with  indicator 
lamps,  meters,  etc..  are  placed  In  each  house.  The  main 
sw-itchboards  and  the  resistances  are  located  in  the  machinery 
house. 

Each  motor  is  equipped  with  a  solenoid  brake.  In  addition 
there  are  hand  brake  and  a  motor-operated  brake.  The  lever 
of  the  hand  brake  is  in  the  machinery  house  on  the  span. 
and  gives  the  operator  graduated  braking  power,  so  that  he 
can  stop  the  moving  mass  without  jar.  The  controller  of 
the  motor-operated  brake,  which  has  three  degrees  of  brak- 
ing power,  is  located  in  the  interlocking  tower.  These  brak- 
ing devices  are  not  of  great  importance  in  a  slow-moving 
bridge  like  this  one:  but  for  a  high-speed  bridge,  which 
will  coast  for  several  feet  after  the  current  has  been  turned 
off,  they  are  much  more  important. 

The  erection  of  the  lift  span  was  quite  difficult,  as  traffic 
had  to  be  maintained  over  the  bridge  and  navigation  could 
not  be  interfered  with.  The  old  moving  span  was  a  swing.  It 
was  at  first  proposed  to  erect  the  new  span  in  its  fully  lifted 
position.  As  the  counterweights  would  then  have  to  be  built 
at  the  lowest  point  of  their  travel,  it  would  have  been  neces- 
sary to  leave  large  notches  in  them  for  the  passage  of  trains. 
This  scheme  was  abandoned  for  that  and  other  reasons,  and 
a  new  one  was  worked  out.  Permission  was  secured  from 
the  United  States  Government  to  leave  oaly  a  100-ft.  chan- 
nel near  the  north  tower.  This  channel  was  spanned  by  a 
plate-girder  lift  span  of  the  same  type  as  the  main  span. 
worked  by  hand-operated  crabs.  After  the  main-lift  span 
towers  were  partly  erected,  navigation  was  stopped  for  a  few 
hours  while  one  end  of  the  swing  span  was  removed,  the 
gallows  frames  for  the  plate-girder  span  towers  were  erected, 
and  the  plate-girder  span  placed  in  position.  The  remainder 
of  the  swing  span  was  then  removed,  the  towers  erected,  the 
sheaves   and   ropes   placed   thereon,   and   the   counterweights 


constructed  on  falsework  resting  on  the  piers  and  floor  beams. 
The  south  portion  of  the  lift  span  was  then  erected,  also  the 
north  bangers;  and  (he  counterweight  ropes  were  attached. 
The  machinery  was  erected  complete  and  thoroughly  tested 
out.  Navigation  was  then  closed  for  a  day.  tho  plate-girder 
span  removed,  the  remainder  of  the  lift  span  erected  and 
riveted,  and  the  operating  ropes  connected  up. 

Special  care  was  taken  In  the  aligning  of  the  main-sheave 
be.irlngs.  This  was  done  by  means  of  a  steel  straight-edge 
as  long  as  the  shaft,  Tho  bushings  had  been  scraped  to  fit 
tl'o  shafts  In  the  shop,  the  shafts  and  bushings  being  match- 
marked.  The  aligning  was  so  carefully  done  that  when  the 
sheaves  were  hoisted  up  they  fitted  perfectly  in  the  bear- 
ings, and  each  38-ton  sheave  could  be  rotated  by  one  man. 
The  machinery  and  motors  were  also  aligned  and  tested  out 
very  carefully.  The  motors  were  run  for  several  hours  be- 
fore the  operating  ropes  were  attached  to  the  drums,  in  order 
to  get  the  machinery  into  smooth-running  condition  and  to 
determine  if  there  were  any  poorly  ali.iined  bearings.  Any 
hot  bearings  which  developed  were  realigned.  The  ma- 
chinery and  the  electrical  equipment  were  in  perfect  operat- 
ing condition  before  the  operating  ropes  were  attached  to 
the  drums  and  before  the  plate-girder  swing  span  was  re- 
moved. 

Waddell  &  Son.  Inc.,  has  lately  designed  deflection  bearings 
for  main  sheaves  which  insure  a  uniform  pressure  over  the 
entire  length  of  the  journal.  With  the  high  bearing  pressure 
used  in  the  design  of  journals  for  lift-bridge  sheaves  and 
bascule  trunnions  this  is  extremely  advisable.  The  use  of 
this  type  of  support  greatly  simplifies  the  problem  of  align- 
ing the  bearings. 

One  general  fault  of  the  electric  equipment  of  movable 
bridges  may  be  pointed  out — that  of  using  too  small  power 
lines.  The  overload  capacity  of  the  motors  for  vertical-lift 
bridges  is  called  into  play  it  a  span  becomes  unbalanced,  and, 
for  bascules,  when  operating  against  a  high  wind:  and  this 
requires  power  lines  of  ample  capacity.  This  point  is  not 
quite  so  serious  in  the  case  of  direct-current  motors,  as  the 
drop  in  voltage  in  the  power  line  will  merely  cause  the  mo- 
tors to  run  slower:  but  with  alternating-current  motors  the 
drop  in  voltage  reduces  the  torque  materially,  because  the 
torque  of  such  a  motor  varies  as  the  square  of  the  volt- 
age. For  instance,  a  10  per  cent  drop  in  voltage  means 
nearly  a  20  per  cent  drop  In  torque.  This  point  requires  spe- 
cial attention  when  the  power  lines  are  long. 


The  Purposes   of  an  Engineering   Society 

In  his  presidential  address  at  the  annual  meeting  of  the 
Engineers'  Society  of  Northwestern  Pennsylvania,  Mr.  Armin 
Schotte,  C.  E.,  outlined  as  follows  what  he  believes  should  be 
the  aims  of  the  society  and  its  part  in  public  affairs: 

During  the  pioneer  days,  and  up  to  near  the  close  of  the  last 
century,  engineers  organized  themselves  into  societies,  which  be- 
came national  in  scope.  The  purpose  of  these  societies  was  to 
enlarge  the  sum  total  of  technical  knowledge  by  the  interchange 
of  mformation  among  themselves.  Such  work  was  of  the  utmost 
importance  at  that  time,  and  was  a  material  factor  in  adding  to 
the  store  of  available  data. 

During  the  last  twenty  years,  however,  conditions  have  changed, 
and  in  many  cases  successful  steps  have  been  taken  to  remedy 
them.  What  has  proved  antiquated  and  practically  useless  in  the 
case  of  the  national  societies  would  be  still  more  so  in  smaller 
local  organizations  such  as  ours:  So,  since  we  can  hope,  as  a 
body,  to  add  but  little  to  the  sum  total  of  neTV  engineering  knowl- 
edge, and  if  we  tried,  w-ould  probably  be  wasting  time  which  might 
be  put  to  a  better  purpose,  why  undertake  it? 

The  question  naturally  arises.  What  are  the  aims  which  justify 
us  in  maintaining  and  fostering  our  society?  'Without  concerted 
effort  in  any  way.  but  rather  sporadically,  new  method.?  have  been 
developed  in  the  conduct  of  local  engineering  associations,  and  I 
am  happy  to  say  that  we  have,  unconsciously  perhaps,  generally 
pursued  a  policy  in  harmony  with  them,  to  which  I  beheve  this 
society  owes  a  large  part  of  its  successful  growth. 

The  ultra-serious  consideration  of  any  technical  subject  has 
either  very  little  or  no  place  m  this  new  policy.  The  programs 
are  made  up  and  the  subjects  treated  in  a  manner  to  interest  not 
merely  speciali.«ts.  but  all  classes  of  technically  trained  men:  and 
in  a  large  number  of  cases  even  laymen.  The  meetings  thus  as- 
sume an  attractiveness  which  will  assemble  a  maximum  number 
of  engineers  of  various  lines,  and  also  la>-men,  thus  aiding  to  es- 
tablish proper  and  pleasant  relations  among  the  engineers  them- 
selves, and  to  bring  the  profession  before  the  public  in  an  effective 
manner.  By  continuing  this  policy  we  shall  soon  he  able  to  extend 
our  work  and  help  ourselves  and  every  other  engineer  to  conserve 
and  maintain  all  of  the  rights  and  privileges,  both  mental  and 
legal,  to  which  the  individual  and  the  profession  at  large  are 
justly  entitled;  to  render  to  the  public  such  service  as  we  are 
qualified  to  perform:  to  create  tbe  proper  appreciation  of  the 
function  of  the  engineer  generally,  be  he  employee  or  maintaining 
.an  ofHce  of  his  own.  and  to  compel  a  recognition  for  ourselves  as 
a  necessary  factor  in  the  civic  and  political  growth  of  our  com- 
munity and  the  nation. 
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Business  Methods  for  the  Building 
Contractor* 

By  GEORGE  A.  RUTHERFORD,  Cleveland,  O. 

It  has  been  said  by  someone  that  the  three  elements  of 
business  are  labor,  capital  and  management.  I  think  it  might 
be  said  also  that  the  management  in  the  building  business 
is  divided  into  two  phases,  namely,  the  supervision  and  the 
office  administration.  It  is  true  that  in  late  years  a  great 
many  men  have  come  into  the  field  who  are  college  men, 
and  technically  trained,  and  men  trained  in  the  offices  of 
contractors.  I  think  it  also  remains  true  that  the  great  ma- 
jority of  contractors  are  men  who  served  their  apprentice- 
ships in  one  of  the  principal  parts  of  the  building  business, 
and  who  have  come  up  from  the  position  of  journeyman  to 
a  foreman,  then  a  superintendent,  and  afterwards  they  have 
gone  into  business  for  themselves.  Those  men  have  not  had 
an  opportunity  to  study  business  methods. 

I  do  not  think  that  the  contractor  has  advanced  as  a  busi- 
ness man  to  the  extent  that  men  in  other  lines  like  mer- 
chants and  manufacturers  have.  I  think  that  is  largely  due 
to  the  fact  that  the  contractor  has  not  had  the  advantages, 
possibly,  which  they  have  had. 

It  has  been  the  idea  that  the  contracting  business  was  a 
gamble,  and  was  very  risky.  It  is  not  any  more  risky  than 
any  other  business.  It  is  simply  a  matter  of  knowing  it,  and 
when  a  proper  system  is  used  by  a  contractor,  he  can  rest 
assured  that  he  will  go  along  just  as  well  as  men  in  any 
other  line  of  business. 

One  of  the  principal  things  is  the  estimate.  I  have  here 
an  enlarged  copy  of  the  estimate  we  use  in  our  office.  Of 
course,  the  estimate  might  have  50  or  60  sheets.  On  the  first 
sheet  is  the  summary  of  the  entire  estimate.  Of  course,  the 
heading  is  just  the  same  as  any  contractor  would  use,  with 
the  owner's  name,  the  designer  and  the  location,  and  the  esti- 
mate number,  and  listed  by  and  "checked  by,"  "dates,"  etc. 
This  sheet  shows: 

1.  General  requirements. 

2.  Job  organization. 

3.  Temporary  construction  and  she'ds. 

4.  Plant    and    tools. 

5.  Concrete  plant. 

6.  Clearing-  site. 

7.  Excavation. 

S.  Foundation   work. 

9.  Waterproofing  and  dampproofing-.        / 

10.  Concrete — plain. 

11.  Reinforced  concrete. 

12.  Brick  work  and  masonry. 

13.  Stone  and  marble. 

14.  Terra  cotta. 

15.  Interior  marble  and  tile. 

16.  Structural  steel  and  iron. 

17.  Ornamental  iron. 

18.  Carpentry. 

19.  Metal   doors  and   windows. 

20.  Glass  and  glazing. 

21.  Plumbing  and   sewers. 

22.  Heating  and  ventilating. 

23.  Plastering. 

24.  Painting. 

25.  Roofing. 

26.  Sheet  metal. 

27.  Electric  work. 

28.  Sprinklers. 

29.  Elevators. 

30.  Building  equipment. 

31.  Ground  work. 

Now,  taking  up  these  first  six  headings  as  an  illustration: 
They  are  all  subdivided  into  other  headings,  and  the  esti- 
mator, in  checking  off  his  quantities  and  reading  the  speci- 
fications, checks  items  in  the  specifications:  so  that  there  is 
nothing  under  the  heading  that  can  be  overlooked. 

For  instance,  under  "No.  1  General  Requirements,"  we 
have  these  items: 

Building  permit. 

Bond. 

Fire  insurance. 

Liability  insurance. 

Contractors'   association. 

The  latter  item,  in  Cleveland,  is  a  percentage  of  the  amount 
of  the  contract,  the  same  as  it  is  in  some  other  cities,  namely, 
Vi  or  1  per  cent.  It  is  part  of  the  cost  of  the  job,  and  can 
easily  be  put  in  there.     Then  we  have: 

Water. 

Street  permit. 

Survey. 

Contingencies. 

No.  2  is  "Job  Organization  and  Expense,"  and  under  that 
heading  comes: 

Superintendent. 
Tinlekeeper. 


*From  an  address  delivered  Feb.  25  at  the  8tb  annual  convention 
of  the  National  Association  of  Builders'  Exchanges.  Milwaukee. 


Engineer. 
Watchman. 
Telephone. 
Cartage. 
Cleaning  up. 

No.  3.     "Temporary  Construction  and  Sheds": 

Our  ofhce. 

Architect's  office. 

Cement  shed. 

Closet. 

Fences  and   walks. 

Roadways. 

Under  No.  4,  "Plant  and  Tools, '  come: 

Hoisting  engines. 
Hoisting  tower. 
Mortar  mixer. 
Scaffold  plank. 
Small  tools. 
Rope  and  tackle. 
Water  lines. 

No.  5,  Concrete  Plant: 

Mixer. 

Hoisting  engine. 
Hoisting  tower. 
Chutes. 

Charging  plant. 
Storage  bins. 
Carpenter  shop. 

No.  6,  Clearing  Site: 

Removing  old  buildings. 

Clearing  site. 

Shoring,  adjacent  buildings. 

Now,   that  is  enough  to  illustrate   these  general  headings. 

We  will  now  take  up  "brick  work  and  masonry  "  and  under 

that  title  are  these  several  heads: 

Common  brick. 

Face   brick. 

Pattern  brick. 

Ground   brick. 

Fire  brick. 

Enamel  brick. 

Hollow  brick. 

Stack  brick. 

Special  shapes. 

Partition  tile. 

Packing  tile. 

Interlocking  tile. 

Gypsum  block. 

Fireproofing  beams  and  columns. 

Rubble  masonry. 

Backing   up. 

Toothing  old  walls. 

Connecting   present   building. 

Wall  ties. 

Setting  lintels. 

Setting  hangers. 

Outside  scaffolds. 

Copmg. 

Curbing. 

Pointing. 

Cleaning  down. 

Steps. 

Boiler  settings. 

Flue  linings. 

Paving. 

Chimney  caps. 

Safety  treads. 

Base.  • 

Sidewalk  lights. 

Cleanout  doors. 

Chutes — coal  and  ash. 

Furring. 

Floor  construction. 

Flat   arch    constrtiction. 

Of  course,  all  the  headings  are  divided  the  same  way,  so 
that  an  estimator  can  hardly  overlook  an  item  if  it  Is  men- 
tioned in  the  specifications.  He  must  have  some  sort  of  a 
cost  keeping  system  in  order  to  arrive  at  the  units  to  use, 
but,  take  brick  work,  for  instance;  it  is  not  difficult:  you 
know  the  cost  of  brick,  the  cost  of  the  sand,  the  cost  of  the 
cement  and  lumber,  and  you  know  about  what  the  labor 
ought  to  be  on  certain  kinds  of  work;  and  those  unit  prices 
are  figured  out  on  another  sheet. 

When  you  have  the  unit  price,  it  is  only  a  matter  of  mathe- 
matics to  figure  out  the  quantity  and  apply  the  rate;  and  that 
summary  on  each  trade,  of  course,  is  carried  out  on  the  front. 

Now,  there  are  some  jobs  where  you  cannot  anticipate  all 
the  things  that  may  come  up,  where,  for  instance,  it  is  diffi- 
cult to  work,  or  where  the  architect  is  very  fussy  and  you 
do  not  know  what  he  is  going  to  want;  so  you  must  put  in  a 
"contingent"  item  for  safety,  just  as  the  engineer  puts  in  a 
factor  of  safety  in  computing  his  calculations  on  the  building. 

The  first  thing  I  made  up  my  mind  to  do  was  that  I  was 
going  to  know  what  the  cost  of  a  job  was,  if  I  didn't  know 
anything  else;  and  I  think  the  first  job  I  did  was  putting  up 
partitions  under  a  big  candy  factory  in  Cleveland.  I  told  the 
head  bookkeper  at  that  time  that  I  wanted  to  keep  track  of 
my  work,  and  he  gave  me  a  form  that  they  used  in  their  busi- 
ness. Of  course,  he  made  some  changes  in  it  for  me;  but 
that  is  practically  the  same  sheet  that  we  have  used  ever 
since.     That   was   in   1896,   22   years  ago.     I  don't  think  this 
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, ,|,iv   «,.iiia   li.'  llio  shi-el   I  woiiKI  kepp  the  cost  on  for  a 

In.,  joli  If  U  were  not  for  the  fuct  we  have  started  to  take 
<ur>^.  of  small  Jobs.  We  have  inslalle.1  it  jol)  department  and 
«lo  lots  of  small  work,  and  this  same  eost  sheet  will  lie  ap- 
Idlcable  to  n  Job  of  »I00  to  $ir.O.  because  you  can  use  just  as 
innnv  sheets  as  the  job  renulrt>s.  We  have  the  "headlnsl' 
-work  floor."  •address.'  iocation."  "description  of  the  work," 
und  If  It  Is  a  contract,  the  contract  price  is  put  in;  or.  if  It 
ts  duv  work,  the  time  Is  put  in.  There  Is  a  column  for  •extras." 
Wo  limke  It  a  point  to  have  a  reRular  order  tor  all  costs  and 
the  amount  of  the  costs  and  the  date  Is  put  in  there.  So  that 
when  the  Job  is  completed,  all  that  is  necessary  to  do  is  to 
make  a  bill  for  the  amount  of  the  contract  and  amount  of  the 
extra*. 

On  the  other  side  are  the  "order  numbers."  and  as  orders 
«rt>  made  out  for  work  on  this  job.  the  order  number  is  put 
In.  and  before  the  job  is  footed  up,  they  see  to  it  that  the 
order  numbers  are  all  checked  olT  as  having  been  invoiced. 

The  shtH>t  shows  the  Items  as  they  come  In.  It  is  not  nec- 
essary to  ltemi«e  everythlnj;,  but  the  invoice  and  the  amount 
of  It  r:  put  In  there;  so  that  you  have  the  cost  of  the  mate- 
rial, and  here  also  is  the  time.  There  is  room  for  some  '20 
or  22  men  for  31  days;  and  of  course  you  can  use  as  many 
sheets  as  are  required.  If  you  have  100  men  or  200  men  you 
simply  have  that  many  more  sheets,  then  we  keep  the  dif- 
ferent trades  on  dlfterenl  sheets,  so  as  to  put  up  the  different 
trades  separately  for  any  purpose,  the  workmen's  compensa- 
iJon  particularly. 

When  our  sheet  Is  completed  we  have  an  itemized  bill;  if 
a  conlmct.  the  contract  price;  and  the  extras;  and  before 
that  is  put  away,  the  cost  is  put  on  and  the  selling  price,  and 
the  gain  and  the  percentage  of  gain.  And  then  that  is  put 
:i«ay  with  all  the  records  on  the  job.  and  we  know  just  what 
we  are  doing  on  each  job.  It  we  do  not  show  a  gain,  we  have 
n  little  session  and  see  what  is  the  matter. 

I  want  to  say,  too.  that  it  the  contractor  gets  into  the 
habit  of  doing  work  that  way.  keeping  track  of  things  in  that 
way.  he  will  have  a  little  more  time  to  give  his  attention  to 
the  larger  things  than  estimating.  I  do  not  believe  the  con- 
tractor ought  to  do  estimating  when  his  business  gets  to  a 
point  where  he  has  something  else  to  do.  nor  anything  else. 
I  find  that  after  getting  a  system  of  this  kind  worked  up.  and 
getting  an  organization,  I  can  go  away  to  conventions  and 
the  job  is  going  on  just  the  same,  and  maybe  better  than  it  I 
were  there. 


City  Art  Commissions  and  Building 
Departments 

That  city  art  commissions  should  have  greater  power  and 
should  co-operate  with  building  departments  and  pass  on  all 
plans  tor  all  buildings,  private  or  public,  is  suggested  by 
Mr.  F.  W.  Fitzpatrick.  Architect  Construction  Department. 
Bankers'  Realty  Investment  Co.,  Omaha,  in  an  article  in  the 
March  Open  Court.  He  goes  on  to  say:  Buildings  on  any 
one  block  should  conform  to  certain  major  lines,  they  should 
not  be  allowed  to  scream  at  each  other,  there  should  be 
a  certain  harmony  of  color  and  material,  an  effort  made  to- 
ward the  really  artistic.  As  it  is  now  buildings  are  planted 
down  every  one  different  from  the  other,  a  new  and  some- 
times startling  creation  every  2.5  ft.,  for  all  the  world  as  it  a 
confectioner  attempted  a  novel  confection  by  sticking  to- 
gether slices  of  every  imaginable  kind,  color,  shape,  and 
previous  condition  of  cake  he  could  lay  hands  upon  and  then 
wonder  at  the  hodge-podge  effect. 

Why  should  we  have  to  look  upon  buildings  that  appal  us 
with  their  utter  ugliness?  Why  should  we  put  all  our  efforts 
into  one  class  of  building?  For  Instance,  in  Washington 
there  are  wondrously  fine  public  buildings,  marvels  of  art, 
but  the  private  individual  is  permitted  to  build  any  freak 
construction  he  wishes  and  the  uglier  it  is  the  better  it  seems 
to  serve  his  purpose.  In  consequence  there  are  miles  and 
miles  of  hideous  brick  rows  and.  In  spite  of  the  beautiful  Gov- 
ernment buildings,  the  city  as  a  whole  is  irreparably  marred, 
spoiled  beyond  redemption.  Everywhere,  in  Cleveland  as 
well  as  Washington,  in  San  Francisco  as  well  as  in  New 
■York,  there  are  misfits,  awful  efforts  at  originality,  colors 
that  swear  at  one,  "design?"  that  were  conceived  in  sin  and 
brought  forth  in  terrible  travail. 


Results  of  Flat  Slab  Floor  Tests  at 

Western  Newspaper  Union 

Building,  Chicago 

In  lh<<  Nov.  2,S.  1!M7,  issue  of  lOngineeriug  and  Contracting 
we  described  lirielly  some  tests  that  were  being  conducted 
at  that  time  on  the  Hat  slab  fioors  ot  the  old  Western  News- 
paper rnion  liulldiiif;  in  Chicago,  and  gave  some  preliminary 
results.  The  conipU'li'  discussion  of  these  tests,  together 
witli  data  and  conclusions,  are  given  in  a  llullotin  written  by 
Arthur  N.  Talbot  and  Harrison  F.  Gonncrman  and  issued 
lately  by  the  lOngineering  Experiment  Station  ot  the  Univer- 
sity ot  Illinois.  The  tests  brought  out  a  great  many  inter- 
esting tacts  and  should  add  to  the  confidence  that  engineers 
have  in  the  jiresent  designing  methods  in  reinforced  concrete. 

The  Western  Newspaper  Union  Buildiug  liad  to  make  way 
tor  the  new  Union  Depot  and  the  opportunity  was  utilized  to 
apply  a  test  load  much  greater  in  proportion  to  the  design 
load    than    had    been   used    in    previous    tests.     A   load   of  913 


Viev,    of    Wtstern    Newsp.'pi 


Building    at    Time    of   Test. 


lb.  per  square  foot  was  applied  to  tour  panels  ot  a  floor  that 
was  originally  designed  for  2.50  lb.  per  square  toot. 

Two  types  of  floor  construction  were  used  in  the  building. 
The  Urst  flve  floors  were  slab  and  girder  type;  the  Gth,  7th, 
and  8th  floors  were  Turner  mushroom  flat  slab  type  (four- 
way  reinforcement).  The  floors  of  the  building  were  di- 
vided into  panels  17  ft.  51/2  in.  by  19  ft.  41/2  in.  The  test  was 
made  on  the  sixth  floor.  This  floor  was  designed  for  a  live 
load  of  250  lb.  per  sq.  ft.  and  was  nominally  8V4  in.  thick.  A 
considerable  variation  in  thickness  was  found,  the  measured 
thickness  over  the  test  area  ranging  from  7.5  to  9,8  in.  In 
general,  the  thickness  was  greater  away  from  the  columns 
than  in  the  vicinity  of  the  columns.  The  interior  columns 
were  octagonal  in  form.  24  in.  in  short  diameter  below  the 
floor  tested  and  21  in.  in  short  diameter  above  it.  The  in- 
side diameters  of  the  hooping  ot  the  columns  on  the  5th  and 
Gth  floors  are  given  on  the  plans  as  21  in.  and  18  in.,  re- 
spectively. The  column  capitals  were  pyramidal;  the  short 
diameter  at  the  top  ot  the  capital  was  54  in.  The  building 
plans  called  for  15%-in.  round  bars  in  each  ot  the  tour  bands 
of  reinforcement  in  the  floor  slab  and  indicated  that  over 
most  ot  the  columns  in  the  test  area  there  were  laps  in  cer- 
tain bands.  After  the  test  was  made,  the  floor  was  broken 
into  and  the  location  and  extent  ot  all  laps  and  the  position 
of  reinforcing  bars  with  respect  to  the  surfaces  of  the  slab 
were  found.  In  several  places  the  arrangement  of  reinforce- 
ment differs  from  that  given  in  the  building  plans.  In  three 
places  in  rectangular  bands  the  reinforcement  for  positive 
moment  w-as  double  that  given  on  the  plans  (30  bars  instead 
ot  15).  The  lapping  ot  bars  at  columns  was  generally  greater 
than  that  indicated  on  the  plans.     In  most  cases,  the  length 
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of  lap  and  its  position  were  such  that  the  extra  metal  was 
effective  in  regions  of  greatest  moment.  No  reason  is  ap- 
parent for  the  lapping  of  bars  between  columns.  There  was 
no  reinforcement  for  negative  moment  in  the  region  miJ- 
way  between  columns.  The  measurement  of  position  of  bars 
with  respect  to  the  surface  of  the  slab  showed  considerable 
variation  at  the  several  columns.  At  the  columns  the  dis- 
tance of  the  centers  of  the  bars  of  the  top  layer  Irom  the 
upper  surface  of  the  slab  varied  from  0.90  in.  to  2.00  in.,  and 
that  of  the  lower  layer  from  3.60  to  -1.00  in.  At  points  between 
columns  the  centers  of  the  bars  of  the  rectangular  bands 
were  from  2.30  in  one  case  to  4.20  in.  above  the  lower  sur- 
face of  the  slab.  In  the  region  of  the  center  of  the  panel  the 
centos  of  the  lower  layer  of  diagonal  bars  were  from  1.20  to 
2.20  in.  above  the  lower  surface  of  the  slab. 

The  variation  in  amount  of  reinforcement  available  at  the 
different  sections  of  the  slab  due  to  the  diversity  in  amount 
and  position  of  laps,  and  the  variation  in  depth  of  reinforcing 
bar  and  thickness  of  slab,  as  well  as  variations  in  the  quality 
and  stiffness  of  the  concrete  in  different  parts  of  the  loaded 
area,  may  be  expected  to  cause  some  lack  of  uniformity  in 
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the  stresses  and  deflections  at  points  similarly  located  on  the 
test  area. 

The  concrete  in  the  slab  was  1-2-4  mix;  in  the  columns 
1-1-2  mix  was  used.  The  coarse  aggregate  was  gravel. 
Pieces  of  the  concrete  were  cut  out  from  the  floor  and  sawed 
into  test  prisms  approximately  5  in.  square  and  16  in.  long; 
one  face  of  the  prism  was  coincident  with  the  upper  surface 
of  the  slab.  The  concrete  was  taken  from  parts  of  the  slab 
which  had  not  been  highly  stressed  and  which  was  relatively 
free  from  reinforcing  bars  and  cracks.  The  results  of  the 
tests  are  given  in  Table  1. 

This  table  should  be  of  interest  in  that  it  gives  strengths 
in  compression  of  concrete  that  has  not  been  made  in  the 
laboratory,  that  is  older  than  most  laboratory  specimens  and 
concrete  that  has  been  in  use. 

The  strength  of  these  test  prisms  ranged  from  3,190  lb.  per 
sq.  in.  in  panel  B  to  5,460  lb.  per  sq.  in.  in  panel  A.  and  the 
initial  modulus  of  elasticity  from  3, .500, 000  to  5,100,000  lb.  per 
sq.  in.  When  the  floor  was  broken  up  after  the  test,  a  notice- 
able difference  was  found  in  the  quality  of  the  concrete  in  the 
four  test  panels.     The  concrete  in  panels  A  and  D  appeared 

TABLE  I.— COIIPRESSIOX  TESTS  OF  CONCRETE  PRISMS 
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much  stronger  and  harder  than  that  in  panels  B  and  C.  That 
in  panel  D  was  very  hard. 

Steel  coupons  were  cut  from  reinforcing  bars  at  different 
places  in  the  tested  floor.  The  bars  gave  an  average  yield 
point  by  drop  of  beam  of  63,600  lb.  per  sq.  in.  and  an  average 
ultimate  strength  of  101,300  lb.  per  sq.  in. 

The  methods  of  tests  were  not  unusual  and  are  fully  de- 
scribed in  the  article  referred  to  as  well  as  in  the  bulletin. 
It  is  to  be  regretted  that  funds  were  not  available  at  the 
time  to  enable  tests  to  be  made  of  the  other  floors  of  the  slab 
and  girder  type  and  other  panels  for  corroboration  of  the 
test  on  the  Turner  type. 

A  careful  comparison  between  magnitude  of  the  resisting 
moments  developed  in  sections  of  the  slab  and  the  bending 
moments  due  to  external  forces.  Since  only  the  tensile 
stresses  on  the  bars  can  be  actually  computed  the  resisting 
moment  based  on  their  strength  may  not  account  fully  for 
the  bending  moment.  The  tensile  strength  of  concrete  as- 
sists the  tensile  resistance,  and  is  especialy  influential  in 
regions  away  from  cracks. 

The  comparisons  were  made  on  the  basis  of  the  full  analyt- 
ical value  of  the  bending  moment  and  by  considering  one- 
third  of  it  as  positive  moment  and  two-thirds  as  negative 
moment.  The  Joint  Committee  on  Concrete  and  Reinforced 
Concrete  recommended  for  the  sum  of  the  positive  and  nega- 
tive moments  a  value  which  is  abont  85  per  cent  of  the 
analytical  value  heretofore  used  and  recommended  that  the 
distribution  be  three-eighths  positive  moment  and  five-eighths 
negative  moment.  The  sum  of  the  positive  and  negative  mo- 
ments accounted  for  by  the  measured  stresses  in  the  rein- 
forcing bars  has  nearly  the  same  value  as  the  sum  of  the 
moments  recommended  by  the  Joint  Committee.  The  nega- 
tive moments  so  accounted  for  are  13  per  cent  higher  than 
the  value  recommended  by  the  Joint  Committee,  and  the  posi- 
tive moments  are  about  73  per  cent  of  the  committee's  values. 

Four  days  were  consumed  in  removing  the  load.  Four 
hours  after  the  last  of  the  load  was  removed,  readings  were 
taken  on  the  gage  lines  and  deflection  points,  and  twenty 
hours  later  another  set  was  taken.  The  cracks  in  both  up- 
per and  lower  surfaces  of  the  slab  had  closed  so  that  they 
were  not  easily  traced.  The  recovery  in  deflection  at  the 
centers  of  the  panels  w-as  about  75  per  cent;  at  other  points 
it  was  generally  greater.  The  recovery  in  strains  in  steel 
and  concrete  was  also  large.  Even  where  high  stresses  and 
open  cracks  had  been  observed  the  residual  strain  in  steel 
was  not  more  than  that  to  be  expected  from  the  lack  of  in- 
terlocking of  particles  at  the  cracks.  In  the  region  of  high 
compressive  stress  in  the  concrete  the  recovery  at  the  prin- 
cipal gage  lines  was  75  per  cent  or  more;  in  the  reinforcing 
bars  the  recovery  averaged  about  80  per  cent.  In  general 
the  action  of  the  slab  was  that  of  concrete  of  high  quality. 

With  reference  to  the  design  of  the  slab,  it  may  be  noted 
that  the  slab  was  strongly  reinforced,  though  the  reinforcing 
bars  were  not  distributed  to  the  best  advantage  and  the  laps 
were  not  placed  so  as  to  be  effective. 

Although  the  nominal  thickness  of  the  slab  (8%  in.)  was 
less  than  that  required  by  building  regulations,  the  slab  ful- 
filled the  common  requirements  for  co.mpressive  and  shearing 
stresses  in  concrete  of  the  high  quality  shown  in  the  tests 
of  prisms  taken  from  the  slab.  The  provisions  of  the  Joint 
Committee  on  Concrete  and  Reinforced  Concrete  for  bending 
moments  and  working  stresses  in  concrete  of  3,000  lb.  per  sq. 
in.  strength  give  a  thickness  about  the  same  as  the  designed 
thickness  of  the  slab. 

As  soon  as  the  load  was  removed,  portions  of  the  floor  in 
the  four  panels  of  the  loaded  area  were  broken  into  to  re- 
cover the  reinforcing  bars  at  important  sections.  Measure- 
ments of  the  position  and  location  of  the  reinforcing  bars 
were  made  for  use  in  calculation.  The  thickness  of  the  floor 
was  measured  at  a  number  of  points  to  check  the  values  ob- 
tained from  tevel  readings.  Photographs  were  taken  to  give 
a  record  of  the  position  and  location  of  reinforcing  bars  and 
their  laps.  As  the  wrecking  of  the  floor  by  the  contractor 
progressed,  further  measurements  of  the  position  of  the  rein- 
forcing bars  and  their  laps,  including  those  in  the  bands  out- 
side of  the  loaded  area,  were  taken. 

Among  the  many  valuable  conclusions   are  the   following: 

The  tests  of  samples  of  the  concrete  from  the  slab,  as 
well  as  the  hardness  and  toughness  of  the  concrete  observed 
in  breaking  up  the  slab,  indicate  that  the  concrete  was  of 
unusually   good   quality   and   that   it   had   high   strength   and 
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stiffness  The  action  o(  the  slab  under  load  was  that  to  be 
Tx^H-te  1  vvlth  high  Knuio.  well-seasoned  concrete.  The  .'rtect 
oJ  Vime  on  the  stresses  In  steel  and  concrete  and  on  the  de- 
1  ton  o?  the  Slab  under  a  sustained  load  was  ^Mght  even 
over  a  period  of  GC  hours  under  the  maximum  load  of  913  lb. 
™r  square  toot-*.-ondltlon8  which  would  not  exist  at  an 
.^  ly  age  of  concrete.  I'pon  renunal  of  load,  the  recovery 
n  deflection  at  the  centers  of  the  panels  was  about  .5  per 
em  of  that  under  load,  and  a.  other  points  generally  more; 
the  recoverv  In  strains  In  steel  and  concrete  was  as  large. 

Mthou.h'the  arrangement  of  bars  was  not  as  recom- 
mended, the  amount  of  relnforcen>ent  tor  negative  moment, 
conslde  mg  all  available  bars  over  the  area  uset^.  was  as 
,„uch  as  that  required  for  the  negative  "'oments  recom- 
mended bv  the  Joint  Conunlttee  on  Concrete  and  Reinforced 
rCrete.even  though  the  slab  was  thinner  than  recoin- 
mended  for  ordinary-  concrete.  The  amount  of  reinforce- 
ment for  positive  moment  was  more  than  SO  per  cent  greater 
than  that  required  for  the  positive  moments  recommended 
bv  the  committee.  Althou!;h  the  nominal  thickness  of  the 
^iab  wa-<  less  than  that  required  by  building  rem.lations,  it 
"fuUllledthe  provisions  of  the  committee  for  bending  moments 
and  working  stresses  for  concrete  of  a  test  strength  of  3,000 
lb.  per  square  Inch.  , ,     .         j ,  j 

The  action  of  the  floor  slab  under  test  should  give  added 
confidence  m  the  suita'.iility  and  reliabilty  of  the  flat  slab  as 
a  load-carrying  stnicture.  .  t^    •    a 

The  units  were  conducted  under  the  direction  of  Prof.  A. 
N.  Talbot  of  the  University  of  Illinois  by  H.  F.  Gonnerman, 
who  was  In  charge. 

The  Architect  and  the  Building  Contract 

Much  needed  advance  has  been  made  in  the  design  of  work 
entrusted  to  architects,  largely  due  to  men  trained  under 
French  Influence,  writes  Mr.  T.  E.  Billquist  in  the  April  Jour- 
nal of  the  American  Institute  of  Architects.  Many  of  these 
men  have,  however,  a  low  opinion  ot  the  structural  side  of 
their  profession,  preferring  to  leave  this  entirely  to  engi- 
neers and  contractors.  By  this  self-chosen  limitation  of  the 
function  of  their  profession,  the  relative  importance  ot  gen- 
eral contractors  and  building  engineers  has  increased,  al- 
most delegating  to  them  the  actual  construction  of  build- 
ings, leaving  to  the  architect  only  the  design.  The  natural 
development  has  been  the  employment  ot  designers  by  the 
big  contracting  concerns  and  entire  elimination  of  the  pro- 
fessional architect.  The  only  method  of  checking  this  ten- 
dency is  the  general  adoption  by  architects  of  separate  con- 
tract's with  the  different  building  trades,  a  system  so  much 
feared  by  the  general  contractors  that  they  have  been  known 
to  organize  and  refuse  to  bid  on  any  work  in  any  architect's 
office  where  such  vicious  methods  were  practiced. 

When  the  architects  reclaim,  as  a  part  of  their  profession, 
the  knowledge  of  construction,  including  the  proper  use  of 
standard  and  patented  forms,  and  ability  to  properly  super- 
vise its  execution,  they  will  be  trusted  by  the  public  with 
the  great  amount  of  building  construction  now  exclusively 
done  by  contractors  and  engineers,  work  that  is  mostly  In 
great  need  of  suitable  design.  Architects  trained  in  construc- 
tion will  probably,  like  the  engineers,  prefer  to  execute  their 
designs  under  separate  contracts.  By  direct  dealing  with  all 
these  contractors,  the  architects  will  learn  to  make  good 
drawings  as  a  basis  for  contracts,  the  improvement  in  this 
respect  in  good  offices  being  very  marked.  The  room  tor  im- 
provement in  specifications  is  far  greater  and  more  urgent. 

One  ot  the  best  reasons  for  the  general  adoption  of  sep- 
arate contracts  with  all  the  building  trades,  as  against  a 
general  contract  for  most  of  the  work,  is  the  reduced  cost 
to  the  owner,  caused  by  saving  of  the  overhead  charges  ot 
the  general  contractor,  sometimes  by  the  commission  he 
receives  on  changes  or,  occasionally,  on  subcontracts.  By 
contracts  direct  with .  the  firms  that  actually  execute  the 
work  an  architect  who  knows  his  business  can  get  very  good 
work  for  his  client,  frequently  better  work  'than  under  the 
general  contract,  making  it  true  under  normal  business  con- 
ditions that  separate  contracts  give  the  owner  under  all  cir- 
cumstances equally  good  work  for  the  same  cost,  frequently 
better  work  for  less  cost  than  work  executed  under  general 


The  Building  Contract  of  the 
Future* 

By  SULLIVAN  \V.  JONES. 
.\ri-lill>'<-t.  Now  Voik  iMty. 
False  Assumpuons  on  the  Lump-sum  Contract  System.— 
The  contract  system  which  was  in  almost  universal  use  be- 
fore the  war  had  revolved  about  two  wholly  false  assump- 
tions: One.  that  a  modern  building  can  be  described  by 
drawings  and  specifications  with  sufficient  completeness  to 
provide  for  an  accurate  computation  ot  costs,  and,  hence, 
for  bids  on  its  construction  that  are  fairly  competitive;  and 
the  other,  that  the  contractors'  business  is  that  of  selling 
finished  work,  and  that  he  is  essentially  a  merchant,  who 
should,  but  by  no  means  always  does,  possess  a  specialized 
knowledge  of  the  suitable  and  economical  use  of  the  things 
he  buys  and  sells. 

The  first  of  these  false  assumptions  leads  us  direct  to  a 
consideration  of  the  sufficiency  of  the  architect's  service, 
while  the  latter  involves  a  study  of  the  contractor's  status 
under  this  form  of  contract.  We  have  thus  established  at 
least  one  direct  relationship  between  the  two  fundamental 
questions.  While  they  have  been  stated  separately,  so  inter- 
woven are  they  that  discussion  ot  them  singly  is  impossible. 
Speculative  Elements  in  Lump-sum  Contracts. — Let  us  as- 
sume for  the  moment  that  we  wish  to  hold  to  the  lump-sum 
form  of  contract  and  competitive  bidding.  Obviously,  then, 
we  must  find  some  way  of  giving  to  the  contractor  in  advance 
the  information  essential  as  a  basis  tor  fair  competition  on 
price?  Can  it  be  done?  Drawings  and  specifications  may 
be  improved  through  further  standardization;  inaccuracies  of 
quantities  may  be  largely  removed  by  the  adoption  of  the 
quantity  system;  and  the  cost  ot  work  may  be  placed  upon 
a  more  accurate  basis  by  the  "open-price,"  which  will  also 
raise  the  price  standard  and  assure  a  better  margin  of  profit 
to  the  contractors.  Bat  are  these  partial  remedies  all  that 
is  necessary. 

There  are  always  several  ways  of  doing  a  thing,  one  less 
costly  than  another,  and  there  will  always  be  differences  ot 
opinion  between  the  contractor  and  architect  as  to  which  is 
the  best,  or  whether  the  substitute  proposed  is  permissible 
under  the  contract.  There  will  always  be  disputes  over  ques- 
tions of  quality  because  quality,  both  in  workmanship  and 
materials,  is  w-ell-nigh  impossible  to  describe. 

There  is  another  important  speculative  element  in  every 
lump-sum  contract,  and  it  will  exist  even  if  drawings  and 
specifications  could  be  perfected.  It  is  this  element  of  risk 
which  has  now  acquired  such  proportions  that  no  sensible 
man  is  willing  to  assume  it.  When  a  contractor  signs  such  a 
contract,  he  sells  short  for  delivery  over  a  stipulated  period 
of  time,  the  quantities  ot  labor  and  material  required.  In 
some  localities,  in  times  more  normal  than  these,  or  than 
those  to  which  we  look  forward,  the  risk  of  loss  to  the  con- 
tractor from  a  rising  labor  market  has  been  minimized  by 
wage  agreements  with  organized  labor.  In  other  places  that 
stability  has  not  been  secured.  And  the  material  market 
never  has  been  and  never  can  be  brought  under  control. 
Estimating,  even  under  the  most  favorable  conditions,  will 
always  involve  risk  to  the  contractor,  and  as  long  as  there 
are  risks,  competition  will  be  based  on  risks  instead  of  work 
to  be  done.  The  low  bid,  whether  it  be  too  low  or  not,  will 
always  be  the  product  of  the  greatest  error  or  the  assump- 
tion ot  the  greatest  risk. 

Which  Is  Wrong,  Competition  or  the  Stipulated  Price?— 
Let  us  examine  the  case  for  the  lump-sum  contract.  I  have 
said  it  had  a  corrupting  infiuence  on  everybody  involved  in 
it.  Almost  every  ill  and  every  evil  in  the  building  industry, 
I  am  satisfied,  may  be  traced  to  the  lump-sum  contract.  Un- 
der it  the  interests  of  the  owner  and  contractor  are  diamet- 
rically oposed.  The  contractor's  profit  lies  between  the 
actual  cost  of  the  work  and  the  amount  of  the  contract.  The 
greater  the  cost,  the  less  the  profit,  and  vice  versa.  The 
contractor's  aim  is,  therefore,  to  deliver  as  little  as  possible, 
while  the  interest  of  the  owner  is  in  exacting  the  utmost  ot 
the  contractor.  The  contract  stands  between  them,  setting 
up  antagonisms  where  there  should  be  co-operation,  creating 
conflict  of  purpose  where  unity  of  interest  is  essential  to  suc- 
cess. Under  the  lump-sum  contract  the  contractor  has  been 
a  merchant,  buying  and  selling  finished  buildings. 


contracts. 


•From  an  address  before  the  Institute  of  Electrical  Contractors. 
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The  arguments  against  the  general  contractor  being  a 
merchant  are  possibly  more  conclusive  than  any  that  can  be 
directed  against  the  merchandising  function  for  the  subcon- 
tractor, especially  the  subcontractor  who  manufactures  and 
installs  a  product,  but  they  apply,  nevertheless,  with  the 
force  of  conviction  to  both.  The  general  contractor  manu- 
factures none  of  the  materials  which  he  handles.  He  has  no 
plant  or  factory  and  has  no  legitimate  use  for  either.  He  has 
no  capital  invested  in  anything  of  permanent  value  to  him. 
The  money  which  he  uses  in  conducting  his  business  is  a 
temporary  substitute  for  the  owner's  capital  ultimately  rep- 
resented by  the  finished  building.  What  is  it  the  contractor 
has  to  sell?  Service,  his  expert  knowledge  of  the  fabrication 
of  buildings.  In  the  last  analysis,  service  is  the  thing  he  has 
always  sold,  but  instead  of  selling  it  to  his  employer,  he  has 
sold  it  to  himself.  The  system  has  placed  a  premium  on  dis- 
loyalty and  shrewdness  in  the  contractor,  rather  than  on 
engineering  skill  and  efficiency. 

The  same  contradictions  have  confused  and  misled  the  sub- 
contractor. He  has  wasted  his  best  energy  fighting  for  trade 
discounts  on  the  materials  he  purchases  in  order  to  resell 
them  competitively  at  a  possible  profit.  He.  too,  has  strug- 
gled to  make  a  livelihood  through  the  purchase  and  sale  of 
labor  and  materials  when  he  should  have  centered  his  effort 
on  perfecting  his  service  and  finding  a  market  for  it.  If  serv- 
ice is  the  commodity  in  w'hicli  the  contractor  deals,  and  we 
wish  to  preserve  competition,  obviously,  then,  competition 
must  be  in  service  and  not  in  the  price  for  finished  work. 
The  value  of  service  is  measured  in  terms  of  results.  If 
economy  is  one  of  the  results  looked  for,  and  secured,  let  it 
be  an  asset  to  the  contractor  instead  of  stolen  fruit  to  be 
concealed. 

The  Architect  and  the  Lump-sum  Contract. — But  we  have 
not  yet  put  in  all  the  evidence  against  the  lump-sum  contract. 
The  architect  has  not  escaped  its  insidiously  evil  influence. 
The  average  owner,  the  owner  who  is  inexperienced  in  mat- 
ters of  construction,  undertakes  his  venture  on  the  assump- 
tion that  the  architect  is  omniscient,  and  that  when  a  bid  is 
received  on  the  drawings  and  specifications  it  is  all-inclusive. 
This  is  the  fallacy  of  the  complete  and  sufficient  drawings 
and  specifications.  A  mistake  is  made  W'h-'n  an  architect  ac- 
cepts employment  without  disclosing  to  his  client  the  un- 
avoidable limitations  which  are  placed  upon  his  service.  As 
the  work  proceeds,  omissions  are  discovered,  differences 
arise  as  to  what  is  meant  by  vague  expressions  and  indica- 
tions, and  the  architect  is  at  once  placed  on  the  defensive 
with  respect  to  the  sufficiency  of  his  drawings  and  specifica- 
tions. He  has  the  choice  of  confessing  his  plight  to  the 
client  or  covering  it  up  by  compromise  with  the  contractor. 
Some  pursue  the  former  and  honorable  course;  others,  the 
latter.  The  position  of  the  architect  under  such  a  contract 
is  unwholesome.  It  is  unfair  to  him.  It  is  unfair  to  the 
owner  who  has  sought  the  architect's  advice  on  the  basis  of 
confidence.  It  is  unfair  to  the  contractor.  It  is  a  high  trib- 
ute to  the  profession,  and  the  professional  tradition,  that  so 
few  architects  have  succumbed  to  the  temptations  which  con- 
stantly urge  them  to  abandon  the  difficult  role  of  con- 
scientious servant. 

That  the  architect  is  keenly  alive  to  his  untenable  position, 
and  to  the  gravity  of  the  consequences  to  the  whole  building 
industry  if  conditions  remain  unchanged,  is  evidenced  through 
the  appointment  by  the  American  Institute  of  Architects  of 
a  Post-War  Committee  on  Architectural  Practice,  charged 
with  the  study  of  the  architect,  his  function,  relation  to  the 
public  and  public  interest,  and  his  education;  and  by  the  prin- 
ciples adopted  as  fundamental  by  the  Committee  on  Con- 
tracts and  Specifications  in  connection  with  its  deliberations 
on  the  cost-plus-fee  form  of  contract.  These  two  committees, 
beginning  work  on  two  distinct  questions,  have  found  that 
their  labors  are  complementary;  and  I  venture  to  predict  that 
in  the  end  their  work  will  be  co-ordinated,  at  least  to  this 
extent:  That  the  Committee  on  Contracts  and  Specifications 
will  perfect  the  cost-plus-fee  form  of  contract  and  the  other 
committee  will  recommend  its  universal  adoption. 

The  Cost-plus-fee  Contracts. — The  cost-plus-fee  contract,  as 
we  have  known  it.  has  been  a  compromise  document.  The 
status  of  the  contractor,  by  reason  of  his  contract  liabilities, 
and  by  reason  of  the  unchanged  attitude  of  the  architect  and 
owner,  was  not  radically  different  under  this  form  of  con- 
tract from  what  it  had  been  under  the  lump-sum  contract. 
While  his  interests  coincide  with  those  of  the  owner,  the  con- 
tractor failed  to  realize  the  nature  of  the  relationship,  and. 


consequently,  his  attitude  of  mind  remained  unaltered.  The 
Committee  on  Contracts  and  Specifications  feels  that  the 
change  must  be  complete,  and  that  such  changes  must  be 
made  in  the  document  as  will  give  the  contractor  a  new  pic- 
ture of  his  status  and  responsibilities.  The  committee  as- 
serts that,  "in  the  light  of  recent  experiences  of  the  Govern- 
ment in  the  use  of  the  cost-plus-fee  system,  the  following 
general  principles  are  felt  to  be  fundamental": 

"(1)  The  contractor  becomes  in  effect  a  professional  ad- 
viser of  the  Owner,  as  his  'Construction  manager'  and  should 
be  relieved  of  all  contract  liabilities  inconsistent  with  such 
a  relationship:  (2)  For  this  purpose  the  Owner  should  pay 
directly  for  all  materials  and  should  enter  directly  into  con- 
tract with  subcontractors  rather  than  having  subcontractors 
make  their  contracts  with  the  Contractor.  Payrolls  must 
perforce  be  paid  by  the  Contractor  and  reimbursement  made 
by  the  Owner;  (3)  In  view  of  this  professional  relationship, 
no  'bond'  guaranteeing  performance  is  needed  or  proper,  any 
more  than  for  the  architect." 

It  is  difficult  to  comprehend  at  once  the  full  significance  of 
this  statement.  The  principles  enunciated  find  expression 
throughout  the  document.  There  was  a  discussion  on  the 
expediency  of  changing  the  term  "contractor"  to  "construc- 
tor," or  "manager  of  construction,"  or  "constructing  engi- 
neer," but  it  was  decided  that  a  wiser  course  to  pursue  was 
to  use  the  old  and  familiar  term  and  let  the  contractors' 
wishes  gradually  crystallize  into  the  choice  of  some  substi- 
tute term  which  would  be  more  appropriate  and  more  de- 
scriptive of  the  new  function. 

This  is  the  wording  of  the  clause,  which,  in  the  older  form 
of  contract,  was  captioned  "subcontracts."  It  now  bears  the 
title  "separate  contracts": 

"All  portions  of  the  work  that  the  contractors'  organiza- 
tion has  not  been  accustomed  to  perform,  or  that  the  owner 
may  direct,  shall  be  executed  under  separate  contract.  In 
such  cases,  either  the  contractor  shall  ask  for  bids  from  the 
contractors  approved  by  the  architect  and  shall  deliver  such 
bids  to  him,  or  the  architect  shall  procure  such  bids  himself, 
and  in  either  case  the  architect  shall  determine  with  the  ad- 
vice of  the  contractor  and  subject  to  the  approval  of  the 
owner,  the  award  and  amount  of  the  accepted  bid.  The 
owner  shall  contract  direct  with  such  approved  bidders,  etc., 
etc." 

This  clause,  it  will  be  observed,  establishes  the  relation- 
ship between  the  so-called  subcontractor  and  the  owner  or 
architect,  which  the  subcontractor  has  sought  to  realize 
through  the  elimination  of  the  general  contractor. 

Advantages  of  Cost-plus-fee  Contracts. — It  must  be  now 
plain  that  the  architect's  status  and  function  cannot  be  con- 
sidered without  considering,  also,  the  status  and  function  of 
the  contractor.  It  seems  almost  superfluous  to  point  out  the 
advantages  to  the  whole  building  industry  from  making  the 
cost-plus-fee  contract  the  rule  instead  of  the  exception.  It  is 
important,  however,  for  us  to  think  of  this  proposed  change 
in  terms  of  results,  so  that  we  may  all  have  a  clear  concep- 
tion of  what  it  is  we  are  striving  for.  But  when  we  think  in 
terms  of  results,  we  again  find  it  impossible  to  think  of  the 
architect  and  the  contractor  separately.  First,  the  contrac- 
tor, or  let  us  call  him  the  constructor,  will  be  selected  on  the 
basis  of  confidence  and  his  service  record.  Since  the  con- 
tractor's profit  will  no  longer  depend  upon  his  ability  to 
cheapen  the  work,  which  has  been  the  motive  underlying  the 
general  practice  of  offering  substitutions,  we  may  expect 
fewer  discussions  of  this  kind  in  the  future.  Considerations 
of  price  alone  will  less  and  less  influence  the  selection  of 
materials.  The  architect  and  the  contractor  will  work  to- 
gether instead  of  in  opposition.  The  knowledge  and  experi- 
ence in  construction  ivhich  the  architect  lacks  will  be  fur- 
nished by  the  "constructor."  This,  to  my  mind,  is  one  of  the 
most  important  results  that  will  be  secured,  for  it  must  be 
realized,  and  is  realized  by  the  thinking  element  in  the  archi- 
tectural profession,  that  ability  in  design,  which  reaches  its 
highest  development  only  in  men  who  are  sensitive,  imagina- 
tive, and  impulsive,  is  wholly  incompatible  with  the  scientific 
quality  of  mind  that  works  in  exact  terras  of  fact  and  sta- 
tistics; an  essential  prerequisite  to  the  proper  performance 
of  the  "constructors"  function.  Under  the  cost-plus-fee  form 
of  contract,  the  architect,  the  contractor,  and  the  owner  enter 
into  a  tri-party  agreement  to  accomplish  a  single  end.  It 
does  not  require  much  imagination  to  see  in  this  change  in 
the  contractor's  status  the  reincarnation  of  the  master  builder 
of  the  Renaissance,  through  a  virtual,  if  not  an  actual  part- 
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nenihlp  of  the  two  talents  that  produced  the  world's  most 
InBpirlnK  and  eudiirlng  arohitoctural  monuments, 

Tht>  salvation  of  the  arfliiloot,  the  contruotor.  and  the  In- 
ihi^try  lie  In  such  a  p.irlnorshlp  of  talents.  If  it  cannot  be 
l.i.u>;ht  about.  I  predict  that  contractors  will  try  to  become 
iir.  hitocts  as  well,  and  that  architects  will  attempt  to  become 
builders  -and.  In  the  broad  sense,  few  will  succeed.  Bulld- 
InRs  will  be  either  poorly  constructed  or  poorly  doslKiied,  and 
the  loss  to  the  public  and  In  the  prestige  of  the  Industry  will 
be  immeasurable. 

In  connection  with  the  adoption  of  the  cost-plus-fee  con- 
tnict  system.  1  wish  also  to  point  out  the  Importance  of  a 
standard  cost  accoimtlns  system  and  the  greater  value  of  the 
open-price  plan  as  a  powerful  factor  in  education  and  in  estab- 
llshinK    mutual   conlidence. 

Thero  Is  one.  and  only  one.  serious  dilliculty  which  lies  in 
the  way  of  securinR  these  fundamental  reforms.  It  will  be 
necessary  to  effect  a  change  in  the  policy  of  the  lender  of 
money  for  construction.  Relatively  little  new  construction  is 
carried  forward  without  building  loans.  Such  loans  are 
usually  a  certain  percenta.ae  of  the  contract  cost  of  the  build- 
ing The  question  Is.  can  the  great  lending  companies  be 
made  to  feel  that  they  will  he  amply  i)rotected  in  lending  the 
same  percentage  on  a  carefully  prepared  estimate  by  a  reput- 
able 'constructor."  even  though  the  amount  of  that  estimate 
is  not  guaranteed  by  a  contract  and  bond?  I  believe  that, 
\illimately.  such  loans  will  be  secured  on  the  basis  of  con- 
lidence, even  more  readily  and  with  less  question  as  to  values 
and  risks  than  has  been  the  case  in  the  past.  And  I  believe, 
also,  that  loans  so  made  will  be  more  secure  than  those  made 
on  the  lump-sum  contract  ever  have  been.  This  must  be  so. 
l>ecause  the  building  will  be  a  better  investment:  both  up- 
keep and  depreciation  will  be  less,  and  costs  will  rest  on  the 
stable  foundation  of  true  values,  not  on  the  insecure  basis  of 
apocuirition. 


Advantages  of  Bulk  Cement 

In  a  paper  presented  at  the  last  annual  convention  of  the 
Railway  Storekeepers'  Association.  Mr.  E.  Y.  Aldridge.  man- 
ager Sack  Bureau  Universal  Portland  Cement  Co..  sum- 
marized as  follows  the  reasons  why  cement  in  bulk  will  net 
a  saving  as  compared  with  its  use  in  packages: 

1.  Net  price  of  cement  in  bulk  is  less  than  in  either  cloth 
sacks  or  paper  bags. 

2.  Sack  losses  are  eliminated. 

3.  Less  labor  is  required  to  handle  cement  from  car  to 
mixer. 

•1.  No  labor  is  required  to  count  and  bundle  the  empty  sacks 
for  return  to  manufacturer. 

5.  No  bookkeeping  on  sacks  is  necessary. 

C.  No  storage  space  need  be  provided  tor  sacks. 

7.  No  fire  insurance  on  sacks  need  be  carried. 

S.  No  hauling  expense  and  freight  charges  in  connection 
with  return  of  empty  sacks. 

9.  No  loss  on  account  of  cement  being  left  in  sacks  because 
of  carelessness  in  emptying. 

10.  No  money  is  tied  up  in  sacks.  Such  money  draws  no 
interest  and  is  not  refunded  until  the  empty  sacks  have  been 
received,  counted  and  inspected  by  the  manufacturer. 

11.  No  money  is  spent  for  paper  bags,  which  account  of 
being  capable  of  but  one  trip  are  a  dead  loss  when  empty. 

The  usual  objections  made  to  the  use  of  bulk  cement  are: 

1.  Possible  damage  by  water  to  the  cement  in  transit  or 
in  storage. 

2.  Dust. 

3.  DifTiculty  in  unloading,  measuring  and  handling. 

Cars  used  for  bulk  shipments  are  carefully  coopered  be- 
fore loading  to  insure  against  possible  leakage  or  damage  in 
transit.  If  water  does  penetrate  a  leaky  roof  the  damage  is 
localized  in  case  of  bulk  shipments,  while  if  cement  is  packed 
ip  cloth  sacks  or  paper  bags  damage  will  extend  over  large 
area.  Storage  In  packages  will  not  prevent  absorption  of 
water  from  the  atmosphere.  A  tight  weatherproof  storage 
is  required  for  either  bulk  or  sacked  cement.  Especially  at 
the  mixer,  bulk  cement  can  be  handled  with  less  dust  than 
sacked  cement.  Even  though  bulk  cement  is  unloaded  with 
no  equipment  other  than  shovels  and  wheelbarrows,  users 
have  effected  a  saving  in  handling  cost.  Furthermore,  the 
men  prefer  to  handle  it  in  bulk.  Cement  in  bulk  can  be 
measured  just  as  accurately  as  sand  or  pebbles,  all  of  which 
materials  in  concrete  making  are  measured  by  volume. 


Living  Architecture* 

A  weakness  of  modern  architecture  is  in  its  not  having 
sulllcieni  grasp  of  modern  scientific  construction.  The  fail- 
ure of  English  engineering  is  that  it  is  usually  mean  and 
hrulal.  like  Charing  Cross  Bridge,  or.  ashamed  of  itself,  it 
seeks  for  disguises  like  those  of  the  intolerable  Tower  Bridge. 
Judging  by  its  works  rather  than  its  cluinis  to  "science."  our 
engineering  seems  often  both  ignorant  and  impotent. 

The  ideal  for  masonry  has  been  definition  and  delicacy, 
sharply  cut  angles,  moulding,  carving.  The  ideal  for  con- 
crete construction  Is  much  the  reverse:  it  is  that  of  continu- 
ous aggregation  into  a  homogeneous,  chambered  mass;  the 
structure  is  "cast";  simple  forms  and  rounded  edges  are  re- 
quired. Its  special  disadvantage  is  in  being  liable  to  crack- 
ing, and  the  least  cracking  in  such  structures  seems  to  de- 
stroy the  possibility  of  our  having  any  pleasure  in  them.  A 
building  of  such  a  fabric  should  be  as  continuous  and  sound 
as  a  china  vase.  It  is  necessary  first  of  all  to  improve  the 
material  so  that  it  won't  crack.  Our  continued  use  of  mate- 
rials like  mosaic  and  cement  floors  in  such  a  way  that  rlvfers 
or  cracks  wander  over  them  after  a  few  years  is  somewhat 
astonishing. 

Once  having  mastered  the  material  and  having  produced  a 
fairly  even  surface,  we  have  to  bring  out  what  it  can  best  do 
on  its  own  merits,  and  put  away  any  attempt  at  imitating 
forms  developed  in  stone  and  brick  building.  Curved  lines 
in  plan  and  slanting  and  curved  surfaces  would  seem  to  be 
specially  ai)propriate  to  this  mud-like  material  which  must 
be  modelled  as  it  were  into  form.  Inferior  angles  of  Roman 
rooms  were  usually  rounded.  Corners  might  be  rounded  both 
within  and  outside;  cornices,  it  any,  might  be  simple  coves 
or  rounds.  The  surface  could  be  finished  with  white  and 
color  washes,  plastering,  painting,  rough-east,  sgrafiito,  mar- 
ble-veneer, mosaic,  glazed  tiling  and  glazed  terra  cotta  ap- 
plied in  panels  and  medallions.  The  aim  should  be  to  de- 
velop structures  in  which  the  walls  and  roofs  are  all  of  a 
piece:  and  there  is  surely  something  exciting  in  such  a  mode 
of  building.  The  general  design  must  in  every  case  be  ar- 
rived at  as  the  best  constructive  solution  of  the  given  prob- 
lem, but  it  must  be  a  fine  and  civilized  solution,  not  a  raw 
and  haphazard  one  like  so  many  of  our  engineering  works. 
Exquisite  common  sense  is  wanted.  The  aim  should  be  for 
masterly  construction  appropriately  or  even  delightfully  fin- 
ished. Beauty  in  structures  is  not  a  question  of  mere  shapes, 
but  it  is  the  evidence  of  mind  acting  on  materials. 

If  we  could  have  a  fine  market  or  railway  shed  (or  even  a 
cathedral)  schemed  like  some  of  the  wonderful  war  sheds 
drawn  by  Mr,  Muirhead  Bone,  well  built  of  its  kind,  flooded 
with  light,  carefully  finished,  brilliantly  whitewashed  like  a 
lighthouse,  and  decorated  with  fine  paintings,  we  might 
"catch  our  breath"  once  more  at  the  sudden  sight  of  a  piece 
of  living  architecture. 

One  of  the  buildings  which  has  most  Interested  me  recently 
is  the  newest  museum  building  at  South  Kensington,  tempo- 
rarily completed  with  the  "style"  left  out.  Many  of  the  tem- 
porary war  buildings  are  also  direct  and  structurally  interest- 
ing. Although  such  buildings  are  frequently  only  skeletons, 
they  demonstrate  that  a  piece  of  architecture  may  be  got  to 
stand  up  without  shamming  dead. 

Let  us  consider  the  "carcass"  of  an  important  public  struc- 
ture. A  rim  or  lining  of  marble  might  be  put  around  the 
doorway,  and  over  it  could  be  some  fine  heraldry  carved,  gilt, 
and  colored  from  the  design  of  one  of  our  heraldic  experts: 
not  the  fat,  tame  stuff  we  are  accustomed  to,  but  keen  and 
vigorous.  This  would  probably  be  enough,  we  don't  want 
our  buildings  worried  all  over,  we  want  richness  and  color 
and  food  for  thought,  but  we  also  need  bareness  and  relief 
and  peace.  Or  a  set  of  fine  sculptured  panels,  about  some- 
thing, might  be  set  low  down  where  they  could  really  be  seen 
and  loved — really  loved — not  tolerated  or  hated.  Or  an  in- 
scription really  saying  something  in  clear,  strong  lettering 
might  be  cut  in  in  a  band  high  up.  or  in  a  large  panel,  or. 
again,  this  might  be  in  mosaic  of  gold  letters  on  blue,  or 
black  letters  on  gold — not  timid  and  frightened  and  non-com- 
mittal, but  an  inscription  to  lift  up  our  hearts.  Or  between 
the  windows  might  be  a  set  of  really  handsome  medallions  in 
glazed  earthenware,  either  in  relief  or  only  painted  devices, 
or  portraits,  but  again,  with  some  meaning  and  intention — 
surely  we  are  rich  enough  to  have  meanings  and  intentions. 


*From    an   article   by   Professor   Lethaby    in   the   British   .lournal 
the  Builder. 
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The  Design  of  Concrete  Mixtures 

During  the  past  3  years  a  large  number  of  investigations 
have  been  under  way  at  the  Structural  Material  Research 
Laboratory,  Lewis  Institute,  Chicago,  which  throw  consid- 
erable new  light  on  the  subject  of  proportioning  concrete. 
These  investigations,  carried  out  through  the  co-operation  of 
the  Institute  and  the  Portland  Cement  Association,  are  be- 
ing made  under  the  direction  of  Duff  A.  Abrams,  Professor 
in  charge  of  the  laboratory.  The  studie.s  have  covered  an 
investigation  of  the  inter-relation  of  the  following  factors: 
(1)  The  consistency  (quantity  of  mixing  water):  (2)  The 
size  and  grading  of  aggregates,  and  {?,)  The  mix  (proportion 
of  cement).  During  this  period  about  .50.000  tests  having  a 
bearing  on  this  subject  have  been  carried  out.  These  tests 
have  been  confined  largely  to  compression  tests  of  concrete 
a;id  mortars.  The  investigations  have  given  a  new  insight 
into  the  factors  which  underlie  the  correct  proportioning  of 
concrete  mixtures  and  show  the  limitations  of  older  methods. 

The  results  of  the  investigations  are  given  in  a  bulletin 
prepared  by  Prof.  Abrams  and  published  a  few  days  ago  by 
the  Structural   Materials  Research   Laboratory.    Inasmuch  as 
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Fig.  1. — Relation  Between  Strengtii  of  Concrete  and  Water  Content. 

Tweiuy-fcight-day  compression   tests  of  6  by  12-in.  cylinders. 

the  bulletin  contains  many  new  conceptions  regarding  the 
effect  of  certain  changes  in  the  proportions  of  concrete  ma- 
terials and  brings  out  for  the  first  time  an  improved  method 
of  proportioning  concrete  mixtures,  it  is  reprinted  below  in 
greater  part. 

Among  the  most  important  principles  which  have  been  es- 
tablished with  reference  to  the  design  of  concrete  mixtures 
are  following: 

1. — with  given  concrete  niaterial.s  and  concUtions  of  test  the 
quantity  of  mixing  v.ater  used  determines  the  strength  of  the  con- 
crete, EG  long  as  the  mix  is  of  a  workable  plasticity. 

2. — The  sieve  analysis  furnishes  the  only  correct  basis  for  pro- 
portioning aggregates  in  concrete  mixtures. 

3. — A  simple  method  of  measuring  the  effective  size  and  grading 
of  an  aggregate  has  been  developed.  This  gives  rise  to  a  function 
known  as  the  "fineness  modulus"  of  the  aggregate. 

•1. — The  fineness  modulus  of  the  aggregate  furnishes  a  rational 
method  for  combining  materials  of  different  size  for  concrete 
mixtures. 

5. — The  sieve  analysis  curve  of  the  aggregate  may  be  widely 
different  in  form  without  exerting  any  influence  on  the  concrete 
strength. 

6. — Aggregate  of  equivalent  concrete-making  qualities  may  be 
produced  by  an  infinite  number  of  different  gradings  of  a  given 
material. 

7. — Aggregates  of  equivalent  concrete-making  qua.lilies  may  be 
produced  from  materials  of  widely  different  size  and  grading. 

8. — In  general,  line  and  coarse  aggregates  if  widely  differeait  size 
or  grading  can  be  combined  in  such  a  manner  as  to  produce  similar 
results  in  concrete. 

9. — The  aggregate  grading  which  produces  the  strongest  con- 
crete is  not  that  giving  the  maximum  density  (lowest  voids).  A 
grading  coarser  than  that  giving  maximum  density  is  necessary 
for  highest  concrete  strength. 

10. — The  richer  the  mix,  the  coarser  the  grading  should  be  for 
an  aggregate  of  given  maximum  size;  hence,  the  greater  the  dis- 
crepancy between  maximum  density  and  best  grading. 

11. — A  complete  analysis  has   been   made  of  the   water-require- 


ments of  concrete  mixes.     The  quantity  of  water  required  is  gov- 
eined  by  the  following  factors: 

(a)     The  condition  of  "\Aoi'kal->ilit.\"  of  concrete  which   nuisl  be 
used — the  relative  plasticity  or  consistency: 
(b)     The  normal  consistency  of  the  cement; 

Ic)  The  size  and  grading  of  the  aggregate! — measured  liy  the 
fineness  modulus: 

Id)     The  relative  volumes  of  cement  and  aggregate — the  mix; 
(e)     The  absorption  of  the  aggregate; 
(f)     Tlie    contained   water  in   aggi-egate. 

12. — There  is  an  intimate  relation  betveen  the  grading  of  the 
atigregate  and  the  quantity  of  water  required  to  produce  a  work- 
able concrete. 

1,3. — The  water  content  of  a  concrete  mix  is  best  considered  in 
terms  of  the  volume  of  the  cement— the  water-ratio. 

14. — The  shape  of  the  particle  and  the  quality  of  the  aggregate 
have  less  influence  on  the  concrete  strength  than  has  been  re- 
ported by  othe,-  experimenters. 

Effect  of  Quantity  of  Mixing  Water  on  the  Strength  of 
Concrete. — Figure  1  shows  the  relation  between  the  com- 
pressive strength  and  the  water  content  for  28-day  tests  of 
C.  by  12-in.  concrete  cylinders.  Mixes  from  1:15  to  neat  ce- 
ment were  used;  each  mix  was  tnade  up  of  aggregates  rang- 
ing in  size  from  14-mesh  sand  up  to  li^-in.  gravel;  a  wide 
range  in  consistencies  was  used  for  all  mixes 
and  gradings. 

The  water  content  of  the  concrete  is  ex- 
pressed as  a  ratio  to  the  volume  of  cement, 
considering  that  the  cement  weighs  94  lb. 
per  cubic  foot.  Distinguishing  marks  are 
used  for  each  mix,  but  no  distinction  is  made 
between  aggregates  of  different  size  or  dif- 
ferent  size  or  different  consistencies. 

When  the  compressive  strength  is  platted 
against  the  water  ratio  in  this  way,  a  smooth 
curve  is  obtained,  due  to  the  overlapping  of 
the  points  for  different  mixes.  Values  from 
dry  concretes  have  been  omitted.  If  these 
were  used  we  should  obtain  a  series  of  curves 
dropping  downward  and  to  the  left  from  the 
curve  shown.  It  is  seen  at  once  that  the 
size  and  grading  ef  the  aggregate  and  the 
_  quantity  of  cement  are  no  longer  of  any 
*^  importance  except  in  so  far  as  these  factors 
influence  the  quantity  of  water  required  to 
produce  a  workable  mix.  This  gives  us  an  entirely  new  con- 
ception of  the  function  of  the  constituent  materials  entering 
into  a  concrete  mix  and  is  the  most  basic  principle  which 
has  been  brought  out  In  our  studies  of  concrete. 
The  equation  of  the  curve  is  of  the  form, 
A 

S  =  - (1) 

B-" 
where  S  is  the  compressive  strength  of  concrete  and  x  is 
the  ratio  of  the  volume  of  water  to  the  volume  of  cement 
in  the  hatch.  A  and  B  are  constants  whose  values  depend 
on  the  quality  of  the  cement  used,  the  age  of  the  concrete, 
curing  conditions,  etc. 

This  equation  expresses  the  law  of  strength  of  concrete 
so  far  as  the  proportions  of  materials  are  concerned.  It  is 
seen  that  for  given  concrete  materials  the  strength  depends 
on  only  one  factor — the  ratio  of  w^ater  to  cement.  Equations 
which  have  been  proposed  in  the  past  for  this  purpose  con- 
tain terms  which  take  into  account  such  factors  as  quantity 
of  cement,  proportions  of  fine  and  coarse  aggregate,  voids 
in  aggregate,  etc.,  but  they  have  uniformly  omitted  the  only- 
term  which  is  of  any  importance;   that  it,  the  water. 

For  the  conditions  of  these  tests,  equation   (1)   becomes, 
14,000 
S= (2) 

The  relation  given  above  holds  so  long  as  the  concrete  is 
not  too  dry  for  maximum  strength  and  the  aggregate  not  too 
coarse  for  a  given  quantity  of  cement;  in  other  words,  so 
long  as  we  have  a  workable  mix. 

Other  tests  made  in  this  laboratory  have  shown  that  the 
character  of  the  aggregate  makes  little  difference  so  long 
as  it  is  clean  and  not  structurally  deficient.  The  absorption 
of  the  aggregate  must  be  taken  into  account  if  comparison 
is  being  made  of  different  aggregates. 

The  strength  of  the  concrete  responds  to  changes  in  water. 
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of  the  reason  for  those  chanses.     The  wnlor-rntlo 
iHtiKPil  due  to  luiy  of  the  following  onuses. 

1  mix  u"""*"'  toi>toiit>, 

;  ::  sixe  or  ktiuIImk  of  iiKKroinUi'. 

S-   •  !.ini,r   III   rolnllvi-  loiislali'iii-y. 

4  — .\n>   itiml'liiivlloii  of  il)  to  (3>. 

In  certain  Instnnres  n  1:9  mix  is  ns  stronn  ns  u  1:2  mix, 
ilopoiulinK  only  ou  water  content.  It  should  not  bo  coiu-luded 
that  these  tests  Indicate  that  lean  mixes  can  bo  substituted 
for  richer  ones  without  limit.  Wo  are  always  liuiilcd  by  the 
necessity  of  using  Buflicient  water  to  secure  a  workable  mix. 
So  In  the  case  of  the  Kradlng  of  agBregates.  The  workabil- 
ity of  the  mix  will  in  all  cases  dictate  the  minimum  quan- 
tity of  water  that  can  be  used.    The  importance  of  the  work- 
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Fig.  2. — Method  of  Plotting  Sieve  Analysis  of  Aggregates. 
Sieve  analysis  curves  for  aggrcgutes  B,   K,   and  G   in   Table   I. 

ability  factor  in  concrete  is  therefore  brought  out  in  its  true 
relation. 

The  problem  of  designing  concrete  mixes  resolves  itself 
into  this: 

To  produce  a  workable  concrete  which  has  a  given  water- 
ratio  using  a  minimum  quantity  of  cement:  or  the  converse. 
to  produce  a  workable  concrete  with  a  minimum  water-ratio 
using  a  given  quantity  of  cement.  The  methods  tor  securing 
the  best  grading  of  aggregate  and  the  use  of  the  driest  con- 

TABLE  I— METHOD  OF  CAI>CUI..^VTING  FINENESS  MODULUS 
OF  AGGREGATES. 
The  sieves  used   are   commonly   known   as   the   Tvler  standard 
sle\-es.     Each  sieve  has  a  clear  opening  Just  double   that  of  the 
preceding  one. 

The  sieve  analysis  may  be  expressed  in  terms  of  volume  or 
weight. 

The  fineness  modulus  of  an  aggregate  is  the  sum  of  the  per- 
centages given  by  the  sieve  analysis  divided  by  100. 

Sieve   analysis   of   aggregates 
Per  cent  of  sample  coarser  than  a  given 

, Sand ,        , —  Pebbles  — . 
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100 
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4S-mesh    . 
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52 

70 

81 
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100 

100 
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2S-mesh    . 
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.59 

20 

46 
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100 

100 
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14-mesh    . 
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1.17 

0 

24 
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100 

100 
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10 
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100 

100 

7S 

4 -mesh    . 
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4.70 

0 

0 

0 

86 

95 
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.  .37 
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n 

0 

0 

51 

66 

86 

49 
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.   .75 

18.8 
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0 

9 

25 

50 

19 

1^-in 

.1.5 

38.1 

0 

0 

0 

0 

0 

0 

0 

Fineness 

modulus    1 

.54 

2.41 

3.10 

6.46 

6.86 

7.35 

5.74 

•Concrete  aggregate  "G"  is  made  up  of  25  per  cent  of  sand  'B" 
mixed  with  To  per  cent  of  pebbles  "E.  Equivalent  gradings  would 
he  secured  by  mixing  33  per  cent  sand  "B"  with  67  per  cent  coarsj 
pebbles  "F";  28  per  cent  "A"  with  72  per  cent  "P."  etc.  The  pro- 
portion coarser  than  a  given  sieve  is  made  up  by  the  addition  of 
these  percentages  of  the  corresponding  size  of  the  constituent 
materials. 


Crete  which  is  workahle  are  thus  seen  to  bo  only  dovices 
which  enable  >is  to  accomplLsh  the  above-mentioned  results. 
Fineness  Modulus  of  Aggregate.  -The  experinientul  work 
carried  out  in  I  lie  laboratory  has  Kivon  rise  to  what  we  term 
the  lineness  nioihihis  of  the  aggregato.  This  function  fur- 
nishes a  method  of  nieas\irlng  the  size  and  grading  of  the 
a^gregate.     It   may  be  delined  as  follows: 

The  sum  of  Iho  porcontngos  in  the  sieve  analysis  of  the 
aggregate  divided  by  100. 

The  sieve  analysis  is  determined  by  using  the  following 
sieves  from  the  Tyler  standard  series:  100,  48,  28,  14,  8,  1, 
%-in.,  %in.  and  I'/j-ln.  These  sieves  are  made  of  square-mesh 
wire  cloth.  Each  sieve  has  a  clear  opening  just  double  the 
width  of  the  preceding  one.  The  exact 
(limonsiona  of  the  sieves  and  the  method  of 
determining  tne  fineness  mod\ilu8  will  be 
found  in  Table  I.  It  will  be  noted  that  the 
sieve  analysis  is  expressed  in  terms  of  the 
percentages  of  material  by  volume  of 
weight  coarser  than  each  sieve. 

A  well-graded  torpedo  sand  uv  to  No.  4 
sieve  will  give  a  fineness  modulus  of  about 
3.00;  a  coarse  aggregate  graded  4-1%  In. 
will  give  a  fineness  modulus  of  about  7.00; 
a  mixture  of  the  above  materials  in  proper 
proportions  for  a  1:4  mix  will  have  a  fine- 
ness modulus  of  about  .5.80.  A  fine  sand 
such  as  drift-sand  may  have  a  fineness 
modulus  as  low  as  1.50. 

Sieve  Analysis  of  Aggregates. — There  is 
an  intimate  relation  between  the  sieve 
analysis  curve  for  the  aggregate  and  the 
fineness  modulus;  in  fact,  the  fineness  modu- 
lus enables  us  for  the  first  time  to  properly 
interpret  the  sieve  analysis  of  an  aggre- 
gate. If  the  sieve  analysis  of  an  aggregate 
is  platted  in  the  manner  indicated  in  Fig.  2; 
that  is,  using  the  per  cent  coarser  than 
/  a  given  sieve  as  ordinate,  and  the  sieve 
size  (platted  to  logarithmic  scale)  as 
abscissa,  the  fineness  modulus  of  the  aggye- 
gate  is  measured  by  the  area  below  the 
sieve  analysis  curve.  The  dotted  rectangles  for  aggregate 
"G"  show  how  this  result  is  secured.  Each  elemental  rec- 
tangle is  the  fineness  modulus  of  the  material  of  that  particu- 
lar size.  The  fineness  modulus  of  the  graded  aggregate  Is 
then,  the  summation  of  these  elemental  areas.  Any  other 
sieve  analysis  curve  which  will  give  the  same  total  area  cor- 
responds to  the  same  fineness  modulus  and  will  require  the 
same  quantity  of  water  to  produce  a  mix  of  the  same  plasticity 
and  gives  concrete  of  the  same  strength,  so  long  as  it  is  not 
too  coarse  for  the  quantity  of  cement  used. 

The  fineness  modulus  may  be  considered  as  an  abstract 
number;  it  is  in  fact  a  summation  of  volumes  of  material. 
There  are  several  different  methods  of  computing  it,  all  of 
which  will  give-  the  same  result.  The  method  given  in  Table 
I  is  probably  the  simplest  and  most  direct. 

Some  of  the  mathematical  relations  involved  are  of  in- 
terest. The  following  expression  shows  the  relation  be- 
tween the  fineness  modulus  and  the  size  of  the  particle: 

m  =  7.94  +  3.32  log  d (3) 

Where  m  =  fineness  modulus 

d  =  diameter  of  particle  in  inches. 
This  relation  is   perfectly   general  so  long  as  we  use  the 
standard  set  of  sieves  mentioned  above.     The  constants  are 
fixed  by  the  particular  sizes  of  sieves  used  and  the  units  of 
measure.     Logarithms  are  to  the  base  10. 

This  relation  applies  to  a  single-size  material  or  to  a  given 
particle.  The  fineness  modulus  is  then  a  logarithmic  func- 
tion of  the  diameter  of  the  particle.  This  formula  need  not 
be  used  with  a  graded  material,  since  the  value  can  be  se- 
cured more  easily  and  directly  by  the  method  used  in  Table 
I.  It  is  applicable  to  graded  materials  provided  the  relative 
quantities  of  each  size  are  considered,  and  the  diameter  of 
each  group  is  used.  By  applying  the  formula  to  a  graded 
material  we  would  be  calculating  the  values  of  the  separate 
elemental  rectangles  shown  in  Fig.  2. 

Fineness  Modulus  Strength  Relation  for  Concrete. — Many 
different  series  of  tests  have  shown  that  for  a  given  plastic 
condition  of  concrete  and  the  same  mix  there  is  an  intimate 
relation  between  the  fineness  modulus  of  the  aggregate  and 
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the  strength  and  other  properties  of  the  concrete.  We  have 
seen  that  the  reason  for  this  result  is  found  in  the  fact  that 
the   fineness  modulus  simply  reflects  the   changes   in  water- 
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Fig.   3 — Maximum    Permissible    Vaiues   of    Fineness    IVIoduius   of   Aggregate. 

Graphical  reproduction  of  Table  III.  These  curves  are  based  on  the  require- 
ments of  sand  and  pebljle  aggregate.  For  crushed  stone  aggregate  the  values  must 
he  reduced  as  noted  in  the  table. 

TABLE  II— EFFECT  OF  GRADING  OP  AGGREGATES  ON"  THE 
STRENGTH  OF  CONCRETE. 

Compression  tests  of  6  by  12-in.  concrete  cylinders. 

Mix  1:.".  by  volume;  age  at  test,  28  days;  stored  in  damp  sand; 
tested  damp. 

Aggregates — sand  and  pebbles  from  Elgin,  111.  Aggregates  were 
screened  to  difl'erent  sizes  and  recombined  to  conform  to  pre- 
determined sieve  analyses. 

The  aggregates  were  made  up  in  such  a  manner  as  to  give  the 
widest  variations  in  the  grading  of  the  partioies.  All  gradings  had 
one  common  property,  in  that  the  fineness  moduius  was  exactly 
the  same— m  =  6.04.  The  fineness  modulus  of  the  aggregate  is 
the  sum  of  the  percentages  in  the  sieve  analysis,  divided  by  100. 

The  same  quantity  of  water  was  used  in  all  specimens  of  a 
given  consistency.  The  110  per  cent  consistency  contains  10  per 
cent  more  water  than  the  100  per  cent. 

Each  specimen  was  made  from  a  separate  batch. 

Each  value  in  the  strength  tests  is  the  average  from  5  tests 
made  on  different  days. 


Surface 

"  area  of 

—  aggregate 

,5  a,  sq.  in. 

^.                        ,        .                                                          C  tin  ® 

Sieve  analysis  of  aggregate     k  <»  v.^" 

Ref.  Per  cent  coarser  than  each  sieve  J  y,  °S  o-g 

No.  100  48  2S  14  8   4  %  %  lU  1%  2  E  °  £  "*  £ " 

40  99  98  95  90  81  68  49  24  0       6.04  602  8.8 

259  99  98  96  92  84  67  46  22  0      6.04  569  8.2 

260  98  97  93  88  80  67  52  29  0      6.04  764  11.4 

261  97  94  91  85  77  67  58  .35  0      6.04  999  15.2 

262  95  92  87  82  75  67  67  39  0      6.01  1.292  20.1 

263  95  90  84  7S  73  67  62  55  0       6.04  1.451  23.0 

264  95  89  82  75  67  67  67  62  0       6.04  1.565  25.2 

265  100  97  91  79  72  67  58  40  0      6.04  761  11.9 

266  100  97  93  88  S3  67  50  27  7  0     6.04  616  9.0 

267  90  97  94  86  77  67  47  27  16    0  6.04  709  10.5 

268  98  95  90  83  83  83  50  22  0      6.04  834  12.6 

269  98  94  90  86  S3  SO  55  IS  0      G.04  898  13.3 

270  96  90  80  SO  SO  80  60  39  0      6.04  1.391  21.5 

271  100  96  92  87  SI  75  50  23  n       6.04  672  10.0 

272  95  91  87  82  77  73  59  40  0      6.04  1.315  20.2 

273  99  95  SS  SO  76  73  61  32  0       6.04  911  13.9 

274  90  85  SI  78  75  73  66  51!  0      6.04  1.992  31.3 

275  100  93  82  73  73  73  63  47  0      6.04  1,076  16.7 

276  100  100  100  92  81  60  45  26  0      6.04  390  5.6 

277  100  98  95  90  80  60  50  31  0      6.04  557  8.3 
27S  100  99  96  92  84  55  50  28  0      6.04  483  7.0 

279  100  99  96  91  80  50  50  38  0       6.04  514  7.6 

280  98  84  84  84  84  57  57  57  0      6.04  1.276  19.7 

281  99  98  91  36  80  76  38  38  0      6.04  701  10.4 

282  99  98  91  S6  80  76  46  30  0      6,04  697  10.2 

283  99  98  91  86  80  76  61  15  0      6.04  689  10.1 

284  99  98  91  85  SC  7G  67   8  0      6.04  685  9.9 

Average     6.04  904  13.8 

Minimum  value   390     5.6 

Maximum   valus    1.992  31.3 

Mean  variation  from  average — percent     ....  34.4  37.2 
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3,040 
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2,940 
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3,000 

2,780 

2,940 

2,700 

3,020 

2.660 

2,9.30 

2.670 

2,970 

2,630 

2,990 

2.690 

2.680 

2.440 

3.300 

2,890 

3.41 

3.04 

ratio  necessary  to  produce  a  given  plastic  condition. 

Compression  tests  hring  out  the  relation  beween  the 
strength  of  the  concrete  and  the  fineness  modulus  of  the  ag- 
gregate very  clearly  for  each  mix.  There 
is  a  steady  increase  in  the  compressive 
strength  of  the  concrete  as  the  fineness 
of  the  aggregate  increases,  until  a  certain 
value  is  reached  which  corresponds  to  a 
maximum  point.  This  maximum  point  cor- 
responds to  higher  and  higher  values  of  fine- 
ness modulus  as  the  quantity  of  cement  in 
the  mix  is  increased. 

For  all  practical  purposes  and  for  ordi- 
nary ranges  in  concrete  mix  the  fineness 
modulus  strength  relation  may  be  assumed 
as  a  linear  one.  The  comparison  of  the  true 
and  approximate  relation  is  brought  out  in 
the  discussion  of  the  "Water  Formula"  be- 
low. 

A  given  value  for  the  fineness  modulus  of 
an  aggregate  can  be  secured  with  any  com- 
bination of  percentages  in  the  sieve  analysis 
which  gives  the  same  total,  consequently, 
an  infinite  variety  of  gradings  may  be  found 
which  give  aggregate  of  the  same  concrete 
strength.  Table  II  gives  the  results  of 
groups  of  tests  which  hring  out  the  wide 
variation  which  may  be  made  in  the  grad- 
ing of  aggregate  without  producing  any  es- 
sential variation  in  the  concrete  strength. 
Twenty. seven  different  gradings  of  the  same 
aggregate  were  made  up.  These  gradings 
covered  the  widest  possible  range,  but  they 
had  one  property  in  common;  that  is,  a  fine- 
ness modulus  of  6.04.  All  specimens  were 
mixed  with  the  same  quantity  of  cement  and 
water.  Separate  sets  of  specimens  were 
made  of  two  different  consistencies.  The  mean  variation 
from  the  average  strength  is  about  3  per  cent. 

Table  II  also  furnishes  some  interesting  data  on  the  sur- 
face-area method  of  proportioning  aggregates.  It  is  seen 
that  there  is  the  widest  variation  in  the  surface  area  of  the 
aggregate  without  any  appreciable  difference  in  the  con- 
crete strength.  Our  studies  have  clearly  shown  that  sur- 
face area  is  not  a  satisfactory  basis  for  proportioning  aggre- 
gates. 

Design  of  Concrete  Mixes, — The  problem  of  designing  con- 
crete mixes  using  given  materials  resolves  itself  into  that 
of  finding  the  combination  which  with  a  given  water-ratio 
will  give  a  concrete  of  suitable  workability  using  a  mini- 
mum of  cement. 

The  following  outline  will  make  clear  the  steps  to  be  fol- 
lowed in  the  design  of  concrete  mixes  on  the  basis  of  our 
studies  of  concrete: 

STEPS  IN  THE   DESIGN  OP  CONCRETE  MIXTURES. 

1.  Knowing  the  compressive  strength  required  of  the  concrete, 
determine  by  reference  to  Fig.  1  the  maximum  water-ratio  which 
may  be  used.  Subsequent  steps  in  the  design  of  concrete  mixes 
are  only  devices  for  securing  a  workable  concrete  using  this  water- 
ratio  and  a  minimum  quantity  of  cement.  It  is  obvious  that  a 
given  water-ratio  can  be  secured  with  a  minimum  of  cement  if  the 
aggregate  is  graded  as  coarse  as  permissible  (considering  its  size 
and  the  mix  used)  and  if  we  use  the  driest  mix  which  can  be 
properly  placed.  Securing  a  coarse,  well-graded  aggregate,  using 
rich  mixes,  employing  the  driest  practicable  consistency,  using 
.mechanical  methods  of  placing  concrete,  etc.,  are  all  methods  of 
producing  a  workable  mix  with  a  minimum  water-ratio.  Ex- 
perience or  trial  is  the  only  guide  in  determining  the  relative  con- 
sistency of  concrete  necessary  in  the  work.  Obviously  the  driest 
workable  consistency  should  be  used. 

The  size  of  aggregate  available,  or  which  must  be  used,  and  the 
other  factors  will  furnish  a  guide  as  to  the  mix.  The  mix  is  ex- 
pressed as  one  volume  of  cement  to  a  given  number  of  volumes 
of  aggregate;  that  is,  the  combined  fine  and  coarse  aggregate.  In 
general,  some  allowance  must  be  made  for  the  high  strengths  in 
lalooratory  tests.  In  other  words,  a  water-ratio  somewhat  lower 
than  that  given  for  the  required  strength  in  Fig.  1  should  be 
used.  For  convenience  in  the  subsequent  steps  we  shall  deal  with 
concrete  strength  instead  of  w.ater-ratio  (as  in  Fig.  4),  although 
it  should  be  understood  that  it  is  the  water-ratio  which  fixes  the 
strength  so  long  as  we  have  a  plastic  mix. 

2.  Make  sieve  analysis  of  fine  and  coarse  aggregates,  using 
Tyler  standard  sieves  of  the  following  sizes:  100,  4S,  28,  14,  8,  4, 
"s,   ^4   .and  l^A   in.     Express  sieve  anah'sis  in   terms  of  percentages 
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»lirr»  |>       per«-onI«se  of  line  OBKregate  In  total  mixture. 
.\       M..-i,..iM  modulus  of  eoarse  atrKTOinite. 
|:  iiioilulus  of  llnal  aBBiCBale  mixture. 

«'  —  inodulus  of  line  assrreKnte. 

KiK  5  ni«y  l.c  umd  tor  solvlnR  K<|uatlon  .1.  and  for  makine  com- 
:>.trl>oiM  of  the  effect  of  certain  chantos  In  proportion  of  line  and 
foanie  oKirreinites.  The  fllstlnctlon  between  tine  and  coarse  ag- 
KTTintle  Is  iiolel)-  for  convenience  In  securing  a  uniform  grading; 
the  division  may  be  made  at  any  desired  point. 

7.  WItii  the  eslliiiated  mix.  tineness  modulus  and  consistency 
enter  Flit.  I  and  determine  the  strength  of  concrete  produced  by 
the  •oniblnatlon.  If  the  strength  shown  by  the  diagram  Is  not  that 
nxiulred.  the  necessary  readjustment  may  be  made  by  changing 
the  mix.  conslsteno'  or  sire  and  grading  of  the  aggregates. 

The  quantity  of  water  required  can  be  determined  from 
KormuU  -I  l»elow.  or  approximately  from  Table  V. 

Important  Note — It  must  be  understood  that  the  values  In  Fig.  4 
were  determined   from  compression    tests  of   6   by   12-in.    cylinders 

TABL£  III— MAXIMUM  PERMISSIBLE  VALUES  OF  FINENESS 
MODULUS  OF  AGGREGATES. 

For  mixes  other  thpn  those  given  in  the  table,  use  the  value  for 
the  next  leaner  mix. 

For  maximum  sixes  of  aggregate  other  than  those  given  in  the 
table,  use  the  values  fo'*  the  next  smaller  size. 

Fine  aggregate  Includes  all  material  finer  than  No.  1  sieve; 
coarse  aggregHte  Includes  all  material  coarser  than  the  No.  4  sieve. 
Mortar  is  a  mixture  of  cement,  water  and  fine  aggregate. 

This  table  Is  based  on  the  requirements  for  sand-and-pebble  or 
•-Travel  aggregate  composed  of  approximately  spherical  particles,  in 
ordlnarj-  uses  of  concrete  in  reinforced  concrete  structures.  For 
other  materials  and  In  other  classes  of  work  the  maximum  per- 
missible values  of  fineness  modulus  for  an  aggregate  of  a  given 
sixe  Is  subject  to  the  following  corrections. 

(1)  If  crushed  stone  or  slag  is  used  as  coarse  aggregate,  re- 
duce values  in  table  by  0.25.  For  crushed  material  consisting  of 
unusually  flat  or  elongated  particles,  reduce  values  by  0.40. 

(2)  For  pebbles  consisting  of  flat  particles,  reduce  values 
by  0.25. 

(3)  If  stone  screenings  are  used  as  fine  aggregate,  reduce  values 
by  0.25. 

(4)  For  the  top  course  in  concrete  roads,  reduce  the  values  by 
0.25.  If  finishing  is  done  by  mechanical  means,  this  reduction 
need   not  be  made. 

1 5)  In  work  of  massive  proportions,  such  that  the  smallest 
dimension  is  larger  than  10  times  the  maximum  size  of  the  coarse 
aggregate,  additions  may  be  made  to  the  values  in  the  table  as 
follows:  for  *4-in.  aggregate  0.10;  for  li^-in.  0.20;  for  3-in.  0.30; 
for  6-in.   0.40. 

Sand  with  fineness  modulus  lower  than  1.50  is  undesirable  as  a 
fine  aggregate  in  ordinary  concrete  mixes.  Natural  sands  of  such 
fineness  are  seldom  found. 

Sand  or  screenings  used  for  fine  .aggregate  in  concrete  must 
not  have  a  higher  fineness  modulus  than  that  permitted  for  mortars 
of  the  same  mix.  Mortar  mixes  are  covered  by  the  table  and 
by  (3)  above. 

Crushed  stone  mi.xed  with  both  finer  sand  and  coarser  pebbles 
requires  no  reduction  in  fineness  modulus  provided  the  quantity 
of  crushed  stone  is  less  than  30  per  cent  of  the  total  volume  of  the 
aggregate. 

Mix.  Size  of  Aggregate. 

Cem.-  0-1     0-      0-      0-      0-      0- 

0-3*0-%  O-H'O-^i   in.*   1%  2.1*  3-in.  4y2*6in. 


Agg.     0-2S  0-14  0  8  0- 

1-12     .1.20  l.SO  2.40  2.95  3.35  3. SO  4.20  4.60  5.00  5.3"$  5.75  6.20  6.60  7  00 

1-9     ..1.30  1.S5  2.45  S.ns  3.45  3.S5  4.25  4.65  5.00  5.40  5.80  6.25  6.65  7.05 

1-7    ..1.40  l.!:)5  2.55  3.20  3,55  3.95  4.35  4.75  5.15  5.55  5.95  6.40  6. SO  7.20 

1-6     ..1.50  2.0.-.  2.65  3.30  .',.65  4.05  4.45  4.55  5.25  5.65  6.05  6.50  6.90  7.30 

1-5    ..1.60  2.15  2.75  3.45  3.S0  4.20  4.60  5.00  5.40  5.80  6.20  6.60  7.00  7.15 

1-4     ..1.70  2.30  2.90  3.60  4.00  4.40  4.80  5.20  5.60  6.00  6.40  6.S5  7.25  7.65 

1-3    ..1.S5  2.50  3.10  3.90  4.30  4.70  5.10  5.50  5.90  6.30  6.70  7.15  7  55  .«.00 

1-2    ..2.00  2.70  3.40  4.20  4.60  5.05  5.45  5.90  6.30  6.70  7.10  7.55  7.95  8.40 

1-1    ..2.25  3.00  3.80  4.75  5.25  5.60  6.05  6..50  6.90  7.35  7.75  8.20  8.65  9.10 
'Considered  as  "halt-size"  sic\-es;   not  used  in  computing  fine- 
ness modulus. 
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stored  lor  2S  day.-.  1m  a  ilanip  place.  The  values  obtained  on  the 
work  will  depend  on  such  factors  as  tho  consistency  of  the  con- 
crete, quality  of  the  cement,  methods  of  mixing,  lianiUlng.  placing 
the  concrete,  etc.,  and  on  age  and  curing  conditions. 

Strength   values   higher   than   given   for   relative   consistency   of 
1.10  should   seldom   be  considered    In   designing,   since   It   is   only   in 
exceptlonnl  eases  llwn   a  consisliiuy  drier  than  this  can   bo  satis 
ractorll.v  placed.      For  wetler  I'oiH'ielo   nuirli   lower  slrengllis   must 
bo  considered. 

Calculation  of  Water  Required  for  Concrete. — Because  of 
the  iiiip<irl;iiil  inthionce  of  the  (]uaiitit.v  of  water  in  the  con- 
crete it  Is  desirable  to  have  a  sound  basis  (or  proportioning 
the  water.  The  quantity  of  water  necessary  for  given  pro- 
portions anil  conditions  may  be  determined  by  tlie  follow- 
ing formula: 

.30 

+    I    -I- 

1.2Cm  J 

where   x    =  water   requii-ed — ratio  to  volume 
(water-ratio). 

R  —  Relative  consistency  of  concrete,  or  "workability  fac- 
tor." Nornial  consistency  (relative  conslstinic.v  = 
1.00)  requires  the  use  of  such  a  quantity  of  mixing 
water  as  will  cause  a  slump  of  '2  to  1  In.  in  a 
freshly  molded  6  by  12-in.  cylinder  of  about  1:4  mix 
upon  withdrawing  the  form  by  a  steady,  upward 
pull.  A  relative  consistency  of  1.10  requires  the  use 
of  10  piT  cent  more  water  and  under  the  above  con- 
ditions will  give  a  slump  of  about  o  to  6  in. 

p  =  Normal  consistency  of  cement,  ratio  by  weight. 

m  =  Fineness  modulus  of  aggregate   (an  e.xponent). 

n  ^  Volumes  of  mixed  aggregate  to  one  of  cement. 

a  =  .\b.''orption  of  aggregate,  ratio  of  water  absorbed  to 
volume  of  aggregate.  (Determined  after  Immersion 
In  water  for  3  hours.  Average  values  for  crushed 
limestone  and  pebbles  may  be  assumed  as  0.02; 
porous  sandstones  may  reach  O.OS;  very  light  and 
porous  aggregate  may  reach  0.25.) 

c  =  .Moisture  contained  in  aggregate,  ratio  of  water  con- 
tained to  volume  of  aggregate.  (Assume  as  zero  for 
room-dry  aggregate.) 

This  formula  takes  account  of  all  the  factors  which  affect 
the  quantity  of  water  required  in  a  concrete  mixture.  These 
factors  may  be  classified  as  follows: 

1.  "Workability"    factor,    or   the    relative    consistency  of    the    con- 

crete. This  is  dictated  by  the  kind  of  work  being  done;  con- 
crete must  be  more'  plastic  (which  generally  means  a  wetter 
consistency)  in  reinforced  concrete  building  construction  than 
is  necessary  in  mass  work.  The  term  (R)  in  the  equation 
takes  care  of  this  factor.  (R)  may  vary  from,  say,  0.90  tor 
a  dry  concrete  to  2.00  or  higher  for  very  wet  mixes. 

2.  Cement  factor,   which   is  made  up  of  two  part.s:   the  quality  of 

cement  so  far  as  normal  consistency  is  concerned  (p):  tlie 
quantity  of  cement  in  the  mix   (n). 

3.  The    aggregate   factor.     This    includes    the    three    terms    within 

the    parenthesis    in    Equation    4.     The    first    term,    involving 

(m),   takes  account  of  the   size   and  grading;   the   second    (a) 

the  ab.=;orption,  and  the  third   (c)  the  water  contained  in  the 

aggregate. 

In   case   admixtures   of   any   kind   are   used,   another  term 

must   be   inserted   in  the   equation.     This   relation   has   been 

fully  worked  out,  but  is  not  included   in  this  report. 

Simplified  Water  Formula. — While  Equation  (4)  represents 
the  true  water  relation,  it  is  somewhat  complicated  by  the 
fact  that  the  finene.ss  modulus  (m)  appears  as  an  exponent. 
The  equation  can  be  expressed  in  a  simpler  form  as  follows: 

[3                           m                          1 
—  p+(0.22 l-a  — c)    nl     (5) 
2                             42                           J 

This  equation  gives  values  for  ordinary  ranges  of  mix  and 
grading  of  aggregate  which  are  sensibly  the  same  as  given  by 
Equation  (4). 

Maximum  Permissible  Values  of  Fineness  Modulus  of  Ag- 
gregates.— Since  a  maximum  practicable  value  of  fineness 
modulus  is  found  for  each  size  of  aggregate  and  mix,  it  is 
necessary  to  place  certain  limits  on  the  value  which  may  be 
used  for  proportioning  materials  for  concrete  mixes.  Table 
Z  gives  limits  which  will  be  found  practicable.  Subsequent 
experience  may  dictate  certain  modifications  in   the  details. 

The  purpose  of  Table  III  is  to  avoid  the  attempt  to  secure 
an  aggregate  grading  which  is  too  coarse  for  its  maximum 
size  and  for  the  amount  of  cement  used.  It  is  also  useful  in 
prohibiting  attempts  to  use  sands  which  are  too  coarse  for 
best  results  in  concrete  mixtures.  For  instance,  it  would  be 
found  from  this  table  that  the  use  of  a  sand  of  the  nature 
of  standard  Ottawa  sand  is  not  permitted  except  in  mixes  1:2 
or  richer. 
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The  curves  in  Figure  3  are  platted  directly  from  the  values 
given  for  the  standard  sieves  in  Table  III. 

Chart  for  Design  of  Concrete  Mixes.— Figure  4  is  a  nomo- 
graphic chart  for  the  design  of  concrete  mixes.  This  chart 
takes  account  of  the  following  tour  factors: 

1.  The  mix    i cement   content). 

A? 


/-«r 


/-J 


/-js 


/■4 


/^.s 


/-s 


/-jcr 


Ae 


/-£.S 


/-7 


9o    /OO  /./O   /PO  /JO     /<fc:>  /SO  /^O  /70 

^<s'/c:?//Ve  Co/ys/S/is'/7Cy 


Fig.  ^ — Diagram  for  the  Design  of  Concrete   Mixtures. 
This  chart  is  based  on  compression  tests  of  6  by  12-inch  cylinders;  age  28  days; 
stored  in  damp  sand.     Tlie  ceinent  used  gave  compressive  strengths  in  1-3  standard 
sand   mortar  as  follows; 

Age.  Lb.  per  sq.  in. 

7  davs  1,900 

2g  davs  3.200 

3  months   4,200 

1  year    4,300 


TABLE    IV— EXAMPLE     OP    TNFLTENCE    OF    QUANTITY 
MIXING  WATER  ON  THE   STP^ENGTH  OF  CONCRETE. 
Values  calculated  from  equation 
A  14.000 


OF 


S  = 


Bx  S.2x 

■RTiere  S  =  Compressive  strengtli  of  concrete   (lb.  per  sq.   in.). 
X  =  Water-ratio  (an  exponent). 
A   and   B   are   constants   whose   values   depend   on   quantity   of 
cement  and  other  conditions  of  the  test.     The  values  given  for  A 
and   B   are   based   on   28-day   tests   of   1:4   mix,    pebble   aggregate 
graded  0-lH-in.,  fineness  modulus  5.75. 

The  water  ratio  is  equivalent  to  the  cubic   feet  of  water  to   1 
sack  (1  cu.  ft.)  of  cement. 

The    strength   values    are    solely   for    comparative    purposes    in 
showing  the  influence  of  changing  the  water  content. 

Compressive   strength    of 
concrete  at  28  days. 


ater  in  a 

1-bag  batch. 

Relative 

Lb.    per 

Relative 

Water- 

consistency. 

sq.    in. 

strength. 

Gallons. 

ratio   (X). 

Per  cent. 

(S) 

Per  cent 

5.75 

.77 

100 

2,770 

100 

6.0 

.80 

104 

2,600 

94 

6.25 

.84 

109 

2,400 

&1 

6..S 

.87 

113 

2,250 

81 

7.0 

.94 

122 

l,9r,0 

70 

7.5 

1.01 

131 

1,670 

60 

8.0 

1.07 

139 

1.470 

53 

9.0 

1.21 

157 

1,100 

40 

10.0 

1.34 

174 

830 

30 

12.0 

1.60 

208 

480 

17 

15.0 

2.00 

260 

200 

7 

2.  The  relative  consistency. 

3.  The  grading  of  aggregate  (fineness  modulus). 

4.  The  compressive  strength  of  concrete. 

Given  any  three  of  these  factors  the  chart  enables  us  to 
solve  for  the  fourth.  This  chart  is,  of  course,  based  on  the 
results  of  certain  tests.  For  practical  application  these 
values  must  generally  be  reduced  by  certain 
factors,  which  will  depend  on  the  judgment 
of  the  designer.  In  order  to  furnish  some 
basis  for  comparison,  compression  tests  of 
1:3  standard  sand  mortars  from  the  cement 
used  in  these  tests  are  given. 

Suppose  we  consider  the  case  of  concrete 
tor  road  construction.  This  is  generally 
specified  as  a  1:1%:3  or  a  1:2:3  mix,  with 
aggregate  graded  up  to  1%  in.  These  mixes 
are  about  the  same  as  what  have  been 
termed  a  1:4  mix.  the  exact  equivalent  de- 
pending on  the  particular  size  and  grading 
of  the  fine  and  coarse  aggregate.  Assume 
that  gravel  aggregate  will  be  used,  graded 
to  1%  in.  Table  III  shows  that  we  may  use 
a  fineness  modulus  as  high  as  G.OO  —  .25^ 
.5.75.  Knowing  the  sieve  analysis  and  fine- 
ness modulus  of  both  sizes  of  aggregate,  ap- 
ply the  formula  or  Fig.  5  to  determine  the 
proportions  of  each  aggregate  which  must 
be  mixed  to  a  relative  consistency  of  1.10, 
which  is  of  such  plasticity  as  will  give  a 
slump  of  5  to  C  in.  in  the  test  described 
above.  Place  a  straightedge  in  Fig.  4  on 
Mix  1:4  and  fineness  modulus  5.7.5,  and  mark 
the  point  where  it  crosses  the  reference  line 
for  consistency:  from  this  point  project  the 
line  horizontally  (as  indicatd  in  other  ex- 
amples) to  relative  consistency  1.10.  It  will 
be  seen  that  this  gives  a  compressive 
strength  of  3.400  lb.  per  square  inch  at  28 
days. 

The  effect  of  using  other  mixes,  gradings 
or  consistencies  on  the  strength  can  be  seen 
at  once  from  the  diagram.  For  instance,  if 
the  water  were  increased  to  a  relative  con- 
sistency of  1.25  (not  nearly  so  wet  as  is  fre- 
quently seen  in  road  work)  the  strength  will 
be  reduced  to  2,700  lb.  per  square  inch — a 
reduction  of  over  20  per  cent.  If  the  mix 
were  changed  to  1:14%  and  other  factors 
the  same  as  in  the  first  example,  the 
strength  would  be  3,200  lb.  per  square  inch. 
We  should  have  to  change  the  mix  to  as 
lean  as  1:5%  in  order  to  secure  the  same 
reduction  in  strength  as  was  found  above  for 
a  change  from  1.10  to  1.25  consistency. 

By  using  the  wetter  of  the  two  consist- 
encies we  secure  concrete  of  the  same 
strength  as  if  we  had  used  one-third  less 
cement  and  the  drier  mix.  In  other  words,  increasing  the 
mixing  water  13  per  cent  causes  the  same  reduction  in 
strength  as  if  we  should  omit  33  per  cent  of  the  cement.  This 
example  shows  the  reason  for  emphasizing  the  importance 
of  proper  control  of  mixing  water  in  concrete. 

This  chart  enables  us  to  answer  such  questions  as  the  fol- 
lowing: 

Which  is  the  stronger,  a  1:3  mortar  or  a  1:5  concrete  mix- 
ture? 

Assuming  that  concrete  of  the  same  plasticity  is  used,  the 
relative  strengths  will  depend,  of  course,  on  the  grading  of 
the  aggregates  and  the  mix.  In  one  case  we  have  assumed 
1:3  mix  with  fineness  modulus  equal  to  3.00.  This  will  give 
a  strength  for  normal  consistency  of  3.000  lb.  per  square  inch. 
The  1:5  mix  (fineness  modulus  5.70)  gives  a  strength  for 
normal  consistency  of  about  3,300  lb.  per  square  inch.  The 
strengths  for  other  consistencies  can  be  found  by  reading 
horizontally  across  the  chart  as  indicated  by  the  dotted  lines. 
Unfortunately,  we  now  have  no  proper  basis  for  absolute 
values  for  strength  of  concrete.  This,  of  course,  makes  it 
necessary  to  refer  to  particular  tests  as  in  Fig.  4.  This  con- 
dition emphasizes  the  importance  of  working  out  a  test  of 
cement  which  will  give  us  at  once  the  concrete  strength  for 
given  materials,  mixes,  etc.  With  the  present  method  of 
testing   cement   it   is   impossible    to   do   more    than    make   a 
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rough  gues3  as  to  the  strength  of  concrete  from  the  results 
of  lirUniet  tests. 

Quantity   of   Water    Required    for   Concrete. — The    formulas 


given  above  (1 
the  water  reiuii 
the  quantity  of 

—tTca 


'77  /or  So/\/'/>?p 


Fig.  5 — Diagram   for   Determining   Quantity- of   Sand    Required    In    Concrete   Mixes. 

A— B 

Based  on   equation  p   =  100 

A— C 
where  p  =  percentage  of  fine  aggregate  in  total  mixture. 
A  =  fineness  moduius  of  coarse  aggregate. 
B  ^  fineness  modulus  of  total  aggregate. 
C  :=  fineness  moduiii.s  of  fine  aggregate. 
Tha  dotted  line  D-E  shows  the  method  of  finding  the  percentage  of  sand  re- 
quired to  give  a  mixed  aggregate  w^ith  a  fineness  modulus  of  5.75.  using  sand  witli 
a  fineness  modulus  of  S.OO  and  a  coarse  aggregate  with  a  fineness  modulus  of  7.00. 
32  per  cent  of  sand  niixed  with  68  per  cent  of  coarse  aggregate  gives  the  desired 
result. 


and  5)  show  the  elements  which  make  up 
riMuonts  of  a  concrete  mix.  Table  V  gives 
Wilier  required  for  certain  mixes  and  values 
of  llneness  modulus.  Quantities  are  given 
in  tonus  of  gallons  per  sack  of  cement,  in 
this  table  the  net  absorption  (that  is,  the 
(luantily  of  water  taken  up  by  tlie  aggre- 
gate in  addition  to  lliat  already  contained) 
is  assumed  as  0.02  (2  per  cent  by  volume) 
This  table  is  of  interest  when  we  consider 
that  it  has  been  found  that  a  given  water- 
ratio  corresponds  to  constant  concrete 
strength  regardless  of  the  combination  of 
mix,  consistency  or  grading  of  aggregate 
which  may  be  used,  so  long  as  we  have  a 
workable  concrete. 


Useful  Accessories  for  Boiler  Plants. — 
Hut  little  progress  toward  efficiency  can  be 
made  in  fire  room  practice  unless  data  are 
available  from  which  standards  of  perform- 
ance can  be  established,  stated  Mr.  Alfred 
O.  noane.  Division  Engineer  of  the  Metro- 
politan Waterworks,  in  a  paper  before  the 
New  Kngland  Waterworks  Association.  Such 
information  must  be  obtained  largely  by- 
means  of  scales,  meters,  gages  and  other 
devices  of  like  nature.  All  but  the  very 
smallest  instalations  should  be  provided 
with  scales  for  weighing  coal,  and  one  or 
more  water  meters  to  measure  the  boiler 
feed  water  so  that  the  quantity  of  water 
evaporated  per  pound  of  coal  and  the  cost 
of  making  steam  may  be  ascertained.  Larg- 
er plants  should  have  thermometers  tor  indi- 
cating the  temperature  of  flue  gases,  of  the 
passes  in  water  tube  boiler  settings,  and  of 
feed  w-ater  before  and  after  passing  through 
heaters;  draft  gages  for  Indicating  pressures 
in  flues  and  furnaces,  or  a  combination  gage 
showing  the  difference  in  pressure  between 
the  furnace  and  the  flue.  Recording  steam 
gages  are  very  useful  and  form  one  of  the 
best  checks  on  the  faithfulness  of  the  fire 
room  force.  The  boiler  rooms  of  large  mod- 
ern power  plants  are  generally  equipped 
with  steam  flow  meters,  sometimes  both  on 
mains  and  individual  boilers,  CO;  indicators, 
and  other  elaborate,  complicated  and  costly 
apparatus.  Some  of  these  instruments,  not- 
ably the  various  forms  of  CO,  indicators,  re- 
quire expert  attendence  which  is  far  beyond 
the  capabilities  of  the  average  fireman. 


"] 


TABLE   V— QUANTITY   OF   MIXrNG    WATER   REQUIRED    FOR 
CONCRETE. 

[3               r       .30 
—  P  -f         -r  a  —  c 
2               [    1.26m 
Where  x  =  Water  required — ratio  to  volume  of  cement  in  batch 
(water-ratio). 
R  =  Relative  consistency,  or  "workatiility  factor."    Where 
R  =  1.00  the  concrete  is  said  to  be  of  "normal  con- 
sistency." 
p^  Normal    consistencv    of    cement    bv    weight    (assume 

p  =  0.23). 
m  ^  Fineness  modulus  of  aggregate. 

n  =  Volume  of  mixed  aggregate  to  one  volume  of  cement. 
a  =  Absorption   of  aggregate,   ratio   of  water  absorbed  to 

volume  of  aggregate. 
c  =  Moisture    in    aggregate,    ratio    of    water    contained    to 
volume  of   aggregate. 
(a  —  c)  =  Net  absorption  of  aggregate  by  volume. 
In  this  table    (a  — •  c)    is  assumed  as  0.02.     In  other   words  the 
net  quantity  of  water  taken  by  the  aggregate  is  2  per  cent  by  vol- 
ume.    This  value  may  be   used  for  ordinary.*   limestones   and   peb- 
bles.    For   crushed    trap   and    granite   it    is   some^vhat    high.     It    is 
too  high  in  any  case  where  the  aggregate  is  saturated  with  water. 
A  relative  consistency  of  1.00  (normal  consistency)   re<:iuires  the 
use  of  such  a  quantity  of  mixing  water  as  jvill  cause  a  slump  of 
Vi  to  1  in.  in  a  freshly  molded  6  by  12-in.  cylindei-  of  about  1:4  mix 
upon  withdrawing  the   form  by  a  steady,   upward  pull.     This  con- 
sistency   is    somewhat    dry    for    most    concrete    work,    but    can    be 
used  where  light  tamping  is  practicable. 

-A.  relative  consistenc>-  of  1.10  (10  per  cent  more  water  than 
required  for  normal  consistency)  represents  about  the  driest  con- 
crete which  can  be  satisfactorily  used  in  concrete  road  construc- 
tion. Under  the  conditions  mentioned  above,  this  consistency  will 
give  a  slump  of  about  5  to  6  in. 

A  relative  consistency  of  1.25  represents  about  the  wettest  con- 
sistency which  should  be  used  in  reinforced  concrete  building  con- 


struction.    Under  the  conditions  mentioned  above,  this  consistency 
w-ill  give  a  slump  of  about  8  to  9   in. 

For  ml.xes  and  fineness  moduli,  other  than  those  given  in  the 
table,  approximate  values  may  be  determined  by  interpolation. 
For  specific  cases  use  the  formula. 

Mix.  Gallons  of  water  per  sack  of  cement, 

cem.-agg.  Using  aggregates  of  different  fineness  moduli, 

by  volume.          1.50  2.00  2.50  3.00  3.50  4.00  4.50  5.00  5.50  6.00  6.50  7.00 

Relative  consistency  — ■   (R)    =    1.00. 

1-12 23.5  21.4  19.5  17.8  16.4  15.2  13.9  12.9  13.0  11.1  10.4  9.8 

1-9 IS.l  16.7   1S.2  14.0  12.9  12.0  11.0  10.2     9.6     9.0     8.4  7.9 

1-7 14.7  13.5  12.3  11.4  10.6     9.9     9.1     8.6     8.0     7.6     7.2  6.7 

1-6 13.0  12.0  11.0  10.2     9.5     8.9     8.3     7,7     7.3     6.8     6.5  6.2 

1-5 11.2  10.4     .9.5     8.9     8.3     7.8     7.3     6.9     6.4     6.1     5.8  5.5 

1-4 9.5     8.9     8.2     7.7     7.2     6.8     6.3     6.0     5.7     5.4     5.2  5.0 

1-3 7.8     7.2     6.7     6.3     6.0     5.7     5.4     5.1     4.9     4.6     4.5  4.3 

1-2 6.0     5.7     5.4     5.1     4.9     4.7     4.5     4.3     4.1     4.0     3.9  3.S 

1-1 4.3     4.1     3.9     3.8     3.7     3.6     3.5     3.4     3.3     3.2     3.2  3.1 

Relative  consistency  — •   (R)    =    1.10. 

1-12 25.8  23.6  21.4  19.6  18.1  16. 7  15.3  14.2  13.2  12.2  11.4  10.8 

1-9 19.9  18.4  16.7  15.4  14.2  13.2  12.1  11.2  10.6     9.9     9.2  S.7 

1-7 16.2  14.9  13.5  12.5  11.7  10.9  10.0     9.5     8.8     8.4     7.9  7.4 

1-6 14.3  13.2  12.111.2  10.5     9.8     9.1     8.3     8.0     7.5     7.2  6.8 

1-5 12.3  11.4  10.5     9.8     9.1     8.6     8.0     7.6     7.0     6.7     6.4  6.1 

1-4 10.5     9.8     9.0     8.5     7.9     7.5     6.9     6.6     6.3     5.9     5.7  5.5 

1-3 S.6     7.9     7.4     6.9     6.6     6.3     5.9     5.6     5.4     5.1     5.0  4.7 

1-2 6.6     6.3     5.9     5.6     5.4     5.2     5.0     4.7     4.5     4.4     4.3  4.2 

1-1 4.7     4.5     4.3     4.2     4.1     4.0     3.9     3.7     3.6     3.5     3.5  3.4 

Relative  consistency  —   (R)    =   1.25. 

1-12 29.4  26.8  24.4  22.2  20.5  19.0  17.4  16.1  15.0  13.9  13.0  12.3 

1-9 22.6  20.9  19.0  17.5  16.1  15.0  13.8  12.7  12.0  11.2  10.5  9.9 

1-7 18.416.9  15.4  14.3  13.2  12.4  11.4  10.7  10.0     9.5     9.0  i-.4 

1-6.... 16.3  15.0  13.8  12.8  11.9  11.110.4     9.6     9.1     8.5     8.1  7.7 

1-3 14.0  13.0  11.9  11.110.4     9.8     9.1     8.6     8.0     7.6     7.2  6.9 

1-4 11.9  11.110.2     9.6     9.0     8.5     7.9     7.5     7.1     6.8     6.5  6.2 

1-3 9.8     9.0     8.4     7.9     7.5     7.1     6.8     6.4     6.1     5.8     5.6  5.4 

1-2 7.5     7.1     6.8     6.4     6.1     5.9     5.6     5.4     5.1     5.0     4.9  4.S 

1-1... 5.4     5.1     4.9     4.8     4.6     4.5     4.4     4.3     4.1     4.0     4.0  3.9 
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Standardization  of    Details  for 
School  Buildings 

Staiularti  details  of  features  which  occur  repeatedly  in  dif- 
ferent school  buildings  are  employed  by  the  Drafting  Divi- 
sion of  the  Bureau  of  Design,  Construction  and  Maintenance 
of  the  Board  of  Education  of  New  York  City,  in  preparing 
plans  for  new  structures.  The  drawings  are  made  on  tracing 
cloth.  While  these  standard  details  do  not  entirely  obviate 
the  necessity  for  special  details  they  do  reduce  the  number 
of  the  latter  to  a  minimum.  The  advantages  of  these  stand- 
ards are:  First,  the  entire  subject  is  very  thoroughly  stud- 
ied when  the  standard  is  prepared  and  the  detail  is  made 
10  cover  every  phase  of  the  construction,  so  as  to  furnish  all 
llic  information  required  on  that  subject.     Second,  the  drafts- 


Empirical    Column    Formulas    for 
Brick  Piers 

I'nder  the  direction  of  the  Building  Department  of  Toronto, 
Canada,  a  series  of  tests  on  the  absorption,  strength  in  com- 
pression and  bending  of  brick,  and  strength  of  brick  piers, 
has  been  made  recently.  The  results  were  outlined  by  Mr. 
W.  W.  Pearse,  City  Architect,  in  a  paper  presented  Feb.  7 
before  the  Building  Officials'  Conference  of  the  United  States 
and  Canada  and  the  National  Brick  Manufacturers'  Associa- 
tion   of   the   United    States. 

The  brick  selected  were  not  the  best  brick  manufactured, 
but  were  of  the  type  usually  used  as  backing  brick.  It  was 
found  that  absorption  affected  the  strength  of  brick  in  com- 
pi'ession.     Brick    having    an    absorption    of    1:2    per    cent    and 
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Standard    Detail   for   Structural-Steel   Work.   Covering   All    Ordinary   Conditions    for    Columns,    Column     Bases    and    Connections    for 
Beams    and    Girders.       Special    Detai's    Are    Required    Only    for   Plate   Girders,  Trusses,   Etc. 


men  become  familiar  with  the  standards  and  are  able  to 
proceed  with  the  plans  much  more  expeditiously.  Third, 
the  contractors  after  becoming  familiar  with  them,  are  able 
to  systematize  their  methods  of  production  and  to  reduce 
their  estimates  accordingly. 

The  Division  has  at  the  present  time  about  100  standard 
details  covering  practically  every  feature  of  the  building 
from  column  bases  to  the  flagpole  on  the  roof.  A  complete 
file  of  these  is  furnished  to  each  squad  leader  and  each  is 
required  to  plan  his  work  in  conformity  with  them  as  far 
as    practicable. 

The  plan  production  methods  of  the  Board  of  Education  of 
.\ew  York  City  were  described  by  Mr.  Clarence  E.  Dobbins. 
Deputy  Superintendent  of  School  Buildings,  in  charge  of 
General  Drafting  Room,  in  a  paper  presented  recently  be- 
fore the  municipal  engineers  of  the  city  of  New  York.  An 
abstract  of  this  paper  was  given  in  our  March  2G  issue. 


Examination  for  Highway  Bridge  Engineers. — Civil  service 
examinations  will  be  leld  to  secure  highway  bridge  engineers 
at  $1,800  to  $2,100  per  year,  and  junior  highway  bridge  engi- 
neers at  $1,200  to  $1,COO  per  year,  for  the  Bureau  of  Public 
Roads  and  Rural  Engineering.  Information  can  be  obtained 
from  the  U,  S.  Civil  Service  Commission,  Washington,  D.  V., 
or  from  local  offices  of  the  Comission. 


Conference  on  City  Planning. — The  11th  annual  city  plan- 
ning conference  will  be  held  May  2fi-2S  at  Niagara  Falls  and 
Buffalo,  N.  Y.  Flavel  ShurtletT,  19  Congress  St.,  Boston.  Mass., 
Is  Secretary  of  the  Conference. 
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under  were  on  an  avei'age  of  about  38  per  cent  stronger  in 
compression  and  8.5  per  cent  stronger  in  bending  than  the 
averag'e  brick  absorbing  more  than  12  per  cent  of  moisture. 
In  determining  the  modulus  of  rupture,  a  center  load  with  7 
in.  between  supports  was  supplied.  Both  lime  and  cemen' 
mortar  was  used  in  the  piers  and  cubes  of  mortar,  G  in.  on 
a  side,  at  an  age  of  approximately  three  months,  were  tested. 
The  results  of  these  tests  are  as  follows: 

Modulus  of  rupture  of  individual  brick,  lO.j  lb.  per  sijuare 
incli. 

Crushing  strength  of  undivided  brick.  l.O(li)  lb.  per  square 
inch. 

Crushing  strength  of  lime  mortar  (1  pari  lime.  :_;  parts 
sand),  2.3.5  lb.  per  square  inch. 

Crushing  strength  of  cement  cubes  (1  part  portland  ce- 
ment. :^,  parts  of  sand,  and  V4  part  bydi-aled  lime,  by  vol- 
ume). 1,S:J5  lb.  per  square  inch. 

To  arrive  at  a  relation  between  the  individual  brick  and 
brick  laid  up  in  press,  a  poor  type  of  brick  was  selected  and 
built  into  14  piers  of  different  heights.  The  piers  were 
laid  uii.  some  in  lime  mortar,  some  in  cement,  by  an  experi- 
enced bricklayer.  They  were  8%  in.  square  in  plan  and  were 
built  so  as  to  represent  a  portion  of  an  ordinary  biick  wal! 
one  brick  thick  bonded  by  Iieaders  every  sixth  course,  ac- 
cording to  common  practice  in  Toronto.  No  effort  was  made 
to  obtain  a  class  of  workman '.hip  better  fan  would  be  ex- 
pected from  men  of  ordinary  skill.  Each  pier  was  built  on  a 
plate  of  14-in.  steel.  13  in.  square,  as  a  base  and  capped  with 
plaster  of  Paris.  The  piers  were  allowed  to  set  for  a  period 
of  about  three  months  before  testing. 

A  course  of  bricks,  including  mortar  joint,  averaged  0  in. 
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In  depth  To  tlnd  tlu'  rol«ti..ii  between  streiiRlh  and  slendoi 
nesK.  mtlos  of  lenttth  to  illiimoler  were  selected  lylnK  l)0 
lwp«n  11  Hnd  l:'.5.  the  lensih  viirylnB  from  1  (t.  to  !>  ft.  In 
uddltlon  to  lt>.>  cnishlnB  sironglh  of  eiuh  pier,  the  iimoiint  oi 
HhurtenlnR  <liie  to  h<»d  ""d  the  Iiiternl  del\eillon.  If  iiny.  wore 
obtained 

J-lBurv  1  Kl\es  llie  retiults  of  the  tests  on  the  piers,  and  Iho 
e«)»tttlon«  of  the  iiirves  that  upiiroxlnmte  the  plotted  results. 
^>ol^J  the  stress  strain  eurves.  eoellUlents  of  reslllenee  of  the 
eHpAi-lty  of  the  niaterlul  to  resist  shock  wore  dediucd  with 
lh«  followInK  Mvenuse  results: 

:  l«>r»  iHid  with  cement  inorlnr,  \M<S  In.  Ih.  per  cubic  toot. 

Item  liild   with  cement   lime   niorlar.  r..-.i>  In.   lb.  per  cubic 

(iMlt. 

The  reslslunce  lo  shock  is  OH  per  cent  Rreater  where  cement 
mortnr  is  used  than  where  lime  mortar  is  employed.  The 
nvemjse  strenpth  In  compression  of  the  cement  mortar  series 
excet>de<l  the  stren«th  of  the  lime  mortar  series  by  practically 
the  same  nniount.  I.  e  .  00  per  cent. 

The  cenernl  concUiglons  fron\  the  tests  can  be  summarized 
as  follows: 

I.  The  strength  of  the  strongest  pier  laid  in  cement  mor- 
tnr wBs  78  per  cent  of  the  strength  of  the  individual  brick. 

.'.  The  strength  of  the  strongest  pier  laid  in  lime  mortar 
was  55  per  cent  of  the  strength  of  the  individual  brick. 

:t.  Brick  masonry  laid  in  cement  mortar  is  about  50  per 
cent  more  rigid  and  liO  per  cent  stronger  than  that  laid  in 
lime  mortnr.  luid  the  resistance  to  sl-ock  i.":  tin  per  cent  greater 
In  the  former  than  the  latter. 

I.  Ix>ngitudinal  or  vertical  ruiilure  through  bonding  courses 
occurred  very  ferquently. 
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Fig.    1. — Formulas    for    Strength    of    Brick    Piers. 


•A. 
•B. 


•p  =  828  — 34  l/d 

p  =  1,000  —  180  VI,  d 

1  =  heig^ht  of  pier  in  Inches 
d  =  least  thickness  of  pier  in   inches 


"C,"  p  =  620  —  50  l/>; 
"D."  p  =  760  — 190  Vl/d 


5.  No  appreciable  shrinkage  in  height  could  be  observed 
during  the  first  month  after  construction.  After  this  period, 
measurements  were  discontinued. 

I'l.  Lateral  deflections  under  load  were  in  most  cases  so 
small  as  to  be  almost  incapable  of  measurement  with  a  scale 
divided  into  100th  of  an  inch. 

The  tests  were  made  at  the  University  of  Toronto  under  the 
direction  of  Peter  Gillespie,  Associate  Professor  of  Applied 
Mechanics,  who  proposes  the  following  formulas  for  the 
strength  of  brick  piers  in  pounds  per  square  foot,  derived 
directly  from  formulas  A  and  C,  Fig.  1 : 

P==  110,000  —  3,000  l/d  for  cement  mortar. 
P  =  80,000  —  3.000  l/d  for  lime  mortar. 

The  formulas  differ  from  those  suggested  in  Technologic 
Paper  No.  Ill  of  the  U.  S.  Bureau  of  Standards  (Engineer- 
ing and  Contracting  Nov.  27,  1918),  in  that  they  take  into 
account  the  slenderness  ratio  of  the  pier,  an  obvious  factor  in 
the  strength  of  piers. 


Examination  for  Bridge  Designers. — The  New  York  State 
Civil  Service  Commission.  Albany,  N.  Y.,  will  hold  an  exam- 
ination to  fill  vacancies  in  the  position  of  bridge  designer 
with  the  Public  Service  Commission  for  the  First  District. 
Salaries  range  from  $1,500  to  12,100  per  year.  Applications 
must  be  filed  before  May  24. 


The  Architect  As  a  Business  Man 

•A\u\  llis  Relation  to  the 

Engineer* 

lM)r  a  long  lime  1  have  believed  that  the  iircliitoci  has  had 
the  wrong  point  of  view  in  considering  himself  purely  as  a 
professional  man  and  in  arrogating  to  himself  a  posiliiui  in 
society  beside  the  recognized  professions —s\ich  as  medicine 
and  the  law  and  in  trying  to  place  himself  in  much  the  same 
category  with  painters,  musicians  and  sculptors. 

The  archltei'fs  work  is  not  personal  in  the  manner  of  the 
work  of  those  with  whom  he  seeks  to  class  himself.  When 
the  painter  has  completed  a  canvas;  wlen  the  writer  has  set 
ilown  the  last  word  of  his  manuscript:  when  the  composer  has 
placed  the  lust  hieroglyphic  on  his  score,  he  is  finished.  It 
nmy  be,  as  in  the  case  of  the  composer,  that  his  Ideas  must 
be  e.\pressed  in  another  medium  than  he  used  in  recording 
them,  but  a  musical  compositi<in  is  performed  directly  from 
the  composer's  score  and  the  performances  may  be  repeated 
in  all  their  pristine  freshness  of  inspiration  long  after  the 
composer  himself  has  "gone  west."  That,  however,  is  merely 
a  matter  of  method  imposed  by  the  very  nature  of  the  art 
of  music. 

When  the  work  of  an  architect  reaches  the  stage  attained 
by  a  composer  upon  the  completion  of  a  musical  score,  he 
may  be  said  only  to  have  commenced.  Up  to  that  point,  the 
architect's  work  has  been  largely  intellectual.  It  has  been 
concerned  with  (he  academic  solution  of  the  particular  prob- 
lem, with  matters  of  design,  with  the  preparation  of  highly 
technical  drawings,  highly  technical  specifications,  etc.  Up  to 
this  time,  the  architect  may  be  said  to  work  much  in  the 
manner  of  (he  attoiney  who  seeks  a  legal  solution  of  a  given 
legal  problem  and  then  embodies  his  conclusions  in  a  legal 
brief.  At  this  stage  the  lawyer  may  be  said  to  have  completed 
bis  work,  but  not  so  the  architect. 

Because  of  the  necessity  of  dealing  with  business  agencies 
before  his  ideys  may  be  expressed  in  physical  forms,  the 
ixisilion  of  the  architect  in  the  scheme  of  things  differs  funda- 
mentally from  that  of  the  physician,  the  attorney,  the  writer, 
(he  dramatist,  tl-e  poet,  the  sculptor,  the  musician. 

0\\  the  other  hand,  the  architect  cannot  be  allied  willi  Iho 
exponents  of  the  various  industrial  arts.  Lighting  fixture 
manufacturers,  furniture  manufacturers,  silver  and  goldsiuiths 
stand  on  the  same  plane  with  architects  in  matters  of  design. 
In  fact,  some  of  them  produce  works  that  in  genuine  inspira- 
tion, individuality  and  skill  are  more  really  akin  to  the  work 
of  the  true  artist  than  is  the  work  of  very  many  of  the  most 
eminent  architects.  But  these  artificers,  cunning  and  skillful 
as  they  are,  do  not  sell  a  "service";  they  market  a  finished 
product. 

The  architect  will  find  his  "place  in  the  sun"  only  when  he 
understands  thoroughly  the  nature  of  the  service  he  should 
render  to  society.  More  than  anything  else,  his  position  is 
that  of  a  trust  officer. 

A  client  places  in  the  hands  of  his  architect  a  sum  of 
money.  The  architect  is  asked  to  expend  this  sum  for  the 
client  in  the  creation  of  a  building  in  which  the  client  may 
conduct  his  business  more  economically  or  efficiently,  or  in 
which  he  may  live  in  greater  comfort,  or  out  of  which  he  may 
derive  an  income,  or  by  means  of  which  the  health  or  con- 
venience of  the  public  may  be  conserved. 

No  man  in  his  sober  senses  would  place  any  part  of  his  own 
estate,  or  the  estate  of  another  in  the  hands  of  a  trust  com- 
pany the  officers  of  which  were  notorious  for  iridescent  finan- 
cial dreams  but  criminally  lacking  in  judgment  regarding  the 
value  of  investments. 

No  man  in  his  sober  senses  should  place  any  of  his  money 
in  the  hands  of  an  architect,  for  investment  in  building  con- 
struction, if  the  architect  is  able  only  to  produce  clever  and 
enticing  things  on  paper  and  lacks  the  business  organization 
for  translating  them  efficiently  into  terms  of  building. 

The  architect  who  does  not  surround  himself  with  a  busi- 
ness organization,  who  does  not  know  business  methods,  who 
is  unfamiliar  with  building  costs,  who  is  not  skilled  in  buying, 
as  the  agent  of  his  client,  and  who  dees  not  obtain  for  his 
client  the  best  quality  of  building  construction  at  the  proper 
price  is  not  discharging  his  whole  duty  to  his  client.     He  is 


■^•From  an  article  b.v  Oscar  Wendeioth.  formerly  Supervisin;; 
Architect  of  the  Treasury  Department  and  now  associated  with  the 
Weary  &  .\lford  Co.  of  Chicago,  in  Arehitecture  and  Building, 
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n  jiienace  to  society  and  lip  sliouki  be  restrained  from  prac- 
ticing independently. 

The  autocratic  atlitude  of  tlie  arcliitect  is  undoubtedly  due 
to  the  fact  that  for  years  he  lias  been  trained  to  believe  that 
when  he  has  conceived  an  academic  solution  of  a  problem 
everything  else  is  of  minor  importance.  Obsessed  with  this 
idea  of  superiority,  the  architect  assumes  a  contemptuous 
attitude  towards  all  matters  of  business,  towards  contractors, 
towards  engineers,  and  may  even  place  but  little  value  upon 
the  technical  adequacy  of  his  own  working  drawings  and  his 
own  specifications. 

That  this  autocratic  attitude  brings  its  own  punishment  is 
commencing  to  become  evident.  Owners  are  going  to  "others 
who  build  better,  more  efficiently  and  more  economically 
under  the  name  of  architectural  or  engineering  contracting 
firms."     This  the  architect  has  brought  upon  himself. 

There  is  much  fine  architecture  produced  in  this  country, 
and  a  large  proportion  of  it  is  done  by  individuals  and  firms 
with  enviable  reputations — in  the  "profession.''  We  think  of 
these  individuals  as  acquiring  their  reputations  and  their 
large  practices  solely  through  the  architectural  quality  of 
their  work.  But  if  we  analyze  the  situation,  we  find  that 
such  is  not  the  case.  The  architects  who  stand  highest  are 
as  keen  "business  getters"  as  is  anyone  else.  They  do  not 
advertise  directly — yet — and  they  may  avoid  unregulated  com- 
petitions as  much  as  possible,  but  they  seek  work  by  means 
of  personal  and  social  connections  to  an  extent  that  would 
make  a  reputable  physician  blush  with  shame.  But  the  arclii- 
test  has  been  forced  to  adopt  these  devious  methods  of 
obtaining  work  because  he  has  thought  it  necessary  to  hide 
behind  a  thin  camouflage  of  alleged  "professionalism,"  whic!; 
prevents  him  from  seeking  employinent  openly.  When,  how- 
ever, the  architect  realizes  that  his  service  to  hi.s  client  must 
rest  upon  a  firm  foundation  of  business  efficiency  he  will  be 
able  to  approach  the  client  from  that  angle  and  he  will  obtain 
work  because  of  what  he  can  do  rather  than  because  of  the 
number  of  friends  he  has. 

The  offices  in  this  country  that  have  great  architectural 
reputations  do  not  exist  solely  because  of  the  quality  of  their 
architectural  v/ork.  They  survive,  fir^t,  because  they  are 
business  getter.s — regardless  of  their  devious  method  of  ob- 
taining work — and,  second,  because  in  each  such  organization 
there  is  a  "power  behind  the  throne."  The  "power"  is  usually 
the  engineer!  He  has  an  understanding  of  and  an  apprecia- 
tion of  matters  architectural  because  he  is  educated  and  a — 
gentleman.  This  is  the  chap  who  prevents  the  "long-haired" 
coMtingent  from  sending  the  concern  on  the  rocks  He  is 
looked  down  upon  somewhat  because  he  is  engaged  in  such 
sordid  activities  as  directing  the  business  end,  managing  tl-e 
office  at  a  profit,  discussing  business  matters  with  clients, 
checking  bids  and  estimates,  directing  the  specification 
writing,  passing  upon  engineering  and  structural  matters, 
adjusting  costs  with  contractors  and  doing  quietly  the  things 
that  to  the  client  represent  the  really  valuable  part  of  the 
architect's  service. 


It  is  desirable,  of  course,  that  the  client  should  appreciate 
the  purely  arclntectural  worth  of  the  architect's  service,  be- 
cause the  future  of  the  "art"  side  of  architecture  in  this 
country  depends  upon  the  intelligent  encouragement  of  the 
architect  by  the  client — as  a  patron— but,  after  all,  the  thing 
that  touches  the  client  closest  is  the  manner  in  which  the 
architect  spends  his,  the  client's  money,  and  the  value  ol)- 
tained  for  it. 

The  business  of  architecture  today  is  doubtless  more  com- 
plicated than  any  other  activity.  The  architect's  office  i.s  a 
sort  of  department  store,  dealing  in  miscellaneous  servii'e 
instead  of  in  miscellaneous  merchandise, 

t:  e  matter  of  architectural  design  is  a  profession  in  itself. 
A  knowledge  of  the  theory  of  design  and  the  experience 
necessary  to  apply  this  knowledge  to  the  solution  of  actual 
problems  is  as  much  as  any  one  man  can  master  in  the  short 
span  of  a  lifetime— and  many  of  us  do  not  proceed  very  far 
alon.g  this  difficult  road,  at  that.  But  the  capable  designer— 
the  man  whose  work  can  be  used— must  have  a  workiim 
knowledge  of  the  characteritUics  of  materials.  In  addition 
he  is  required  to  be  familiar  with  color  in  design,  with  orna- 
n-ent,  etc.  He  must  know  the  industrial  arts  in  order  that 
he  may  select  intelligently  the  lighting  fixtures,  tl  e  rugs,  the 
furniture,  the  hangings,  etc.,  that  will  best  compose  with  his 
own  work. 


iJut  these  academic  matters  are  not  the  sum  total  of  the 
architect's  service. 

If  he  succeeds,  his  organization  nmst  be  able  to  obtain 
business.  Somebody  must  be  a  salesman,  whether  he  resents 
being  known  as  such  or  not.  It  there  is  no  salesman  in  the 
organization,  the  service  of  the  organization  will  not  be 
marketed. 

In  the  development  of  the  working  drawings  and  specifica- 
tions the  architect  is  assisted  by  men  who,  with  the  excep- 
tion of  a  very  few,  are  chosen  because  their  mental  bias 
does  not  incline  them  towards  architectural  design,  per  se. 
These  are  the  "job  captains"  who  must  have  executive  ability 
and  must  know  how  all  kinds  of  materials  used  in  building 
construction  are  combined  in  order  that  they  may  be  intel- 
ligently indicated  on  the  drawings,  and  these  are  the  men 
who  must  know  all  about  qualities  of  materials,  sources  of 
suoply,  etc.,  in  order  that  they  may  include  in  t:  e  specifica- 
tions the  information  that  may  not  be  placed  on  drawings. 

Then  there  ;s  the  engineering  contribution,  none  of  which 
has  anything  whatever  to  do  with  considerations  of  archi- 
tectural design.  This  work  calls  for  a  very  high  order  of 
skill  and  intelligence,  and  let  it  be  noted  here  that  the  "big" 
engineers  display  in  their  work  the  same  qualities  of  imagin- 
ation—the same  creative  instincts— that  make  for  distinction 
in  the  work  of  the  "big"  architects. 

Then  there  are  all  the  dealings  with  contractors.  I  under- 
stand that  there  are  some  two  hundred  trades  that,  in  one 
way  or  another,  contribute  to  the  various  classes  of  building 
construction  for  which  the  architect  prepares  designs.  To 
each  one  of  these  businesses  a  man  will  devote  the  study  of 
a  lifetime  and  then  only  become  versed  in  one  phase  of  it* 
But  the  architect  must  have  some  familiarity  with  all  of 
these  things. 

But  a  wide  knowledge  of  the  distribution  of  building  mate- 
rials and  building  products  does  not  in  itself  give  a  man  the 
ability  to  deal  successfully  with  building  contractors  and  the 
manufacturers  of  building  products.  That  is  a  matter  of 
business  and  demands  a  knowledge  of  business  relations.  It 
is  an  executive  rather  than  a  technical  function. 

The  direction  of  the  construction  of  a  building  "in  the 
field"  is  not  an  artistic  matter,  save  for  the  passing  upon 
carving,  colors,  textures,  etc.,  and  this  is  done  by  most  busy 
architects  in  the  office— many  of  them,  in  fact,  never  actually 
see  the  buildings  that  are  erected  at  any  considerable  dis- 
tance from  their  offices.  Capable  superintendence  is  a  thing 
in  itself.  A  man  may  be  a  good  job  captain,  may  write  a  fine 
specification  or  may  direct  the  business  details  of  a  consider- 
able operation  and  yet  may  not  be  able,  for  the  life  of  him, 
to  tell  whether  a  certain  batch  of  concrete  is  or  is  not  being 
mixed  properly. 

The  architect  does  considerable  bookkeeping  in  connection 
with  his  clients'  accounts,  with  payments  to  contractors,  with 
extras,  credits,  etc.,  and  if  he  is  to  keep  things  straight  this 
work  must  be  managed  as  carefully  as  it  is  in  any  business 
office. 

In  matters  of  correspondence,  adjusting  controversies, 
making  final  settlements,  dealings  with  clients,  etc.,  etc.,  the 
architect  discharges  a  business  function  that,  in  essence,  is 
no  whit  different  troiu  the  business  function  of  the  despised 
contractor— except  that  the  latter  probably  does  these  things 
much  more  intelligently  and  effectively. 

There  is  no  one  man  living  and  there  never  will  be  a  man 
born  who,  of  himself,  can  do  all  these  things.  1  do  not 
lielieve  that  any  architect  ever  tried  to  persuade  himself  that 
he  could  do  all  of  them.  The  trouble  is  that  he  has  been 
compelled  to  think  of  himself  as  a  professional  man  doing  a 
personal  thing.  The  result  is  that  he  places  an  importance 
upon  the  particular  element  of  his  service  in  which  he  has  . 
skill  and  considers  everything  else  as  subordinate  and  im- 
material. 

If  it  is  true  that  no  living  being  could  render  with  uniform 
skill  all  the  kinds  of  service  that,  together,  make  up  the  con- 
tribution of  the  architect,  it  neces.sarily  follows  that  the  com- 
plete service  may  only  be  offered  by  a  number  of  men  working 
together,  each  one  contributing  an  important  and  necessary, 
but  different,  element. 

Such  a  group  must  be  made  up  of  a  business  getter,  a 
master  of  architectural  design,  a  structural  engineer,  a 
mechanical  engineer  (heating,  ventilating,  sanitationi.  an 
electrical  engineer,  a  business  administrator  and  a  technical 
director.      An    organization    thus    constituted 
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"'!",.,  „;  a  pr.,tossio,>Hl  ors.u,l/.utlon.  1  sp.-ak  now  of  m. 
,  ,„  „hl.h  c:i<li  on.>  of  tho  olemoiits  of  tho  iinlii 
t..,.^  ^.  ..uo  Is  Slvon  lU  proper  roUitivo  welKl.t  ..m  is 
.,l„.o..Ml  bv  a  num.  who.  In  his  p«rtl.uh>r  thinfi.  is  "««';;<> 
L  Is  "tho  ..rohltecl."  That  tho  nr.hltoot  nu.y.  an.I  .mu  > 
doe.,  employ  ..ntsl.lo  pruolltlonors  to  supply  -to  l.ln,  tlu 
n^oMnrv  .m  BlnoorlUK  skill  <lo...  not  alTo.t  tho  ,na in  arsn 
ment  "hlch  Is  that  a  proporly  bala«.-..>l  arohi.ortural  organ- 
|,atlon  in«»t  bo  a  business  orsani/ation  .  It  cannot  bo  a  poi- 
»onal  and  profosslonal  one.  ,_„,„  ,.i,i, 

Th, .iKit  tho  architect  must  surround  himsolf  with 

men  .  «nd  oxecutlvo  ability  is  that  tho  Rroat  bulk 

of  Ms  -  . . .. .   .-  Ills  client  and  to  tho  community  Is  a  business 

service;    In   fact,  nrchitoctural   dosUn.   per  se.   Is   really    the 
«.n»llo»t   element   In   tho   arcUltocfs   service,   although    most 

"That'"archltocturnI  design  is  tho  least  >veighty  element  in 

o  archltoofs  service  is  proved  by  the  numuer  of  architect.^ 
In  this  countrv  who  build  up  largo  businesses  without  usmg 
11  a(  all  Those  men  do  everything  else  that  the  complete 
architectural  orgnnUatlon  should  furnish  and  they  succeed 
bomuise  of  the  value  to  their  clients  of  the  things  that  they 
actually  do  furnish.  . 

The  n-an  who  is  a  business  getter,  who  has  an  eflUient 
organisation,  who  handles  his  practice  as  a  "business  propo- 
sition ■■  who  administers  the  work  of  construction  adequately, 
who  is  n  capable  buyer  tor  his  client  and  who  keeps  meas- 
urably within  his  client's  limit  of  cost  will  build  up  a  large 
and  well-paving  -practice"  with  the  least  possible  expenditure 
of  thought  on  matters  of  academic  design.  And  such  a  man 
earns  all  of  the  considerable  sums  he  is  paid  because  he 
"delivers"  goods  that  have  value. 

On  the  other  hand,  a  man  may  have  great  talent  and  may 
be  highly  trained  in  matters  of  pure  design  and  may  starve 
in  a  garret  because  he  has  neither  the  necessary  business 
quulitles  for  success  nor  the  sense  to  connect  with  the  rislit 
people. 

After  all.  it  is  success  we  all  are  aiming  for.  What  good 
does  it  do  a  man  to  have  great  talent  if  he  is  given  no  oppor- 
tunities for  exercising  it?  And  in  architecture,  above  every- 
thing else,  the  opportunities  tor  doing  big  and  interesting 
things  depend  almost  entirely  upon  "getting  the  business." 

The  architect  today  who  is  trying  to  impress  his  client  with 
the  idea  that  he,  the  architect,  is  engaged  in  personal  and 
professional  work  is  constantly  playing  a  heart-breaking  game 
of  bluff.  Instead  of  telling  the  client  frankly  that  he  is  but 
one — though  perhaps  the  principal — member  of  an  organiza- 
tion that  is  ofTering  the  client  a  very  complete  service,  he 
must  try  to  impress  the  client  with  the  belief  that  he  is  the 
"whole  thing."  So  he  keeps  his  associates  in  the  background, 
for  to  admit  that  their  contribution  was  as  essential  as  his 
would  destroy  the  air  of  professionalism  and  of  personal 
serrice  that  a  mistaken  theory  requires  him  to  try  and  main- 
tain. So  he  bluffs  and  bluffs,  making  wild  guesses  now  and 
then,  until  finally  he  is  found  out. 

One  cannot  conceive  of  a  man  engaged  in  true  professional 
work  having  about  him  an  organization  such  as  is  absolutely 
necessary  to  the  architect  if  the  latter  is  to  discharge  fully 
his  obligation  to  his  client  and  to  the  community.  No  pro- 
fessional man  would  imdertake  to  do  a  number  of  things  in 
most  of  which  he  had  no  skill.  Such  a  professional  man 
would  be  set?  down  immediately  as  a  charlatan  because  he 
would  be  operating  a  business  under  the  guise  of  a  profession. 

Plenty  of  iaatances  of  similarity  may  be  found  between  the 
organization  of  the  architect's  ideal  ofRce  and  the  organiza- 
tion of  business  institutions,  but  none  whatever  can  be 
discerned  between  the  organization  of  such  an  office  and  a 
professional  establishment.  The  reason,  to  reiterate,  is  that 
the  architect's  relation  to  society  is  that  of  a  business  man 
and  not  that  of  the  professions. 

The  ideal  organization   for  an  architect  should   be   a   cor- 
poration.    This    form    tends    to    stability.      Each    head    of   a 
department   is   a   stockholder   and   the   interests   of   the   cor- 
poration are  his  interests  also.     Such  an  organization  tends 
ito  inspire  confidence  in  the  mind  of  the  client. 

An  architect  may.  of  course,  gather  around  him  men  who 

work  with  him  congenially  and  who  add  to  his  contribution 

the  things  necessary  to  the   complete  sers'ice  to  which  the 

client  is   entitled.     The  minor  employes,  of   course,   go   and 

icome.  but  when  all  the  principals  except  the  head  hold  posi- 


lions  that  are  subject  to  similar  mulalions  Ibcro  iKu-.'ssanly 
exists  an  element  of  weakness  in  the  orgatiization.  An 
orgiini/.alion  in  which  the  directing  personnel  changes  fre- 
.luontly  can  never  become  well  knit  and  eflective.  It  is  only 
when  the  directing  heads  are  part  owners  and  have  a  say  in 
tho  business  policy  and  management  to  the  extent  of  their 
ability— and  have,  also,  n  say  in  the  important  matter  ol 
hiring  and  llring  that  they  become  wedded  to  lli.>  parlicubii- 
business  and  give  it  their  best  efforts. 

These  are  the  signs  of  the  times.  If  the  architects  are  to 
hold  their  own  they  must  understand  that  before  everything 
olso  they  must  be  effective  business  men;  that  their  organ 
izations  inust  be  founded  upon  business  principles;  that  it 
does  not  sufllce  to  produce  fine  "paper  architecture"  and  to 
Ignore  or  subordinate  all  the  other  elements  in  the  service 
to  *hich  tho  client  is  justly  entitled;  that  they  must  cease 
to  worship  the  fetish  of  "professionalism,"  and  they  must 
cease  to  pose  as  self-contained  individuals  rendering  an  ex- 
clusive personal  service. 

The  only  way  the  architects  can  meet  the  new  situation 
and  save  themselves  is  to  -change  their  point  of  view,  re- 
organize as  business  institutions  and  by  building  better,  more 
economically  and  more  efficiently  try  to  meet  the  growing 
competition  of  the  "architectural  and  engineering  contracting 
tirms"  that  already  are  taking  work  away  from  them. 

Form  Work  for  Warehouse,  Boston 
Army  Supply  Base 

Remarkable  progress  was  made  in  the  construction  lust 
year  of  the  main  warehouse  of  the  Army  Supply  Base  at 
Boston.  This  building  is  1.G38  ft.  long  by  12G  ft.  wide  and 
8  stories.  The  superstructure  contains  90,000  cu.  yd.  of  re- 
inforced concrete.  Work  on  this  was  started  by  the  general 
contractor,  the  W.  F.  Kearns  Co.,  on  May  24  and  was  com- 
pleted on  Oct.  2,  59  days  ahead  of  construction,  a  total  of 
108  working  days.  An  average  of  900  cu.  yd.  of  concrete 
was  poured  per  day.  Two  construction  towers,  served  by 
independent  concrete  mixers,  distributed  concrete  to  each 
section  of  building.  The  building  consists  of  six  sections- 
each  273  ft.  long — in  a  continuous  succession,  individual  sec- 
tions being  separated  from  their  neighbors  by  a  construction 
joint  extending  entirely  through  the  cross-section  except  for 
the  footings,  which  are  common  for  the  two  abutting  build- 
ing columns.  The  first  floor  is  designed  for  a  live  load  of 
500  lb.  per  square  foot,  and  all  subsequent  floors  for  300  lb. 
per  square  foot.  All  reinforced  concrete  designs  are  in  ac- 
cordance with  the  requirements  of  the  so-called  Joint  Com- 
mittee rules.  The  column  spacing  is  21  ft.  by  21  ft.,  and  all 
floors  are  of  the  flat  slab  type.  The  first  story  is  IS  ft.  in 
height,  and  subsequent  stories  are  14  ft.  A  twin  tunnel  runs 
the  entire  length  of  the  building  under  the  first  floor,  for 
the  accommodation  of  steam  pipes,  electric  conduits,  etc. 

An  interesting  feature  of  the  construction,  and  one  which 
greatly  facilitated  progress,  was  the  system  of  forms  used, 
especially  that  for  floor  slabs.  The  contractors  studied  their 
form  work  very  carefully  and  instituted  very  successfully 
two  radical  changes  in  the  usual  method  of  form  building. 
These  changes  and  the  form  method  were  described  by  Mr. 
William  F.  Kearns  of  William  F.  Kearns  Co..  in  a  paper  pre- 
sented before  the  Boston  Society  of  Civil  Engineers,  from 
which  the  matter  following  is  abstracted. 

A  study  of  the  difficulties  involved  in  the  foundation  work 
of  the  warehouse  revealed  the  fact  that  there  probably  would 
be  three  to  four  weeks  between  the  completion  of  the  cais- 
son work  on  the  first  and  second  sections,  and  at  least  three 
weeks  between  the  second  and  third,  and  so  on  through  the 
remaining  sections,  the  interval  being  cut  down,  as  the  work 
developed  over  more  area,  never  getting  less  than  a  week 
or  10  days.  Taking  advantage  of  this  construction  feature, 
the  contractors  built  a  complete  set  of  forms  for  every  floor 
in  Section  A:  then,  in  the  interval,  before  the  next  section 
was  ready,  they  stripped  the  completed  section  and  moved 
the  forms  horizontally  to  the  same  floor  of  the  section  ready 
to  be  formed. 

By  working  this  way,  they  eliminated  rebuilding  the  form 
work,  as  would  have  had  to  be  done  to  meet  the  various  re- 
quirements of  the  different  floors  if  the  forms  had  been 
moved  up,  and  saved  the  cost  of  the  labor  that  would  have 
been  necessary  for  such  movement;  and,  in  addition,  there 
was  a  saving  of  at  least  1,000.000  ft.  of  lumber. 
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The  second  change  was  necessitated  by  the  confined  work- 
ing space  at  the  site  of  the  building.  On  account  of  this,  it 
was  necessary  to  construct  all  the  forms  at  a  central  mill, 
and  distribute  them  to  the  work  complete  in  every  detail,  so 
that  the  men  on  the  buildings  were  merely  erectors,  in  fact, 
the  fabrication  and  erection  of  all  the  form  work  was  han- 
dled exactly  as  is  structural  steel  in  a  building  or  bridge. 

The  forms  were  marked  at  the  mill  where  they  were  fab- 
ricated, to  correspond  with  the  key  or  erection  plans  pre- 
pared by  the  contractors  form-design  department.  Columns 
carrying  the  mark  "C"  and  their  designating  number;  beams, 
"B,"  beam  bottoms,  "BB,"  etc.  Thus  when  the  forms  were 
delivered  at  the  Job.  a  glance  at  the  key  plan  told  the  fore- 
man exactly  where  the  pieces  were  located,  and  a  very  small 
organization  kept  the  mill  constantly  informed  just  what  was 
wanted  at  each  particular  part  of  the  job,  so  that  pieces  not 
needed  for  some  I'ittle  time  were  not  lying  around  and  go- 
ing astray.  In  addition,  this  system  of  form  handling  avoided 
all  confusion  in  moving  the  forms  from  one  section  to  an- 
other, as  typical  pieces  carried  the  same  mark  through  the 
entire  construction.  Therefore  it  made  no  difference  from 
what  part  of  some  other  building  a  foreman  secured  his 
form,  if  it  carried  the  marking  of  the  piece  he  wanted,  it 
fitted  his  work.  Then  again,  in  case  a  piece  was  destroyed 
in  stripping,  the  mill  was  notified  of  the  number  o£  the  piece, 
and  a  new  one  was  made  and  sent  to  the  work. 

In  the  design  of  the  form  work,  the  contractors  used  the 
same  method  of  flat  slab  centering  which  they  found  very 
economical  in  the  previous  experience.  The  typical  floor 
frame  consists  of  wooden  mats  2  ft.  C  in.  wide  by  12  ft.  long, 
made  up  of  2  by  3's  placed  5  in.  on  center  and  covered  with 
20-gage  black  sheet  steel.  These  mats  are  supported  on  4  by 
C  girts  approximately  5  ft.  on  center  and  the  girts  held  up  by 
3-in.  by  4-in.  posts,  5  to  6  ft.  on  center,  according  to  require- 
ments of  the  work. 

This  type  of  framing,  if  well  made  up  so  as  not  to  be 
racked  and  twisted  when  stripped,  can  be  used  at  least  10 
times,  and  the  sheet  metal  which  is  rolled  after  each  usage 
is  good  for  12  to  15  uses.  The  exterior  column  forms  were 
constructed  of  2-in.  spruce  plank,  and  special  care  was  used 
in  their  fabrication  so  that  the  forms  would  be  extra  strong: 
and  with  very  few  exceptions,  these  forms  were  used  in  all 
the  sections  of  the  warehouse,  making  in  all  about  six  times 
that  they  were  set  up. 


Prices  of   Common  Brick  for  27  Year 
Period 

Th  following  tabulation  compiled  from  the  files  of  the  Rec- 
ord and  Guide  shows  the  average  prices  of  North  River  com- 
mon brick  (good  quality)  for  the  period  1887-1914,  at  docks 
f.  o.  b.  New  York  City: 


Year. 

1887  . 

1888  . 
18S9  . 

1890  . 

1891  . 
1S92  . 
1.S93  . 
1S94  . 
ISJiS  . 
1S9U  . 

1897  . 

1898  . 

1899  . 

1900  . 


Av.  price 

per  M. 
...$G.45 
....  5.50 
, . . .  6.06 
, ...  5.69 
. ..  4.90 
....  4.71 
. . .  4.98 
. ..  4.50 
...  4.95 
...  4.75 
. ..  4.53 
...  5.29 
...  5.45 
....   4.69 


Tear. 

1901  . 

1902  . 

1903  . 

1904  . 

1905  . 

1906  . 

1907  . 

1908  . 

1909  . 

1910  . 

1911  . 

1912  . 
191.1 


Av.  price 
-per  M. 

$5.51 

5.06 

5.44 

7  2s 

8.43 

8.49 

5.8:; 

5.27 

6.19 

0.84 

5.81 

6.9:! 

6.70 


1914    6.04 


Patents  on  Flat  Slab  Construction. — In  a  suit  brought  by 
the  Condron  Co.,  Chicago,  for  infringement  of  the  Sinks 
patent  on  "2-way"  flat  slab  construction,  an  opinion  was 
handed  down  on  April  IC.  1919.  in  the  U.  S.  District  Court, 
Northern  District  of  Illinois,  Eastern  Division,  by  Judge  A.  L. 
Sanborn,  which  concludes  as  follows: 

"The  patentee  may  have  made  a  better  flat  slab  or  shallow 
beam  construction  than  prior  inventors,  but  the  patent  itself, 
apart  from  simplifying  computation,  simply  proceeded  along 
lines  suggested  by  engineering  skill.  I  think  the  patent  is 
invalid  and  that  the  bill  should  be  dismissed  " 

The  Condron  Co.  has  announced  that  pending  a  decision  on 
this  case  in  the  U.  S.  Court  of  Appeals,  it  will  make  no 
royalty  charges  to  its  patent  licensees  or  to  those  who  accept 
licenses  from  it  for  the  use  of  the  Sinks  invention  in  flat  slab 
buildings  erected  or  contracted  for  between  April  30,  1919, 
and  the  date  of  such  decision,  regardless  of  whether  the 
decision,  on  appeal,  sustains  the  Sinks  patent  or  not. 


The  Objects  of  Structural  En- 
gineering  Courses* 

By  HALBERT  P.  GILLETTK. 
l^'Iitor,    EngiiieeriiiM'  and   Contracting. 

The  writer  is  in  full  accord  with  Mr.  Henry  J.  Burt's  out- 
line of  the  objects  of  structural  courses.  Particularly  should 
emphasis  be  placed  upon  his  statement  that  "it  devolves  on 
the  teachers  not  only  to  prescribe  the  studies  to  be  pursued 
during  the  college  period,  but  to  so  train  the  student  that  he 
will  continue  in  a  progressive  channel"  after  graduation. 

As  an  editor  of  a  civil  engineering  periodical,  the  writer 
has  long  been  impressed  by  the  tact  that  a  large  percentage 
of  civil  engineers  do  relatively  little  reading  of  any  engineer- 
ing periodicals.  Whenever  the  writer  goes  to  the  library  of 
an  engineering  society  he  notes  what  a  pitifully  small  num- 
ber of  men  are  usually  studying  either  periodicals  or  books. 
When  be  talks  with  practicing  engineers,  he  finds  that  most 
of  them  excuse  their  ignorance  as  to  recent  developments  in 
engineering,  design  and  construction  on  the  ground  that  they 
have  been  "too  busy  to  keep  up  with  the  literature  of  the 
subject."  When  he  sees  that  the  total  subscription  lists  of 
all  the  civil  engineering  and  contracting  periodicals  combined 
do  not  include  more  than  half  the  possible  subscribers  he  is 
astounded. 

The  bald  fact  is  that  the  majority  of  civil  engineers  cease 
to  be  real  students  of  civil  engineering  shortly  after  they 
graduate.  This  being  so  (and  sixteen  years'  editorial  expe- 
rience on  the  two  leading  civil  engineering  periodicals  has 
shown  the  writer  that  it  is  so)  there  are  but  two  explana- 
tions of  the  conditions:  (1)  That  civil  engineering  periodicals 
do  not  publish  usable  facts,  or  (2)  that  most  civil  engineers 
have  neither  recognized  the  necessity  of  continuous  study  nor 
formed  the  habit  of  constantly  searching  for  new  informa- 
tion. 

The  first  of  these  alternatives  can  be  dismissed  without 
argument,  for  nearly  every  recent  civil  engineering  book  is 
full  of  references  to,  and  quotations  from,  articles  that  have 
appeared  in  civil  engineering  periodicals.  Evidently  the 
most  studious  of  civil  engineers — the  authors  of  engineering 
treatises — find  the  contents  of  civil  engineering  periodicals 
worth  while. 

The  other  alternative  therefore  seems  inescapable.  Of 
course,  it  may  be  said  that  the  non-readers  among  civil  engi- 
neers are  those  who  have  never  gone  to  engineering  colleges. 
The  writer's  observation  gives  no  support  to  such  an  as- 
sumption. Indeed  he  has  usually  found  that  the  man  who 
has  been  able  to  train  himself  to  be  a  civil  engineer  without 
the  aid  of  an  engineering  college  is  usually  more  of  a  stu- 
dent of  engineering  books  and  periodicals  than  is  the  gradu- 
ate of  such  a  college.  His  struggle  to  make  an  engineer  of 
himself  has  developed  in  him  not  only  facility  in  searching 
for  knowledge,  but  has  founded  in  him  belief  in  the  value  of 
such  searching.  Finally,  it  has  habituated  him  to  be  a 
searcher  for  knowledge. 

On  the  other  hand  our  present  courses  in  engineering  often 
tend  to  atrophy  the  instinct  of  exploration.  The  teacher 
doe.s  the  exploring,  and  presents  to  the  student  the  results 
in  a  form  readily  assimilated.  During  four  of  the  most 
formative  years  of  life,  the  engineering  college  student  is 
not  made  to  search  for  and  analyze  data. 

The  late  Professor  Henry  Janes,  in  his  "Talks  to  Teachers 
on  Psychology,"  says  that  he  believes  most  men  form  nearly 
all  their  habits  before  they  are  twenty-flve  years  old.  The 
writer  believes  this  to  be  a  fact.  Granted  that  it  is,  how  piti- 
fully weak  becomes  the  argument  that  engineering  students 
need  not  be  trained  in  searching  for  data  because  that  is  a 
training  that  they  will  naturally  impose  upon  themselves 
after  graduation. 

The  writer  fears  that  in  the  desire  to  teach  students  the 
"principles'  of  science  and  engineering,  a  great  error  is  being 
made  by  many  teachers.  Principles,  it  is  true,  should  be 
taught.  But  without  a  great  store  of  details  in  one's  mind, 
or  readily  accessible,  principles  can  not  be  put  to  the  best 
use  in  practice.  In  fact  a  strong  ar,aument  can  be  advanced 
in  favor  of  the  proposition  that  principles  should  be  taught 
only  after  many  details  of  practice  have  been  learned.     Cer- 

'Discussion  in  the  April  InilU-tin  of  llie  .Societv  for  I'roniotion  of 
Engineerins  Education  of  tlie  ri-porl  of  Henry  .T.  Burt  on  tin- 
above  mentioned  .subject.  .\n  alistract  of  Mr.  Burt's  report  ap- 
peared in  the  n,'t.   'Si,  191S,   issue  of  I^nKineoring  and  ("onti  ai'l  ins. 
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Ktttjiurniuf)  find  VonI nntiiui  /"/    .//'/'/  ■>!■!.    I!>l!'. 


i»i..U     111,    ci.it.^i  thiiikors  hiive   beou  tlio   iiumi   who  have 

ilod  kmnvlmlRe  nnd  from  tho  ilotnils  have 

1  ih.'  prliu-lpU's. 

UevoralnK  this  pr...  .ss  iiuikos  nmtl.-rs  easy  for  tho  loachor 

and  cttHv  for  iho  Mu.l.iii .  Iml  does  U  not  lead  to  tho  studouls' 

bocomliiR  porpt'tmil  nostllncs.  walthiR  like  younn  robins   for 

worm^  to  be  brouKhl  to  thorn?     Instinct  saves  younK  robins 

from  nn  everlasllns  life  of  bolnp  fod.  but  there  soonis  to  be 

no  HonrohlnB  tnslln.t  that  loads  tl:o  average  innn  to  hunt  tor 

knuwIodKO.     The    hnbit    of   soarohinn    niiist    be    trained    into 

Mm.  ,  ..... 

The  lenchinK  of  •prlnolples"  has  booomo  almost  a  fetish  in 
America.  Whul  Is  a  prinelpio  that  ontitlos  It  to  so  miKli 
rfvercnceT  A  principle  Is  merely  a  law  that  expresses  a 
fmtor  common  to  many  individuals  or  classes  of  facts.  A 
knoulodxo  of  principles  therefore  uroatly  reduces  the  strain 
upon  the  memory  and  facilitates  the  operation  of  the  mind. 
Hut  known  sclentitlc  principles  arc  countless  In  number,  and 
they  ure  dally  Incroaslns  by  the  hundreds.  It  Is  beyond  the 
power  of  any  human  mind  to  memorize  more  than  a  small 
frortion  of  all  the  scientific  principles  now  In  print.  True, 
.some  principles  are  of  wide  scope  and  others  are  narrow;  but 
If  the  toachlni;  of  principles  is  to  be  tho  prime  object,  well 
mny  It  be  asked  where  the  line  Is  to  bo  drawn. 

More  and  more  it  grows  upon  the  writer  that  llio  formation 
of  habits  to  be  pursued  in  after  lite  should  be  the  prime  ob- 
ject of  teachers.  Students  can  certainly  not  be  taupht  many 
details,  nor  In  fact  can  they  be  taught  many  principles,  rela- 
tively speaking.  But  they  can  be  taught  how  and  where  to 
search  for  information,  how  to  classify  and  organize  the 
knowledge  thus  acquired,  and  how  to  go  about  to  apply  the 
knowledge. 

Mr.  Burt  puts  it  very  well  when  he  says  that  one  of  the 
purposes  of  training  is.  "To  develop  in  the  mind  the  powers 
of  analysis,  synthesis,  obervations.  imagination  and  logic,  so 
that  the  man  will  always  be  a  student."  The  writer  is  glad 
to  see  mention  made  of  "logic."  There  are  few  engineering 
colleges  that  require  the  study  of  logic  as  a  formal  course. 
I'nfortunately  there  is  no  very  satisfactory  text  book  on 
logic.  Perhaps  Bain's  is  the  best  one  for  class  purposes. 
Some  teachers  prefer  Jevons.  But  there  is  no  doubt  that  the 
study  of  formal  logic  Is  very  useful  as  a  training  in  the  use 
of  words  as  tools  for  reasoning.  Less  can  be  said  of  exist- 
ing books  on  logic  as  aids  in  inductive  reasoning.  No  logic 
whatever  discusses  inventive  or  imaginative  reasoning.  Hence 
teachers  of  logic  must  themselves  go  beyond  the  covers  o£ 
the  text  books  on  logic  if  they  are  to  arouse  deep  interest  in 
the  truly  fascinating  science  of  systematic  thinking. 


News  Letter 

St.  Louis  Items. 

I'ainalii  .).  .\.  Wall'  Im.s  liiu'ii  laid  \ip  ill  Ills  Imiiii'  iioai'  l''loi'- 
rlsunl  for  Ihr  past  im>iilli.  Was  hurl  1>.\-  an  anlo  in  WollHlon, 
Mo.,  but  from  npurlK  wi-  I'XinHt  lilin  liaiU  on  the  Joli  In  a  LoupU- 
of  woi'liH.  J.  !•;.  I..viiian  Is  laklUK  rari>  of  tho  olllco  in  the  noatsnian 
Hank  HldK,  during  Ids  alisi'nce, 

Iiiinii  l.^^  .Mi'Carlliy,  I'hloaKO,  won?  awiiidetl  ono  of  tho  bosl 
Kradlni;  loh.s  Id  in  Ihls  vicinity  for  sonu'  time  when  lliey  .seiniiod 
eiiiitnu'l  tor  KiadliiK  the  Kround.s  lor  the  new  iff'.l'i'i'.ooii  planl  to 
l:i.  ereeled  h.\  the  tleiieral  Motors  < 'o.  on  in.''i-aere  tract  at  Natural 
ItrldKo  road  and  I'nlon  iivonuo,  St.  I.onis.  1'.  Strang  will  he  In 
eharKO   Iiere. 

Jerry  I'onnors  Is  shippiiis;  a  team  outllt  on  Hiinn  &  Morarlhy  s 
lilK  Job  here. 

II.  E'".  iSlK*  Klley,  of  Clapp.  Norstrum  &  lllley.  ChlenKO,  pasMil 
throiiKh  here  the  other  day  on  his  wa.v  to  Hot  Sl>rliig». 

J.  Li.  Keller  has  his  IS  te.mis  and  machine  outllt  idle  at  .VrkaiiHns 
Cltv.   Kan.     is  In  the  market  for  any   kind  of  madiiiK, 

John  lllKtrins.  3539  MoiKanford  road,  St.  Ixnils,  .Mo.,  wants  to 
place  two  teams  on  some  job  In   this  nelKhhorhood. 

Ira  .1.  I'rlnly  has  none  back  to  .\rkan.sa.s  to  ship  the  balance 
of  his  team  outllt  on  the  levee  and  channel  widiniHK  Job  In  Co- 
lunil>u.-i,  uhlo. 

Illekev  Hros.  are  on  a  brld.ije  job  at  Columbus,  Ohio. 

Ward  Bros,  have  their  outfit  ut  work  on  the  Pennsylvania  R.  R. 
at  Uuyland,  Ohio, 

W,  1j.  Carwlle.  713  Western  Indemnity  Bldt?..  Dallas,  Texas., 
wants  some  teams  for  railroad  grade  work  near  Ft.  Smith. 

J.  B.  Klelils  is  llnl.shlne  up  a  ditching  Job  for  the  Katy  R.  R. 
near  \\alnut,  Kan. 

K.  K.  Perez  has  his  outfit  at  work  on  a  bank  widening  Job  on 
the  Rock    Island   H.    R.    in   Western   Texas. 

tUir  old  friend  Mason,  of  Mason  &  Hanger  Co.,  put  In  an  ap- 
pearance here  one  day  last  week. 

(Jontractors  when  In  want  of  work  or  labor  for  their  outfits 
write  Koenig's  I.Kibor  .\Rciicy.  1112  Walnut  street,  St.  Louis,  Mo.,  or 
,'iO:!  Delaware  .street.  Kan.sas  City,  Mo. 

Louie  Carlton  after  an  absence  of  about  12  years  from  the  city 
showed  back  here  last  week.  I.ouie  ha.s  quit  contracting-  and 
branched  out  in  the  oil  business  at  Wichita  Falls,  Texas. 

Harrington  Hros.  were  awarded  a  water  pipe  and  sewer  con- 
tract at  Benton,  111.,  by  the  United  States  Steel  Co.  They  are  In 
the  market  for  any  kind  of  grading  suitable  for  a  30-team  outllt. 
:!;iril)  Flad  avenue,  St.   Louis,  Mo.,  will  catch  them. 

Karl  .1.  Fraser  will  be  with  the  Dunn-McCarthy  Co.  on  their 
now  Job  here.  -V.  B.  KOIONIC. 


The  Architect  as  a  Citizen 

The  foUowin.g  resolutions  were  adopted  March  U  by  the 
Illinois  Chapter  of  the  American  Institute  of  Architects: 

"Whereas.  We  recognize  that  the  architectural  profession 
is  concerned,  whether  or  not  it  is  formally  consulted,  with 
everything  that  is  done  or  left  undone  either  by  individuals 
or  by  our  municipal,  state,  or  national  governments  in  build- 
ing, housing,  or  town  planning;  and. 

Whereas.  It  is  our  duty  to  our  nation  to  have  a  distinctive 
professional  opinion  as  to  what  needs  to  be  done  and  to 
formulate  a  constructive  criticism  upon  the  acts  of  our  public 
officials;  and, 

Whereas.  It  is  a  proper  function  of  our  iirofession  to  serve 
the  state,  therefore  be  it 

Resolved.  By  the  Illinois  Chapter  of  the  American  Institute 
of  .Architecture  in  regular  meeting  assembled,  That  we  tender 
to  our  municipal  and  state  authorities  our  services  in  an  ad- 
visory way;   and  be  it  further 

Resolved.  That  we  urge  upon  our  members  the  utmost  im- 
portance of  each  and  every  member  of  the  Society  taking 
more  interest  in  the  affairs  of  our  municipal  and  state  gov- 
ernments, and  in  performing  their  full  duty  to  their  state  and 
city  by  performing  their  full  duty  as  citizens." 


Industrial  Notes 

Briggs  &  Tunvas,  Inc.,  iron  and  steel,  have  opened  a  New  York 
ofliie  at  lM'5  K'luitahle  Trust  Bldg..  which  will  be  under  the  di- 
rfction    of   Carl    R.    Brigg.s.    president. 

The  American  Steam  Conveyor  Corporation.  Chicago,  announces 
the  aprointment  of  Charles  II.  Floraiidin.  lornierly  of  the  National 
Electric  &  Weldins,-  Co..  .Ne-v  York,  as  ger.eral  manaRer  of  its 
eastern  territory  with  headquarters  at  the  New  York  office,  110 
West  10th  St. 


Personals 

James  A.  Rogers  has  bicn  elictc.l  superintendent  of  buildings 
of  .Manchester,  N.  K. 

Edward  Mahnke  has  been  elected  buildiim  conimissioner  of  the 
citv  of  Waterloo,  Iowa. 

Capt.  John  W.  Wheeler,  Crown  Point.  Ind.,  has  been  apiwinted 
bridur  insp.'ct'ir  for  Lake  t^ount.v,  Indiana. 

Charles  E.  Grubb,  formerly  assistant  county  engineer  under  tile 
late  James  Wil.son,  ha.s  been  appointed  county  eglneer. 

John  D.  Clark,  L.  C.  Phillips  and  G.  A.  Semrad  have  organized 
the  Cheyenne  (;-instruction  Co.,  Cheyenne,  Wyo.,  and  will  engage 
in  a  general  contracting  business. 

Maurice  J.  Sullivan,  for  the  past  7  years  city  architect  for 
Houston,  Tex.,  has  resigned  position  and  has  opened  offices  in 
Houston  for  general  architectural  wbrk. 

George  S.  Webster,  director  Department  of  Wharves.  Docks  and 
Ferries,  of  Philadelphia,  has  been  appointed  member  of  the  di- 
vision of  engineering  of  the  National  Research  Council,  Wash- 
ington. 

The  Aberthaw  Construction  Co.,  of  Boston.  Mass.,  has  opened  a 
Philadklphia  office  at  Room  101  West  End  Trust  Bldg.,  E.  V. 
Schafer.  formerly  assistant  mechanical  engineer  at  the  League 
L^land   Naval  Air  Craft  Factory,   is   in   charge. 

Langthorn  Co.,  Inc.,  has  opened  otflces  at  2  West  45th  St.,  New 
York  City,  for  the  purpose  of  conducting  a  general  engineering  and 
contractinir  business.  The  oflicers  of  the  company  are  Louis  J. 
Snyder,  president;  J.  L.  Langthorn.  vice  president;  E.  B.  Glatz, 
treasurer,  and  M.   W.   Byers.   secretary. 

Rudolph  E.  Lee,  A.  I.  A.,  of  Clemson  College.  S.  C  ,  T.  A.  Mac- 
Ewan.  of  Pittsburgh.  Pa.,  and  .-\.  K  Turnbull,  of  C^harlotte,  N.  C. 
have  opened  offices  at  1214  Realty  Building.  Charlotte.  N.  C.  for 
the  practice  of  architecture  and  engineering  under  the  firm  name 
of  Lee,  MacEwan  and  Turnbull.  A.  R.  Turnbull  is  the  general 
manager  of  the  firm. 

Daniel  T.  Pierce,  formerly  assistant  to  the  president  of  the 
General  Asphalt  Co..  who  has  just  returned  from  more  than  a 
vear's  service  in  France,  is  located  temporarily  at  Room  lii:U.  12" 
Broadway,  New  York.  Mr.  Pierce  will  represent  im|)or(ant 
Franco-Italian  interests  as  well  as  acting  for  American  manu- 
f  xcturers  seeking  business  in  France  and  other  European  countries. 


Obituaries 

George  O.  Nagle,  city  manager  of  Wheeling.  W.  Va.,  died  April 
15.  aged  48. 

Thomas  Moloney,  formerly  building  inspector  of  Jackson,  Mich.. 
died  April  2,  aged  7ii. 

Owen  Brainard,  member  of  the  firm  of  Carrere  &  Hastings, 
arciiitects.  New  York  City,  died  April  2,  aged  54.  Mr.  Brainard 
supervised  the  construction  of  inany  nrominent  buildings  in  the 
United  States  and  Europe.  He  assisted  in  designing  and  supervis- 
ing the  structure  of  the  New  York  Public  Library,  the  Senate  and 
House  office  buildings  in  Washington,  and  exten.sion  of  the  United 
States  Capitol,  the  Yale  Memorial  Buildings  and  the  Cornell 
University  Building.  He  designed  the  New  Theater  in  Man- 
hattan and  the  Industrial  Villages  erected  for  the  employes  of  the 
United  States  Steel  Corporation  in  Pennsylvania. 

John  T.  Dickerson,  general  manager  of  the  Strauss  Bascule 
Bridge  Co..  Chica.go,  died  April  14,  of  pneumonia  after  an  illness 
of  a  week's  duration.  Mr.  Dickerson  was  40  years  of  age  and  a 
sraduate  civil  engineer  of  Rose  Polytechnic  Institute  of  Terre 
Haute.  Ind..  class  of  1902.  For  the  past  7  years  he  has  been 
identified  with  the  Strauss  Bascule  Bridge  Co.  Prior  to  1SI2  he- 
was  assistant  engineer  and  general  sales  engineer  with  the 
Scherzer  Rolling  Lift  Bridge  Co.  of  Chicago  for  a  period  of  5  or  r. 
years,  and  before  that  he  was  employed  in  the  bridge  departments 
of  the  C,  B.  &  Q.  and  C,  R,  I.  &  P.  R.  R.  companies  and  the 
.American  Bridge  Co.  at  St.  Louis,  Mo. 
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highway  engineering  and  contracting.  The  articUs  in  the  third  and  last  issues  of  each  month  (3rd  and 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roads  tf)    Street    Cleaning 

(b)  Streets  (d)    Municipal    Miscellanies 

Waterworks  and   Hydraulics — 2nd  Wednesday 

(a)   Waterworks  ^c)    Irrigation    and    Drainage 

<b)   Sewers  and   Sanl-        (d)   Power   and  Pumping 
tatlon 

(e)    Management  and   Office 
System 


Railways   and   Excavation — 3rd   Wednesday 

(a)  Excavation   and  (c)   Quarries  and   Pits 

Dredging  (d)    Railways.    Steam    and 

(b)  Rivers   and   Canals  Electric 

(e)   Management  and  Office 
.System 

Buildings  and   Structures — 4th   Wednesday 

(a)  Buildings  (c)    Harbor  Structures 

(b)  Bridges  (d)   Miscellaneous    Structures 

(e)    Properties  of  Materials 
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Pour  months  of  the  year  have  five  Wednesdays  and  on 
each  of  these  quarterly  "Sth  Wedne.sdays,"  Engineering  and 
Contracting  is  published  as  a  large  special  issue.  One  of 
these  special  quarterly  issues  is  devoted  entirely  to  brief 
descriptions  of  new  equipment  in  the  civil  engineering  and 
contracting  fields.  This  was  published  on  .Ian.  31  last.  The 
other  three  issues  are  given  up  to  civil  engineering  devel- 
opments and  improvements  in  foreign  countries. 

American  engineers  are  justly  proud  of  their  own  engi- 
neering achievements,  but  they  should  not  let  their  national 
pride  deter  them  from  studying  carefully  the  engineering 
ivorko  of  other  nations.  Relatively  few  American  civil  engi- 
neers and  contractors  have  access  to  foreign  engineering 
periodicals.  Hence  our  decision  to  publish  these  large  special 
issues  annually,  giving  comprehensive  summaries  of  the  most 
useful  information  to  be  found  in  foreign  civil  engineering 
periodicals  and  technical  society  transactions. 


A  British  Point  of  View  of  Govern- 
ment Ownership 

From  EnffineeTing.  Dec.  II!.  1918. 
The  announcement  made  last  week  by  Mr.  Churchill  that 
the  Government  had  decided  on  the  nationalization  of  the 
railways,  renders  it  incumbent  on  engineers  to  exert  such 
influence  as  they  possess  to  prevent  a  repetition  of  the  mis- 
takes which  have  occurred  on  previous  occasions  when 
services  hitherto  administered  by  private  companies  have 
been  taken  over  by  the  public.  It  unfortunately  happens  in 
the  present  instance  that  the  possible  advantages  of  national- 
ization lie  on  the  surface,  and  are  obvious  to  the  meanest 
capacity,  but  it  is  all  important  for  the  future  of  the  trans- 
port problem  that  this  "meanest  capacity"  shall  not  have 
the  determining  voice  in  the  establishment  of  the  new  order 
of    affairs.      The    dangers    to    be    feared    as    a  "result    of    the 


suggested  action  are  less  patent,  and  are  less  likely  to  be 
generally  appreciated,  having  relation  to  mind  rather  than 
to  matter. 

Orators  have  been  eloquent  in  depicting  public  companies 
as  caring  for  dividends  merely,  and  nothing  for  the  public. 
Nevertheless,  in  actual  practice  it  has  been  the  post  office, 
and  not  the  railway  officials,  which  by  their  neglect  and 
indifference  have  continued  to  provide  themes  for  the  pen 
and  pencil  of  our  modern  satirists.  The  supercilious  young 
lady  who  is  occasionally  found  behind  the  counter  of  our 
post  offices,  has  had  no  counterpart  in  our  railway  services. 

How  is  it  that  in  this  country  every  great  service  taken 
over  by  the  public  from  private  companies  has  failed  to 
realize  the  anticipations  of  the  advocates  of  the  change? 
The  telegraphs  were  purchased  with  assurances  of  the  most 
prosperous  and  profitable  future.  But  few  years  had  elapsed, 
however,  before  it  had  to  be  admitted  that  these  forecasts 
had  been  wholly  falsified,  and  that  the  service  was  being 
run  at  a  loss,  although  the  companies,  hampered  by  restric- 
tions from  which  the  nationalized  undertaking  was  free, 
had  been  nevertheless  worked  at  a  profit.  Much  the  same 
has  happened  with  the  telephones,  and  it  has  not  been  with- 
out interest  to  observe  during  the  past  few  days  in  one 
column  of  a  journal,  violent  complaints  of  the  inefficiency 
of  the  nationalized  telephone  service,  and  in  another  column 
rosy  anticipations  of  the  economies  and  improvements  to 
he  effected  by  the  nationalization  of  our  railways.  Still  a 
third  instance  of  how  far  realization  has  fallen  short  of 
anticipation  is  afforded  by  the  Metropolitan  Water  Board. 

The  telephones,  of  course,  were  acquired  at  considerably 
below  a  fair  valuation.  No  credit  was  given  for  the  impon- 
derables which  often  constitute  so  large  a  proportion  of  the 
value  of  a  going  concern.  Mere  materials  were  alone  as- 
sessed, and  no  allowance  made  for  the  capital  necessarily 
expended  in  pioneering  work  and  in  building  up  the  organ- 
ization. In  America  materialism  is  less  rampant  than  here, 
and  the  Interstate  Commerce  Commission  has  definitely  laid 
it  down  that  expenditure,  even  on  an  experiment  or  enter- 
prise  which    proved    unsuccessful,   may   be    fairly   taken   into 
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■s  an  unilorliikliiK-    If  proKress  Is  to  l)0  iiiiuip, 

iml   d.>vK-cs  must   bi>   advouliireil   on.  iiml   of 

II   art'   sure   to   prove   fnlluros;     yol 
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■iC  of  tho  Metropolitan  Water  Boaril.  it  lias  boon 
fr  ipd  tlmt  tho  price  paid  wna  excessive,  but,  ns  a 

III  ,  i.-t,  tho  vttlvie  of  tJio  mains  alone  was  nearly  equal 

(o  Hio  tull  i\mount  imid.  To  lay  these  mains  In  tho  open 
country  would  have  cost,  under  tho  most  favorable  condl- 
tlonn,  not  loss  than  i"  10,000,000,  and  the  cost  of  main  laylnK 
In  t»wn  Id.  as  Is  well  known,  at  least  three  or  four  times  as 
much.  Hence,  tho  value  of  the  mains  alone  was  nearly 
equivalent  to  the  full  purchase  price.  To  repeat  our  ques- 
tion, how  Is  It  that.  In  all  these  several  cases,  there  has  been 
«ui-h  :\  wide  discrepancy  between  promise  and  performance? 
My.  tho  main  reason  lies  In  the  difference  In  the 
or  Tho  administrative  charges  tend  to  be   much 

hi  r  public  than  under  private  control.     This  Is,  no 

d.  .iry  to  antlclpaliim.  and  some  would  assert,  con- 

Ir  .son.     Keason.  however,  is  of  Itself  but   an   indlf- 

f.-:  .■   to  truth,  and  the  late  Mr.  W.   B.   Rryan,   chief 

enislneor  to  the  board,  has  stated  that  the  administrative 
cost  of  the  I..ondon  Water  Board  exceeded  the  aggregate 
administrative  costs  of  the  eight  companies  which  it  re- 
rl:irr.1  According  to  a  recent  statement  by  Mr.  Harold  Cox, 
if  result  has  followed  the  nationalization  of  the  Swiss 
•  s.  He  says  that  the  administrative  staff  is  larger 
than  that  of  the  five  companies  which  were  absorbed.  The 
real  cause  of  the  InelTlclency  of  the  public  services  seems 
to  lie  In  the  fact  that  these  increased  administrative  charges 
are  all  due  to  an  increase  in  the  clerical  and  statistical 
staffs,  and  to  a  reduction  in  the  departments  responsible  for 
creative  thought. 

An  Interesting  light  on  this  matter  is  shown  by  a  study 
of  the  terms  on  which  the  staff  of  the  telephone  company 
was  taken  over  in  1911.  Here  the  rule  was  laid  down  that 
any  company  official  who.  by  showing  initiative  and  imagina- 
tion in  the  company's  service,  had  secured  a  salary  of  over 
7001.  ($3,500)  per  annum,  was,  ipso  facto  (save  In  special 
cases),  disqualified  for  the  Government  service.  So  far  from 
"men  of  push  and  go"  being  required,  it  was  to  a  large  extent 
the  men  of  "push"  who  had  to  "go." 

In  fact,  the  whole  system  of  organization  was  changed. 
As  described  by  a  district  superintendent  a  couple  of  years 
after  the  transfer,  all  initiative  and  independence  of  judg- 
ment was  suppressed.  He  knew,  he  said,  exactly  where  cer- 
tain matters  were  going  wrong,  and  how  they  could  be  rem- 
edied, but  if  he  made  any  move  whatever  he  would  be 
straightway  informed  "that  the  matter  did  not  concern  his 
department."  Again,  small  difficulties  which,  under  the  com- 
pany's management,  would  be  settled  locally  out  of  hand. 
had.  under  the  new  regime,  to  be  referred  to  headquarters. 
The  original  memorandum  received  additions  at  each  step 
of  its  stately  progress  from  official  to  official  up  to  the  one 
man  who  alone  had  power  to  settle  the  affair,  trivial  though 
it  might  be.  In  many  cases,  moreover,  the  memorandum  on 
reaching  this  official  was  returned  along  the  same  devious 
path  for  further  data,  and  had  again  to  retrace  its  steps 
to  the  departmental  head  before  a  final  decision  was  taken. 
The  net  result  was  that  instead  of  the  one  man  who  under- 
stood the  whole  of  the  local  conditions  settling  the 
matter  in  half  an  hour,  hosts  of  officials  all  had 
to  spend  time  on  it.  and  weeks  might  elapse  before  the  final 
settlement.  Obviously,  any  such  system  as  this  must  neces- 
sarily find  employment  for  a  vast  army  of  clerks  so  it  is 
easy  to  see  how  the  administrative  costs   are  increased. 

The  evil  of  such  a  system  does  not  end  here,  one  of  its 
consequences  being  that  the  head  of  the  department,  who 
ought  to  have  ample  leisure  for  the  consideration  of  impor- 
tant matters  of  policy,  has  practically  his  whole  time  taken 
up  with  trivialities  which,  in  any  efficient  organization,  would 
have  never  reached  him.  In  this  connection,  it  may  be  noted 
that  on  certain  of  the  great  American  railways,  it  has  been 
the  custom  to  relieve  the  vice-president  of  all  routine  work, 
so  that  he  and  his  immediate  staff  may  give  the  whole  of 
their  time  to  the  consideration  of  new  proposals  for  increas- 
ing the  effectiveness  of  the  service.  In  the  public  services 
ttere  is  nothing  analogous  to  this.  and.  indeed,  the  powers 
even  of  the  heads  of  departments  are  often  extraordinarily, 
and  indeed  ludicrously,  restricted. 

To    sum    up.    the    traditional    organization    of    our    public 


services  has  boon  to  discourage  initiative  and  independent 
Judgment  on  tho  part  of  subordinates,  and  greatly  to  restrict 
responsible  action  in  tho  case  of  heads  of  departments.  As 
one  result,  wo  have  not  in  any  public  service  "la  ca,rriere 
ouverlo  mix  talents."  Able  foung  men,  who  later  on  should 
fill  tho  higher  administrativo  iiosis,  get  no  opi)ortunity  as 
subordinates  for  the  display  of  any  but  humdrum  qualities. 
and  are  thus  not  sorted  out  from  the  general  average.  As 
one  result,  men  competent  to  supervise  the  many  new  under- 
takings which  had  to  be  extempori/.od  during  the  past  5 
years,  were  found  almost  anywhere  save  in  the  civil  service. 
Indeed,  not  the  least  debt  of  the  nation  to  the  railway  com- 
panies is  duo  to  their  work  during  the  past  years  revealing 
the  abilities  of  the  numerous  men  which  the  state  borrowed 
to  control  so  many  of  our  war  services. 

If  the  question  of  the  nationalization  of  our  railways  is 
to  come  up  for  discussion,  it  is  perhaps  as  well  that  It 
should  come  now,  whilst  the  memory  of  this  contrast  between 
the  results  of  company  organization  and  public  services 
organization  is  fresh  in  the  public  mind.  It  should  make  it 
easier  to  resist  the  attempt  to  establish  a  new  organization 
molded  on  traditional  lines,  which  all  experience  shows  to 
have   proved   singularly   unsatisfactory. 

No  doubt,  the  German  state  railways  were  managed  with 
fair  efficiency,  even  if  the  staff  was  mainly  parasitic  on 
English  or  American  thought,  but  an  organization  which  may 
be  effective  in  an  autocratic  country  is  unsuited  to  a  demo- 
cratic one.  Commenting  on  this  point  some  IS  months  ago. 
we  observed  that  whilst  the  best  public  service  in  a  demo- 
cratic country  had  never,  in  the  whole  course  of  history 
been  as  good  as  the  best  in  an  autocratic  country,  yet,  never- 
theless, there  was  reason  to  believe  that  the  worst  in  a 
democratic  country  had  never  been  quite  so  bad  a^  the  worst 
in  an  autocracy.  Whether  this  view  can  still  be  maintained 
depends  very  much  on  whether  the  Bolshevist  regime  in 
Russia  is  to  be  regarded  as  autocratic  or  democratic.  Our 
own  view  is  in  favor  of  the  first  alternative,  but  some  of 
the  most  fervent  of  those  who  claim  to  be  the  apostles  of 
democracy  in  this  country  seem  ardent  advocates  of  the 
contrary  opinion. 

-Amongst  the  advantages  claimed  for  the  nationalization 
of  an  industry  is  that  the  reserve  of  stores  will  be  greatly 
reduced  by  the  greater  standardization  which  becomes  pos- 
sible. The  theoretical  benefit  of  such  a  change  is  obvious, 
but  experience  shows  that  it  may,  on  occasion,  be  purchased 
somewhat  dearly.  In  the  case  of  the  telegraphs,  the  exten- 
sive standardization  of  instruments  effected  on  taking  over 
these  undertakings  from  the  companies,  destroyed  compet- 
ing centers  of  thought,  and  the  result  was  to  a  large  extent 
stagnation.  A  leading  American  authority  has  stated  that 
up  till  1S70  more  than  one-half  of  the  important  improve- 
ments effected  in  telegraphy  originated  in  Britain,  but  that 
subsequently  the  post  office  simply  imported  improvements 
ready  made  from  abroad.  On  the  other  hand,  we  continued 
as  before  to  make  the  most  important  contributions  to  im- 
provements in  submarine  telegraphy,  which  remained  under 
private  direction  and  control.  An  instructive  example  of 
the  difference  between  public  and  private  action  in  this 
regard  is  afforded  by  the  history  of  long-distance  telephony. 
The  principle  now  in  use  originated,  as  is  well  known,  with 
Oliver  Heaviside.  but  our  postal  authorities  refused  to  help 
him  to  practicalize  his  ideas.  Some  abortive  experiments 
were  made,  it  is  true,  but  not  under  his  direction  or  control, 
and  the  scheme  was  reported  to  be  a  failure.  Some  years 
later,  Mr.  Heaviside's  idea  was  taken  up  in  America,  and 
most  ably  worked  out  by  Professor  Pupin,  who  in  contrast 
to  Mr.  Heaviside,  received  the  most  generous  support  and 
reward  from  the  Western  Union  Telegraph  Co..  with  the 
result  that  all  difficulties  were  overcome,  and  the  scheme 
made  a  practical  success.  Pupinized  cables  have,  moreover, 
solved  the  difficulties  of  submarine  telephony.  It  will  be 
noted  that  there  are  many  more  systems  of  state  telephones 
than  company  controlled  systems,  yet  this  great  advance 
was  secured  by  a  company  and  not  by  a  state  service. 

The  sole  chance  of  maintaining  the  efficiency  of  our  rail- 
way services  under  state  control  would  be  that  the  essential 
features  of  the  present  organization  should  not  be  mate- 
rially changed.  Of  course,  the  ill  effects  of  a  change  would 
not  be  experienced  at  once  any  more  than  they  were  in 
the  case  of  the  Metropolitan  Water  Board.  In  fact,  a  few- 
years  after  the  transfer  the  chairman   of   that   board   made 
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a  grandiloquent  speech  in  which  he  enumerated  the  many 
improvements  which  he  claimed  were  due  to  the  board,  all 
these,  he  said,  had  been  made  "without  one  penny  cost  to 
the  public."  As  a  matter  ot  fact,  up  to  that  date  the  board 
was,  to  all  intents  and  purposes,  living  on  accumulated  cap- 
ital. Every  work,  whether  completed  or  commenced  up  to 
that  date,  was,  in  fact,  a  company  scheme  worked  out  before 
the  drastic  reduction  in  the  engineering  staff.  Later  on. 
when  really  new  works  had  to  be  undertaken,  the  weak  spot 
became  evident.  The  staff  was  inadequate  and  the  few 
creative   minds   retained   were   overloaded   with   routine. 

With  the  transfer  of  the  railways  to  the  public,  there  will. 
undoubtedly,  be  a  strong  movement  to  reduce  very  largely 
the  higher  technical  posts.  Under  mistaken  ideas  as  to  the 
all-importance  of  abolishing  over-lapping,  independent  cen- 
ters of  thought  may  be  suppressed,  with  the  result  that  our 
railways  may  become  purely  parasitic  for  ideas  on  company- 
managed  lines  in  other  countries.  It  is  ot  first  importance 
that  this  tendency  should  be  resisted,  though,  even  if  former 
precedents  be  followed,  the  evil  effects  would  not  appear  at 
the  outset,  any  more  than  they  did  in  the  case  of  the 
.Metropolitan  Water  Board.  The  best  of  the  old  officials-— 
or  some  of  them — would,  no  doubt,  be  retained,  but  if  all 
initiative  in  subordinates  is  to  be  discouraged  in  accordance 
with  the  past  traditions  of  our  national  services,  it  will  be 
impossible,  as  the  present  leading  men  die  off  or  are  super- 
annuated, to  replace  them  with  men  of  equal  caliber. 


The  Engineer  and  the  War 

From    Engiiu-erinfT.     Xov.     1.5,    1918. 

For  the  first  time  for  nearly  41/2  years  we  write  free  from 
the  sense  of  everything  being  overshadowed  by  war  and  of 
being  subservient  to  the  single  end  of  attaining  victory.  The 
moment  for  which  we  have  all  waited  so  long,  and  which  we 
have  sometimes  thought  was  near,  only  to  recognize  that  it 
had  again  been  deferred  to  some  distant  date  which  we  could 
not  specify,  occurred  last  Monday  morning,  when  the  High 
Command  of  the  German  Army  accepted  tho  rigorous  terms  of 
the  armistice  laid  down  by  the  Allies  and  the  United  States. 
These  are  so  defined  that  there  is  no  chance  of  the  enemy  re- 
fusing the  conditions  ot  the  peace  we  shall  dictate,  and  we  are 
at  liberty  to  take  a  rapid  survey  of  what  the  engineer  has 
done  in  attaining  this  great  object. 

The  War  Office  has  never  realized  the  value  of  the  mechan- 
ical engineer.  In  view  of  the  smallness  ot  our  army  he  ought 
to  have  been  given  a  free  hand  so  that  each  man  might  have 
had  his  powers  multiplied  manifold  by  machinery,  just  as  has 
been  done  in  manufacture.  But  we  were  behind  Germany  in 
many,  if  not  in  all,  respects.  We  were  almost  destitute  of 
machine  guns,  we  had  no  siege  guns  such  as  those  which 
smashed  the  Liege  forts  and  opened  the  road  into  France,  we 
were  deficient  in  aeroplanes,  motor  transport  was  unorganized. 
our  airships  were  experimental,  and  we  had  no  efficient  means 
of  defense  against  submarines.  Now,  on  the  eve  of  the  Peace 
Conference,  we  are  the  equals  ot  Germany  in  every  respect, 
and  her  superior  in  most.  We  have  machine  guns  and  to 
spare:  our  heavy  artillery  answers  every  demand  upon  it,  and 
it  we  are  told  we  have  no  guns  such  as  bombarded  Paris  from 
an  unheard  of  range,  we  can  reply,  like  the  Roman,  that  our 
weapons  are  long  enough  to  reach  the  heart  ot  our  enemy  and 
have  done  so.  In  aeroplanes  we  are  preeminent,  and  have 
cleared  the  sky  again  and  again.  In  speed,  in  maneuvring 
ability,  in  weight-carrying  capacity  the  machines  designed 
and  constructed  by  British  manufacturers  can  bear  compari- 
son with  any,  and  in  the  hands  of  British  pilots  they  have 
often  secured  victory  over  odds  that  were  most  disproportion- 
ate. The  output  of  motor  transport  has  been  a  triumph  of  the 
manufacturing  engineers  of  this  country. 

Possibly  the  greatest  of  the  engineer's  contributions  towards 
winning  the  war  was  the  tank.  It  was  entirely  a  new  military 
engine,  and  at  its  appearance  it  spread  dismay  among  the 
enemy.  It  broke  down  the  most  difficult  obstacle  to  a  charge 
—the  barbed  wire  fence — and  it  routed  out  machine-gun  nests 
which  were  proof  against  direct  attack  by  infantry  and  diffi- 
cult to  reach  by  artillery.  The  tanks  have  saved  tens  of 
thousands  of  British  lives,  and  alike  in  the  conception,  de- 
sign and  the  secrecy  of  their  construction  have  reflected  credit 
on   everyone   concerned,   and   especially   on   those   connected 


with  the  Admiralty,  who  were  the  moving  spirits  in  the 
enterprise. 

At  the.  commencement  of  the  war  we  were  as  well,  it  not 
better,  provided  with  submarines  than  our  enemies,  but  we 
had  very  little  scope  for  their  use.  Our  boats  could  sail  the 
seas  with  safety,  but  penetration  into  the  harbors  where  our 
foes  lay  behind  booms  and  minefields  was  almost  impossible. 
It  was  very  seldom  that  a  German  ship  was  to  be  found'  around 
our  coasts,  and  then  it  was  generally  disguised  very  effec- 
tively. The  Germans,  on  the  other  hand,  could  find  a  target 
every  day,  and  a  great  many  of  their  torpedoes  got  home  with 
fatal  effect  not  only  on  merchant  ships,  but  also  on  war  ves- 
sels. For  a  time  we  were  almost  helpless  against  this  method 
of  attack,  and  the  engineer  had  a  most  difficult  task  set  to  him. 
Step  by  step,  our  means  of  defense  grew  more  efficient.  We 
fenced  off  whole  areas  ot  the  Channel  with  nets  such  as  had 
never  been  seen  or  imagined  before.  We  mined  in  a  syste- 
matic manner  hundreds  of  square  miles  of  the  North  Sea;  we 
evolved  the  motor  boat  with  its  single  gun,  and  the  skimmer 
with  its  single  torpedo:  we  had  our  decoys  and  our  mystery 
boats,  while  overhead  the  crews  of  our  airships  strained  their 
eyes  to  trace  the  shadows  of  the  submarines  as  they  glided 
below  the  waters  of  the  Channel.  Depth  bombs  were  devised 
and  have  accounted  for  dozens  of  U-boats.  Listening  devices 
have  been  perfected  until  they  will  pick  out  the  beat  of  a  sub- 
marine propeller  at  a  distance  measured  in  miles.  So  success- 
ful have  been  the  efforts  of  the  engineer  that  lately  nothing 
but  the  iron  discipline  of  the  German  Navy  could  force  the 
half  mutinous  crews  of  the  submarine  to  run  the  gauntlet  of 
the  numerous  perils  that  awaited  them. 

We  have  no  space  this  week  to  discuss  what  is  going  to  be 
the  position  which  the  engineer  will  occupy  in  the  future.  He 
has  found  an  antidote  for  every  carefully  prepared  appliance 
of  the  enemy,  and  has  armed  5,000,000  men  with  the  most 
exact  and  efficient  weapons  ever  seen.  Even  the  daily  press 
talks  of  the  late  struggle  as  an  engineer's  war.  Will  en- 
gineers, in  their  corporate  capacity,  be  content  to  be  sum- 
marily dismissed  when  the  Government  has  no  further  need 
of  them,  or  will  they,  like  the  medical  men,  insist  that  they 
constitute  an  honorable  profession  which  demands  terms  of 
recognition  and  treatment  consonant  with  its  usefulness  and 
its  dignity?  As  long  as  the  war  lasted  patriotism  prevented 
any  action  which  suggested  self-seeking  in  the  slightest  de- 
gree, but  when  peace  is  concluded  there  can  be  no  reason  why 
engineers  should  not  claim  and  secure  the  position  they  have 
demonstrated  to  belong  to  them. 


Salaries  of  Assistant  Surveyors  in 
Ireland 

From  The  Surveyor.  Nov.  22,  1918. 
If  further  proof  were  needed  of  the  extraordinary  view 
taken  by  certain  members  ot  county  councils  in  Ireland  with 
regard  to  the  value  of  the  services  of  the  assistant  surveyors 
to  those  bodies,  it  is  afforded  by  a  discussion  which  took  place 
at  a  recent  meeting  of  the  Neath  County  Council.  At  present 
these  officials  receive  salaries  ranging  from  £100  to  £120 
a  year  with  war  bonuses  ot  a  little  over  £30  in  addition,  and 
it  appears  that  they  have  had  the  temerity  to  ask  for  an 
increase,  a  request  which  the  Finance  Committee  recom- 
mended the  council  to  refuse.  One  member  for  the  council 
moved  that  the  report  of  the  committee  be  referred  back 
tor  further  consideration,  and  In  doing  so  referred  to  the 
assistant  surveyors  as  professional  men:  whereupon  a  Mr. 
P.  J.  Kennedy  rose  and  in  the  course  of  a  speech  against 
the  motion  cast  doubt  upon  the  accuracy  ot  this  description, 
and  proceeded  to  say  that  an  assistant  surveyor  was  "a 
kind  of  overseer,"  and  was  in  the  position  ot  "a  steward  to 
the  county  council."  The  use  of  such  expressions  reveals 
a  total  incapacity  to  appreciate  either  the  nature  ot  a  sur- 
veyor's work  or  the  qualifications  that  are  required  for  its 
proper  discharge.  As  the  county  council  rejected  the  mo- 
tion for  a  reference  back  by  a  large  majority,  we  can  only 
assume  that  they  were  In  agreement  with  Mr.  Kennedy's 
views.  We  suggest  for  their  consideration  that  next  time 
an  appointment  is  to  be  made  they  should  advertise  for  "a 
kind  of  overseer"  and  not  for  an  assistant  surveyor.  If  the 
former  is  not  what  they  really  want,  it  is  at  least  what  they 
deserve. 
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r  T*         I         ■  '"*'"'  "'  ""  i''i.';'»«-'i'''i"K  post   haviiiK  ;\tt:uluMl   to  it  an  income 
Tho   PcCllIlivirV   RoWVirUS  Ol     1  eClini-  „f    MHW  lo    C-.OO  ix-r  your,  biouKht   in  ovor  200  applications. 
l"    L?        <•                 >  If-  "8  '*  proposed,  the  output  of  qualilicil  onKineors  is  to  he 
C'dl    h/Il^inCerS  givatly  Incieiiseil.  then  unless  conditions  are  very  materially 
Ki«i.>  i;iii;i""-- ■*-.   1  ■       •■"■   '■"*'  ultereil  no  positions  will   be  available  tor  the  majority,  and 
\\>  well  romembor  »omo  :10  yeurs  uko  that  the  head  ot  one  salaries   for  hiKhly  qiialilled   men   will   he   liable  to  fall   to  a 
of    xir  leudluK  ennlneerlnK  toUeKOS  expresse.l  himself  as  by  ,i„,|t  „.|th  which  even  the  Treasury,  with  its  ingrained  con- 
no  nieuis  In  entire  svinputhy   with  a  niovenienl   then  active  „.„„„  f,,,-  "stinks"  and  every  kindred  pursuit,  mlRht  express 
for  a  ItttKO   increiixe   In   the   niimher  of   technical   schools   of  i,„,,i(  aatislled. 

un|v«n.Hv  rank        Me  observed  that  IhouKh  the  number  Krad-  *     Experience  during   the  past   1   years  has  very   conclusively 

.                  jiy   mlRht   be  small,  the  supply   of  sclentltlcally  ,i,Mnonstrated  that  the  accountants  so-called  "non-productive" 

,^^                   ,,„■,„   „f  ongineerluK   was   well   In   e\ces8   of   the  j.^ponditure  may,  with  great  prolll.  be  greatly  Increased.    That 

demana       Ot  courxe.  had  the  development,  in  this  country,  of  „„r  women  folk  have  made  every  variety  of  munition,  from 

tho  heavy  electrical  Industries  been  permitted  by  rarllament  t.(,i„pi|cate(l  machine  guns  up  to  !).2-ln.  shells,  has  been  pos- 

,„  .                ■iituniUv  and  normally,  the  prospects  ot  the  tech-  j.ii,i„  „„iy  because  much  more  thought  than  ever  before  in  the 

^,,                    ,,,  „f  I'hal  day  might  have  been  most  materially  history  of  IJritish  industry  has  l)een  expended  on  the  study  of 

Improved.       Instead   of   relying  on   other  nations   to  do   the  i„dustiial  processes.    In  principle,  if  not  in  details,  the  Taylor 

thlnklns  for  u».  we  should  have  found  openings  and  oppor-  conception  of  scientifle  management  has  been  widely  adopted. 

tunltleti  for  manv  able  young  men  ot  our  own.  to  the  very  great  Technical  stalls  have  been  increased  far  beyond  the  propor- 

beneflt  of  Ihe  liatlon  at  large.      Today,  as   In   1S90.  there  is  ,[„„,,  common  in  pre-war  days,  and  this  has  rendered  it  pos- 

■gnln   a    popular   outcry    for   further   facilities    for   technical  ^11,1^   ,0   dptermine   and   Instruct    the   operative   in    the   most 

edurndnn.  and  it  remains  to  be  seen  whether  the  public  has  effective  methods  ot  work.     Much  thought  has  been  expended 

learned  an> thing  whatever  by   the  experience  it  has  gained  j,,  subdividing  up  complicated  processes  into  a  few  simple  ele- 

durlng  the  past  quarter  of  a  century,  and  whether  It  will,  lo  nients.  and  each  of  these  elementary  processes  could,  it  was 

Its  own   great   advantage,  see   that   our  economic  condition.'^  found,  be  rapidly  mastered  by  wholly  unskilled  labor.     Some 

nnd  policies  are  such  as  lo  fosler  a  demand  tor  the  proposed  entirely  new  methods  and  tools  have  also  been  developed  and 

enortiious    Increiise    In    the    annual    output    of    scientlHcally-  i,ave  contributed  their  quota  to  the  astonishing  output  of  our 

trained  engineers,  chemists  and  biologists.  shops  during  the  past  critical  years. 

T'nless  past  practices  and  precedents  are  very  substantially  p^j.  {1,,^  extraordinary  industrial  development  the  aid  ot  the 

changed,    the    majority    of    Uie    students    from    the    enlarged  gUHied  engineer  has  been  a  first  essential.     The  demand  for 

technical  schools  will   find  It  necessary  to  seek  a  career  in  ],is  services  has  been  such  that  engineering  has  become  for 

some  other  field  than  that  of  our  manufacturing  industries.   It  {^g  tj,„e  being  perhaps  the  best  paid  of  all  the  professions,  at 

may.  moreover,  be  taken  as  certain  that  we  shall  not  succeed  igj^g^  g„  (a,,  ^s  the  average  man  is  concerned.     Many  ot  our 

In   liquidating  our  enormous    war   debt   without   making   the  leaders  have,  of  course,  made  great  personal  sacrifices — giving 

fullest  possible  use  of  such  creative  brains  as  the  nation  may  their  invaluable  services  either  gratuitously  or  at  much  below 

be  fortunate  enough  to  include  amongst  its  population.    Ad-  ,|,e  market  value. 

mittedly  geniuses  are  rare,  nor  will  genius  readily  develop  in  Wealth  has  been    defined    as    consisting    of    exchangeable 

Inappropriate  surroundings.      To  secure  the  development  of  values.    .At  the  present  moment  the  exchangeable  value  of  the 

one  great  artist  requires  the  backing  of  a  society  in  which  intensified  output  of  our  factories  is  high  in  a  certain  limited 

art  Is  pursued  by  many   who  are  not  great  artists.    Shakes-  though  strictly  temporary  market.     When  this  market  fails, 

peare  stood  supreme  amidst  a  crowd  of  lesser  literary  lights,  .^j.^  these  great  engineering  shops  and  steel  works  to  be  closed 

and  George  Stephenson  grew  up  in  a   Northern  mining  area  down,  or  is  the  nation  prepared  to  consider  without  prejudice, 

where  clever  mechanics  were  common.     To  insure  that  the  „r  parti  pris,  whether  by  an  appropriate  economic  policy  it 

men  of  exceptional  talent  who  will   be  required   for  the  re-  ,„ay  not  prove  feasible  to  keep  these  great  workshops  nearly 

creation  of  the  wealth  destroyed  during  the  past  4  years,  shall  gj,  active  in  the  arts  ot  peace  as  they  have  been  in  those  per- 

be  forthcoming,  prospects  of  a  reasonably  successful  career  laining  to  war? 

must  be  open  to  men  ot  less  striking  abilities,  who  w  ill  in  fact  ^  ^jgg  decision  will  need  the  consideration  of  all  the  factors 
be  required  to  attend  to  the  indispensable,  though  it  may  be  involved  in  the  question,  and  not  merely  of  those  Immediately 
uninspiring,  common  round  and  daily  task.  obvious,  such  as  are  commonly  alone  considered  by  the  mate- 
How  In  the  past  have  the  prospects  of  the  average  young  riaiistic  school  which  has  been  predominant  m  the  past. 

engineer   compared    with    those   of   his    peers    in    other    pro-  

fesslons?     Some  interesting  data  on  this  head  were  given  by  ^^                   ,               _^        L      •        1       T                   1         * 

Mr.  \V.  Price  Ahell  in  his  recent  address  to  the  Derby  Society  CenSOnil^        1  eChniCal      JOUmalS      111 

of  Engineers.  AmfTiril 

He  stated  that  the  education  of  a  doctor  extended  over  5  or  .^  ».ij.xci.±v,<» 

six  years  and  cost  about    £1.000    (about   $5,000).     After  com-  From   The   Surveyor,   Feb.    28.   Ifll9. 

pleting  the  course  99  per  cent  of  the  medical  graduates  have  Censors,  as  we  know  in  this  country  from  long  and  painful 

been.  Mr.  Abell  says,  certain  ot  employment  at  incomes  be-  experience,  have  notions   with  respect  to  publicity  that  are 

ginning  at    £200  a  year  and  rising  to  an  average  of    £500  peculiarly  their  own:   but  it  has  been  reserved  for  the  Post 

per  annum  at  the  age  of  30.    One  medical  man  in  a  thousand  Office  Department  of  the  United  States  to  prove  that  ingenuity 

makes  an  income  of  the  order  of  £5.000  a  year.     The  clergy-  lias  practically  no  limits  when  it  is  cultivated  as  a  frame  of 

man's   education   costs.   Mr.   Price   Abell   stated,   some    £300  mind  and  a  guide  of  conduct  by  these  officials.    The  Munici- 

to    £S00.  and  on  completion  employment  was  certain  at  an  pal  Journal  of  New  York,  in  its  issue  of  Feb.  8th,  makes  the 

income  ranging  from    £150  at  the  outset  to  an   average  of  announcement  that  the  Post  Office  Department,  by  the  new 

£220  a  year  at  the  age  of  35.     There  are  about  40  prizes  postage  rate  law.  is  required  to  classify  all  the  matter  that 

open  to  clergymen  bringing  in  incomes  of  £5.000  to   £15.000  appear.^   in   periodicals   as   either   advertising   or   not    adver- 

a   year.     A   solicitor's    training.   Mr.    Price   Abell   continued,  tising.     In  making  this  classification  it  has  decided  that  the 

costs  from   £300  to   £800  to  procure,  and  there  is  a  99  per  naming  of  the   manufacturer   of.   or   dealer  in   an   article   is 

cent  chance  of  subsequent  employment  at  rates  running  from  advertising.      Thus,    if    in    an    editorial    describing    concrete 

£100  to  £200  per  annum  in  the  earlier  years,  with  an  aver-  paving  the  Journal  should  state  that  the  cement   used  was 

age  income  when  beyond  30  ot  £300  per  annum.     The  large  furnished  by  the  Beta  Cement  Company,  or  that  the  expan- 

prizes  are  more  numerous  than  in  the  medical  profession.  rion  joint  material  was  made  by  the  Turrett  Company  (real 

In  the  case  of  the  engineer,  Mr.  Price  Abell  said  that,  tak-  names  are  not.  of  course,  given,  because,  as  is  pointed  out. 

ing    both    premium    and    non-premium    pupils    together,    the  the  editorial  from  which  we  quote  would  probably  be  classed 

chances  for  an  engineer  (not  including  of  course  mere  crafts-  as  advertising  matter),  that  makes  the  description  advertis- 

men)  are  represented  by  the  following  table:  ing.    The    Municipal    Journal    remarks    that    engineers    and 

Per  annum.  contractors    quite    naturallv    desire    to   know    what    kinds    of 

i.rn'"e?'c"enrwVV'ma1irover::::: :::::::;:::::: :::;:::::::::  "'"m  materials  and  equipment 'are  used  on  different  pieces  of 

4.5  per  cent  will  make  over 3C0  work,   and   proceeds   to   announce   that   it   "will    be   glad   to 

^/^rTeU*  wm'makeTvlr.'*''^:"*?'.^"':^^  200  f"rnish  this  information  by  letter  to  anyone  who  will  write 
3T  per  cent  will  make  les,s  than 200  asking  for  it."  In  Other  words,  the  newspaper  qua  news- 
Further,  as  matters   stood   before  the   war,  every  advertise-  paper  sinks  its  identity,  and  practically  disappears  as  regards 
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certain  specific  forms  of  utility,  and  tlie  editorial  department 
is  converted  into  a  bureau  of  information  run  as  a  letter- 
writing  agency.  It  may  be.  of  course,  that  the  censor's 
department,  which  can  always  be  relied  upon  to  sound  a 
lower  depth  in  eccentric  mentality  than  any  other  department 
of  the  public  service,  has  been  placing  its  own  construction 
upon  the  law  of  the  State.  It  so,  that  is  a  matter  over  which 
our  American  contemporaries  will  be  quite  able  to  take  care 
of  themselves.  But  the  fact  that  this  interpretation  is  being 
enforced  for  the  time  being  is  certainly  a  striking  testimony 
to  the  powers  of  the  Post  Office  Department. 


The  Imponderables 

From    KngineeriiiK.    Hoc.    i).    IMS. 

Long  years  ago,  when  in  the  hey-day  of  his  business  career, 
Mr.  Andrew  Carnegie  is  reported  to  have  observed  that  he 
could  better  afford  to  face  the  destruction  of  his  vast  works 
than  the  ruin  of  his  organization,  the  efficiency  of  which  had 
been  secured  only  by  careful  selection  and  elimination  ex- 
tended over  a  long  course  of  years.  The  works  and  their 
equipment  could  be  replaced  far  more  easily  than  the  staff. 
The  imponderables  in  fact  outweighed  in  value  the  material. 
It  is  the  same  fundamental  truth  that  Mr.  A.  A.  C.  Swinton 
had  in  mind  when,  in  his  recent  presidential  address  to  the 
Society  of  Arts,  he  insisted  that  the  greater  part  of  the  capital 
of  the  civilized  world  is  indestructible,  since  it  consists  not 
in  mere  structures  and  tools,  but  in  the  "know  how"  which 
civilization  has  inherited  from  the  original  thinkers  of  many 
past  generations.  Probably  Mr.  Swinton  is  correct  in  holding 
that  little  useful  knowledge  has  ever  been  lost.  Rome  was 
overrun  by  barbarians,  but  her  knowledge  of  the  arts,  to 
which  we  owe  many  of  the  amenities  of  civilized  life,  per- 
sisted. This  knowledge,  with  the  prodigious  additions  since 
made  to  it,  was  no  doubt  painfully  acquired.  Many  a  blind 
alley  was  fruitlessly  explored  before  the  true  line  of  advance 
was  detected:  but  the  work  once  done  remains  done,  and 
as  a  consequence  we  shall  be  able  to  replace  the  material 
losses  of  the  war  at  the  cost  of  much  less  effort  than  was 
expended  in  producing  the  originals.  It  is  curious  and  note- 
worthy that  it  is  the  exponents  of  pure  and  applied  science 
who  are  so  insistent  on  the  importance  of  the  non-material. 
Our  modern  self-styled  idealists,  w^ho  degrade  an  hitherto 
honorable  title,  commonly  speak  and  act  as  if  economics  were 
unadulterated  materialism. 

To  a  certain  extent,  of  course,  we  are  all  to-day  advocates 
of  science  and  of  scientific  method.  The  value  of  science 
has  been  too  conclusively  demonstrated  to  be  ignored,  and 
as  Mr.  Swinton  observed,  even  the  Labor  Party  joins  in  the 
chorus  which  is  acclaiming  its  importance.  We  are.  however, 
inclined  to  question  whether  Mr.  Swinton  was  correct  in 
holding  that  the  gibe  with  which  Lavoisier  was  sent  to  the 
scaffold  could  not  be  repeated  to-day.  In  fact,  the  Bolshevists, 
unless  they  are  greatly  maligned,  would  rejoice  at  the  oppor- 
tunity of  massacreing  many  of  our  leading  engineers  and 
physicists.  Moreover,  it  is  greatly  to  be  feared  that  much 
of  the  tribute  to  science  now  in  fashion  is  merely  lip  service. 
The  gulf  between  the  methods  of  the  engineer  and  scientific 
man  and  those  of  the  popular  politician  is  too  wide  for  there 
to  be  much  mutual  sympathy,  and  it  would  appear  from  an 
address  made  some  time  back  by  the  eminent  American  bridge 
builder.  Dr.  Waddell.  that  matters  are  little,  if  any,  better  in 
the  States  than  here.  The  engineer  wants  to  know  how  things 
actually  do  w-ork  in  practice.  If,  for  example,  a  proposal  is 
made  to  nationalize  an  industry,  he  is  unmoved  by  even  the 
most  eloquent  forecasts  as  to  the  advantages  to  be  gained, 
but  asks  how  have  similar  predictions  of  prosperity  been 
fulfilled  in  the  past.  Have,  for  exatnple,  the  actual  financial 
results  of  the  nationalization  of  the  telegraphs  borne  out  the 
prophecies  of  .50  years  ago,  and  have  prediction  and  realiza- 
tion accorded  any  better  in  other  equivalent  cases?  Another 
question  by  which  the  sincerity  of  the  conversion  of  politicians 
to  a  belief  in  the  methods  of  science  may  be  tested  is  their 
attitude  towards  the  manufacture  of  arms  by  private  firms. 
Any  fluent  speaker  can,  with  a  minimum  of  mental  effort, 
build  up  a  most  eloquent  argument  against  the  existence  of 
armament  firms.  If,  however,  instead  of  trusting  to  his  imag- 
ination, he  would  apply  the  methods  of  science  and  find  out 
what  actually  has  happened  in  the  past,  he  would  soon  recog- 
nize that  eloquence  In  such  a  case  is  wasted  effort.  For 
many  months  70  per  cent  of  the  shell  bodies  used  by  the 
British  in  I>ance  were  obtained  from  America,  and  France 


would  have  certainly  been  overrun  had  American  law  for- 
bidden American  firms  to  make  munitions  when  their  country 
was  at  peace.  Such  an  example  illustrates  once  again  the 
futility  of  the  belief  that  the  human  mind  can  arrive  at  work- 
able truths  by  mere  intuition  or  logic  unchecked  by  obesrva- 
tion  or  experience. 

In  spite  of  the  favor  with  which  science  is  now  regarded  in 
political  circles,  he  would  be  a  sanguine  man  who  expected 
that  any  Parliamentary  party  will  easily  discard  its  tradi- 
tional usages,  in  favor  of  the  scientific  method.  Nevertheless, 
we  do  most  profoundly  believe  that  whatever  the  difficulty 
of  persuading  our  prospective  governing  classes  to  abandon 
the  methods  of  Plato  for  those  of  Bacon,  the  future  of  civiliza- 
tion depends  on  the  realization  of  this  fundamental  change. 
In  the  matter  of  bridge  design,  that  eminent  French  engineer, 
M.  Rabut.  has  formulated  the  maxim  that  when  it  is  possible 
to  measure,  we  should  never  be  content  with  a  computation, 
no  matter  how  plausible  the  assumptions  on  which  it  is  based. 
A  corresponding  maxim  might  well  be  applied  to  the  work 
of  rebuilding  and  reconstruction  with  which  the  nation  is 
now  faced.  That  there  is  nothing  new  under  the  sun  may 
be  a  trite  saying,  but  it  is  nevertheless  substantially  true, 
and  a  parallel  in  past  his*ory  can  probably  be  found  for  most 
of  the  schemes  for  social  and  economic  reforms  that  are  now 
being  advanced.  The  history  of  such  parallels  will  afford  far 
better  guidance  as  to  the  ultimate  outcome  of  such  schemes 
than  the  most  logical  deductions  from  the  most  plausible  of 
hypotheses.  The  world  war  has  afforded  some  striking  in- 
stances of  how  history  repeats  itself  even  under  apparently 
greatly  altered  conditions. 

A  first  step  towards  the  introduction  of  the  methods  of 
science  into  policy  should  be  the  broadening  of  the  basis  of 
education.  The  past  specialization  in  classics  must  be  aban- 
doned, but  care  must  be  taken  that  it  is  not  replaced  by  an 
equally  deplorable  specialization  in  scientific  studies.  In  this 
matter  we  should  be  inclined  to  go  further  than  Mr.  Swinton, 
who  suggests  that  we  might  have  both  great  classics  and 
great  poets  without  the  smaller  fry.  It  is  perhaps  doubtful 
whether  this  view  is  correct.  Great  men  in  every  department 
of  human  activity  are  seldom  isolated  pinnacles,  but  emergr 
like  Mount  Everest  from  amidst  a  vast  mass  of  lower  em- 
inences. On  one  point,  however,  we  most  cordially  agree 
with  Mr,  Swinton,  and  that  is  that  of  recent  years  far  too 
much  importance  has  been  attached  to  laboratory  work. 

Mr.  Swinton  laid  emphasis  on  the  increasing  intricacy  and 
elaboration  of  the  technical  side  of  our  industries.  Undoubt- 
fedly  'he  proportion  of  total  expenditure  devoted  to  what  the 
accountant  calls  non-productive  ends  will  have  to  be  very 
greatly  increased,  hut  our  recent  experiences  have  shown  us 
how  ijrofitable  such  expenditure  may  be.  Methods  of  execut- 
ing work  have,  during  the  past  4  years,  received  much  more 
study  than  ever  before,  and  as  one  result  women  have  been 
enabled  to  turn  out  every  variety  of  ammunition  from  3-in. 
and  9.2-in  shells  up  to  machine  guns  and  fairly  heavy  ord- 
nance. Outputs  have,  moreover,  been  attained  which  in  pre- 
war times  would  have  been  considered  incredible.  Woolwich, 
of  course,  did  little.  The  type  of  organization  usual,  and 
perhaps  unavoidable  in  the  public  services,  is  not  such  as  to 
encourage  originality,  and  indeed  none  of  the  private  firms 
who  were  accustomed  to  make  shells  before  the  war  have 
equalled  the  output  of  9.2-in.  shells  reached  in  a  certain  south 
country  works  in  which  a  shell  had  never  even  been  seen 
before  the  war.  Yet  this  shop,  using  female  labor  exclusively, 
but  of  course  under  highly  capable  male  direction,  easily 
surpassed  every  previous  record  in  the  production  of  this 
variety  of  munition. 

For  many  years  past  there  has  been  a  section  of  the  com- 
munity which  seemed  to  consider  that  to  make  a  profit  was 
a  misdemeanor  and  to  make  a  large  profit  was  a  crime.  How 
efficiency  is  to  be  maintained  and  new  industries'  built  up 
without  exceptional  men  reaping  exceptional  rewards  is  a 
problem  to  which  the  school  in  question  has  never  attempted 
an  answer.  Mr.  Swinton  points  out  that  no  industry  is  in  a 
healthy  condition,  or  in  a  position  to  advance  and  increase, 
unless  it  makes  good  profits.  The  20,000,000  tons  of  shipping 
which,  together  with  the  extraordinary  development  of  the 
American  steel  industry,  enabled  us  to  beat  the  Hun,  had  both 
their  origin  in  large  profits,  which  were  plowed  back  into  the 
business  because  the  business  was  profitable.  Otherwise,  any 
savings  made  would  have  been  invested  elsewhere.  Further, 
no  firm  which  it  not  making  large  profits  is  prepared  to  spend 
money    on    experimental    work.      The    drawn    wire    filament 
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lamp,  which  him  niade  oleilrlilty  moro  than  over  iho  poor 
imuis  IlKht.  orlRliiiUed  dlri'itly  in  tho  liugo  prollts  nmao  by 
lli>>  C.nonil  Kl-ctric  Co.  of  Amorlcn.  A  llrm  .struKCHiiK  to  pay 
K).  way  ooiilcl  n«>vor  havo  tliiaiictHl  tho  Iouk  sorlos  of  Investiga- 
tions whii-h  won'  ossonilal  to  the  solution  of  this  ihoIiIoiu. 
l'roKr»>»s  anil  prollts  nro  olosoly  connoclod,  but  still  inoro 
)ni|K>rtant  Is  It  that  our  Industries  should  remain  under  Intll- 
vldual  dirertiou  and  control.  Wo  have  had  co-oporallvo 
niM-lrtles  engasod  In  inanufacluro  for  many  decades,  yet  not 
uno  hnti  made  any  notuMe  addition  to  our  caiiuclty  to  control 
naluro  or  lap  now  sources  of  wealth.  Whilst  individuals  have 
Khen  uii  tho  sloani  turbine.  Iho  pneumatic  tlrv  and  wireless 
toloKniphy.  the  cooperative  societies  have  been  content  to 
be  little  mon."  thiui  pai-aslllc  on  the  thoupht  and  enterprise 
of  others,  not  havInK  orlRinatod  a  slnRle  great  industry 
(hrvUKhout  tho  who!.-  ■■■>><r<.-  ,.f  Oi.Mr  existence. 

Payment  of   Labor  by  Results 

hVMi!  Knmiu'oiiMK.  Jan.  2\.   II'IH. 

Tho  Watt  anniversary  lecture  of  the  Philosophical  Society 
of  Greenock,  the  native  town  of  James  Watt,  was  instituted 
to  ensure  that  on  the  great  engineer's  natal  day  there  should 
be  on  oration  dealing  with  some  phase  of  steam  engineering. 
The  task  imposed  upon  the  lecturer  has  become  one  of  great 
ditncully  In  successive  years,  as  the  whole  field  of  choice  of 
a  topic  has  boon  covered  so  adequately  by  those  who  have 
before.  Thus  In  recent  years  there  has  been  a  ten- 
to  direct  attention  to  the  economic  rather  than  the 
puroly  scientific  or  technical  phase  of  steam  engineering.  In 
other  words,  the  man  operating  the  machine  rather  than  the 
machine  Itself  has  become  the  main  theme,  and  this  year 
the  Watt  lecturer.  Sir  William  Rowan  Thomson,  K.  B.  E., 
dealt  with  some  aspects  of  the  labor  remuneration  problem 
in   the   future. 

This  problem  is  one  which  is  asserting-  itself  almost  every 
day  in  connection  with  industry,  and  the  solution  will  more 
readily  be  found  if  employers  and  employed  are  made  fully 
cognizant  of  the  bonus  systems  advocated  and  of  their  effi- 
cacy. As  Sir  William  Rowan  Thomson  pointed  out  higher 
earnings,  reduced  hours  of  labor,  greater  output  and  reduced 
labor  costs  are  the  demands  of  the  present  day  industrial 
situation.  It  is  fully  recognized  by  all  economists  that  these 
desiderata  cannot  be  achieved  by  remunerating  labor  on  the 
time-rate  system.  The  result  of  that  system  is,  as  pointed  out 
by  the  lecturer,  that  a  man  was  always  tempted  to  do  just 
as  much  as  would  prevent  him  from  being  discharged.  There 
is  not  only  a  total  lack  of  incentive  on  the  part  of  the  better 
class  of  workmen,  but  slackening  on  the  part  of  the  manage- 
ment. The  introduction  of  piece  rates  of  pay,  while  it  stim- 
ulates workmen,  has  not  the  same  effect  necessarily  upon 
the  management.  The  bonus  system — where  part  of  the 
saving  goes  to  reward  management — does,  on  the  other  hand, 
produce  the  effect  of  stimulating  the  employer  as  well  as  the 
■worker;  and  every  effort  put  forth  by  the  management  is, 
of  necessity,  advantageous  to  the  worker,  as  the  week's' 
earnings  are  increased  without  augmenting  fatigue. 

Sir  William  Rowan  Thomson  explained  both  the  Halsey  or 
Weir  system  as  well  as  the  Rowan  system,  contending  in 
favor  of  the  latter.  Both  systems  are  good,  and  the  remu- 
neration is  equal  in  the  case  where  50  per  cent  of  the  time 
fixed  for  any  job  is  saved.  Beyond  this  the  Rowan  system 
gives  a  decreased  rate  to  the  worker,  and  tor  this  reason 
there  is  less  penalty  to  the  employer  or  industry  by  any  large 
error  in  time-fixing.  The  success  of  the  bonus  system  is  very 
largely  dependent  upon  the  ingenuity,  foresight  and  general 
efficiency  of  the  management.  The  lecturer  said  that  any 
system  of  payment  by  results,  to  be  effective  and  successful, 
must:  (1)  operate  so  as  to  increase  the  rate  of  output,  not 
only  without  increasing  the  labor  cost,  but  by  actually  re- 
ducing it;  (2)  make  the  reward  of  the  workmen  for  his 
share  in  increasing  the  rate  of  output  in  accordance  and 
commensurate  with  his  exertions  in  producing  such  increase; 
and  (3)  be  capable  of  quick,  easy  and  safe  introduction,  and 
smooth  and  easy  adjustment.  He  contended  that  it  all  the 
time-workers  of  this  country  had  been  put  on  payment  by  re- 
sults at  the  beginning  of  the  war,  and  had  saved  only  one- 
third  of  the  usual  time  taken,  we  should  have  been  able  to 
turn  out  the  same  amount  of  work  with  two-thirds  of  the 
men,  or,  alternatively,  we  should  have  done  a  larger  amount 
with  the  same  number  of  men.  while  the  wages  earned  would 
have     been     increased     by     one-third     under     the     Rowan 


system  and  one-fourth  under  tho  llalaoy  or  Weir 
system.  Increased  output  was  a  conibination  of  two  factors: 
on  the  jiart  of  the  workmen — augmented  industry,  groat  dex- 
ferity.  IhouKlit fulness,  foresight  and  the  wisdom  arising  from 
experience,  sliniulaled  by  an  adequate,  direct  and  Immediate 
reward:  on  the  part  of  the  employer — better  facilities,  tools, 
power,  light,  niati-rials  and  organization. 


Engineers  and  Demobilization 

I'Yom  The  Surveyor.  Fob.  14.  19UV 
The  Importance  of  finding  suitable  work  for  engineers 
now  leaving  the  Government  service  is  only  to  be  equalled 
by  the  importance  of  finding  suitable  men  to  do  the  pressing 
work  which  lies  before  us  in  the  immediate  future.  Without 
doubt,  there  is  so  much  work  to  be  done  that  some  of  it 
will  hang  fire  for  want  of  competent  men  to  do  it;  but  on 
the  other  liand  it  is  equally  certain  that  unless  serious  steps 
are  taken  to  bring  employers  and  employed  into  communica- 
tion many  excellent  men  will  find  great  dilliculty  in  obtain- 
ing work.  It  is  true  that  there  is  an  employment  bureau 
In  connection  with  most  of  the  engineering  institutions  ami 
societies.  Init  the  work  done  is  as  a  rule  very  mechanical 
and  unsympathetic,  and  consequently  the  results  are  com- 
paratively small.  The  young  engineer,  and  especially  the 
young  engineer  leaving  the  army,  is  in  need  of  advice  and 
sympathy;  he  is  generally  a  capable  man  having  good  expe- 
rience, but  is  often  unable  to  find  work,  and  very  often  ends 
by  having  to  take  up  work  tor  which  he  has  no  training 
or  experience.  It  ought  to  be  possible  to  establish  an  organ- 
ization among  engineers  that  would  deal  with  such  cases  and 
would  establish  for  itself  the  character  for  producing  good 
assistants  for  the  employer  and  a  good  employer  for  the 
assistant.  It  may  be  argued  that  this  can  only  be  done  by 
personal  knowledge  and  influence.  This  is  quite  true;  but 
such  knowledge  should  he  obtained  and  such  influence  should 
be  used  for  the  benefit  of  the  younger  members  of  the  pro- 
fession. It  is  merely  a  matter  of  taking  a  little  trouble  and 
of  finding  the  right  man  for  the  right  job.  It  is  of  little  use 
for  the  secretary  of  an  employment  bureau  to  obtain  a  list 
of  names  with  details  of  the  training  and  experience  that 
each  man  has  had.  and  to  hand  this  to  the  firm  or  person 
requiring  an  assistant.  After  all.  the  engineering  profession 
consists  of  human  beings,  and  though  boards  and  councils 
may  be  lacking  in  soul,  the  individual  members  are  very 
human.  Thus,  some  knowledge  of  the  employer  and  also  of 
the  employed,  is  essential  to  the  person  who  wishes  to  bring 
the  two  into  touch  satisfactorily.  The  work  cannot  be  treated 
mechanically,  or  dealt  with  as  a  side  issue.  It  requires 
special  thought,  care  and  initiative,  and  if  properly  handled, 
the  chief  drawback  to  engineers  at  the  beginning  of  their 
career  would  be  removed.  Most  of  us  can  remember  a  time 
when  we  were  faced  with  the  difliculty  of  obtaining  employ- 
ment, a  difliculty  which  had  nothing  to  do  with  lack  of  merit, 
but  solely  with  a  lack  of  knowledge  of  the  ways  of  the  world 
and  the  places  where  one's  legitimate  work  was  to  be  ob- 
tained. All  should  be  ready  to  help  those  who  have  given 
some  of  the  best  years  of  their  lives  to  the  service  of  their 
country,  who  have  taken  an  active  part  in  winning  the  war, 
and  to  whom  the  country  owes  the  deepest  debt  of  gratitude. 
Many  of  these  men  are  looking  anxiously  to  the  future. 
They  are  men  of  experience,  men  who  have  been  carefully 
trained,  and  such  as  are  needed  for  the  work  which  lies 
immediately  before  us.  Cannot  our  leading  societies  and 
institutions  take  the  matter  up  with  more  vigor,  or  cannot 
some  central  body  be  formed  which  will  see  that  the  right 
men  are  put  into  the   right  places? 


Simplification   of  Earth   Pressure  Calculations. — Writing  in 

Zeitschrift  fiir  Architectur  und  Ingenieurwesen  (Part  5,  191S), 
Dr.  O.  Franzius,  of  Hanover,  observes  that  in  the  case  of 
designs  for  quay  walls  and  embankment  walls — in  fact,  tor 
retaining  walls  of  all  classes — the  earth  pressure  is  usually 
obtained  by  geometrical  construction  instead  of  by  the  use 
of  a  simple  formula.  He  states  that  the  same  engineer  who 
is  content  to  assume  the  safe  load  on  the  subsoil  below  the 
foundations  at  5  tons  per  square  meter  and  the  safe  load  on 
a  pile  as  b  tons  will  calculate  the  earth  pressure  on  the  back 
of  the  wall  most  carefully  by  mathematical  formulas,  obliv- 
ious of  the  fact  that  the  properties  of  the  strata  causing 
the  pressure  are  as  much  unknown  as  those  ot  the  founda- 
tions. 
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(.roat  Kniilish  InvtMitioii  for  Sweep- 
iiiii  Up  Moored  Mines 

Hy    II  \  (ill.LETTE, 

"■MUor.    Ki., r.    .mil    I'liiilraoKiiK 

Brillah  i«ni!ln«»fr»  sUoiiId  be  crt'illteil  with  two  ol  the 
nioMl  Iniporlnnt  tnvontioDA  developed  lUirliiK  lli»  war,  iiunie- 
ly,  «h.>  "tank"  nnd  the  ••|>»ri»viine"  or  ooenn  kite  for  sweep 
lOk  'red  mines.     Kneh  of  these  two  Invonllons   was 

iiui.  i-ertiiHi   pn' exIstliiK  American   Inventions. 

Hi.'  i;iiiK  ■  or  land  bntlleship  wiis  sHRKested  by  the 
American  "cnterpllliir"  irnellon  engine,  ii  nimhlno  thiit  luys 
ll»  own  Imck  «nd  picks  the  irmk   up  continuously. 

»•-•  tf ,_ V  ••"»  ' ' 

■  i^ 


^^ 


Fig.  1 — Typical   Paravane. 

The  "paravHne"  wa.s  su.sge.sted  by  the  American  "rudder 
boom"  for  deflecting  floating  logs  or  shingle  bolts.  This  de- 
vice is  extensively  used  by  western  shingle  mills.  I  de- 
scribed It  originally  in  Engineering  News  about  l(i  years 
aco:  and  again  in  Flngineering  and  Contracting  of  Jan.  10. 
1917.  In  those  articles  I  also  described  my  own  use  of  the 
same  principles  in  designing  a  "river  kite"  by  which  a  fish- 
ing net  could  be  held  out  in  a  river  so  as  to  divert  fish  into  a 
trap  or  Into  a  "fish  wheel"  at  the  river  bank.  More  recently 
(Engineering  and  Contracting.  Sept.  25,  1918),  I  described 
a  swinging  pontoon  bridge  in  which  the  river  kite  principle 
is  used. 

The  "paravane"  is  an  ocean  kite  towed  by  a  ship.  The  tow 
line  catches  any  anchored  mines,  and  they  slide  along  the 
towline  aw.iy  from  the  ship  to  the  "paravane,"  as  shown  in 
Fig.  2.  The  "paravane"  is  shown  in  detail  in  Fig.  1,  from 
which  it  will  be  seen  that  it  is  provided  with  a  rudder. 
When  the  rudder  is  set  at  an  angle  with  the  axis  of  the 
"paravane."  and  a  towline  is  fastened  to  the  bow  of  the  ship 
and  to  the  "paravane,"  the  latter  flies  away  horizontally  from 
the  ship  very  much  as  an  air  kite  flies  up  vertically  from 
the  land.  An  air  kite  is  carried  up  by  the  force  of  the  w'ind; 
a  river  kite  is  carried  out  into  the  river  by  the  force  of  the 
current;  and  an  ocean  kite,  or  "paravane,"  is  carried  away 
from  a  moving  ship  by  its  impact  against  the  water  through 
which  it  is  being  towed. 

"The  E;ngineer,"  of  London,  in  its  issue  of  March  7,  1919. 
gives  a  detailed  description  of  this  interesting  and  impor- 
tant invention,  an  invention  that  revolutionized  previous 
methods  of  sweeping  up  moored  mines.  The  following  is 
a  reprint  of  that  description. 

Immediately  war  broke  out  a  large  number  of  steam  trawl- 
ers was  mobilized,  fitted  with  3-pounder  or  6-pounder  quick 
firing  guns,  and  the  necessary  mine-sweeping  gear.  This 
gear  consisted  merely  of  a  stout  wire  towed  between  two 
trawlers  and  kept  at  a  settled  depth  below  the  surface, 
mainly  by  dint  of  the  sweeping  ships  maintaining  a  certain 
distance  apart.  The  sweepers  working  in  pairs  in  echelon 
formation  thus  covered  a  wide  channel,  hut  the  work  was 
necessarily  very  slow  and  dangerous  in  that  the  sweepers 
themselves  were  unprotected.  Both  the  French  and  Italian 
Governments  evolved  variations  of  this  sweeping  device, 
the  wire  by  means  of  which  the  mine-mooring  wire  was 
caught  and  the  mines  dragged  to  the  surface,  being  kept  in 
position  by  means  of  specially  shaped  floats. 

But  the  problem  of  adequately  sweeping  large  areas  was 


not  solved  by  these  laborious  methods.  What  was  needed 
was  a  more  convenient  form  of  protection  for  individual 
vessels,  and  a  mot  hod  of  mine  sweeping  that  would  admit  of 
high  speed  craft  being  enii'loyed.  so  that  they  could  operate 
in  conj\inclion  with  big  shii)s  steaming  at  high  speeds.  A 
great  deal  of  original  experimental  work  on  this  problem 
was  carried  out  at  Scapa  I'-low  under  Rear  Admirals  A.  L. 
DulT.  A.  C.  Ueveson.  and  K.  K.  tiaunt  during  the  early  part 
of  the  war,  but  the  first  jjroposals  for  gear  of  a  new  type 
emanated  from  Commander  ('.  V.  Usborne  of  the  Colussus. 
Ills  scheme  was  elaborated  by  bieutenant  Dennis  liurney 
and  materialized  Into  the  widely  adopted  paravane  equip- 
menls  which  were  found  of  enormous  value  during  the  last 
2  years.  The  lUirney  scheme  did  not  prove  immediately 
successful,  and  elaborate  experiments  with  it  were  conducted 
first  at  Portsmouth,  where  .\dmiral  Sir  Hedworth  Meux 
contributed  largely  to  its  development,  and  afterward  at 
Scapa  Flow  wliere  the  value  of  the  device  was  finally  proved 
during  the  years  191.'i  and  1916.  In  spite  of  the  early  diffl- 
<-ully  in  manipulation,  which  caused  a  good  deal  of  skeptical 
comment  as  to  the  utility  of  the  invention,  the  objections 
were  overcome  and  the  fitting  has  since  become  universal 
for  all  types  of  warships  and  merchant  vessels. 

The  paravane  itself  consists  of  a  torpedo  shaped  steel 
body  to  provide  the  necessary  buoyancy,  to  which,  on  the 
side  remote  from  the  ship,  and  lying  vertically  in  the  water 
when  the  paravane  is  in  its  correct  position,  is  a  steel  plate 
set  at  a  small  angle  outwards  from  the  center  line  of  the 
paravane,  which  is  parallel  to  the  center  line  of  the 
vessel:  this  i)lale,  acting  after  the  manner  of  an  aeroplane 
wing,  maintains  the  body  at  the  required  distance  from  the 
ship.  The  paravanes  are  towed  in  pairs,  one  on  each  side 
from  the  forefoot  of  the  vessel  in  the  case  of  their  being 
used  for  purposes  of  protection,  or  from  the  stern  of  small 
craft  if  used  merely  as  a  sweep.  The  towing  wire  is  attached 
to  a  frame  connecting  the  plate  to  the  body,  on  which  is 
mounted  a  heavy  cutter  bracket  containing  a  serrated  knife 
blade  by  means  of  which  the  mine  mooring  wire  is  severed, 
the  cutter  being  between  the  end  of  the  towing  wire  and  the 
frame.  Internal  mechanism,  varying  in  design,  and  depend- 
ing on  the  type  of  paravane,  is  fitted  to  regulate  automatically 
the  depth  ol>  the  paravane  below  the  surface  of  the  water 
by  means  of  a  horizontal  rudder.  Fig.  1  shows  the  outline 
arrangement  of  a  typical  paravane,  and  Fig.  2  the  general 
arrangement   of   the   installation   for  the   protection   of   mer- 
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Fig.  2 — Arrangement  of  Paravanes  on  a  I\/lerchant  Ship, 
cantile  vessels.     It  will  be  observed  that  the  upper  view  in 
Fig.  1  is  a  plan;   that  is  to  say,  that  in  use  the  float  is  ap- 
proximately above  the  plane  weight. 

The  diversity  of  types  of  vessels  and  particularly  the  wide 
range  in  speed  and  intended  nature  of  service  involved  con- 
siderable divergences  in  practice  in  the  towing  arrange- 
ments, as  well  as  in  the  paravanes  themselves.  From  Fig.  2 
it  will  be  seen  that  the  point  of  attachment  of  the  towing 
wire  to  the  ship  is  as  low  as  possible,  and  as  far  forward 
as  possible,  in  order  to  obviate  the  possibility  of  any  unpro- 
tected surface  being  presented.  The  paravanes  themselves 
are  set  to  run  at  a  few  feet  beneath  the  level  of  the  keel, 
in  order  to  increase  the  protection,  particularly  if  the  vessel 
is  trimming  by  the  stern.     To  enable  the  towing  point  to  be 
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arranged  in  the  essential  position,  warships  and  several 
large  liners  were  generally  fitted  with  a  special  attachment 
built  on  the  forefoot,  while  mercantile  vessels  were  fit- 
ted with  a  saddle  plate  which  could  be  raised  and  lowered  at 
will,  or  with  a  boom  attachment  which  served  the  same  pur- 
pose. It  will  readily  be  understood  that  the  variations  of  form 
and  general  arrangement  of  vessel  necessitated  almost  every 
vessel  being  considered  on  its  own  merits  as  regards  the 
method  of  attachment.  The  lack  of  merchant  ship  docking 
accommodation  for  large  warships  seriously  interfered  with 
their  rapid  preparation  for  defense  against  mines. 

Again,  the  variation  in  speed  of  ship  involved  differences 
in  the  design  of  paravane  itself,  and  by  degrees  the  posi- 
tion settled  down  to  a  closely  defined  condition  embracing 
various  types  of  protection  and  mine  sweeping.  Thus  we 
had— 

(1)  Protector  Type   Paravanes. 

(a)  Battleship   type. 

(b)  Battle-cruiser  and   fast    liner   type. 

(c)  Mercantile  vessels,  "M"  type. 

(2)  Mine  Sweeping  Paravanes. 

(a)  The  high  speed  type,  as  adopted  for  fast  cruisers, 
was  also  used  for  sweeping  by  destroyers,  being 
towed  from  the  after  end  of  the  vessel. 

Taking  these  installations  in  the  foregoing  order,  except 
in  detail,  there  is  little  difference,  except  in  size.  The  "M" 
type  differs  mainly  from  either  in  the  depth  controlling  ap- 
paratus. It  is  not  proposed  to  descril)e  this  mechanism  in 
detail,  though  it  is  obvious  that  the  basis  of  all  hydrostatic 
control  gears  must  lie  in  the  principle  of  the  head  of  water 
actuating  a  flexible  valve,  which  responds  to  the  pressure 
head,  with  or  without  a  swinging  weight  acting  in  conjunc- 
tion with  it.  Many,  many  years  ago  this  formed  the  "secret"' 
of  the  Whitehead  torpedo,  and  it  was  not  until  it  was  in 
universal  international  naval  use  that  the  futility  of  regard- 
ing it  as  really  confidential  became  apparent.  Even  slight 
fluctuations  of  depth  are  sufficient  to  actuate  the  rudder  and 
steady  the  movement  of  the  paravane. 

The  cutter  lies  between  the  point  of  attachment  of  the 
towing  wire  and  the  towing  frame  of  the  paravane.  The 
bracket  holding  the  serrated  blades  is  a  fnrging  of  extremely 
tensile  steel,  as  through  it  the  whole  pull  on  the  wire  has  to 
be  transmitted. 


The  Channel  Tunnel 

From   The   Kngineer.   April   4.    lOld. 

Although  no  definite  decision  has  been  reached  to  construct 
the  Channel  Tunnel,  it  is  considered  extremely  probable  that 
the  scheme,  which  was  first  proposed  over  a  century  ago, 
will  be  sanctioned  by  the  Government,  and  the  work  put  in 
hand  at  a  comparatively  early  date.  Sir  Francis  Fox  on 
March  31st  delivered  an  address  before  the  members  of  the 
Channel  Tunnel  House  of  Commons  Committee  on  the  pro- 
posed method  of  construction.  He  intimated  that  a  procedure 
similar  to  that  followed  in  the  case  of  the  Mersey  Tunnel 
would  be  adopted,  shafts  being  sunk  at  either  end  and  twin 
tunnels  driven  on  a  slightly  rising  gradient  of  1  in  1,000. 
Each  of  tho  tunnels  would  be  18  ft.  in  diameter,  and  would 
ue  driven,  as  in  the  case  of  the  London  tubes,  by  the  Great- 
head  shield.  The  grey  chalk  which  underlies  the  white  chalk, 
and  through  which  it  has  been  proposed  that  the  tunnels 
should  be  driven,  had,  he  said,  been  tested  by  some  thousands 
of  borings,  and  it  had  been  proved  that  the  strata  on  both 
sides  of  the  Channel  were  identical.  Beneath  the  grey  chalk 
was,  he  continued,  a  formation  of  gault,  very  similar  in  char- 
acter to  the  London  clay,  and  the  tunnels  could  be  driven 
through  that  formation  instead  of  the  grey  chalk  if  necessary. 
Sir  Francis  stated  that  the  excavation  would  be  carried  out  by 
revolvin.g  cutters  electrically  operated,  and  that,  although  the 
tunnels  would  be  lined  at  the  outset  with  iron  segments,  the 
permanent  lining  would  be  reinforced  concrete.  Connecting 
galleries  would  be  provided,  which  could  be  utilized  for  the 
storage  of  materials,  and  water  locks  would  be  constructed 
so  that  the  tunnel  could  be  flooded  if  desired  at  any  time. 
It  is  understood  that  the  members  of  Parliament  who  have 
responded  to  a  canvass  on  the  question  are  nearly  all  in  favor 
of  the  construction  of  the  tunnel.  Of  322  replies  which  have 
been  i-eceived  by  the  House  of  Commons  Committee,  310 
support  the  proposal,  8  are  opposed  to  it.  and  4  adopt  a  neutral 
attitude.  There  are.  however,  228  members  who  have  not 
indicated  their  attitude  on  the  question. 


Road  Maintenance  in  Rural  Areas 

By  JAMES  A.  WEBB, 
From   .Tournal    Institution   of   .Municipal   and   Cotinty    ]']nj;infers. 

Use    of    Refuse    Destructor    Clinkers    in    Road    Work. — Mr. 

Roberts,  borough  engineer  of  Worthing,  stated  that  he  had 
read  the  notes  on  tarred  clinker,  and  could  only  say  that  the 
first  road  he  laid — 13  years  ago — is  quite  good  today.  He  has 
two  roads  in  the  center  of  the  town  surfaced  with  tarred  de- 
structor clinker  which  are  narrow,  and  through  which  all 
traffic  from  Brighton  enters  Worthing  in  addition  to  the  local 
omnibus  traffic  of  1.5  minutes'  service.  These  roads  were 
put  down  some  9  years  ago  with  excellent  results,  proving 
that  success  has  been  achieved  in  urban  roads  in  addition  to 
roads  in  rural  or  outlying  districts.  Owing  to  the  difficulty 
of  obtaining  granite  chippings  last  year,  crushed  destructor 
clinker  was  used  when  tar-spraying,  which  made  a  fairly 
good  surface  at  the  time,  but  did  not  stand  the  wear  during 
the  wet  weather  in  the  winter  anything  like  granite  chip- 
pings. He  has  fotind  that,  if  the  tarred  clinker  is  well  looked 
after  and  is  painted  immediately  any  small  cracks  appear, 
the  water  is  kept  from  entering  the  material.  The  hard  frosts 
on  several  occasions  during  the  last  two  winters  did  not 
damage  the  roads  kept  up  in  this  way.  He  is  gradually  sur- 
facing the  whole  of  the  roads  in  the  borough  with  tarred 
clinker. 

iVIr.  J.  W.  Birch,  borough  inspector.  East  Ham,  states  that 
broken  destructor  clinker  has  been  used  on  various  roads 
in  East  Ham,  and  except  under  very  heavy  traffic  has  given 
satisfactory  results.  Some  experimental  pieces  have  been 
laid   in   the  following  manner: 

fa)   Broken   tarred   clinker,   about    l^/i-in.  gage,   laid   about 

2  in.  thick,  topped  with  %-in.  tarred  broken  clinker  on 

existing  flint  road  surface. 

(b)  Broken  tarred  clinker,  about  li4-in.  gage,  laid  about  2 
in.  thick,  and  topped  with  ^-in.  tarred  slag  on  exist- 
ing flint  surface. 

(c)  Broken  tarred  clinker,  about  1%-in.  gage,  laid  about  2 
in.  thick,  and  topped  with  existing  granite,  surface 
(after  being  sifted),  the  granite  being  laid  dry  and 
grouted  with  bituminous  material. 

(d)  Broken  clinker,  about  li4-in.  gage,  laid  dry.  topped 
with  existing  granite  surface  (after  being  sifted),  the 
whole  being  grouted  in  with  pitch  grout  to  within  % 
in.  of  the  surface,  after  which  it  was  floated  over  with 
bituminous  material  and  blended  in  with  %-in.  gi'anite. 

Items  (c)  and  (d)  have  been  laid  on  the  breast  of  the 
road  alongside  the  tramway  track,  over  which  there  is  a 
frequent  service  of  motor  'buses.  The  pitch  grout  was  made 
at  the  destructor  works  and  consists  of  pitch,  oil  and  flue 
dust  from  the  destructor  flues.  In  breaking  the  clinker  down 
to  1 1/4 -in.  gage  a  fair  amount  of  small  sizes  clinker  is  ob- 
tained varying  from  1  in.  down  to  a  very  fine  clinker  resem- 
bling dust,  which  has  been  utilized  in  the  following  manner: 

1-in.  gage  is  used  for  the  top  portion  of  the  sewage  filters. 

%-m.  clinker  is  used  for: 

(a)  Covering  tarred  surface  of  roads. 

(b)  Gritting  roads  during  winter  in   time  of  frost. 

A  disdvantage  was  experienced  in  using  %-in.  broken 
clinker  for  road  work,  as  it  contained  a  considerable 
number  of  nails  and  small  pieces  of  iron.  The  council  re- 
cently purchased  an  electro-magnetic  separator.  The  ■''i-in. 
and  fine  clinker  is  passed  over  this  separator,  which  elimi- 
nates all  metallic  substance,  thus  allowing  this  material  to 
be  used  for  road  work.  The  amount  of  current  taken  by  the 
separator  is  1%  units  per  hour — 240  voltage. 

The  very  fine  clinker  is  used  as  follows: 

(a)  Mixed  with  cement,  it  is  laid  on  the  public  footiiaths 
fin  situ). 

(b)  Mixed  with  cement  in  the  manufacture  of  drain  inspec- 
tion chamber  covers  (when  fixed  in  public  footpaths) 
the  same  being  reinforced  with  old  iron  and  steel. 

(c)  Filling  in  manhole  covers  in  place  of  wood  blocks. 
Id)   Binding  in  tar  dressing  of  school  playgrounds. 

(e)  Mixing  with  ballast  for  concrete  in  lieu  of  sand,  when 
ballast  is  not  suitable  owing  to  the  amount  of  loamy 
hoggin,  which  is  sifted   out.  this  leaving  clean   stone. 

The  clinker  and  cement  used  in  lieu  of  wood  blocks  for 
manhole  covers  increases  the  weight  of  the  cover  by  about 
33   lb.  ^ 
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^^_  Kiif/iiit'fiinn  (111(1  Cotitiitiliiui  I'm-  Apnl  :UK  1919. 

EKper.m.nt  w.th  F.nc  cimKer  R«.du«i.  Tho  "f-J;;^;^  ^J^^^^^^^^^^  ^hc  Traiisinission  of  Heat  Through 

u»                     i  as  u  rcui  surtaoiiiB  m.itoriai  vuiiu.v.t  Hcaw  Builcling  Materials 

l»i-                                     ■'•'      Kor  ihls  luiri'oso  the  old  miuailiun  K.'uin  I'-num. . ,  i„K    i'.-,    ■•;    ims 

„,.                                                       1-    lovols    and    tliorouKlily    le-  '  "               '           '  '        .,      „  ,,           , 

";                                                      hod  tliicknoss  of  -1  In.  of  the  A   lU.lletln'  recently  issued  from  University  Co  lege  gives 

,.   ,              ,    ,  ,            „..,„,      xii.,  folintthiB  fnrmuln  !"  deseriptlon  of  certain  experiments  carried  out  by  the  De- 

MoKlr  ur  cU.,k^r  -M-lmKlc  nucudum.     The  folloxMnR  foimula  ^__^^.^_^_^^_^^  ^^  l,^^^,,^^^  ,,,,^,  Ventilating  lOnglneering  of  Univer- 

""''  ""'''  sKy  College  of  the  University  of  lx)ndon. 

'■",.'■'*"'"■'  '*"*'  '**  "*'■  The  objects  of  the  experiments,  as  stated  in  ih,-  JUillciin, 

"^.in.  »tr..<-n  .and  p..8«lns  H-h>.).  '"j'^^to  develop  standard  methods  of  testing  the  lieat  trans- 

Percoiu.  mission    through   thick   walls   with   such   accuracy   as   to   en- 

{V'                                                                       .".".'.".!".'.'.'.'.'.".'.'.    ts.Oi'  sure  that  uniform  results  can  always  be  secured  from  sep- 

J-CO  arnte  tests  of  the  same  wall,  and  that  the  causes  of  varia- 

.'.'.'.'.'.'.'.'.'.'.'.'.'.'.    IsilB  tlon  in  results  of  different  tests  from  the  same  wall  can  be 

J-.                                                                      .|2[J  investigated. 

J'"                                                                        !'.'.'.!.!.!!'.'.!!      Kio  2.  To   compare   llu'    transmission    coefficients    for   dilTerent 

I'ajuiiifc     I'-'-:                                                    '•     jigfl  materials    under   precisely   dclincd    standard   conditions,   and 

Kri«inp<l  10  •■  •                                                    '__  jQ  verify  the  applicability  of  formulae  in  current  use. 

100.00  ;.    rpQ  measure   the   degree   of  variation   in   the   amount   of 

Effect  of  CHn'ntlc  Conditions  on  Road  Surfaces. — Many  of  heat    actually    transmitted    in    different    conditions    through 

,),.                     \    :  folk  County  are  surfaced  with  Hints,  and  in  walls  exposed  on  one  side  to  the  outside  atmosphere. 

pr.                          N   of  drought   dintegration  of   road   surfaces  ,,^    j,    g,,„,,(    preliminary    discussion    of    heat    transmission 

on»u»-.-.      Ihiii  Is  especially  noticeable  where  the  subsoils  are  through  a  w^all  it  is  pointed  out  that  a  wall  separating  two 

of  :(  Mcht  rhamcler.     .\s  a  means  of  preventing  the  surfaces  masses   of   air   at    different    temperatures    (1)    absorbs    heat 

b'                   .  suitable  binding  has  to  be  applied  as  soon  as  j^y   co„tact   of   air,   by   radiation,    and    "sometimes   in   other 

th.                 ~  become  bare.     Granite  surfaces  are  treated  in  a  ^"ays";    (2)    this  heat  is   transmitted   by  conduction   through 

sinitiiir  luduner  when  the  necessity  arises.  t},g  wall;  and  (3)  the  transmitted  heat  is  given  out  by  three 

Koads.  especially  where  the  subsoil  is  of  chalk— and  there  distinct   processes:      (a)    Convection   currents;    (b)    evapora- 

«r«<  many  Instances  of  this  in  the  county— suffered  very  con-  ^^^^  ^j  moisture;    (c)  radiation. 

sldorably   from   the  action   of  frost  during   the   past   winter.  ,^  formula  due  to  Dulong  and  Peclet,  is  given  for  the  loss 

The   surfaces   became    blown,    and    in    some    instances    were  ,,y  convection  for  "still  air,"  showing  this  to  be  in  proportion 

completely   cut   through.     Where   this   occurred   the   material  j^  j,,g  po^ver  1.2.3.'!  of  the  difference  in  temperature  between 

had  lo  be  taken  out  to  a  depth  of  from  9  in.  to.  12  in.,  and  (,jg   surface   and   the   air.     An   approximate   formula   for   the 

the  defective  section   made  good   with   suitable   material.  ,,pjjj  j-adiated  is  also  given  showing  that  this  is  proportional 

The  effect  of  heavy  traffic  depends  largely  on  the  nature  of  ,p  ^^^  difference  of  the  fourth  powers  of  the  absolute  tern- 
such  trafllc  and  the  climatic  conditions  prevailing  at  the  peratures  of  the  outside  of  the  wall  and  its  surroundings; 
Ume.  Timber  haulage  appears  to  cause  more  damage  to  .,^^  jj  j^.  pointed  out  that  with  a  difference  of  only  30°  F. 
road  surfaces  than  any  other  type.  Especially  is  this  the  jj^g  ^^^^  ^i\-exi  off  by  radiation  would  be  about  30  per  cent 
case  If  carried  out  immediately  after  the  frost.  ^f    g„    average    total    value.      Evaporation    is,    however,    the 

The    Effect  of   Tarring    Surfaces   of    Roads    Constructed —  ,^„gj  difficult  factor,  and  it  is  practically  Impossible  to  deal 

(1)    Gravel;     (2)    granite    (water-bound);     (3)    slag    (water  with  this  matter  otherwise  than  in  a  general  way. 

l>ound(.  Having   pointed   out  the   great   complexity   of  the   problem 

1.  The  success  or  failure  of  tarring  gravel  surfaces  de-  ^^^j  ^^  consequence  having  shown  the  incompleteness  of 
pends  to  a  great  extent  on  the  character  of  the  traffic,  na-  ^^^  ordinary  theory  in  which  the  resistance  to  the  flow  of 
ture  of  subsoU.  surroundings  and  gradients.  Efficient  sur-  j^^gj  jg  assumed  to  depend  on  three  different  constant  re- 
face-water  drainage  is  essential  if  satisfactory  results  are  to  gistances.  namely: 

be  obtained      Under  favorable  conditions  this  treatment  the  (j,   pYom  the  inner  air  to  the  inner  surface  of  the  wall,  a,. 

author  finds  has  added  to  the  wearing  qualities  and  prolonged  (,)   From  the  inner  to  the  outer  surface  of  the  wall,  e/C. 

the  life  of  gravel-surfaced  roads.  ,3)   y^^^  the  latter  to  the  outside  air,  a-. 

In  pre-war  days  about  170  miles  of  granite-surfaced  roads  ji^^  authors  conclude  that  a  complete  treatment  is  impossi- 
wcre  tarred  annually  with  very  excellent  results.  Since  this  jj,g  ^^^^  ^^^^  j;,g  ordinary  theorv  is  the  best  that  can  be  de- 
period  about  SO  miles  only  have  been  treated  each  year  in  yeloped  for  practical  purposes.  Their  endeavors  are  there- 
consequence  of  many  sections  not  being  in  sufficiently  good  fp,,^  directed  towards  "finding  the  values  of  a„  a„,  C  and  K, 
condition,  due  to  the  causes  previously  given.  This  the  au-  „.^g,,g  ^  jg  j^g  conductivitv  of  the  material  of  "the  wall  of 
thor  considers  a  highly  satisfactory  method  of  dealing  with  thickness  e  and  K  is  the  overall  coefficient  of  transmission 
road   surfaces,   especially   from   an   economical   standpoint.  connected  witk  the  other  constants  by  the  relation 

Verj-  good  results  have  been  obtained. from   tarring  roads  1/K^lo    4- la,  +  e/C 

surfaced  with  slag.    The  life  of  this  material  is  considerably  which  is  easily  derived 

prolonged  in  consequence  of  this  treatment.  -Phe  general  principle  of  the  experiments  was  to  apply  heat 

Treatment  of  Repairs  (Potholes).— Owing  to  the  prevalence  to  a  portion  of  the  inside  of  a  wall  at  such  a  rate  as  to  keep 

of  potholes,  repairs  have  had  to  be  carried  out  extensively.  the   inside   air   temperature,   ti,.   constant   and   equal   to   the 

The  practice  is  to  have  the  surface  of  the  road  where  re-  room   temperature   over  a  long  period   and   to   measure  the 

pairs  are  required  well  swept.     A  coating  of  tar  is  then  ap-  outside  air  temperature,  to.  at  intervals  in  the  same  period, 

plied  and  on  this  granite  chips  of  suitable  gage  are  laid,  care  Then   with  the  assumptions  made  above  if  W  Is  the  whole 

being  taken  to  leave  the  pitch  level  with  the  surface  of  the  heat  supplied  in   H  hours  to  the  area  A  sq.  ft.  of  the  wall 

road,  with  a  view-  to  avoiding  a  bumpy  or  uneven  surface.  W:=K  A  H    (ti — t„t,   K  being  in  B.T.U.  per  sq.  ft.   per  de- 

Very  good  results  have  been  obtained   by  using  beach  shin-  gree  F.  difference  in  temperature  per  hour.     Similarly,  W  = 

gle,  which  wears  remarkably  well.    In  instances  where  there  a,  A  H  (t;— Ti)=a.,  A  H   (To — 1„)  where  Ti  and  To  are  the 

are  a  number  of  potholes  in  close  proximity,  the  spaces  be-  inside  and  outside  temperatures  of  the  wall,  which  are  also 

tween  the  potholes  are   picked   up.  and   a  continuous   patch  measured  to  find  a,  and  a.,;   and  C  is  given  by  W  =  C  A  H 

laid.  (Ti  — To)/e. 

C-3.MPARATIVE  COSTS.   KTC.   BETWEEN  PRE-WAR  AND  Actually  the  experiments  were  carried  out  by  fixing  to  a 

PRESENT  TRIE.  portion  of  the  wall  under  test  a  chamber,  of  which  the  wall 

Coft  of  |Tanite  per  ton.  carriage  paid...         12s  6d            \Ss  6i  jg   made   to   form   one   side,   which   is   otherwise   closed,   and 

Cost  of  flints  per  ton.  <arriage  paid .is  Od          6.=  6a-7s  6a  ,  .   ,         ,                                                                                    .    .                      ■    . 

Average  cost  per  mile  carting  per  ton Is  Od        Is  9d-2s  Od  which,    along    with    suitable    mstniments.    contains    a    resist- 

Twoho;?c".cart'^n5{5,\VV%'rday:::::::;       ^\%  %%            Ml  1%  ^nce  by  which  means  electrical  energy  is  dissipated  inside 

Surface  tarring,  per  super,  yard Id-lV-d  2>,2d-3d  ^  „  ,,  ^  ^     .,  tt     » 
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Steam  roll.rs  at  work 14  7  search  on  Tran.-imission  of  Heat  Through  Heavy  Building  Ma- 
District  survevors  (12  main  road  districts)             12                         8  terials."    By  Arthur  H.  Barker,  B.  A.,  and  JI.   Kinoshita,  M.  Sc. 
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it.  The  temperature  of  the  air  inside  the  chamber  being 
kept  within  narrow  limits  equal  to  that  of  the  air  round  the 
chamber  the  energy  introduced  into  the  chamber  will  ob- 
viously have  to  pass  through  the  wall.  In  these  conditions 
the  authors  state  that  the  stream'  lines  of  heat  will  be  per- 
pendicular to  the  wall  surface,  but  it  is  clear  that  this  will 
only  be  true  for  one  definite  distribution  of  relative  tempera- 
ture on  the  outer  surface  of  the  wall,  and  as  this  is  not  in 
any  way  controlled  in  one  set  of  experiments  the  necessary 
distribution  of  temperature  is  not  likely  to  exist.  It  is  read- 
ily seen  that  if  one  side  of  a  wall  is  kept  at  a  steady  tem- 
perature while  the  other  side  is  exposed  to  the  varying  con- 
ditions of- the  atmosphere  the  ideal  steady  state  will  never 
be  realized,  and  therefore  only  rough  determinations  of  K 
are  possible. 

The  tests  made  belong  to  three  different  series,  the  first 
v.l  which  were  made  on  an  old  ?-in.  brick  wall  plastered  on 
the  inside  with  ?4  in.  of  plaster.  The  wall  was  the  outside 
wall  of  a  first  floor  room;  it  faced  westwards;  it  was  some- 
what sheltered  by  surrounding  three-story  buildings, 
but  was  otherwise  freely  exposed  to  atmosphere.  The 
object  of  this  series  of  experiments  was  to  obtain  mean  and 
extreme  values  of  K  under  ordinary  varying  atmospheric 
conditions.  Actually  the  wall  was  kept  heated  continuously 
for  some  seven  weeks  in  February-:March,  1914,  and  the  data 
obtained  were  broken  up  into  13  periods  varying  from  25  to 
60  hours  during  each  of  which  periods  the  weather  condi- 
tions were  more  or  less  uniform.  Throughout,  the  tempera- 
tures of  the  air  in  the  room  and  in  the  chamber  were  kept 
between  60°  and  61.5°  F.,  and  the  mean  outside  temperature 
varied  from  about  40°  F.  to  60°  F.  From  the  data  thus  ob- 
tained values  of  K  are  found  varying  from  0.25  to  0.59,  the 
"weighted"  mean  being  0.40.  which  is  some  22  per  cent 
greater  than  the  figure  generally  used.  The  prevailing 
weather  conditions  were  recorded  and  they  are  given,  and  it 
appears  from  these  that  wind  and  rain  tend  to  give  higher 
values  for  K,  while  sunshine  tends  to  give  lower  values. 
The  maximum  value  0.59  is  associated  with  an  average  rain- 
fall of  0.37  in.  per  day,  a  southwest  wind  of  21  miles  per 
hour  (No.  5  on  the  Beaufort  scale)  and  no  sunshine;  while 
the  minimum  value  of  0.25  is  associated  with  a  rainfall  of 
0.17  in.,  a  wind  velocity  of  5  miles  per  hour  (No.  2)  and  an 
average  sunshine  of  5.2  hours  per  day. 

From  this  series  of  experiments  the  authors  conclude  (1) 
th^t  the  currently  accepted  coefficients  are  some  25  per  cent 
too  low  if  applied  to  an  old  wall,  and  (2)  that  tor  such 
weather  conditions  as  prevailed  during  the  experiments  the 
maximum  rate  of  heat  loss  is  some  45  per  cent  above  the 
mean  rate.  They  point  out  that  figures  of  general  applica- 
bility could  only  be  obtained  as  the  results  of  many  more 
experiments  made  on  different  types  of  walls  of  different 
ages,  in  different  localities,  and  extending  over  very  long 
periods. 

The  experiments  which  constitute  the  second  series  were 
made  for  the  purpose  of  comparing  various  building  materials 
with  regard  to  the  transmission  of  heat  through  them  when 
placed  in  exactly  defined  and  identical  constant  conditions. 
This  requires  the  establishment  of  the  "steady  state"  which 
means  that  the  experiments  must  be  carried  out  in  the  lab- 
oratory. For  this  purpose  there  were  erected  two  exactly 
similar  walls,  6  ft.  sq.  by  9  in.  thick,  of  unplastered  plain 
stock  brick  built  with  the  Flemish  bond,  exactly  facing  each 
other,  the  inside  surfaces  being  9  in.  apart.  The  experiments 
extended  over  a  period  of  about  5  months,  and  readings  were 
only  taken  after  the  structure  had  been  heated  for  about 
72  hours  by  which  time  it  was  found  that  the  "steady  state" 
had  been  approximately  reached.  The  results  give  a  mean 
value  for  K  of  0.421,  the  maximum  and  minimum  values  be- 
ing 0.443  and  0.383,  respectively.  The  conductivity  is  found 
to  be  0.657  and  a,,  and  a,  1,45  and  1.84.  Since  the  earlier 
experiments  in  this  series  give  considerable  higher  values 
of  K  and  ,\  (the  conductivity)  than  the  later  ones  the  con- 
clusion is  drawn  that  this  is  due  to  the  drying  of  the  wall 
by  constant  heating,  and  therefore  that  the  effect  of  damp- 
ness in  a  wall  may  be  taken  to  increase  the  average  emis- 
sion by  as  much  as  50  per  cent.  It  is  also  concluded  that  for 
a  new  dry  wall  the  value  of  K  given  by  Rietschel  is  about 
10  per  cent   too   low. 

In  the  experiments  which  constitute  the  third  series  one 
of  the  brick  walls  used  in  Series  II  was  retained,  while  the 
other  was  converted  into  a  9-in.  match-boarded  wall.  Twenty- 
six    different   experiments    were    made    on    the    combination 
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from  which  it  is  found  that  for  the  match-boarded  wall  K  is 
0.250;  the  maximum  and  minimum  values  being  17  per  cent 
and  16  per  cent  above  and  below  the  mean.  From  this  it 
follows  that  the  resistance  to  the  transmission  of  heat 
through  a  9-in.  brick  wall  lined  with  wood  %  in.  thick  with 
an  air  space  of  %  in.  is  about  the  same  as  that  of  a  brick 
wall  21  in.  thick. 

It  is  finally  concluded  from  the  second  and  third  series  of 
experiments  that  the  ordinary  theory  of  transmission  with 
constant  conductivity  and  constant  surface  resistances  is 
approximately  true — a  conclusion  of  considerable  practical 
importance.  The  mean  values  adopted  for  a  plain  9-in.  brick 
wall  are  K,  0.43;  a„  1.5;  a..  1.9;  and  X.  0.66.  The  value  of  the 
resistance  of  a  single  wood  partition  %  in.  thick  is  about  0.56., 

It  appears  to  us  that  the  accuracy  suggested  in  these 
figure.<^  is  much  above  what  is  practically  useful.  We  think 
that  exposure  to  the  weather  and  the  deposition  of  soot  and 
dirt  on  the  wall  would  sensibly  alter  the  values  of  a,  and  a, 
and  therefore  of  K.  The  general  object  of  the  experiments 
is  presumably  to  obtain  information  which  may  be  used  in 
the  design  of  heating  installations.  In  these  the  capacity 
must  be  such  that  a  proper  inside  temperature  may  be  main- 
tained irrespective  of  the  outside  weather  conditions,  which 
may  be  severe  over  sevaral  days,  which  means  that  not  mean 
but  extreme  values  of  the  coefticients  are  the  more  impor- 
tant. 


Increasing  Strength  of  Wood  Paving 
Blocks  By  Impregnation 

In  Zeitschrift  fiir  angewandte  Chemie,  of  Oct.  11.  191S. 
W.  Riter  discusses  attempts  made  to  increase  by  impregna- 
tion the  strength  of  wood  paving  blocks.  Tests  were  made 
of  crushing  resistance  calculated  per  sq.  cm.  on  prismatic 
blocks  75.75  sq.  mm.  in  base  area  and  120  mm.  in  height,  the 
pressure  being  applied  in  the  direction  of  the  fibers.  Experi- 
ments in  which  sodium  or  potassium  carbonate  and  sodium 
silicate  in  various  proportions  were  added  to  an  impregnating 
bath  of  pine-wood  tar  showed  no  advantage,  but  increasing 
the  temperature  of  the  bath  with  the  dry  samples  gave  a  12 
per  cent  increase  in  strength.  Experiments  were  also  made 
by  substituting  heavy  coal-tar  oil  for  the  wood  tar  at  tem- 
peratures from  112°  to  140°  C.  At  the  higher  temperature 
these  trials  gave  as  good  results  as  those  with  wood  tar, 
but  the  blocks  impregnated  at  the  lower  temperature  showed 
a  crushing  resistance  inferior  to  that  of  the  untreated  blocks. 
Sodium  carbonate  alone,  or,  still  better,  sodium  silicate  alone, 
gave  more  favorable  test  results  than  the  mixture  of  carbonate 
and  silicate.  The  chemical  composition  of  the  impregnating 
bath,  however,  is  of  less  importance  than  its  temperature. 
The  temperature  should  not  be  carried  above  200°  C.  on 
account  of  the  danger  of  splitting  the  blocks.  The  best 
strengthening  results  are  obtained  by  impregnating  for  three 
hours  with  gradual  increase  of  temperature  up  to  200°  C. 
A  test  block  showed  a  crushing  strain  of  323  kilos,  per  sq,  cm. 
in  the  untreated  condition;  this  was  increased  by  impregna- 
tion at  100°  C.  to  330  kilos.,  at  120°  C.  to  345,  at  140'  to  487, 
at  150=  to  516,  and  at  200°  to  .536  kilos. 


Cohesion  in  River  Mud 

A  letter  in  Engineering-,  March  7,  191  [I. 

In  the  course  of  some  recent  computations  as  to  accretion 
and  scouring,  a  serious  error  in  the  text-book  methods  came 
to  my  notice.  It  is  customary  to  assume  that  the  velocity 
required  to  roll  or  transport  small  particles  decreases  indef- 
initely with  the  size  of  the  particle,  but  as  a  matter  of  fact 
a  stable  bed  is  possible  in  mud  as  well  as  in  fairly  coarse 
sand  with  a  bottom  velocity  in  both  cases  of,  say,  3  ft.  per 
second.  This  is  undoubtedly  due  to  the  cohesion  of  the  mud, 
and  is  concomitant  with  its  fineness,  so  that  there  is  a  min- 
imum velocity  or  erosion  for  all  river  beds.  If  we  compute 
the  drag  per  unit  area  on  the  bed  from  the  usual  i-ules  for 
fluid  friction  it  will  be  found  that  when  the  particles  are 
small  the  force  per  particle  may  be  as  little  as  lo-"dynes. 
This  is  about  the  cohesion  bond  between  two  molecules,  so 
that  the  whole  particle  (perhaps  several  million  molecules) 
can  be  retained  by  one  pair  of  cohesing  molecules. 

This  explains  the  well-known  stability  of  mud  channels 
which  has  been  observed  in  Egypt,  India  and  China. 

HERBERT  CHATLEY, 
Whangpoo  Conservancy,  fCngineer-in-Chiefs  Oflice, 
Shanghai, 
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1  he  Freezinji  of  aJReservoir ^Outlet 
Works 

Hv  iIlUBERT  CHRISTIK,  i:ii>;iii.'.i   and   Mnnagor.  Irvino  ami 
niRtrlct   Wutor  Board. 

■  Tntmuicikiim  o(  liii<imil>»ii  ot  Wmor  KmkIiiooi's. 

■ii«n.v  problems  which  the  waterworks  ODRlneer  Is 
'vi'  in  the  execution  of  his  duties,  perhaps 
!  ,  t'cted  Is  that  of  a   complete  stoppa);e  of 

(  a  ri'servoir  through  the   freezing  of  the 

c  occurred  at   (he  author's  works  on  Jan. 

:.>  ;vi,  .iiui  .if;Min  on  Jan.  13.  litis.  So  far  as  the  author 
c«n  delerniine.  the  only  prorlous  record  of  a  similar  expe- 
rience WBS  at  one  of  the  reservoirs  of  the  Airdrle  and  Coat- 
brldjte  waterworks  In  IHIT.  In  this  case  the  shaft  and  stand- 
plpf  were  of  the  uuHlern 
Ope.      with      draw-off     pipes 
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Section  of  Munnoch  Valve 
Shaft. 


V  of  the  shaft, 
bellniouth  in 
unied     upwards, 
serve     to    show 
was    not 
Mollned  lo 
>i(u>r   type   of 
at  the  author's  works; 
-Imilnr    conditions 
elsewhere,  the  au- 
its    the    foUowinK 
MS  on  the  probable 
(;ii;m>  ;itui  means  of  preven- 
tion, hoping  that   the  record 
of  his  experiences  may  prove 
to  be  of  interest  and   utility 
to  others. 

The     district     is     supplied 
from   two   impounding  reser- 
voirs  on   different   gathering 
grounds,  the  top  water  level 
of  the   Caaf   reservoir   being 
510  ft.  above  O.  D.,  and  that 
of     the     Munnoch     reservoir 
317  5  ft.  above  O.  D.  Both  are 
about  the  same  capacity.    Part  of  the  Caaf  catchment  area  is 
of  a  peaty  description.    The  usual  practice  is  to  run  all  the 
Caaf  water  into  and  through  Munnoch  reservoir,  and  draw  the 
whole  supply  from  Munnoch  to  the  filters  in  order  to  keep 
the  quality  of  the  water  as  constant  as  possible  throughout 
the   whole   district.     The   Caaf   water   can   also    be   supplied 
direct  to  the  main  pipe  from  Munnoch  reservoir  to  the  filters 
through  a  by-pass  connected  below   the   Munnoch   reservoir. 
The  Munnoch  is  the  oldest  reservoir  of  the  works,  and  was 
commenced  in  1875.    The  total  consumption  of  water  is  about 
5.500.000  gal.  per  day. 

The  illustration  shows  a  section  of  the  Munnoch  valve 
shaft,  which  has  an  open  grating  extending  to  the  bottom 
of  the  shaft,  which  is  43  ft.  below  T.  W.  L.  On  the  inside 
of  this  grating  copper  wire  netting  of  %  in.  mesh  is  fixed. 

At  6  a.  m.  on  January  25,  1917,  the  filter  keeper  reported  by 
telephone  that  water  had  almost  ceased  to  flow  in  all  the 
pipes  from  the  reservoir  to  the  filters,  and  that  the  clear 
water  tanks  were  considerably  down.  Men  were  dispatched 
to  inspect  the  pipe  tracks,  and  others,  including  the  author, 
proceeded  to  the  Munnoch  reservoir.  On  arrival  at  Munnoch 
it  was  found  that  the  keeper  was  not  aware  of  anything 
wrong.  The  men  who  inspected  the  tracks  reported  all 
right.  Inspection  of  the  shaft,  however,  revealed  the  tact 
that  air  was  rushing  into  the  standpipe,  and  the  interior  of 
the  shaft  was  evidently  empty  of  water  as  far  down  as  could 
be  observed  for  ice.  Soft  ice  was  adhering  in  large  quan- 
tities to  all  the  inner  walls  of  the  shaft  to  the  protruding 
parts  of  the  standpipe  fittings,  and  also  to  the  copper  screen 
in  front  of  the  shaft,  where  it  was  about  12  in.  in  thickness. 
and  formed  a  curtain  completely  preventing  water  from 
entering  the  shaft.  The  two  top  lift  valves  had  been  open. 
and  the  subsequent  opening  of  the  bottom  one  made  no 
improvement. 

To  restore  the  supply  a  large  proportion  was  turned  through 
the  by-pass  pipe  from  the  Caaf  reservoir  into  the  outlet  pipes. 
Immediately  below  the  Munnoch  reservoir,  whence  it  passed 
through  the  standpipe  into  the  Munnoch  reservoir  until  it 
released  the  ice  to  some  extent  from  the  sluice  valves  and 
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liottoni  of  the,  screen.  'I'ho  direction  of  the  Canf  water  was 
then  altered  to  pass  down  the  pipes  to  the  filters  along  with 
that  which  could  be  got  through  from  Munnoch.  Men  were 
also  told  off  to  remove  the  ice  on  the  outside  of  the  screen 
with  spades,  etc.,  work  which  had  to  be  continued  until  the 
weather  became  quiet  and  a  skin  of  ice  formed  over  the 
whole  surface  of  the  reservoir. 

On  the  evening  of  Jan.  13,  1918,  under  similar  weather 
conditions,  a  recurrence  of  this  phenomenon  was  reported. 
and,  as  befcue.  resulted  in  a  complete  stoppage  of  the  supply 
of  water  to  the  filters.  Several  degrees  of  frost  had  been 
almost  continuous  for  two  or  three  weeks,  and  a  skin  of  ice 
was  formed  over  about  two-thirds  of  the  area  of  the  reser- 
voir. The  renuiining  part  was  open  water  all  found  the 
region  of  the  shaft.  A  strong  northeast  wind  prevailed, 
keeping  the  open  water  nuuh  distuibod.  and  as  it  was  blow- 
ing towards  the  front  or  screen  side  of  the  shaft,  \\.  caused 
the  soft  drift  ice  lo  cling  to  the  screen.  On  this  occasion 
the  bottom  and  middle  lift  valves  had  been  left  open  with  the 
object  of  drawing  the  water  as  far  as  possible  from  the  bot- 
tom of  the  reservoir,  where  it  would  be  at  a  slightly  higher 
temperature  than  at  the  surface.  This  precaution,  however, 
again  proved  valueless  as  a  means  of  preventing  the  entire 
choking  of  the  screen  with  ice. 

It  can  scarcely  be  doubted  that  the  trouble  expe- 
rienced was  caused  by  the  formation  of  ice  in  a  crystalline 
form  throughout  the  unfrozen  area  of  the  reservoir,  a  process 
resulting  from  and  greatly  accelerated  by  the  low  tempera- 
ture coinciding  with  the  agitation  of  the  water  by  a  strong 
wind.  Owing  to  the  consumption  of  water  in  the  district 
having  enormously  increased,  the  quantity  drawn  from  the 
reservoir  was  more  than  double  that  for  which  the  works 
were  originally  constructed.  This  heavy  draw  through  the 
standpipe  caused  the  loose  masses  of  frazil  ice  near  the  sur- 
face of  the  water,  and  of  almost  equal  density  with  it,  to  be 
carried  towards  the  wire  screen  and  valves,  and  to  which 
it  adhered  in  an  irregular  manner  until  there  had  been  built, 
from  the  top  downwards,  an  ever-hardening  wall  sufliciont 
to  stop  percolation.  This  will  be  more  readily  understood 
if  it  is  considered  that  on  account  of  the  unusual  conditions 
of  the  weather  the  water  in  the  reservoir  had  fallen  to  a 
very  low  temperature,  and  on  approaching  the  shaft  and 
going  through  the  screen  would  be  very  nearly  32"  P.  As 
the  temperature  of  the  i.^ter  was  probably  lowered  still 
further  in  the  shaft,  the  formation  of  frazil  ice  would  te 
quite  uninterrupted,  it  having  been  found  by  experiment  that 
a  reduction  of  0.1°  F.  is  sufficient  to  cause  the  formation 
of  frazil  ice. 

To  find  a  quite  certain  means  of  prevention  under  such 
circumstances  would  be  extremely  difficult,  but  no  doubt 
it  would  be  an  advantage  to  reduce  the  rate  of  fiow  under 
similar  circumstances  by  drawing  the  water  from  each  reser- 
voir separately.  As,  however,  the  trouble  was  perhaps  pri- 
marily due  to  the  existence  of  the  area  of  agitated  open 
water  round  the  shaft  and  the  consequent  production  of 
frazil  ice,  the  author  considers  that  the  early  formation  of 
a  sheet  of  surface  ice  covering  the  water  in  the  immediate 
vicinity  of  the  shaft  would  most  probably  be  an  effective  pro- 
tection against  the  recurrence  of  the  phenomenon.  The 
formation  of  such  a  sheet  of  ice  over  the  disturbed  water 
might  be  induced  by  floating  light  wooden  hurdles  on  its  sur- 
face. Ice  would  be  readily  formed  in  the  comparatively  calm 
water  which  would  exist  between  the  hurdles,  and  with  this 
barrier  once  established  it  is  probable  that  no  further  trouble 
would  be  experienced.  These  are  the  only  means  of  pre- 
vention which  suggest  themselves  to  the  author  at  all  likely 
to  prove  an  adequate  safeguard  against  a  similar  occurrence 
in  the  future,  and  if  adopted  at  the  commencement  of  a  cold 
spell  when  the  conditions  are  favorable  to  the  formation  of 
frazil  ice  in  large  quantities,  they  would  in  all  probability 
secure  the  desired  protection  with  a  minimum  of  labor  and 
of  expense. 


Standardization  of  British  Railway  Equipment. — The  advi- 
sory council  under  the  Ministry  of  Reconstruction  has  re- 
ported that  immediate  steps  be  taken  to  carry  out  standardiza- 
tion of  railway  equipment.  The  council  recommends  that  the 
standardizing  of  wheels,  axles,  wheel  centers,  tires,  running 
gear,  drawgear,  buffing  gear,  bogies,  brakes  and  underframes 
be  dealt  wi'h  at  once  by  the  Enginering  Standards  Commit- 
tee. 

^)    . 
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The  Reinforced  Concrete  Dome  at 
Hippodrome,  Copenhagen 

From   Concrete    and    Constructional    Engineering. 

To  construct  a  dome  on  a  solid  centering  is  a  compara- 
tively simple  matter,  and  it  is  therefore  of  interest  to  state 
that  this  example,  which  is  entirely  o£  reinforced  concrete 
(a  material  in  which  the  centering  is  the  chief  objection 
raised  against  its  use)  was  constructed  with  far  less  timber 
w-ork  than  would  have  been  required  for  a  dome  of  stone  or 
brickwork. 

The   dome,  which   covers   the   new   Hippodrome   at   Copen- 


The  completed  dome  is  finished  with  asphalt.  The  con- 
crete work  was  designed  and  executed  by  Messrs.  Chris- 
tiani    &    Nielsen,    of    25    Victoria    St.,    Westminster,    S.    W. 


Fig.    1 — Reinforced    Radial    Ribs    in    Position. 

hagen,  has  a  span  of  130  ft.,  and  approximates  more  to 
saucer  than  basin  form,  which  incidentally  means  greater 
normal  thrusts  on  the  outer  or  containing  walls  of  the 
building. 

Its  method  of  construction  is  shown  in  Figs.  1  and  2.  In 
the  exact  center  a  timber  gantry  tower  was  built,  and  on 
and  around  it  a  continuous  reinforced  concrete  apex  ring  was 
formed,  whilst  a  springing  ring  was  constructed  on  the  top 
of  the  containing  wall  of  the  building. 

The  dome  itself  is  formed  on  a  system  of  radiating  ribs 
or  arched  beams  filled  in  with  reinforced  concrete  panels 
or  slabs.  The  ribs,  of  which  there  are  20,  are  of  H-section. 
and  were  constructed  on  the  ground  and  hoisted  into  posi- 
tion. Between  them  three  rings  of  stiffening  beams  were 
constructed  (see  Fig.  2),  and  the  S9  intermediate  bays  were 
formed  as  simple  panel  fillings  with  reinforcement  both 
ways  and  across  diagonals. 


Wood-Concrete  for  Houses 

The  possibility  of  the  application  of  wood-concrete  to  the 
construction  of  houses  and  other  buildings  is  discussed  by 
a  writer  in  Beton  und  Eisen  of  Nov.  2,  191S.  Being  called 
upon  to  build  a  floor  in  a  malt-house  at  short  notice,  he  pro- 
posed the  use  of  wood  pillars  surrounded  by  concrete,  as 
wood  alone  could  not  be  used,  owing  to  danger  of  rotting. 
He  does  not  think  there  is  any  difficulty  in  obtaining  the 
necessary  static  co-operation  between  the  wood  and  concrete, 
and  quotes  some  investigations  of  another  investigator  to 
support  his  view.  It  is  necessary  that  the  wood  be  dry,  and, 
if  possible,  suitably  impregnated  before  concreting,  though 
care  should  be  taken  to  see  that  the  impregnating  does  not 
affect  the  concrete. 

It  is  necessary  to  take  into  account  the  different  coefficients 
of  thermal  expansion  of  wood  and  concrete  in  considering 
the  applicability  of  the  system  to  a  particular  purpose,  other- 
wise the  advantages  of  wood-concrete  may  be  outweighed  by 
the  disadvantages.  In  general,  the  system  is  more  suitable 
where  no  other  material  is  available.  So  long  as  the  wood- 
concrete  does  not  present  objections  from  the  static  stand- 
point, the  wood-work  must  be  dimensioned  as  would  be  the 
case  if  wood  alone  were  used.  In  the  actual  system  increased 
dimensions  are  necessary  throughout  the  building,  owing  to 
the  space  lost  on  account  of  the  heavier  nature  of  the  struc- 
ture generally.  The  advantages  of  wood-concrete,  in  the 
author's  view,  are  rapidity  and  cheapness  of  construction, 
the  possibility  of  immediately  placing  such  structures  under 
load:  the  fact  that  alterations  and  even  demolition  can  be 
carried  out  at  a  low  cost,  and  that  the  wood  recovered  in  the 
latter  case  can  be  used  again.  Wood-concrete  is  therefore 
more  applicable  to  buildings  of  a  more  or  less  temporary 
n;iture.  and  where  fire  risks  are  not  great. 

The  writer  gives  a  rough  plan  showing  the  construction  of 
a  dwelling  house  on  the  above  system.  He  recommends  the 
use  of  sheet-iron  shells  or  casing  in  building  up  the  struc- 
ture, as  they  can  be  removed  and  used  for  the  next  highest 
stage  in  the  process.  It  is  more  satisfactory  to  use  very 
weak  mixtures  for  the  purpose  under  discussion,  say  1  to  15. 
If  slag  sand  and  gravel  of  fine  consistency  is  used  for  the 
concrete,  and  the  cement  content  kept  low.  as  just  suggested, 
the  thermal  conductivity  of  walls,  etc.,  built  in  this  manner 
is  low,  so  that  there  is  little  loss  of  heat  from  the  interior. 

Although  the  author  has  only  dealt  with  dwelling-houses, 
he  sees  no  reason  why  the  system  should  not  be  extended  to 
the  construction  of  bridges,  wood  towers,  and  water-cooling 
towers. 


Fig.    2 — Ribs    in    Position    and    Reinforcement    of    Panels   for    Dome    Over    Hippodrome    at    Copenhagen. 

(13) 
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Use  of  Sludge  as  a  Fertilizer 

ll>    r,   T.   UAMllLKTO.N. 
l->oni  The  Surveyor.  Poc.  I'O.  ISIS. 

•  >■■:•.■< : >rnl  or  unlvprsnl  motliod  can  1m' 

„,  I   iiiKthoil-  for  sIuiIk'"  lUsiiosnl. 

N,,  ,,..   ii,>    .-.iiii»>  composition,  iind  vory  few 

„.  the   sniiu>   mean.-;   for   Us   dlsposiil.   be- 

cau-o  M,.  .  >Mi.uii..i.^  und  circiimstnnoos  nro  vor.v  solilom  the 
iMun«.  Ftor  whore  one  may  conveniently  and  oconomloally 
dl«po*e  of  his  »Uid|50  on  land,  another  may  have  no  land 
for  th«  purpose,  or.  If  he  has.  It  may  not  be  suitable. 

It  l*  therefore  expedient  that  each  manajser  should  make 
a  study  of  the  sludjte  produced  at  his  own  particular  works. 
t»nd  out  any  peculiarities  or  any  special  qualities,  and  make 
une  of  the  best  methods  at  his  disposal  or  that  be  can  adopt, 
both  for  expediency  and  economy  or  If  possible  for  profit. 
M  l»  for  this  roasi>n.  then,  that  I  will  try  to  confine  my  re- 
marks to  the  efforts,  experiments  and  results  obtained  in 
disposing  of  the  sludge  produced  at  the  works  of  which  I  am 
In  Charlie: 

Sli«    of    works.  For  a  population  of  21.000. 

SIndjte  produced    .'.oo.OOO  gal.  per  annum. 

D.W.p.    Approx.   1.000.000  gal. 

The  works  are  situated  Vt  mile  from  center  of  town  and 
directly  opposite  to  a  large  hospital,  so  it  is  essential  to 
keep  smell  at  a  minimum. 

There  are  six  sedimentation  tanks  about  60  yard  from  busy 
main  road.  The  tanks  are  constructed  at  a  lower  level  than 
the  reservoir  for  the  sludge,  all  the  sludge  having  to  be 
pumped  out. 

There  are  6  acres  of  land  in  conjunction  with  the  works 
suitable  for  the  disposal  of  sludge;  2%  acres  of  this  are  ad- 
joining the  sludge  reservoir  and  3%  a  short  distance  away. 
When  I  was  appointed  some  nine  years  ago,  the  S^^  acres 
were  let  at  a  very  low  rental  and  the  2%  acres  were  growing 
wild. 

The  sludge  question  was  recognized  as  the  bugbear  of  the 
place — a  new  works  laid  out  three  years  previously  on  the 
most  up-to-date  biological  principles.  The  500.000  gal.  of 
liquid  sludge  was  being  carted  away  in  tub-carts  to  any  place 
where  the  carters  could  find  a  dumping  place.  The  cost  of 
this  was  over  £1  per  week  for  carting  alone,  and  the  return 
from  it— nil.  The  cost  of  carting  nowadays  would  be  nearer 
£S  to   £10  per  week. 

My  first  idea  was  that  as  the  sludge  contained  a  large 
amount  of  excreta  (the  sewage  being  domestic,  with  very 
little  trade  waste),  there  must  be  some  value  in  it  as  a  ma- 
nure. The  land  was  taken  over  and  the  overgrown  land 
cleaned  and  cultivated,  and  this  was  used  for  experimental 
purposes  in  the  growth  of  various  vegetables,  etc..  using  only 
sludge   as  manure. 

Now.  much  has  been  said  and  written  about  the  use  of 
sludge  as  manure,  and  in  many  cases  people  have  endeav- 
ored to  point  out  that  it  has  little  or  no  value;  but  on  the 
other  hand  the  opinion  of  some  managers  and  others  who 
deal  with  this  sludge  is  in  a  different  direction,  and  they  say 
that  when  applied  to  the  land  in  a  proper  manner  it  has  a 
value.  They  say  they  can  prove  by  practical  results  that  it 
is  of  more  value  than  one  would  think  from  the  figures  of 
analyses. 

I  do  not  wish  to  state  generally  that  sludge  is  of  any  great 
value  as  a  manure — it  would  be  too  contradictory  to  very 
many  eminent  persons"  opinions;  but  my  opinion  is  that 
there  is  some  value,  and  I  am  led  to  say  this  only  by  the 
results  1  have  obtained. 

I  have  previously  stated  that  it  is  up  to  each  manager 
to  adopt  the  best  and  most  profitable  means  at  his  disposal. 
In  my  case  these  are  by  applying  to  land  the  sludge  in 
liquid  form.  There  are.  very  fortunately,  the  2%  acres  of  land 
which  gradually  slopes  from  the  sludge  reservoir.  This 
land  is  plowed  and  worked  in  the  usual  manner,  except  that 
the  furrows  are  made  a  little  deeper  than  in  usual  practice. 
The  more  working  the  land  has  the  better  it  seems  to  suit 
the  crops,  as  no  doubt  the  air  and  bacteria  become  more 
active  in  the  soil. 

The  ridges  are  planted  with  brassica  and  potatoes.  While 
the  crops  are  on  the  land  the  liquid  sludge  is  run  into  the 
furrows  by  letting  it  overflow  as  It  is  pumped  into  the  reser- 
voir into  a  system  of  cross- gutters.  When  the  land  is  clear 
of  crops  it  is  plowed,  and  the  sludge  evenly  and  thinly 
distributed  over  the  surface.     The  cost  of  this  is  very  little. 


Kor  instance,  the  sludge  pump  is  driven  by  a  11-h.p.  gas 
engine,  and  the  cost  of  so  disposing  of  77.000  gal.  rroni  .Tune 
:\  to  June  (i.  1!>1S.  was  actually— 


<;h8,  r..ono  cu.  ft.  at  Hs  i«>r  1.000 " 

^>^l  " 

M.Mi's'tlmo  rfKuliitlnp  the  sludge  on   land  nnd  tjnnpty- 

liiK  liiiili.   1  iiinii   I  linys  at  6s ' 

1  ntiiii  \  half  tliiys  lit  lis 


a 


Th.M-oforo   If  r.OO.OOn  Kill.    (12  uionths    p.o.Uutioni    could 

I.,'  so  ill.iposed  of.   llie  rest  equals ....lib     lb  ,  u 

ThI.s  UK-alnst   previous  cost  of   £4   per  week  for  cartlnK 

iiliov.".  or ^"^      "     " 

There  is  the  cost  of  working  the  land,  but  the  amount 
realized  from  the  sales  of  crops  from  this  plot  was  over 
£100.   which   more   than    pays   for   that. 

The  3%  acres  are  a  short  distance  away,  but  the  inetlioil 
adopted  Is  quite  similar,  but  this  costs  a  little  extra  as  the 
sludge  has  to  be  carted  away,  in  tubs.  When  conditions  are 
favorable  it  is  allowed  to  follow  the  furrows,  but  when  not 
It  is  stored  in  a  tank,  the  floor  and  sides  of  which  are  con- 
structed of  house  refuse  and  ashes.  Here  the  sludge  dries, 
and  when  suitable  is  spread  about  the  land.  It  further 
dries,  and  in  the  course  of  the  ordinary  working  of  the  land, 
plowing,  etc..  it  is  thoroughly  incorporated  into  the  soil. 

I  give  the  land  a  dressing  of  lime— 5  cwt.  to  the  acre— 
between  the  months  of  January  and   March. 

Last  season's  result  from  all  crops  from  12 V,  acres  of^land. 
with  only  sludge  and  storm-water  js  manure,  was    .£5?.0. 

Made  up  as  follows:  .     ,„     _ 

Manifolds,  7  acres • -i^l'     f     ' 

Swedes.  2  acres , ■■ ';;     '"     i^ 

rabbase.  .'i  acres : ''"     ^i     % 

Potatoes.  Vi  acre  -■=  , 

This    is    by    far    the    best    result    obtained,    although    the 

amount  has  gradually  increased  annually   for  the   last  eight 

years.  .     ,      .^, 

On  a  small  scale  1  have  tried  dried-  sludge  mixed  with 
superphosphate,  basis  slag,  potassium  sulphate  or  chloride, 
ammonium  sulphate  or  bone  meal.  The  mixture  gives  better 
results  bulk  for  bulk  than  if  sludge  is  used  alone,  the  quan- 
tities added  depending  on  the  condition  of  the  soil.  The 
mixtures  were  very  suitable  for  cabbage,  swedes,  potatoes, 
peas  and  beans,  meadow  hay  and  pasture  land. 

Mangolds  and  beet  did  better  with  a  small  quantity  of  salt 

added. 

In  each  case  the  ratio  of  superphosphate,  bone  or  basic 
slag,  mixed  with  sulphate  of  ammonia  or  sulphate  of  potash. 
was  somewhere  about  3  of  the  former  to  1  of  the  latter. 

Another  substance  tried  with  good  result  was  wood  ashes. 

Setting  and  Hardening  Processes  of 
Concrete 

From    Zeitscbrift    fiir    Angewandte    Chemie.    Oct.    4.    191S. 

The  constantlv  widening  use  of  cement  has  made  it  neces- 
sarv  to  seek  fuller  knowledge  of  that  material  from  the 
standpoints  of  chemical  constitution  and  chemical  changes: 
the  nature  of  the  changes  it  undergoes  in  the  process  of 
setting  and  hardening  and  its  weaknesses  relatively  to  outside 
destructive  influences. 

As  a  constituent  of  cement,  recent  research  into  the  forma- 
tion and  constitution  of  blast-furnace  slag  has  revealed  tacts 
which  enable  us  to  choose  that  form  of  raw  material  more 
intelligentlv  But  there  is  need  for  much  more  laboratory 
work  in  that  direction.  What  actually  takes  place  in  the 
processes  of  setting  and  the  subsequent  hardening  is  yet  but 
Imperfectly  known.  Recent  observations  with  the  microscope 
have,  however,  thrown  some  light  on  these  matters.  By 
coloring  some  of  the  constituent  materials,  the  results  of 
chemical  reaction  may  be  seen.  The  first  action  in  the  setting 
process  appears  to  be  a  crystallization  of  calcium  silicate 
needles  and  calcium  aluminate  tablets.  When  this  relatively 
rapid  process  of  crystallization  is  complete,  but  not  till  then, 
a  mass  of  calcium  silicate  is  formed.  The  hardening  process 
rests  upon  the  separating  out  of  this  silicate  which  binds 
together  the  crystals  and  makes  the  whole  insoluble  in  water. 
The  formation  of  the  silicate  goes  on  so  long  as  there  are 
lime,  free  silicic  acid,  and  water  in  contact.  The  chemical 
resistance  of  cement  to  sea  water  has  been  tested  to  some 
extent;  but  our  knowledge  of  the  chemical  and  mechanical 
influences  at  work  is  yet  but  scanty.  Systematic  research 
is  possible  only  in  the  laboratory  furnished  for  that  purpose. 
It  will  be  for  the  recently  formed  Scientific  Committee  of 
German  Cement  Manufacturers  to  find  the  necessary  means 
for  this  work. 


(W) 
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Education  and   Training  of  Muni- 
cipal and  County  Engineers 

From  The  Surveyor — Discussion  last  December  at  special  meeting 
of  Institution  of  Municipal  and  County  Engineers. 
Mr.  Arthur  E.  Collins,  M.Inst.C.E.,  past  president  and 
chairman  of  the  board  of  engineers  of  the  institution,  gave 
it  as  his  opinion  that  an  entrant  to  municipal  and  county  en- 
"gineerin^  should  he  a  youth  o'f  good  character,  manners, 
health  and  education,  who  had  matriculated  or  passed  an 
equivalent  qualifying  examination.  If  he  had  been  educated 
at  a  public  school  it  would  be  to  his  advantage.  He  should 
be  articled  to  a  municipal  or  county  engineer  for  three  years. 
The  first  year  should  be  spent  in  the  practical  work  of  his 
master's  department,  including  drawing  office,  surveying,  lay- 
ing out  and  supervising  of  works  and  workmen,  and  visits 
to  engineering  workshops.  The  office  experience  must  in- 
clude correspondence,  accounts,  time-keeping,  specifications, 
quantities  and  routine  work.  In  a  year  a  general  knowledge 
of  routine  and  practice  should  be  obtained.  The  pupil  should 
then  proceed  to  a  university  for  a  three  years'  course,  prefer- 
ably one  in  which  there  was  a  chair  of  municipal  engineer- 
ing. At  the  expiration  of  this  course  he  should  return  to  his 
master  and  complete  his  articles.  In  some  towns  it  was  pos- 
sible to  serve  articles  and  attend  a  university  concurrently. 
In  the  opinion  of  the  writer  this  was  not  as  advantageous  as 
the  course  already  outlined,  as  the  office  and  class  hours 
must  clash.  Again,  with  some  universities  it  was  possible  for 
the  practical  office  and  works  experience  to  be  obtained  in 
the  summer  half  of  the  year,  and  to  attend  the  university  in 
the  winter.  The  general  principles  underlying  engineering 
were  the  same  for  all,  but  the  municipal  branch  of  the  pro- 
fession required  particular  study  of  the  following  subjects 
and  facility  in  their  application:  Office  and  works  organiza- 
tion; prices  and  costs  of  works;  designs;  specifications;  re- 
ports and  clear  exposition  to  committees,  etc.  The  practical 
engineering  subjects  included  geodesy,  sewerage  and  sewage 
treatment;  waterworks,  water  supply  and  distribution;  tram- 
way construction;  road  construction,  maintenance  and 
cleansing;  collection  and  disposal  of  domestic  refuse;  build- 
ing construction  and  materials;  drainage,  heating  and  ven- 
tilation of  buildings;  town  planning;  municipal  and  public 
health  law  and  by-laws  relating  to  the  above  subjects;  the 
■general  principles  of  architectural  design.  A  municipal  en- 
gineer should  have  somewhat  more  than  a  bowing  acquaint- 
ance with  chemistry  and  bacteriology,  so  that  he  might  fully 
grasp  the  meaning  of  reports  of  chemists  and  bacteriologists 
on  questions  of  sewage,  water,  materials  and  so  forth.  It 
was  very  obvious  that  a  municipal  or  county  engineer  quali- 
fied on  the  lines  sketched  was  a  very  valuable  member  of  so- 
ciety, who  should  be  honored  and  rewarded  accordingly. 

Mr.  F.  Wilkinson,  borough  engineer  of  Deptford.  gave  it  as 
his  opinion  that  the  ideal  education  for  a  young  man  was  for 
him  to  get  his  degree  or  diploma  for  engineering  by  the  time 
he  was  IS  or  19  years  of  age.  That  would  give  him  a  sure 
foundation  in  the  principles  of  mechanics  and  other  subjects 
on  which  to  build  a  sound  practical  training.  Then  he  should 
commence  a  two  to  three  years'  apprenticeship  in  an  office,  so 
as  to  finish  when  he  was  21,  his  further  technical  education 
then  to  run  concurrently  with  his  pupilage,  so  that  by  the  time 
he  was  23  he  would  be  able  to  take  the  Institution  of  Mu- 
nicipal and  County  Engineers'  examination  and  successfully 
cope  with  it.  If  the  institution  did  not  raise  this  examination 
to  a  higher  level,  he  felt  that  the  future  would  offer  no  in- 
ducement for  a  young  man  to  enter  the  profession,  and  if 
this  were  not  done  they  would  never  get  the  status  they 
were  aiming  at. 

Mr.  C.  Brownridge.  borough  engineer  at  Birkenhead,  said 
that,  in  contradiction  to  ^Ir.  Wilkinson,  he  would  suggest  that 
the  pupil  or  apprentice  should  get  his  general  theoretical  and 
scientific  education  done  witli  before  he  entered  an  office, 
and  then  devote  himself  more  or  less  to  applied  science 
specially  applicable  to  the  work  he  had  to  do  in  the  office. 
They  were  all  familiar  with  cases  of  pupils  who  had  ob- 
tained  the   qualifying    diploma    to   take    their   own   examina- 


tion  or  the  examination  of  the  Institution  of  Civil  Engineers, 
having  to  apply  themselves  to  scholastic  studies  which  ought 
to  have  been  finished  with  before  coming  to  the  office.  The 
municipal  engineer  had  always  to  be  a  student;  consequently 
they  ought  not  to  expect  their  apprentices  to  understand 
everything  appertaining  to  the  profession.  His  view  was 
that  general  education  in  the  future  was  going  to  be  different 
to  what  it  had  been  in  the  past,  and  it  was  going  to  be  such 
as  to  enable  any  youth  with  brains  or  ability  to  pass  exam- 
inations such  as  the  institution  examination.  They  wanted 
to  encourage  youths  with  brains,  and  brains  should  be  the 
qualification.  That  being  so.  he  would  like  to  say  that  in 
dealing  with  the  question  of  the  education  of  the  pupil,  they 
also  he  required  to  watch  over  what  he  would  term  the  pupil 
farm.  There  were  offices  in  which  an  undue  number  of  pupils 
were  taken  with  the  object  of  getting  premiums.  These 
youngsters  were  not  dealt  with  fairly,  and  on  being  thrown 
onto  the  market  did  not  do  credit  to  the  profession.  Mr. 
Collins  had  outlined  a  six  years'  pupilage.  That  was  too 
long.  The  first  year  he  should  serve  in  a  municipal  or 
county  engineer's  office.  He  would  there  give  power  to 
either  the  master  or  the  pupil  to  determine  the  artilces.  be- 
cause while  a  youth  might  think  at  first  that  h«  had  a  liking 
for  municipal  engineering,  he  might  later  find  that  it  was 
different  to  what  he  expected.  He  agreed  that  the  next  two 
years  should  be  spent  at  the  university  or  a  proper  technical 
institution  where  the  youth  could  get  a  good  grounding  in 
science,  but  at  the  end  of  the  period  the  youth  with  ability — 
natural  ability — would  have  become  a  most  useful  mem- 
ber of  the  office  staff,  and  would  in  due  course  come  into 
touch  with  all  the  subjects  Mr.  Collins  had  outlined.  In  any 
case  he  doubted  whether  any  youth  after  the  completion  of 
three  years  in  the  manner  he  had  suggested  would  be  will- 
ing to  serve  a  further  three  years  in  the  office  unless  the 
question  of  payment  was  dealt  with.  In  his  concluding  re- 
marks Mr.  Collins  had  expressed  the  opinion  that  a  municipal 
or  county  engineer  qualified  on  the  lines  which  he  had 
sketched  was  a  very  valuable  member  of  society,  and  should 
be  rewarded  accordingly.  That  was  very  important,  but  if 
their  assistants  were  going  to  be  paid  a  less  wage  than  a 
carter,  one  could  not  expect  many  to  join  the  profession,  and 
anything  the  institution  could  do  in  the  direction  of  improv- 
ing training  and  remuneration  would  be  a  most  useful  work. 
Mr.  W.  Jones,  deputy  borough  engineer.  Deptford,  sub- 
mitted the  following  communication:  In  order  to  get  a  sat- 
isfactory road  a  good  foundation  is  necessary.  This  maxim 
is  also  applicable  to  the  profession  of  a  municipal  engineer 
and  surveyor.  In  order  to  get  a  good  engineer  and  surveyor, 
a  proper  foundation  is  absolutely  essentiaj.  and  in  this  case 
it  should  be  the  standard  of  education  which  should  be  in- 
sisted upon  before  any  person  can  be  allowed  to  enter  the 
profession.  The  examinations  I  would  suggest  are  the  Lon- 
don Matriculation  or  Oxford  or  Cambridge  senior  examina- 
tions. Some  engineers  insist  on  an  intended  pupil  qualifying 
at  a  university  as  a  Bachelor  of  Science  before  commencing 
his  articles.  The  parents  in  this  case  are  put  to  a  consider- 
able unnecessary  expense,  and  the  benefits  derived  by  the 
man  in  after  life  under  the  present  system  do  not  warrant 
any  such  expense.  Say  the  student  leaves  school  at  the  age 
of  16  years,  by  the  time  he  has  got  his  degree  and  served  his 
period  of  articles,  he  is  at  least  22  years  of  age,  and  then  was 
offered  in  pre-war  days,  the  glorious  sum  of  25s  to  30s.  per 
week,  with  annual  increments  of  £10  per  annum  to  encour- 
age him  to  improve  his  knowledge.  Such  appointments  were 
generally  advertised  at  a  certain  figure  per  annum  because 
it  sounded  so  nice  to  the  ears  a;s  a  lump  sum.  If  this  amount 
was  worked  out  at  so  much  per  week,  then  it  turned  out  to 
be  a  paltry  sum.  even  lower  than  a  stonemason's,  or  in  some 
cases  a  laborer's  wages.  The  civil  engineers'  examination 
seems  to  be  the  hall-mark  of  our  profession,  but  why  it 
should  be  I  do  not  know.  It  is  to  be  hoped  that  at  a  time 
not  very  far  distant  the  Institution  of  Municipal  and  County 
Engineers'  Examination  will  be  raised  to  a  much  higher 
standard  than  even  that  of  the  civil  engineers,  and  there  is 
no  reason  (provided  of  course  the  present  system  is  revo- 
lutionized) why  this  should  not  be.  There  are  several  ways 
in  which  the  status  of  the  municipal  engineer  and  surveyor 
could  be  raised  in  the  immediate  future,  and  I  beg  permis- 
sion to  enumerate  them  briefly:  The  examination  of  the  In- 
stitution of  Municipal  and  County  Engineers  should  be  a 
hall-mark  of  our  profession,  and  the  standard  should  be 
i;aised  in  the  following  ways:  (a)  That  the  entrance  exam- 
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S'scrllu'd    shoiiUI    be    passed    by    the 
L-    his   artlolos.   niul    llils    should    be 
(h)  The  boiinl  of  cxnm- 
iit  nnil   eminent  BontlenuMi 
.iUl>    not  iiuiubii.s  of  the  Instltiillon:     (c)   Ex- 
uld  consist  of  subjects  which  completely  em- 
« hole  of  the   varied  and   numerous   works   which 
r  U  called  upon  to  perform.     At  the  present  time 
.if  examinations  of  any  one  Instltudon  answer  the 
!..  my  mind.     I   would  sujsRest   that  applicable  sub- 
l.e  chosen  from  the  examinations  held  by  the  following 
s:      (a)    Municipal    and    County    Knglneers.      (b)    Sur- 
v..N,.r-'  hi-^ilMitlon.     (c)   Institution  of  Civil   Knglneers.     (d) 
K.    n!    !-MHiie    of    British    Architects.      The    examinations 
-liil  of  throe  ports,  no  one  part  to  be  passed  In  a 
I  than  one  year.    The  student  could  thereby  qualify 
.  '.  t   thn'e  years"  hard  study,     (e)  No  member  should  in  the 
■  lie  be  allowed  to  pain  admission  to  the  institution  with- 
,.;'   passing  a(  least  one  examination  laid  down  by  the  insti- 
unu.n      On    passing    the    first    examination,    the    candidate 
might     be    given    associate     membership,    and     after     pass- 
ing the  whole  of  the  examinations,  transferred  to  the  class 
of  member  on  attaining  a  suitable  age.     (f)  The  present  list 
of  nioT-^crs  should  be  revised  and  those  who  have  not  passed 
■Malion  of  the  institution  or  qualified   as  associate 
.>f  the  Institution  of  Civil  Knglneers.  or  passed  the 
Institution  examination,  should  be  given  a  speci- 
say  two  years.  In  which  to  qualify  as  a  member 
under  the   existing  examination   conditions.     It   these   mem- 
bers do  not  qualify  In  this  period,  their  names  should  be  re- 
moved from  the  register.     The  suggestions  given  above  may 
seem  almost  drastic,  but  I  am  of  the  opinion  that  only  very 
strong  measures  are  of  any  use  if  the  future  of  the  young 
engineer  is  to  be  safeguarded.     Now  is  the  time  for  action. 
not    the    future.     •     •     •     My    suggestions    would    do    away 
In  time  with  the  so-called  engineer  and  surveyor  of  the  road 
foreman  type,  whom  we  often  meet  in  smaller  boroughs,  be- 
cause each  small  urban  or  rural  district  could  at  all   times 
have  a   young  engineer,   properly   qualified,   who   has   had   a 
good    education    and    sound    practical    training.      Security    of 
tenure  could  be  got  much  easier  if  such  conditions  could  be 
brought  about. 

Mr.  J.  SutcliSfe.  borough  engineer  of  Woolwich,  expressed 
the  opinion  that  the  profession  had  been  deteriorating  for  a 
good  many  years  previous  to  the  war,  and  he  could  best 
Indicate  his  own  attitude  by  saying  that,  while  he  hoped  his 
own  son  would  become  an  engineer,  he  had  made  up  his 
mind  that  he  would  not  be  a  municipal  engineer.  He  did 
not  stand  alone  in  that;  many  of  his  brother  engineers 
were  of  the  same  opinion,  but  he  thought  that  the  lessons 
of  the  past  three  years  provided  a  great  opportunity  for  giv- 
ing a  Slip  to  the  profession  of  municipal  engineering. 


Salaries  of  Some  English  Assistant 
Surveyors 

From   The   Surveyor,    .Ian.    24.    1919. 

At  -a  recent  meeting  of  the  Southwick  (Sussex)  Urban 
District  Council.  Father  Smith  drew  attention  to  a  recom- 
mendation by  the  committee  that  the  assistant  surveyor's 
salary  should  be  £2  ($9.72)  a  week.  The  committee  also 
recommended  an  increase  to  scavengers  which  would  bring 
up  the  latter-s  wages  to  £1  17s.  6d.  ($8.06)  a  week.  Surely 
there  was  something  disproportionate  in  their  estimation  of 
values.  The  assistant  surveyor  had  just  been  released  from 
the  army,  and  he  thought  some  better  appreciation  should  be 
shown  of  the  services  of  a  young  man  who  was  an  efficient 
official,  and  who  had  served  his  country  than  to  pay  him  the 
same  salary  as  the  scavengers  received.  After  discussion, 
it  was  suggested  that  the  matter  should  be  taken  back  by 
the  committee  for  further  discussion,  but  the  chairman 
thought  it  ought  to  be  settled  forthwith,  and  on  his  proposal 
it  was  decided  to  pay  the  assistant  surveyor  £2  10s.  ($12.00) 
a  week,  war  bonus  inclusive. 

At  Bingley  Urban  District  Council  a  motion  was  made  to 
fix  the  salary  of  an  assistant  surveyor  at  58s.  ($14)  per  week. 
Mr.  T.  Turner  strongly  protested.  The  young  man  had  worked 
for  the  council  for  5  years  without  wages,  and  now  it  was 
proposed  to  give  him  4s.  (96  cts.)  more  than  a  carter.  It 
would  be  a  disgrace  to  any  council.  The  matter  was  ulti- 
mately referred  to  the  Wages  Committee. 


Damage  to   Road    Surfaces  by 
Heavy  Vehicles 

Kriim  The  KiiKlmti-.  1'<'1'.  -1.   I'-'l'-'- 

Til.  recommendations  in  the  report  of  the  Local  (iovern- 
luent  Hoard's  |)eparlment  Comiuitlee  on  the  use  of  road  Ic- 
comolives  and  heavy  nu)tor  cars,  included  an  increase  in  the 
permissible  weight  of  locomotives  fitted  with  Houlton 
wheels  from  the  present"  standard  of  14  tons  and  up" 
to  18  tons.  This  concession  was  suggested  by  the  evi- 
dence of  several  exi)erts,  who  said  that  Houlton  wheels 
caused  less  damage  to  road  surfaces  than  any  other  form 
suitable  for  heavy  traffic.  In  this  connection  the  findings 
of  the  committee  as  to  the  damage  caused  to  various  kinds 
of  road  surfaces  by  different  kinds  of  traffic  are  of  consid- 
erable interest.  The  evidence  from  which  the  conclusions 
were  drawn  w'as  to  some  extent  contradictory,  but  the  bal- 
ance of  opinion  appears  to  show  that  in  the  case  of  paved 
roads,  such  as  stone  blocks  or  wood,  or  asphalt,  laid  on  con- 
crete foundations,  the  damage  is  largely  due  to  iron  and  steel 
tired  traffic;  that  as  regards  block-paved  roads  on  concrete, 
while  many  instances  of  damage  caused  by  iron  and  steel  tired 
traffic  have  been  brought  forward,  none  the  less,  several 
surveyors  regard  this  form  of  construction  as  suitable  for 
heavy  trafiic  generally;  and  that,  given  a  surface  kept  in  a 
reasonably  smooth  and  level  condition,  rubber  tired  trafHo 
appears  to  have  no  serious  effect  upon  block-paved  roads, 
even  when  traveling  at  a  high  speed. 

Given  a  properly  maintained  surface,  wood  paving  on  ade- 
quate concrete  foundations  is  not  damaged  to  any  material 
extent  by  either  class  of  heavy  traffic.  It  is  true  that  some 
specific  instances  of  damage  either  to  the  wood  surface  or  to 
the  foundations  have  been  given,  but  in  some  of  these  cases, 
at  any  rate,  it  would  seem  that  the  damage  has  been  mainly 
due  to  the  worn  and  uneven  surface  of  the  pavement.  Under 
similar  conditions,  natural  or  rock  asphalt  on  concrete  is  not 
seriously  affected  by  either  class  of  traffic,  although  one  in- 
stance of  damage  caused  to  this  class  of  pavement  by  the 
steel  tired  heavy  motor  traffic  was  brought  before  the  com- 
niitee.  As  regards  the  more  modern  forms  of  road  construc- 
tion in  which  tar,  pitch,  or  bitumen  is  used  as  a  binder  or 
matrix,  the  evidence  is  conflicting,  but  there  would  appear 
to  be  no  doubt  that  roads  of  this  class,  if  properly  con- 
structed and  maintained,  will  carry  a  considerable  volume 
of  heavy  traffic  without  undue  damage.  In  the  case  of 
water-bound  macadam  roads  the  damage  is  mainly  due  to 
rubber  tired  traffic. 

The  principal  causes  to  which  the  damage  of  the  roads  can 
be  ascribed  are,  the  committee  thinks,  in  the  case  of  traction 
engine  traffic:  (a)  The  weight  of  the  engine,  and  of  the 
loaded  wagons  which  it  draws;  (b)  the  haulage  of  excep- 
tionally heavy  pieces  of  machinery  or  similar  loads  on  trucks 
having  iron-tired  wheels  of  small  diameter;  (c)  the  use  of 
driving  wheels  fitted  with  diagonal  cross  bars  and  of  steering 
wheels  fitted  with  narrow  bands;  (d)  the  slipping  of  the 
driving  wheels  in  the  efforts  of  the  engine  to  haul  a  heavy 
load;  (e)  the  use  of  wagons,  generally,  with  wheels  of  small 
diameter. 

In  the  case  of  heavy  motor  traffic  the  damage  is  attributed 
to;  (a)  the  laden  weight  of  the  motor  vehicle  and  the  un- 
even distribution  of  the  weight  over  the  axles;  (b)  the  use  of 
wheels  of  small  diameter;  (c)  the  propulsive  effort  of  the 
vehicle;  (d)  the  fact  that,  owing  to  the  camber  of  the  road 
and  inequalities  in  the  surface  of  the  road,  the  full  width  of 
steel  tires  does  not  come  into  contact  with  the  road  surface; 
the  weight  is  thus  concentrated  upon  the  part  of  the  tire 
actually  in  contact  with  the  road  surface,  and  the  sharp  edge 
of  the  tire  cuts  into  the  road;  (e)  the  action  of  the  solid  rub- 
ber tire  as  it  expands  and  contracts  when  coming  into  con- 
tact with,  and  leaving,  the  road  surface;  it  is  contended  that 
in  the  case  of  water-bound  roads,  for  example,  this  action 
of  the  tire  has  a  disturbing  effect  upon  the  road  surface,  that 
the  materials  of  which  the  road  surface  is  formed  are 
loosened  and  forced  out,  and  that  in  the  case  of  the  twin 
rubber  tire  the  materials  are  "pinched"  or  "squeezed"  be- 
tween the  two  tires  as  they  expand;  (f)  the  hardness  of  the 
solid  rubber  tire,  when  worn;  (g)  the  impact  and  the  speed, 
more  especially  when  there  are  inequalities  in  the  surface  or 
potholes  due  to  lack  of  repair;  (h)  the  disregard  of  the  regu- 
lations limiting  weight  and  speed,  and  the  failure  to  enforce 
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them.  In  addition,  special  damage  is  attributed  to  motor 
omnibus  services  by  reason  of;  (1)  the  regularity  of  the 
service,  namely,  the  constant  passage  over  a  road  of  vehicles 
of  identical  construction,  and  the  frequent  stopping  and  start- 
ing of  the  omnibuses,  often  at  fixed  points  along  the  road; 
and  (2)  the  character  of  the  load  and  the  springing  of  the 
vehicle. 


Decorating  and  Coloring  Walls 
with  Cement 

From    II   Cemento. 

The  application  of  <a  covering  of  cement  or  of  ornamental 
works  made  of  this  material  to  the  walls  of  buildings  should 
only  be  done  in  spring  or  autumn  and  in  damp,  cool  weather, 
because  it  is  most  difficult  in  hot  weather  to  secure  adequate 
adhesion  as  the  cement  dries  too  rapidly.  If  the  work  must  be 
done  during  the  summer,  the  walls  must  be  protected  in  the 
best  possible  way  from  the  direct  rays  of  the  sun,  and  kept 
damp  until  the  coloring  has  taken  well.  Particular  care  must 
be  taken  to  have  the  surfaces  to  be  covered  with  cement  abso- 
lutely free  from  dust  and  dirt:  they  should  be  well  washed 
and  afterwards  damped  repeatedly.  New  cement  work  does 
not  adhere  to  dirty  surfaces,  and  those  which  absorb  water  too 
quickly  often  cause  cracks  in  the  new  work,  and  the  coating 
does  not  acquire  that  complete  hardness  and  resistance  on 
account  of  the  continual  absorption  of  the  water  preventing 
the  cement  from  setting  properly. 

Walls  made  of  bricks  which  do  not  resist  frost  or  which 
exude  acids  are  not  adapted  to  be  covered  by  cement:  porous 
walls  must  be  completely  protected  from  dampness;  otherwise 
the  layer  of  cement  would  easily  detach  itself  under  the  action 
of  frost.  If  the  cement  contains  too  much  water  it  is  spoilt. 
It  should  be  prepared  as  a  homogeneous  mixture,  so  as  to 
avoid  the  cracks  which  occur  with  layers  of  uneven  thickness 
and  irregular  composition.  The  cement  must  not  be  too  soft 
when  used  for  covering  walls  exposed  to  the  action  of  atmos- 
pheric agents,  as  thick  coatings  under  such  conditions  have  a 
great  tendency  to  crack.  The  greater  the  proportion  of  sand 
employed  in  coating  without  affecting  the  necessary  resist- 
ance, the  greater  its  resistance  to  atmospheric  influences. 
Hence  a  sufficient  quantity  of  fine  sand  should  be  added,  so  as 
to  obtain  a  very  plastic  cement,  the  plasticity  being  added,  if 
necessary,  by  the  addition  of  a  little  lime. 

The  surface  may  be  finished  smooth  by  the  use  of  iron  discs. 
A  trowel  should  not  be  used,  because  the  surfaces  so  finished 
are  uneven  in  thickness,  are  often  too  thick  and  are  more  sen- 
sitive to  the  action  of  frost,  and  therefore  to  cracks.  To  cover 
a  cement  surface  satisfactorily  with  oil  colors  the  first  condi- 
tion is  that  the  cement  must  be  quite  dry  and  fully  set.  Oil 
colors  applied  to  a  fresh  surface  are  not  durable  and  resistant, 
because  the  alkali  and  the  hydrate  of  lime  in  the  cement  de- 
compose the  oil.  When  interior  walls  are  to  be  covered  they 
must  be  frequently  watered  until  the  complete  setting  of  the 
cement  is  assured;  they  must  afterwards  be  dried  before  ap- 
plying the  oil  color.  It  is  sometimes  desirable,  if  the  coating 
color  has  to  be  applied  quickly,  to  wash  the  cement  repeatedly 
with  very  dilute  sulphuric  acid —  i.  e.,  one  part  of  commercial 
concentrated  sulphuric  acid  to  100  parts  of  water.  This  solu- 
tion transforms  the  alkali  and  lime  into  inactive  sulphur  com- 
pounds. Alternately,  the  well-known  fluorides  or  fluates,  espe- 
cially fluoride  of  magnesium,  may  be  employed,  as  they  con- 
vert the  lime  into  inert  fiuosilicic  acid,  which  has  the  further 
advantage  of  increasing  the  density. and  hardness  of  cement 
coating. 

The  treatment  with  a  fluoride  (fluate)  is  as  follows:  The 
cement  surface  must  be  sufficiently  dry.  Then  fluoride  of 
magnesium  is  mixed  with  10  times  its  measure  of  water  and 
applied  with  a  paint  brush.  After  20  to  24  hours  the  operation 
must  be  repeated  with  a  solution  of  double  strength.  Two  or 
three  hours  after  the  second  coating  has  been  applied  the 
cement  will  be  ready.  It  may  be  tested  by  applying  the  tongue 
to  see  if  it  has  an  acid  flavor;  this  indicates  that  a  sufficiency 
of  fluate  has  been  used.  Alternatively,  a  damp  piece  of  blue 
litmus  paper  should  be  pressed  with  a  cork  against  the  fluor- 
idized  surface.  If  the  treatment  has  been  sufficient  the  paper 
turns  red.  Otherwise  the  treatment  must  be  repeated  until 
this  result  is  obtained.  Afterwards  the  surface  must  be  thor- 
oughly washed,  dried  and  then  covered  with  oil  color. 


Reinforcing  System  and  Concreting 

Machine  for  Reinforced 

Concrete  Roads 

Two  features  of  interest  in  connection  with  concrete  road 
construction  by  the  Port  of  London  Authority  are  a  system 
of  reinforcement  and  a  concrete  mixing  and  placing  machine. 
Both  of  them  were  designed  and  patented  by  J.  H.  Walker 
of  the  Port  Authority.  The  following  description  is  abstracted 
from  Concrete  and  Constructional  Engineering: 

Reinforcing  System. — The  system  of  reinforcement  was 
the  outcome  of  the  difficulty  foreseen  in  laying  a  concrete 
road  upon  the  particularly  soft  ground  of  which  the  land  in 
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Fig.    1 — Pyramidical    Interlocking    Reinforcement. 


r^A'^irfa  coy€f?ro  n'^TH  canvas 

Off  OTHC''  SU'TAaL£    l^'ATCflAi. 


3iOE    EueiVATmN. 


SC^£CO   OejtRC, 


Fig.   2 — Sketches    of    Concrete    Laying    Machine. 

the  neighborhood  of  the  Victoria  Dock  is  composed.  This 
system  provides  for  top  and  bottom  layers  of  reinforcing  bars 
combined  and  interlocked  with  zigzag  diagonal  tension  mem- 
bers in  such  a  manner  as  to  form  a  rigid  mattress  to  which 
any  additional  bars  may  be  attached  as  required.  This  is 
shown  in  Fig.  1.  One  of  the  advantages  of  this  type  of  rein- 
forcement would  appear  to  be  that  it  forms  a  convenient 
means  of  putting  to  good  use  such  old  scrap  material  as 
wire-ropes,  barbed-wire,  etc.,  which  can  readily  be  cut  to 
convenient  lengths  and  wired  on  to  the  framework  where 
desired. 

Concrete  Mixing  and  Placing  Machine. — This  consists  of  a 
Vi-cu.  yd.  concrete  mixer  and  an  electric  winch  with  two  drums 
for  operating  a  skip  running  along  a  cable-way  so  that  the 
material  may  be  deposited  with  ease  and  rapidity  at  the  spot 
reiiuired.  The  cable-way  is  attached  to  a  framework  over 
which  canvas  or  other  suitable  material  is  spread  for  the 
protection  of  the  newly  laid  concrete.  The  road  surface  is 
screeded  to  finished  levels  by  means  of  a  double-handed  screed 
depending  from  supports  on  the  framework  of  the  machine 
in   such   a   manner  that  the   usual   wood   striking  strips   are 


(17) 


450 


Eii;iiiieeriiii/  uinl  C'oiititntnig  for  April  :>().  mn). 


,1  ,    the    lop    wfiirliiK    surface   rnn    bo   liilil 

,,.  ..  of  (he  low  IT  layer.    It  Is  of  Inlorest  to 

I,  of  iiion  rt'qiiired  to  work 
,1  .,  t  that  tlie  work  Is  carried 
,.  ,:!>  ol  tti'athor  coiulltlons,  tlio  labor 
,,  ,|  Kcrcfdini;  oCf  iho  concrete  la  very 
low  111  .I'M  vw.iil..!  Ill'-  space  so  enclosed  Is  waniu'd  by 
„„..,„a  of  !>  tS'>'  iMickci.  aiul   it   Is  a  noteworthy  fact   that  a 

of  this  n>nd  was  laid  In  frosty  weather 

«  1.    KlR.  2  Is  u  drawing  of  the  road  laying 

liiuchiiie. 

The  rrsti  I*  SO  ft.  wldo  between  cnrbs,  and  the  thickness 

Ik  >>  In.,  inciiiding  a  surfacinK  coat  of  2  In., 

II.  nr  which  consists  of  crushed  shingle  graded 
from  I,  ill.  to  i»  in.  and  saml.  and  the  proportions  adopted 
are  1  part  I'ortlnnd  (cnient.  1.2r.  parts  sand,  and  2.5  parts 
shinKl*"  Some  months  after  being  laid  and  when  the  con- 
crete had  iH'Come  tho^o^l^•hlv  hard  the  road  was  tar  sprayed 
and  sorinkled  with  grit 

To  Raise  Statii.s  and    Kiirrlier   Interests  of 
Kni^ineers 

l-i.^m  a  h  n«  I-  iv.  l\t»f;llU"riHK.  -M.'irch   11.  IMU'. 

What  should  be  done  to  raise  the  status  and  further  the 
interests  of  members  of  the  engineering  profession? 

It  is  obvious  that  any  body  formed  for  this  purpose  must 
necessarily  be  a  trades  union,  and  in  spite  of  past  failures 
there  «ioes  not  seem  to  he  any  good  and  valid  reason  why 
♦.Miglneers  should  not  be  able  to  combine  successfuly  to  form 
a  powerful  association  for  the  maintenance  and  anvance- 
nient  of  their  own  interests.  Nor  does  there  seem  to  be 
any  reason  why  such  a  body  of  educated  men  should  not, 
by  their  combined  efforts,  attain  the  same  ob,iects  as  have 
been  attained  by  other  bodies  of  educated  men — notably  those 
engaged  in  the  practice  of  law  and  medicine. 

It  is  true  that  at  present  there  is  in  the  engineering  pro- 
fession no  lixed  standard  of  training  and  attainment  short  of 
which  a  man  ceases  to  be  recognized  as  a  qualified  engineer, 
but  at  one  time  the  medical  and  legal  professions  were  in 
the  same  unorganized  and  chaotic  state,  and  their  members 
labored  under  the  same  disadvantages  that  engineers  find 
so  detrimental  at  the  present  day.  Is  it  not  possible  for  en- 
gineers to  follow  in  the  footsteps  of  these  two  organized 
bodies?  It  seems  to  me  that  if  they  started  on  a  sufficiently 
broad  and  democratic  basis,  instead  of  wasting  time  and 
energy  in  fruitless  efforts  to  form  and  bolster  up  small  asso- 
ciations with  purely  sectional  interests,  success  would  be 
assured.  The  formation  of  small  bodies  to  advance  the  in- 
terests of  small  sections  of  the  engineering  profession,  such 
as  have  been  attempted  in  the  past,  is  a  movement  fore- 
doomed to  fail'ire  under  present  conditions. 

.All  professional  engineers,  whether  civil,  mechanical  or  elec- 
trical, have  a  common  interest  in  the  advancement  of  their 
social  and  professional  status,  and  there  does  not  seem  to 
be  any  good  reason  why  they  should  not  all  combine  for  that 
purpose.  Such  a  combination  would  be  unassailable  In  its 
strength  and  quite  capable  of  advancing  the  sectional,  as 
well  as  the  common  interests  of  engineers  in  general.  Med- 
ical men.  for  instance,  have  not  wasted  their  energies  in  an 
attempt  to  form  separate  and  independent  associations  for 
those  who  specialize  in  the  different  branches  of  medicine 
and  surgery. 

Employers  and  manual  workers  are  both  formed  into 
powerful  federations,  and  unless  staff  engineers  and  officials 
throw  aside  their  individualistic  tendencies  and  take  com- 
bined action  they  are  likely  to  suffer  sore  attrition  between 
these  upper  and  nether  millstones.  It  is  not  possible  for  any 
engineer,  no  matter  how  experienced  or  gifted,  to  stand  in- 
dividually against  a  powerful  confederation  of  employers, 
and  the  sooner  this  is  generally  realized  the  better  it  will  be 
for  the  profession. 


Benefits  of  Covered  Reservoirs.— The  water  engineer  of 
Aberdeen,  Mr.  Cecil  H.  Roberts.  M.  Inst.  C.  E.,  in  his  report 
for  the  year  ending  May  31.  1918,  states  that  the  benefit  of 
covering  the  reservoirs  and  the  effects  of  filtering  continues 
to  be  noticed  in  the  much  greater  cleanliness  of  the  reservoirs 
and  aqueduct,  the  number  of  cleanings  necessary  both  of  the 
reservoirs  and  of  the  aqueduct  being  less  than  halt  of  what  it 
was  previously. 


A  Pontoon  Bridge  for  Pioneer 
Railway 

I'Vom  Tlio  R.nlhvay   KiiKiniir.   Dt'iembor,  191S. 

The  Sardnh  (India)  pontoon  bridge  was  erected  on  the 
l>udwn  branch  of  the  Lucknow-Iiaroilly  railway,  and  an  inter- 
esting report  on  the  principles  of  ((instnution  and  method  of 
use  was  published  in  February,  18!).'i,  and  reprinted  this  year, 
by  the  Technical  Section  of  the  Railway  liranch  of  the  Publii' 
Works  Departmciil  of  the  Governnicnl  of  India.  The  brancli 
was  made  iiriiiiarily  to  open  up  throuulioul  the  cold  weather 
the  (iovernnient  forests  of  the  Kheri  district,  from  which 
largo  quantities  of  sal,  asina,  and  miscellaneous  timbers  an^ 
annually  exported.  A  boat  bridge  was  formerly  kept  up  over 
the  Sardah  river  by  the  Forest  Department  tlirou;;hout  the 
cold  weather,  but  when  the  branch  lailway  was  made  it  be- 
came at  once  necessary  to  build  a  bridge  that  would  carry 
engines  and  loaded  wagons  at  slow  speeds.  A  pile  bridge 
nearly   SOO   ft.    in   length    was    constructed    in   lSi>2    but  was 
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DijRram  Plan  and  Elevation  of  Sardah  Ponioon  Bridge.      (Not  drawn  to  scale). 
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Plan,    Elevation    and    Details   of    Sardah    Light    Railway    Bridge. 

practically  demolished  during  a  heavy  flood  the  same  year. 

The  present  pontoon  bridge  is  420  ft.  in  length,  and  is 
composed  of  five  spans  of  steel  girders  supported  on  two 
abutments  and  in  the  stream  by  seven  steel  pontoons.  The 
railway  is  of  metre  gage. 

Although  the  pontoons  are  all  of  the  same  size,  and  are 
equally  spaced  at  .50  ft.  distances  centers,  the  girders  are 
not  of  the  same  length,  but  vary  in  lengths  respectively,  being 
.50  ft.,  120  ft.,  80  ft.,  120  ft.,  and  50  ft.,  as  shown  in  Fig.  1. 

It  is  not  intended  to  use  the  pontoon  bridge  at  all  during 
the  hot  weather  or  at  times  when  the  high  water  level  is 
reached.  At  such  times  the  water  overflows  the  banks  and 
reaches  nearly  10  ft.  above  the  cold  weather  level  of  the  river, 
and  nearly  4  ft.  above  the  fixed  rail  level  at  the  two  abut- 
ments. The  river  is  not  at  the  same  level  all  the  time  the 
bridge  is  in  use,  and,  in  fact,  a  range  is  provided  for  of  2  ft. 
G  in.,  that  is.  C  in,  below  tlie  normal  level  and  2  ft.  above  it. 
The  inclination  of  the  span  at  either  end  is  therefore  always 
altering.  As  designed,  the  end  spans  rise  towards  the  river 
at  an  inclination  of  1  in  30,  giving  a  rise  of  1%  ft.  from  the 
abutment  to  the  first  pontoon  on  each  side. 

The  first  pontoon  sinks  nearly  to  this  amount  under  the 
moving  load,  and  the  rails  are  thus  level  for  the  ad\ancing 
train.    Should  the  water  level  be  6  in.  below  the  normal  the 
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sinking  of  the  pontoon  will  be  the  same  as  before,  but  the 
inclination  of  the  rails  in  the  end  span  will  then  be  1  in  100 
downwards  on  to  the  pontoons.  On  the  other  hand,  should 
the  level  of  the  river  be  2  ft.  above  normal  when  the  tram 
is  to  pass  over,  the  pontoon  will  sink  again  the  11/2  ft.  and 
the  rails  in  the  end  span  will  rise  from  the  shore  on  to  the 
first  pontoon  again  at  an  inclination  of  1  in  100.  which  gradi- 
ent for  a  length  of  50  ft.  only  can  be  easily  overcome.  With 
this  varying  inclination  of  the  end  spans  in  view  a  horizontal 
hinge  is  provided  at  the  first  pontoon  on  each  side,  see  Fig.  2. 
The  girders  are  rigid  over  the  next  three  pontoons,  and 
are  made  120  ft.  long  with  this  in  view,  so  that  one  of  the 
three  outer  pontoons  cannQt  sink  without  assistance  from  the 
other  two.  The  central  SO  ft.  length  of  girder  is  hung  on 
horizontal  hinges  at  each  end.  besides  resting  in  the  middle 
over  the  central  pontoon.  With  this  arrangement  of  pontoons 
and  hinges  the  flexibility  of  the  girders  is  assured,  and  at  the 
same  time  cne  pontoon  is  made  to  assist  another  throughout 
the  passage  of  the  engine  and  its  train  of  loaded  wagons. 
The  intensity  of  the  load  will  vary  along  the  length  of  the 
train,  making  a  certain  amount  of  vertical  flexibility  essen- 
tial unless  the  girders  had  been  made  very  much  stronger. 
No  horizontal  flexibility  is  provided  in  the  bridge,  and  as  the 
pontoons  are  always  securely  anchored  when  the  bridge  is  In 
use  there  can  be  no  horizontal  movement  other  than  the 
difference  in  length  of  the  mooring  chains  or  ropes  due  to 
their  varying  inclination  owing  to  the  rise  and  fall  of  the 
pontoons.  This  has,  however,  been  found  not  to  present  any 
difficulty. 

At  the  two  abutments,  where  the  ends  of  the  girders  rest 
on  timber  piles,  suspending  links  or  rocking  bars  (see  Fig.  3) 
are  provided  to  permit  the  longitudinal  play  of  the  girders 
caused  by  the  rise  or  fall  of  the  pontoons  due  to  passing 
loads  or  changes  of  water  level,  and  so  that  the  system  of 
girders  and  pontoons  can  swing  altogether  longitudinally.  How 
this  possibility  of  endwise  movement  of  the  bridge  as  a 
whole  between  fixed  abutments  affects  the  permanent  way  of 
the  bridge,  which  must  be  rigid  as  regards  the  length,  is  not 
stated  in  the  report. 

But  there  are  also  vertical  hinges,  lt  points  of  bearing 
(see  Fig.  4)  upon  the  alternate  pontoons  Nos.  2,  4  and  6.  Over 
each  of  these  alternate  pontoons  an  80-ft.  length  of  girder 
can  revolve  by  means  of  this  central  pivot  from  crosswise  to 
lengthwise  of  the  boat,  in  order  that  when  the  bridge  Is  dis- 
mantled for  the  flood  season  the  pontoons  with  the  parts  of 
the  bridge  upon  them  can  lie  snugly  anchored  against  the 
hanks  of  the  river.  The  report  does  not  say  what  becomes 
of  the  shore  spans  when  the  pontoons  are  away. 

The  120  ft.  lengths  of  bridge  over  pontoons  Nos.  1,  2.  3  and 
5,  6,  7  are  in  three  lengths,  a  central  length  of  80  ft.  swinging 
on  the  central  pivot  over  boats  2  and  6,  and  two  ends  of  20 
ft.  each  carried  on  the  outside  boats  of  the  three.  These 
various  lengths  are  connected  rigidly  to  one  another  when 
the  bridge  is  "put  up."  and  disconnected  when  it  is  "taken 
down."    A  sketch  of  this  rigid  butt  joint  is  shown  In  Fig.  5, 

The  pontoons  are  each  50  ft.  long,  20  ft.  wide,  and  5  ft. 
deep,  and  weigh  about  15%  tons  each.  They  have  a  dis- 
placement of  750  cu.  ft.  for  each  foot  of  draft,  corresponding 
to  20%  tons.  The  weight  of  each  pontoon  with  its  superin- 
cumbent load  is  about  29  tons,  corresponding  to  about  1  ft.  5 
in.  displacement,  which  was  observed  in  the  actual  structure. 
The  pontoons  are  flat  bottomed,  and  so  possess  considerable 
stability.  When  the  bridge  is  "up"  the  center  of  gravity 
of  each  pontoon  with  its  load  is  at  about  deck  level.  When 
the  bridge  is  "down"  or  disconnected  Nos.  2,  4  and  6  pon- 
toons each  have  to  support  an  80  ft.  length  of  bridge  pivoted 
at  their  center,  and  in  this  case  the  center  of  gravity  is  about 
fi  in.  above  the  deck,  and  this  fact  enables  the  different  parts 
to  be  moved  about  without  fear  of  capsizing. 

To  put  up  the  bridge  the  pontoons  are  brought  into  posi- 
tion and  the  80  ft.  lengths  of  bridge  swing  abeam  between  the 
two  20  ft.  end  lengths,  whose  pontoons  are  loaded  to  make 
the  draft  of  the  three  pontoons  equal  so  that  the  connections 
can  be  made.  The  joints  are  then  fitted  together  and  bolted 
up.  (see  Fig  5)  each  joint  being  secured  by  five  li^  in.  bolts, 
top  and  bottom,  forming  a  rigid  butt  joint.  The  bolts  are 
all  easily  got  at.  and  the  ends  of  the  girders  are  easily  fitted 
together  in  this  way.  The  pontoons  are  moored  by  8  in.  ropes 
to  anchors  made  of  timbers  and  a  rope  net  full  of  boulders, 
the  guys  being  accurately  adjusted  by  mooring  screws  fixed 


on  the  pontoons,  and   when  once  in  line  they  seldom  require 
readjustment. 

There  is  no  traffic  on  the  river  except  during  the  rains, 
and  consequently  it  was  not  necessary  to  provide  an  opening 
span. 

The  rails  are  of  flat  bottom  section,  and  are  hinged  over 
the  hinges  of  the  girders  to  allow  the  same  vertical  move- 
ment. At  the  pontoon  entl  of  the  outer  span  girders  at  the 
points  C.  C.  besides  the  hinge  a  short  length  of  rail  4  ft.  long 
was  secured  by  bolts  having  slotted  holes,  as  shown  by  Fig.  C, 
to  provide  a  sort  of  vertical  curve  in  the  rails.  It  had  been 
noticed  that  without  this  short  length  of  rail  the  middle  wheels 
of  a  six-wheeled  tender  were  hung  up  in  the  air.  It  had  also 
been  noticed  that  over  this  point  there  was  a  considerable 
vertical  displacement  between  the  wagon  buffers,  this  amount- 
ing in  some  cases  to  4%  ins.  and  caused  an  uncoupling  of 
the  wagons.  It  was  to  remedy  this  that  the  abutments  were 
lowered  to  give  an  initial  rise  in  line  gradient  from  the 
abutment  to  the  first  pontoon. 

The  engine  working  the  traffic  over  the  meter  gage  has 
a  weight  of  15  tons  and  the  tender  11%  tons,  giving  a  total 
load  of  20%  tons.  The  cars  are  of  10  tons  loaded  weight 
each.  With  engine  and  tender  only,  the  first  pontoon  went 
down  0.99  ft.,  the  second  0.4"  ft.,  the  third  0.31  ft.,  and  the 
fourth  0.48  ft.  With  a  train  of  engine,  tender  and  five  cars 
the  maximum  depression  of  No.  1  pontoon  was  1.35  ft.,  the 
second  1.17  ft.  the  third  1.35  ft.,  and  the  fourth  1.24  ft. 

With  a  train  of  eight  loaded  cars  and  a  speed  of  five  miles 
per  hour  the  maximum  depression  of  Nos.  1  and  7  pontoons 
was  1.83  ft. 

These  tests  show  that  the  outer  pontoons  in  any  case  might 
with  advantage  have  been  made  a  little  larger  than  the 
others.  It  is  also  evident  that  a  train  traveling  at  any- 
thing like  speed  would  by  the  impact  set  the  bridge  rolling 
like  a  ship  from  side  to  side  and  make  quick  traveling  very 
unsafe. 


The   Construction  of  a  Dew-Pond:  Water 
Without  Springs,  River  or  Rein 

Fl'oni    Tile    SLir\'e>or.    ¥At.    T.    I'.tl'.t 

At  the  Royal  Institute  of  British  Architects,  Mr.  George 
Hubbard,  F.S.A.,  F.R.I.BA.,  described  how  it  was  possible 
to  obtain  a  water  supply  in  the  absence  of  springs,  rivers 
and  rains. 

The  atmosphere  which  was  warmed  during  the  day  was. 
he  explained,  capable  of  containing  a  greater  percentage  of 
aqueous  vapor  than  it  could  retain  if  it  were  chilled  below 
llie  dew-point  during  the  night,  and  the  deposition  of  this 
vapor  took  place  freely  upon  a  condensing  surface  thermally 
isolated  from  the  earth  by  a  good  non-conductor  of  heat. 

In  collaboration  with  his  brother  he  constructed  a  dew-pond 
in  a  very  low-lying  piece  of  land  to  test  the  question  as  to 
whether  it  would  be  possible  to  obtain  a  water  supply  even 
under  unfavorable  conditions  in  the  absence  of  rain,  springs 
or  streams.  They  began  by  excavating  the  earth  over  an 
area  of  100  ft.  square  to  a  depth  of  1  ft.  6  in.;  over  this  they 
laid  a  bed  of  4-in.  of  cement  concrete  and  thickly  coated  the 
surface  of  this  with  pitch.  The  surface  of  the  pitch  was  then 
spread  over  with  fine  sand,  and  mica  slabs  2  ft.  square  and 
2  in.  thick  were  laid  in  regular  order  on  top  of  the  sand : 
about  an  inch  space  was  left  around  each  slab.  In  order 
to  keep  these  slabs  quite  dry  and  so  preserve  their  heat- 
non-conducting  property,  the  whole  surface  of  the  pond  was 
covered  with  %  in.  of  asphalt.  The  asphalt  ran  into  the 
spaces  between  the  slabs,  but  when  it  was  completed  it 
presented  an  even  black  appearance  over  the  whole  pond. 
At  an  early  hour  on  an  autumn  morning,  after  a  rainless  night, 
the  pond  presented  an  extraordinary  appearance.  The  whole 
surface  looked  like  a  chess-board  with  some  2,500  perfect 
white  squares  all  ruled  off  regularly  by  hard  pitch-black  lines 
about  1  in,  wide  between  them.  There  was  very  little  dew 
on  the  grass  around  the  pond,  but  in  the  pond,  immediately 
above  each  mica  square,  tall  white  hoar  frost  was  standing, 
but  there  was  not  a  trace  of  hoar  frost  on  the  asphalt  above 
the  joints,  which  stood  out  as  hard  black  lines  In  a  few  hours 
the  sun  melted  the  hoar  frost,  and  hundreds,  if  not  thousands, 
of  gallons  of  water  lay  in  great  pools  and  puddles  on  the 
surface  of  the  pond. 
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W  ind  Pressures  on  550  Ft.  Chimney 

From  Kinrlneerlni!.  Sept.  27,  IStlS. 

Thf  ort'itlon  of  the  lofty  chimney  nt  Sngiinosckl,  Japiui. 

by  Ihe  Weber  Chimney  Co.  of  Chioiigo.  has  Riven  Professor 

Omorl  the  opporluiilty  of  ciirrylnc  out  some  ol.servntions  on 

the  movement  to  which  the  top  of  the  chimney  is  Bubmlitoil 

by   wind   pressure.     These  ore  ot  considerable   Interest,   as 

;s|i  the  means  of  determining  the  degree  ot  stability 

:    by   tail   columns    havlnK   an   oscillation    period    of 

mort>  than  2  seconds.    In  the  case  of  the  SananoseUi  chimney, 

the  material  used  Is  ferroconcrete,  a  malorial  that  will  give 

(o  the  completed  structure  a  degree  of  stability  difTering  in 

.■\.ral    Important    respects    from    that   attaching   to    similar 

US  In  brick  or  stone,  mainly  in  consequence  of  the  more 

...h.ler    form    and    thinner    walls    possible    with    reinforced 

concrete 

The  shaft  Is  the  loftiest  structure  of  the  liiiui  in  the  world, 
reaching  a  height  of  Sr.O  ft.  above  the  foundation  pier.  It 
M.auN  on  a  hard  Paleozoic  formation  whose  seismic  move- 
„  ,  ni  would  probably  be  of  less  intensity  than  500  nini./sec.=, 
ov.-n  in  the  case  of  a  destructive  earthquake  originating  in 
the  neighborhood.  The  base  is  about  450  ft.  above  sea-level. 
and  the  top  reaching  therefore  to  a  height  of  1,000  ft.  must 
experience  a  mucli  greater  wind  velocity  than  that  registered 
Bl  the  surface.  The  effect  was  sUtliciently  patent  during  the 
obser\-ations,  and  it  is  no  exaggeration  to  assume  that  in 
time  of  storms  the  wind  velocity  at  the  top  will  be  twice  that 
at  the  base.  The  tapering  form  ot  the  structure  Is  clearly 
Indicated  in  the  following  table; 


lIoiKbi 
abovt- 
KTttund. 


Ht.  above  ground 
of  center  of 
External  Wall  .gravity  of 

diameter          thickness,  each  portion.  VoUinu-. 

ft    in                    In,                      ft.  cu.  ft. 

Ton                                  2T     5                      T                    40.9.4  9,437 

iSP,; 28     6                    10^                 347.7  8.932 

';-  n ::.  30     7                    13>4                 247.2  12.206 

..  33     6                    17                     147.0  17.3(7 

■.      ■■                               n     S                    22                      46.0  2O.700 

H..,-.-     .'-■  42     8                    29H                 


Total 


73,652 


The  foundation,  composed  of  reinforced  concrete,  is  cir- 
cular, 17  ft.  in  height  and  95  ft.  in  diameter.  Its  weight  is 
4.714  tons,  of  which  4.603  tons  are  concrete,  having  the  com- 
position of  ]  :  2  :  3.5,  and  the  remaining  111  tons  steel.  The 
total  weight  of  the  main  shaft  is  4,852  tons,  the  reinforce- 
ment consisting  of  corrugated  Johnson  bars  embedded  in  the 
concrete  at  the  depth  of  3  in.  from  the  surface  accounting 
for  316  tons.  The  total  weight  ot  the  whole  is  therefore  9,139 
tons,  the  pressure  exerted  by  the  main  shaft  being  3  tons 
per  square  foot,  and  the  center  of  gravity  ot  the  whole  is 
194.2  ft.  from  the  ground  or  about  =-,  ot  the  height  ot  the 
structure 

No  external  staging  was  erected,  the  materials  and  work- 
men were  carried  up  by  means  of  an  elevator  supporting  a 
scaffolding  12  ft.  by  12  ft.,  which  at  suitable  intervals  could 
be  stayed  against  the  Interior  wall  of  the  chimney.  The 
effectiveness  of  the  arrangement  is  shown  by  the  fact  that 
the  main  shaft  was  completely  erected  in  190  days.  This 
staging  and  its  supports  had  not  been  removed  prior  to  the 
observations,  but  could  not  have  sensibly  interfered  with  the 
vibration  of  the  chimney  shaft  as  the  total  weight  was  only 
70  tons.  Ot  more  importance  may  have  been  the  flue  opening 
at  the  base,  having  a  direction  nearly  W.N.W.-E.S.E..  approx- 
imately parallel  to  that  of  the  prevailing  winds.  The  height 
of  the  flue  is  31  ft.  with  a  wall  thickness  of  3  ft.  6  in.,  and 
the  opening  at  the  base  is  20  ft.  in  width  with  a  semicircular 
top  of  10  ft.  radius.  The  effect  of  this  gap  in  the  masonry 
!B  not  negligible,  and  it  is  a  little  unfortunate  that  the  range 
in  the  direction  of  the  wind  during  the  observations  was  too 
limited  to  permit  fuller  investigation. 

The  registering  instruments  consisted  of  two  single  com- 
ponent horizontal  vibration  recorders,  one  having  halt  the 
sensitiveness  ot  the  other,  each  to  be  used  according  to  the 
force  ot  the  wind.  These  instruments  were  oriented  so  as 
to  indicate  the  vibration  either  in  a  radial  or  tangential 
direction.  Two  positions  were  occupied  at  the  top  of  the 
concrete  shaft.  The  variation  in  the  force  of  the  wind  during 
the  five  days  throughout  which  the  observations  were  contin- 
ued was  considerable.  On  the  first  day  a  stormy  gale  with 
a  velocity  of  24  m.  ner  second  was  recorded  on  a  Robinson 


anemometer;  then  t'ollowetl' a  period  of  throe  days  with  light 
airs,  in  which  the  velocity  did  not  exceed  7  m.  per  second, 
but  on  the  last  day  the  weather  was  vei^'  strong,  and  the 
wind  had  the  force  ot  a  hurricane,  velocities  ot  35  in.  per 
second,  or  7S  miles  an  hour,  being  registorod.  Tltc  directions 
of  the  wind  are  not  recorded  further  llian  that  they  coincide 
with  the  direction  ot  the  Hue  and  that  the  air  circulation 
about  the  chimney  top  was  of  a  complicated  character. 

The  following  table  summarizes  the  results  of  the  live  days' 
observations.  A  comparison  iietween  the  results  on  the  22nd 
and  26lh  suggests  that  the  motion  on  the  latter  date  is  too 
small.  In  anotlier  table,  however,  too  long  to  quote,  it  would 
seem  that  the  20inm.  motion  on  tlie  22nd  is  a  maximum 
and  not  an  average  excursiou. 


VIHR.VTION    OF   COLl'MN'    N01!M.\L,   TO    THE    DIRECTION    OF 

WIMD. 

Date,                               Wind  Range  fomplete 

neoeniher,  1916.                    velocity.  of  motion.  period. 

H.  M.                              M    j>er  .sec.  JMm.  See. 

[6.9  0.18  ■3..i.T 

Doc.  23..  9     -^6.7  0.13  2.5S 

L5..-1  0.17  ::.r.r) 

Dec.  23..   2     15  p.  ni 4. ,5  0.14  2.54 

Dee.  24. .2     30  p.    m 1.0  fl.l.i  -2J<3 

Dee.  24. .10       0  a.  m '4.5  0,46  2„5R 

Dec.  25. .11       0  a.  m 1.8  0.72  •i.a\ 


Dec.  26.  .  3       0  p.^m 


.S5.0 


186,00 


2,66 


VIBRATION  OP  COLUMN  PARALLEL  TO»THE  DIKECTION  OF 

WIND. 

Date,                               Wind  Range  Complete 

December,    1916.                  velocit.v.  of  motion.  period.    ' 

H.  M.                               M,    per  sec.  Mm.  Sec. 

Dec.  22..   3     30  p.   m 22.0  20.00  2,56 

Dec.  24..   1       0  p.  m 1.0  0,47  '!..i2 

Dec.  24. .11       0  a.  m 1,0  0.24  'ISa 

Dec.  26. .3     30  p.  m 35,0  20.00  iSl 

Another  tact  of  great  importance  made  manifest  by  these 
figures  is  the  rapid  increase  in  amplitude  with  the  augmenta- 
tion of  the  wind's  velocity.  The  simple  formula  that  suggests 
that  pressure  varies  as  the  square'  ot  the  velocity  does  not 
hold  here.  With  a  velocity  of  6  m./sec.  the  excursion  is  quite 
insignificant ;  at  24  m./sec.  the  complete  range  or  double 
altitude  is  less  than  an  inch;  with  the  hurricane  force  of 
35  m./sec.  the  motion  amounted  to  nearly  8  in.  Professor 
Omorl  is  quite  .iustified  in  asserting  that  with  a  wind  velocity 
of  50  m./sec. — a  velocity  occasionally  reached  in  gusts  in 
this  country — the  chimney  top  would  move  at  least  15  in. 
The  period  of  oscillation  in  either  direction  does  not  vary 
with  the  amplitude,  at  least  within  the  range  of  the  present 
experiment,  "probably  because  the  motion  was  well  below 
the  elastic  limit  ot  the  reinforced  concrete  structure."  The 
mean  period  ot  the  transverse  oscillation,  2.55  seconds,  ia 
slightly  longer^than  that  of  the  parallel.  2,53  seconds,  and  if 
this  difference  be  real,  it  may  be  traceable  to  the  position 
of  the  flue,  causing  the  shaft  to  oscillate  more  easily  in  the 
transversal  direction,  but  the  evidence  is  inconclusive. 

Professor  Omori  has  carried   out   similar  observations   on 
two  other  chimneys,  at  Skegawa  and  Tokio,  each   having  a 
height  of  100  ft.     The  general  dimensions  are  as  follows; 
External    diameter.  Internal    diameter.     Wall   thickness. 
Skegawa.    Tokyo.    Skegawa.    Tokyo.    Skegawa.     Tokvo. 
Ft.  In.        Ft.  In.        Ft,  In.       Ft.  In.  In,  In. 

Base 5       7  79  47  ,i6  S  ?■ 

Top 40  71  31  ,r6  i;  .1 

The    ratio    of   external    diameter    to    height    in    the    three 

cases  is; 

Skegawa   1:17,5 

Tokyo    1:12,9 

Saganoseki    i  :12.0 

The  instruments  used  on  the  two  smaller  chimneys  were 
the  same  as  on  the  higher,  and  the  general  arrangements 
nearly  identical.  Unfortunately,  in  both  cases,  the  weather 
was  too  calm  to  permit  of  any  decisive  conclusions.  At 
Tokio  the  wind  had  a  velocity  ot  only  5  m,  to  6  m.  per  second, 
and  the  oscillations  w'ere  very  small.  The  vibration  period 
was  0.8,5  second  and  the  maximum  motion  0.2  mm.  At 
Skegawa  a  maximum  velocity  did  not  exceed  14.3  m./sec. 
and  the  mean  was  only  9.6  m./sec.  As  might  be  expected 
from  the  quoted  dimensions,  this  latter  column  proved  itself 
very  shaky  and,  as  a  matter  of  fact,  could  be  thrown  into 
vibrations  of  considerable  amplitude  by  the  exertions  ot  a 
man  mounted  on  the  top.  With  a  wind  velocity  ot  less  than 
10  m,/sec.  the  double  amplitude  amounted  to  nearly  1  mm., 
a  considerably  greater  arc  than  in  the  case  of  the  oOO-ft. 
chimney.  The  interest  of  the  measures  consists  mainly  in 
comparing  the  effect  of  artificial  shaking  with  that  due  to 
w-ind  action.  The  former  may  have  been  increased  by 
"resonance,"  The  length  ot  the  arc  through  which  the  col- 
umn moved,  and  the  period  of  vibration  were  sensibly  the 
same   in   the  two   directions   at   right   angles   to   each   other, 
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453 


Sec, 

4.3  0.84 
5.0  0.,S1 

5.4  0.S2 


SO  that  it  will  be  sufficient  to  quote  the  results  derived  from 
the  vibrations  transverse  to  the  flue: 

Effect  of  wind.       Artificial   shaking. 
Double  Double 

Date,  1917.         Wind  force        ampli-       Period.       ampU-       Perioa. 
and    direction,      tud'e.  ,  tude. 

Jan.  M./Sec.  Mm.  Sec.  Mm. 

30.  3-3:30  p.m.X.W       7.6-14.3       0.95  O.Sl 

31.  10-11  a.m. S.S.K.    5.S-10.0       O.Ti)  0.81 
31.      ll-12a.m.S.S,T5.   -5.8-10.0       0.90  0.82 

The  alternate  growth  and  decay  of  the  vibrations  observed 
at  Saganoseki  was  also  remarked  in  the  case  of  the  smaller 
shaft. 

The  main  conclusion  reached  is  that  wind  pressure  on  a 
tall  chimney  can  entail  consequences  as  disastrous  as  those 
due  to  seismic  motions,  even  in  countries  where  such  occur- 
rences are  frequent  and  severe.  The  observed  motion  of  the 
Saganoseki  chimney  indicated  a  maximum  acceleration  of 
5fi5  m./sec.-.  whereas  on  the  occasion  of  the  destructive 
Tokio  earthquake  of  June  20.  1894.  the  intensity  was  444 
mm./sec.=.  Should  the  wind  velocity  reach  50  m./sec.  the 
vibration  would  acquire  an  acceleration  of  more  than  l.OnO 
mm. /sec.-.  Only  very  near  the  epicentre  of  an  earthquake 
is  such  an  intensity  to  be  anticipated.  Again,  a  reinforced 
concrete  chimney  of  less  than  200  ft.  in  height  must  be 
regarded  as  a  "short  column."  and  in  such  structures  it  is 
desirable  to  reduce  the  height  of  the  center  of  gravity  as 
much  as  possible.  On  the  other  hand,  the  .550-ft.  Saganoseki 
chimney,  and  still  more  that  of  the  1,000  ft.  chimney  already 
projected,  must  be  regarded  as  "tall  columns,"  that  are  se-s- 
mically  weakest,  not  at  the  base,  but  at  about  two-thirds  of 
the  height.  In  the  usual  chimney  construction  the  center 
of  gravity  of  the  whole  structure  is  situated  at  about  one- 
third  of  the  height,  while  that  of  the  upper  third  portion 
alone,  is  nearly  at  the  middle  of  its  height,  causing  the  shaft 
to  be  comparatively  weak  near  the  top.  Professor  Omori 
recommends  such  a  distribution  of  the  material,  that  the 
center  of  gravity  should  be  at  one-fourth  the  height  of  the 
whole  structure,  as  well  as  for  the  upper  portion  alone.  In 
such  a  case  the  chimney  would  present  uniform  strength 
against  an  earthquake  shock.  But  if  the  center  of  gravity 
of  the  upper  third  part  be  about  the  middle  of  this  section, 
the  effect  would  be  to  weaken  the  shaft  at  the  place  where 
the  seismic  motion  would  be  most  effective. 


Chalk  Concrete  Building  Blocks 

From    Concrete    and    Constructional    Engineering. 

In  the  March  issue  of  this  journal  last  year  reference  was 
made  to  a  form  of  concrete  block  construction  invented  and 
carried  out  in  France  by  Captain  Quick,  R.  E.  Since  that 
time  a  great  advance  has  been  made  in  this  type  of  construc- 
tion, blocks  of  different  forms  have  been  employed,  and 
the  product  has  been  applied  to  a  variety  of  uses. 

In  this  system,  the  concrete  was  composed  of  chalk  and 
Portland  cement.  The  original  block  intended  for  walls  of 
the  pier  and  slab  type  was  hollow  and  measured  10  in.  by 
10  in,  by  2  in.  The  composition  of  the  concrete,  both  for 
piers  and  blocks,  is  one  part  Portland  cement  and  four 
parts  chalk.  The  chalk  is  first  thoroughly  ground  in  a  mill,' 
and  then  the  proper  proportion  of  cement  ground  in  with  it. 
The  mixture  may  then  be  made  into  a  slurry,  poured  into 
molds  and  allowed  to  set;  or  it  can  be  molded  in  a  sub- 
stantially dry  state  under  pressure  when  it  is  said  to  be 
ready  for  use   almost   immediately. 

In  addition  to  the  hollow  blocks,  which  are  used  in  two 
sizes,  10  in.  by  10  in.  by  2  in.  and  9  in.  by  9  in.  by  4%  in.. 
solid  concrete  bricks  are  made,  9  in.  by  4%  in.  by  3  in.  These 
are  molded  with  the  aid  of  a  French  hand  pressure  machine. 
the  mixture  being  in  a  semi-dry  state,  and  variously  propor- 
tioned from  1:4  to  1:10.  It  is  claimed  that  the  concrete  bricks 
thus  produced,  and  in  the  manufacture  of  which  unskilled 
labor  only  is  employed,  are  equal  to  the  best  facing  brick 
made  in  this  country,  and  at  a  cost  well  under  that  of  the 
cheapest  burnt  brick.  The  buildings  in  the  erection  of  which 
these  blocks  have  been  used  have  withstood  the  rigors  of 
three  w-inters,  and  we  understand  have  shown  themselves 
to  be  unaffected  by  frost  or  rain;  experiments,  too,  have 
been  conducted  with  a  view  to  ascertaining  the  fire-resisting 
properties  of  the  material,  which,  we  are  informed,  were 
found  to  be  very  high. 

As  would  be  expected  from  the  nature  of  the  ingredients, 
this  kind  of  concrete  has  a  very  fine  texture,  and  it  is  said 
that  when  green  it  can  be  carved  with  ease. 


British  Joint  Committee  Report  on 
Loads  on  Highway  Bridges 

From  Tlie  Surveyor.  Maicli  7,  i;n9. 
The  long-expected  report  of  the  Joint  Committee  formed 
in  1911  of  members  of  the  Concrete  Institute,  the  Institution 
of  Municipal  and  County  Engineers,  and  the  Institution  of 
Municipal  Engineers,  dealing  with  "The  Loads  to  be  Pro- 
vided for  Upon  Highway  Bridges,"  has  been  published.* 

The  committee  obtained  information  from  a  large  num- 
ber of  surveyors,  railway  engineers,  contractors  and  others, 
as  to  the  weights  of  vehicles  and  the  loads  they  carried,  and 
after  being  fully  considered  the  classification  of  the  bridges 
was  reduced  to  only  three  classes. 

In  designing  bridges  with  cross  girders,  the  committee 
says  that  the  girders  must  be  sufficient  to  carry  the  max- 
imum axle  load  traveling  across  the  center  of  their  span  at 
the  given  wheel  gage,  together  with  the  dead  load  accord- 
ing to  the  spacing  of  the  cross  girders,  and  a  distributed 
external  load  of  1  cwt.  per  foot  super,  over  the  area  not 
occupied  by  the  rolling  load.  In  arched  bridges  the  curve 
of  the  thru;st  should  be  drawn  when  the  heaviest  axle  has 
reached  the  center  of  the  nearer  haunch  and  again  when  it 
has  reached  the  center  of  the  further  haunch.  These  two  posi- 
tions probably  give  the  greatest  variations  in  the  stress  to 
be  provided  for,  but  if  a  third  condition  is  taken,  it  should 
be  when  the  heaviest  axle  has  reached  the  center  of  the 
bridge.  As  regards  the  distribution  of  point  loads  through 
the  thickness  of  the  road  material,  the  committee  consider 
that  the  spread  each  way  may  be  taken  as  equal  to  the  depth, 
so  that  the  pressure  due  to  a  wheel  load  of  5  tons,  on  a  width 
of  tire  of  3  in.  with  a  depth  of  road  material  of  12  in.,  would 
be  spread  over  an  area  of  2  ft.  3  in.  X  2  ft.  =  .1 1-9  tons  per 
square  foot  on  the  under  surface. 

Effect  of  Speed. — The  report  deals  with  the  effect  of  speed 
in  increasing  the  vertical  loads,  and  while  correcting  some 
exaggerated  statements  as  the  cumulative  increase  in  loads 
due  to  high  speed,  says  "that  a  critical  speed  exists  at  which 
the  vibration  and  stresses  induced  by  a  rolling  load  reaches 
a  maximum."  The  critical  speed  is  different  tor  various 
kinds  of  traffic  and  also  depends  upon  the  class  of  bridge. 
Up  to  now  it  has  not  been  possible  to  formulate  practical 
lules  to  determine  even  approximately  the  critical  speed  for 
a  brid.t,e,  but  it  is  suggested  that  experiments  should  be  made 
to  determine  the  critical  speed  for  any  particular  bridge  under 
test  loads  by  which  it  would  be  possible  to  regulate  the 
maximum  speed  for  various  kinds  of  traffic  on  the  bridge. 
The  committee  is  of  the  opinion  that  the  condition  of  the 
roadway  has  more  influence  on  the  stress  than  the  speed. 
The  vibration  of  the  load  and  consequent  increase  of  stress 
will  probably  vary  with  the  irregularity  of  the  surface,  and 
a  very  interesting  table  showing  the  tractive  effort  required 
on  different  road  surfaces  is  given  in  the  report.  These  vary 
from  40  to  .'lO  lb.  per  ton  of  load  on  asphalt,  60  to  100  lb. 
on  paved  roads,  100  to  120  lb.  on  a  good  dry  macadam  road, 
rising,  to  220  lb.  on  a  muddy  road  and  300  lb,  on  a  loose 
stone  macadam  road. 

The  committee  recommends  that  if  bridges  of  over  50-ft. 
span  are  designed  with  a  factor  of  safety  of  4  and  5  for 
smaller  spans,  the  loads  may  be  taken  as  dead  whatever  the 
speed  may  be  at  which  they  are  traveling.  The  dead  load 
will  include  the  whole  weight  of  the  superstructure,  including 
mains,  tramway  rails,  etc. 

Standard  Loads. — A  table  is  given  suggesting  standard  loads 
for  the  three  classes  of  bridges,  with  diagrams  showing  typ- 
ical maximum  loads  on  each  class  of  bridge.  Class  I.  bridges 
are  on  main  thoroughfares  in  great  industrial  centres  and 
within  25  miles  radius  capable  of  carrying  ordinary  boiler 
trollies  and  heavy  guns  up  to  25  tons  on  one  axle,  together 
with  a  tractor  of  12  tons  per  axle  and  occupying  a  space  of 
40  ft.  by  10  ft.,  with  a  load  of  5  cwt.  per  foot  super,  on  the 
.gross  area  covered.  Class  II.  are  bridges  on  secondary  roads 
in  great  industrial  centres  capable  of  carrying  20-ton  rollers, 
large  traction  engines,  tram-cars,  etc.,  with  a  maximum  axle 
weight  of  15  tons  and  2%  cwt.  per  ft.  super,  on  gross  area 
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1  1iIk<'!'  oil  in'ovlnclal  roadB  ollwr  Ihim 
.   of  carryliiK  ir.ioii  rollerB. 

,,,,  !u»   utll  liuvi-  lo  l>t'  inovlclecl  for  in   many  of 

i),r  1.  -irlul  lownti  111  lhi>  Norlh  of  Knglantl  and  the 

Mlillan.lii.  «h<'r,.  I.m\.|h  of  70  tons  on  two  axli'S  wtlh  a  whoel 
liasf  ot  10  ft  I.  tn  ari'  rt'iiulnul.  Tliln  Is  llif  load  on  wlilch 
r..ii\  two  of  Iht?  170  brUlKOH  In  leads  Is  basinl,  and  loads  of 
«...  (oMii  on  four  »Iu'»'1h  are  provUU'd  for  on  ordinary  lirldgeu 
u«ur  th<'  Mant-hcslcr  Ship  I'anal  IXii-ks, 

Tiro*  »nd  Wheel  Dlnmetcrt.  An  pxtrenuMy  nspfiil  appen- 
dix hv  Prof.  Adams  Is  altailii'il  to  Ihc  report  and  deals  with 
the  c)u>>stlon  of  «heol  tires  and  diameter  of  wheels  for  various 
i'wdH  AlthoiiKh  the  coninilttoe  deeided  that  the  eonsidera- 
lion  of  the;;e  mutters  was  outside  the  seope  of  their  inquiry. 
the  draft  rei'orl  has  vry  wisely  heon  appended  to  the  report. 
The  a\ernKe  standard  width  of  tire  now  in  general  use  is 
■  I  In.  per  .".  cwt.,  inakinK  no  dlsllneiion  hetween  sununer 
.■  inter,  or  between  wheels  of  various  diameters.  This  is 
un  unsrlentitlc  rule,  as  the  dama):e  to  a  road  surface  de- 
er-ns.  s  i.nder  the  same  load  per  Inch  as  the  width  of  the 
lire  Increases,  and  also  as  the  diameter  ot  the  wheel  increases, 
h-.'t  ony  rules  for  ui'lversal  application  must  above  all  things 
be  simple  and  easily  applied.  Prof.  Adams  has  therefore 
i-omplli'd  tables  which  givo  his  suggestions  for  maximum 
loods.  and  he  has  shown  them  eraphicully  In  a  diagram  rang- 
hiK  from  1  in  to  carry  ">  cwt.,  lo  IS  in.  for  a  SOton  load. 
He  aho  gives  a  diagram  showing  the  minimum  diameter  ot 
wheel  for  a  given  load,  and  suggests  that  where  the  width 
of  ih-  wheel  Is  over  12  in.,  twin  wheels  should  be  used  giving 
half  the  width  on  each.  In  wet  weather,  say  between  Novem- 
ber and  April  Inclusive,  the  loads  should  be  reduced  one- 
fourth,  so  as  to  avoid  damage  to  wet  roads.  He  suggests 
that  the  length  ot  a  skid-pan  should  be  three  times  the  -width 
of  the  tire,  and  be  ISi  in.  outside  the  tire  and  have  rounded 
edces. 


Machiiu'  for  Tar  Painting   and    (irouting 

From    The    Surveyor,    Jan.    17,    1919. 
Xotf^worthy    Improvements    in    the    "Non-Such"    t.ar-paint- 
inc   and    tar-grouting    machines    (Sutcliffe's    patent)    are    an- 
nounced  by  the  Patent  Snowplow   Co.,  Mytholmroyd.   S.   O., 
Yorks.     The   eUerations   In   Question    are    confined   to   the 


Wind  Braciiij^  for  62  Ft.  High,  378 
Ft.  Long  Steel  Warehouse 

l.'r.im   •rile    l';riKil»'i.f.   .1:im.    :!1.    I'.H'.t. 

.\  wiueliouse,  remarkable  for  its  great  height,  and  for  the 
methods  which  have  been  adopted  to  nuike  the  structure 
capable  of  witlistanding  the  wind  loads,  has  been  erected 
recently  at  TralTord  Park,  Manchester.  The  building  was 
designed  by  ('has.  lleathcote  &  Sons.  Architects.  Manchester, 
for  the  llriii  of  Ihill  and  Pickles,  Limited,  iron  ami  sleel  mer- 
chants. 

The  briihliim  is  of  steel  ;in(l  :,"X  ft.  6  in.  long.  It  is  divided 
into  four  main  longitudinal  bays,  94  ft.  7 '^  in.  span  between 
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Fig.   1 — Roof   Plan   of   Steel   Warehouse,  Showing   Wind    Bracing. 

the  centers  of  the  valley  stanchions.  The  structure  is  23t) 
ft.  8  in.  wide,  divided  into  two  equal  spans,  118  ft.  4  in.  be- 
tween the  centers  ot  the  stanchions,  and  the  heiglit  is  62  ft. 
from  datum  to  the  level  of  the  shoes  of  the  roof  principals. 
The  principles  on  which  the  design  is  based  are  explained 
by  means  of  the  drawings.  Figs.  1,  2  and  3.  and  the  claim 
that  this  is  the  only  structure  in  existence  so  treated  for  wind 


Fig.  2. — Cross  Section  of  Warehouse. 

loads  is  probably  justified.  Before  finally  adopting  the 
methods  outlined  below,  a  number  of  trials  were  carried  out 
by  the  designers  to  ascertain  the  most  reasonable  and  eco- 
nomical means  of  providing  against  the  enormous  wind  pres- 
sure on  a  building  of  such  large  dimensions  in  an  exposed 
position.  This  pressure,  as  will  be  seen  from  the  drawings, 
was   disposed   of   by   transmitting  all   side   wind   pressure   to 


Tar   Spreading    Machine   at   Work. 

squeegees  of  the  machine,  which  are  now-  fitted  in  nine  parts 
arranged  in  the  manner  shown  in  the  accompanying  photo- 
graphic view,  the  idea  being  that  each  section  will  adapt  it- 
self to  the  camber  of  the  road.  As  a  result  ot  the  new-  ar- 
rangement the  tar  is  pocketed  and  taken  along  by  the  squee- 
gees, and  a  uniform  distribution  over  a  width  of  6  ft.  is  se- 
cured. Some  idea  of  the  working  capacity  of  the  "Non- 
Such"  may  be  obtained  when  it  is  stated  that  with  a  160^al. 
machine  800  gal.  of  tar  have  been  applied  in  9  hours.  The 
actual  time  taken  to  apply  %  bbl.  of  tar  is  8  minutes,  and 
the  yardage  covered  varies  with  the  character  of  the  road 
from  .5  to  14  sq.  yd.  to  the  gallon;  on  this  basis  anything 
from  4.000  to  11,200  sq.  yd.    per  day  can  be  covered. 

(22) 


Fig.  3 — Gable   Ends.  Showing  Bracing. 

the  gables  and  all  gable  wind  pressure  to  the  sides  of  the 
structure,  through  a  series  of  bracings  in  the  roof — on  the 
plane  of  the  bottom  ties  of  the  roof  principals — in  the  sides 
and  in  the  gable  ends.  The  wind  load  on  each  side  stanchion 
having  been  calculated,  one  half  of  it  was  considered  as 
acting  at  the  base  of  the  stanchion  and  the  reacting  face  of 
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the  concrete  loundation  was  made  of  such  size  as  to  offer  a 
sufficient  area  to  the  adjoining  ground  to  prevent  sliding.  The 
other  half  of  the  load,  together  with  wind  on  the  roof,  was 
considered  as  acting  at  the  head  of  the  stanchion  at  points 
A  indicated  in  the  root  plan  Fig  1.  transmitted  thence  to 
points  B  through  the  horizontal  trusses — of  which  the  bottom 
ties  of  roof  principals  form  the  struts  and  additional  members 
form  the  ties — and  thence  to  points  C  through  the  horizontal 
truss,  of  which  the  fop  boom  of  the  valley  girders  forms  the 
bottom  tie,  the  struts  and  diagonel  ties  being  formed  of  lat- 
tice construction  suspended  from  the  bottom  ties  of  the 
roof  principals.  The  drawing  (Fig.  2)  shows  how  these 
stresses  were  provided  for.  and  brought  to  the  ground  by 
means  of  ties  introduced  into  the  gable  construction.  Some- 
what similar  treatment  was  followed  in  connection  with  gable 
wind,  the  pressure  being  transmitted  to  the  ground  through 
gracings  in  the  sides  of  the  building.  It  will  be  noted  that 
valley  wind  is  also  accounted  for. 

The  general  contractors  were  Messrs.  J.  T.  Hollinworth  & 
Son,  of  Patricroft,  and  the  contractors  for  the  steel  work 
Heenan  and  Froude.  Limited,  of  Manchester. 


Reinforced  Concrete  Pontoons  at  Sydney, 
N.  S.  W. 

From  The  Engineel-.   Ort.   4,   1918. 

The  following  particulars  of  the  ferro-concrete  pontoons 
for  fen-y  berths  Nos.  6  and  7  at  Circular  Quay,  Sydney,  New 
South  Wales,  will  doubtless  be  of  interest.  One  of  the 
pontoons  has  a  length  overall  of  110  ft.,  a  maximum  breadth 
of  67  ft.  7  in.,  and  a  depth  of  7  ft.  9  in.  The  thickness  of  the 
bottom,  sides  and  deck  is  5  in.,  while  that  of  the  bulkheads 
is  4  in.  The  pontoon  is  divided  up  into  44  water-tight  com- 
partments. The  total  quantity  of  concrete  employed  in  the 
structure  was  342  eu.  yd.,  and  the  amount  of  steel  reinforce- 
ment used  was  43  tons.  The  displacement  of  the  pontoon 
when  launched  was  625  tons,  while  the  displacement  when  it 
was  completed  with  sheds,  ramps,  etc.,  was  783  tons.  The 
reinforcement  of  the  bottom  is  double,  and  consists  of  an 
upper  and  lower  mesh.  The  upper  is  fori.ied  of  %  in.  diameter 
rods  arranged  at  3  in.  centers  longitudinally,  with  14  in.  diam- 
eter transverse  rods  at  3  in.  centers.  The  lower  consists  of 
%  in.  diameter  rods  laid  longitudinally  at  6  in.  centers,  with 
%  in.  diameter  transverse  rods  at  6  in.  centers.  The  two  meshes 
are  connected  by  No.  6  gage  wire  stirrups  spaced  at  6  in.  centers 
and  bound  with  tie  wire  to  the  rods.  The  reinforcement  of 
the  sides  and  ends  is  also  double  mesh,  the  inner  mesh  con- 
sisting of  %  in.  vertical  rods  at  3  in.  centers  with  14,  in. 
diameter  rods  at  3  in.  centers  placed  horizontally,  while  the 
outer  mesh  is  made  up  of  %  in.  diameter  vertical  rods  placed 
at  6  in.  centers,  and  %  in.  diameter  rods  at  6  in.  centers. 
Both  meshes  tied  together  at  6  in.  centers  with  No.  6  gage 
wire.  The  bulkhead  reinforcement  consists  of  a  double  mesh 
with  ^4  in.  diameter  rods  spaced  at  3  in.  centers  vertically 
and  6  in.  horizontally  with  stirrups  at  6-in.  centers.  The 
deck  reinforcement  consists  of  a  double  mesh  made  up  of 
%  in.  diameter  rods  at  6  in.  centers  both  ways,  tied  together 
with  stirrups  at  6  in.  centers. 

The  girders  in  the  bottom  and  deck,  both  longitudinal  and 
transverse,  are  12  in.  by  10  in.,  and  are  reinforced  with  V2  in. 
and  %  in.  diameter  rods  spaced  in  a  circle,  and  spirally 
wound  with  No.  6  gage  wire.  The  posts  at  the  intersection 
of  the  bulkheads  are  10  in.  by  10  in.,  and  are  reinforced  with 
14  in.  diameter  rods  placed  in  a  circle,  with  their  ends  fixed 
to  the  girders  of  the  deck  and  bottom.  They  also  are  spirally 
wound  with  No.  fi  gage  wire.  The  side  posts  are  reinforced 
with  %  in.  diameter  and  V4  in.  diameter  rods  fastened  to  the 
deck  and  bottom  girders  by  stirrups  14  in.  diameter.  The 
gunwale  girder  is  reinforced  with  1  in.  diameter  and  %  in. 
diameter  rods,  with  14  in.  diameter  stirrups  arranged  at  6  in. 
centers. 

The  concrete  for  the  bottom  and  sides  was  composed  of 
4  parts  %  in.  gage  blue  metal  shivers,  2V^  parts  sand,  and 
1%  parts  Portland  cement,  and  for  the  bulkheads  and  deck, 
4  parts  of  %  in.  blue  metal  shivers,  2%  parts  sand,  and  1  part 
cement. 

A  second  pontoon  of  similar  construction  has  the  following 
dimensions:  Length  overall,  124  ft.:  beam,  44  ft.:  depth.  9  ft. 
The  concrete  used  in  the  construction  of  the  bottom  and  sides 
was  composed  of  %  in.  blue  metal  shivers  2  parts,  pea  gravel 
2  parts,  sand  21-4  parts,  cement  1%  parts. 


A  New  Form  of  Reinforcing  Metal 
for  Concrete 

From    IjO   Gfiiit-    Ci\  il. 

M.  Charles  Rabut.  a  retired  inspector  of  the  French  bridges 
and  roads,  has  recently  presented  a  paper  to  the  Academie 
des  Sciences  in  which  he  proposes  a  new  form  of  reinforce- 
ment for  concrete,  which  consists  in  substituting  thin  flat  or 
curved  plates  or  tubes  for  the  bars  and  rods  now  in  use. 

The  present  use  of  three  courses  about  a  given  point  is  al- 
ways superfluous  as  three  tri-orthogonal  tensions  can  be  ar- 
ranged in  two  perpendicular  planes,  one  of  which  possesses 
only  one  degree  of  freedom;  these  two  planes  should  there- 
fore contain  the  two  principal  tensions,  one  of  these  being 
the.  largest  of  the  three  under  consideration  and  the  two 
other  tangential  to  a  third  virtual  course,  so  as  to  form  an 
ideal  reinforcement  by  means  of  a  system  of  triple  ortho- 
gonal surfaces,  especially  as  each  of  the  three  courses  may 
be  real  in  some  areas  and  virtual  in  others,  according  to 
the  position  of  the  external  forces. 

In  a  structure  where  the  three  principal  forces  are  tensile 
it  is  desirable  to  combine  a  course  of  bars  with  a  plate,  each 
point  in  the  combination  being  so  fixed  that  the  bars  are 
placed  in  accordance  with  one  of  the  principal  tensions  and 
the  plate  in  accordance  with  the  two  others. 

The  use  of  plates,  as  proposed  by  M.  Rabut,  is  claimed  to 
have  the  following  advantages: 

(1)  A  saving  in  the  labor  required  to  place  a  given  w-eight 
of  metal  in  position. 

(2)  A  greater  stability  before  and  during  the  placing  of 
the  concrete. 

(3)  Use  of  the  resistance  of  the  internal  forces  in  the  struc- 
ture in  two  principal  directions  instead  of  only  in  one  as 
hitherto. 

(4)  In  the  case  of  a  plate  covered  on  both  sides  with  con- 
crete, the  two  faces  are  independent  of  the  direction  of  the 
total  tangential  force. 

(5)  In  the  case  of  plates  covered  on  only  one  side,  the 
maximum  resistance  is  obtained  by  the  removal  of  the  neu- 
tral axis  to  a  maximum  distance,  the  suppression  of  the 
dead  zone  (i.  e.,  the  zone  of  material  between  the  reinforce- 
ment and  the  surface)  which  never  possesses  the  same 
strength  as  the  remainder  of  the  structure,  the  protection 
of  the  concrete  from  shocks,  chemical  corrosion  and  Infil- 
tration and  the  use  of  the  reinforcement  as  part  of  the  form 
or  shuttering. 

(6)  The  possibility  of  increasing  the  adhesion  by  solder- 
ing or  welding  the  bars  to  the  plate  in  a  transverse  direc- 
tion to  the  tangential  forces  and  to  the  pressure  on  the  con- 
crete. 

(7)  The  ease  with  which  the  use  of  concrete  may  be  avoid- 
ed in  parts  where  metal  alone  will  suffice,  as  in  the  case  of 
concrete  tubes,  where  the  metal  acts  in  accordance  with  its 
longitudinal  adhesion  and  transverse  tension. 

M.  Rabufs  experience  with  concrete  reinforced  with  tubes 
or  plates  shows: 

(a)  The  forces  acting  on  the  tube  may  be  calculated  by  the 
ordinary  rules. 

(b)  There  is  no  need  to  consider  the  resistance  of  the 
filling,  as  it  has,  naturally,  sufficient  resistance  to  compres- 
sion.    Hence,  lean  concrete  or  even  sand  may  be  employed. 

"Tubed  concrete"  is  specially  useful  for  the  economical 
construction  of  structures  heavily  loaded  at  the  end,  for  the 
pylons  of  suspension  bridges,  aerial  hangars  or  stations,  wire- 
less stations  or  large  viaducts.  This  is  quite  distinct  from 
the  use  of  piles  and  tubular  foundations  in  which  the  tube 
or  column  carries  the  load  directly. 

For  structures  with  simple  curves  the  reinforced  bars  may 
usually  be  replaced  by  a  piece  of  thin  sheet  iron  which  is 
filled  with  concrete. 

A  very  important  application  of  this  new  reinforcement  is 
for  railway  sleepers,  for  in  all  such  articles  there  is  an  enor- 
mous advantage  in  doing  away  with  the  reinforcement  of 
the  neutral  axis,  inasmuch  as  it  also  obviates  on  the  dead 
zone,  which  may  be  1,2  in.  to  2  in.  thick,  only  a  total  thick- 
ness of  ?Vi-6  in.  Reinforced  planks  made  by  the  new  ar- 
rangement seldom  -need  any  other  reinforcement  other  than 
a  fixed  band  of  metal,  which  also  serves  as  a  mould.  The 
shells  of  boats  can  be  designed  on  the  new  system  in  an 
equally  simple  manner.    Curved  structures  under  longitudinal 


(23) 


456 


En<ihit'fihi(i  ami  Contnn  tiiift  far  April  -ii),   IUVJ. 


u   .i:-   MHiiis,   reservolrn.   or   rotiilniiiK    walls, 
I   u  concrete  wall   rolnforcod   bv   n   plate  or 
vvcs  as  a  form  and  <>nsuro8  aniplc  roslstance 
;.d  with  rolnforcliiK  bars  placed  In  the  dhec- 
1    •;..•   ii..«    of  the   water  or  iireasiiro.     In   the  opinion 
Knbul.  »iich  n  conslriiclion  will  put  im  end  to  the  dis- 
MirouH    breakdownii    which    occur   at    Intervals    In    barrHges 
built  on  older  Ideas  of  reinforcement. 
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'VUc   Alij^nment  of  Roman   Roads 

\    ;.  Mir   in   Tin-   Siirvoor  of  OiM .   ■*.   r.'t>». 

The  Inut  paniuraph  In  the  "ThlnKS  One  Would  Like  to 
Know"  column  In  your  issue  of  Sept.  27  raises  a  query  as  to 
the  mothoil  followed  by  the  Honians  In  aIi^nlng  their  roads. 
Not  havlni:  read  tie  letter  of  Mr.  Moore,  uientione.l  by  your 
contributor  in  which  the  help  of  astronomical  observation  Is 
suiHtciited.  I  am  not  in  a  position  to  criticise  the  Idea,  but  the 
fact.*  of  (he  case  do  not  appear  to  require  recourse  to  a 
theory  of  that  kind.  Should  any  of  your  readers  feel  curiosity 
on  the  |>olnt  they  might,  with  advantaKe.  refer  to  "Roman 
Roads  In  nrltain."  by  Thos.  t'odrinpton.  M.  Inst.  C.  E.  A 
rll^c^lI  survey  of  hundreds  of  miles  of  Uomnn  roads  has  left 
the  author  of  this  book  with  no  doubt  that  in  laying  out  a 
•miitht  line  of  road  between  two  points  invisible  from  one 
anoUier  the  Roman  engineers  worked  from  two  intermediate 
points  from  which  the  extreme  points  were  visible,  brinsins 
all  four  Into  line  by  means  of  smoke  signals,  and  thus  obtain- 
Init  the  straight  alignment  desired.  The  author  points  out 
that  the  straight  reaches  in  which  it  was  so  often  found 
convenient  to  set  out  a  Roman  road  are  commonly  not  ab- 
solutely straight,  but.  on  the  contrary,  contain  straight  pieces 
not  In  true  alignment,  and  he  has  observed  that  such  pieces 
generally  point  to  some  natural  or  ancient  landmark — such, 
for  example,  as  a  barrow.  It  is  also  to  be  remarked  that 
changes  in  direction,  when  they  are  not  influenced  by  the 
existence  of  towns  or  military  stations  which  the  road  was 
intended  to  serve,  almost  always  occur  on  high  ground. 

Mr.  Codrington  remarks  that  the  straightness  of  the  Roman 
roads  is  less  rem.arkable  than  the  grasp  of  the  features  of 
the  country,  which  the  roads  appear  to  Indicate  as  having 
been  possessed  by  those  who  laid  them  out.  The  straightness 
Is  certainly  a  feature  which  has  usurped  a  disproportionate 
amount  of  attention,  since  it  is  largely  absent  on  numbers  of 
Roman  roads  both  in  this  country  and  abroad  (it  is  strikingly 
absent  from  the  Roman  roads  in  Asia  Minor — upon  which  St. 
Paul  was  a  frequent  traveler) :  but.  personally.  I  am  disposed 
to  think  that  the  value  to  the  Roman  engineers  of  the  aborig- 
inal traffic  routes  has  never  been  sufficiently  recognized.  Pre- 
Roman  Britain  was  not  a  roadless  country — if  by  road  we 
understand  not  a  piece  of  construction  but  merely  the  beaten 
track  indicating  a  custom  of  passing  over  the  land  along  some 
defined  line.  The  tracks  and  paths  among  all  barbarous  com- 
munities tend  to  establish  themselves  by  a  process  of  trial 
and  error,  as  generations  of  travelers  attempt  to  make  their 
way  across  country  without  encountering  easily  avoidable  ob- 
stacles, and  in  time  there  grows  up  a  system  of  communica- 
•■  — ;  vpry  intimately  related  to  the  physical  conditions  then 
ng.  Now  there  was  such  a  system  here  when  the 
iv'ii.aiis  arrived — great  lines  of  road  following  long  escarp- 
ments (like  the  Icknield  Way),  or  feeling  their  way  along  the 
water  partings  (like  Watling-street  and  the  Fosse  Way),  and 
the  invaders,  knowing  well  enough  that  native  paths  offered 
reliable  guidance  to  the  existence  of  practical  natural  routes. 
accepted  the  lines  thus  indicated,  and.  where  they  needed 
roads,  laid  the  old  tracks  out  anew.  It  is  not  suggested,  of 
course,  that  every  meandering  native  road  would  have  a  value. 
while  many  features  which  had  been  real  obstacles  to  the 
British  would  cease  to  operate  as  barriers  among  a  people 
who  were  prepared  to  pave  fords,  bridge  rivers,  maintain 
ferries,  throw  causeways  over  marshes  and  construct  an 
elaborate  artificial  traveling  surface.  The  old  and  the  new 
roads  were  thus  often  a  few  miles  apart  in  places,  but  the 
latter  were  none  the  less  relocations  of  the  former,  and  the 
debt  of  the  Romans  to  the  immemorial  tracks  Is  only  thinly 
disguised.  Naturally  the  Romans  must  have  needed  to  make 
many  arterial  roads  in  directions  in  which  no  existing  tracks 
ran:  but  there  is  reason  to  think  that  most,  if  LOt  all.  of  the 
great  trunk  lines  of  Roman  road  in  Britain  had  native  prede- 
cessors. 


Reginald  Wellbye. 


Sewage   Disposal   by  Dilution,   In- 
cluding (>hl()rination  of  Sewage 
Effluent  and  Treatment 
of  Sludge 

Hy   W.  C.  KASDAl.K. 
From   Tlie   Surveyor,    Miiich    :;i.    liUii. 

ICiirly  ill  i;>l,''i  the  author  was  called  u|)on  to  design  the 
sowers  and  sewage  disposal  works  for  the  large  military  camp 
of  Cnlerlck  ("amp.  Uiclimond,  YorUs.  The  River  Swale,  into 
which  the  treated  ellluent  is  diseharged,  runs  into  the  River 
Ouse.  from  which  the  city  of  York  obtains  its  water  supply. 
At  that  time  all  military  works  were  looked  vipon  as  being 
of  a  more  or  less  temporary  character,  and  although  it  was 
not  possible  to  construct  temporary  sewers  and  sewage  works, 
it  was  desirable  to  keep  the  cost  as  low  as  possible. 

The  site  of  the  camp  extends  over  three  sejiarate  valleys, 
each  drained  by  a  brook,  the  three  brooks  ultimately  dis- 
(■barging  into  a  river  of  considerable  size  at  some  distance 
from  the  camp.  The  sewers  are  designed  to  be  capable  of 
taking  three  times  the  maximum  hourly  flow  of  sewagin  and 
although  a  storm-water  overflow  is  constructed  on  the  outfall 
sewer  near  the  disposal  works  in  case  of  emergency,  up  to 
the  present  it  has  not  com?  into  operation.  In  dry  weather 
there  is  very  little  fluctuation  in  the  flow  of  sewage  from 
hour  to  hour.  The  greater  part  of  the  sewage  runs  off  be- 
tween the  hours  of  7:30  a.  m.  and  10:30  p.  m..  and  is  prac- 
tically at  a  uniform  i;ate.  From  10:30  p.  m.  to  7:30  a.  m. 
there  is  a  very  small  flow,  and  this  also  is  at  a  uniform  rate. 

A  very  favorable  site  was  secured  for  the  disposal  works 
in  a  field  about  half  a  mile  distant.  The  outfall  sewer  reaches 
the  tanks  half  way  down  a  considerable  fall  in  the  ground 
at  a  level  about  20  ft.  above  the  lower  and  flatter  portion  of 
the  site  which  is  available  and  of  ample  area  for  filters 
should  these  become  necessary  in  the  future.  In  addition, 
there  is  sufficient  area  for  considerable  extensions  of  the 
tanks  and  other  works  if  required. 

Method  of  Disposal. — With  the  object  of  arriving  at  a 
decision  as  to  the  best  method  of  disposal  to  adopt,  the 
primary  consideration  was  the  reduction  of  expenditure,  and 
the  second  was  the  most  suitable  point  of  discharge  of  the 
sewage  effiuent.  The  nearest  watercourse  is  one  of  the  brooks 
already  mentioned,  which  would  necessitate  the  production 
of  a  highly-purified  effiuent.  By  carrying  the  effluent  about 
400  yd.  further,  it  can  be  discharged  into  a  comparatively 
large  river.  The  fiow  of  this  river  in  dry  weather  was  found 
by  rough  gaging  to  be  about  40  times  the  estimated  volume 
of  sewage,  and  analyses  of  the  water  showed  that  while  it 
contained  evidence  of  previous  pollution  by  sewage,  as  indi- 
cated by  the  presence  of  100  bicillus  coli  per  c.c,  it  was  at 
the  same  time  completely  saturated  with   dissolved  oxygen. 

As  the  current  velocity  was  very  rapid — viz.,  103  ft.  per 
minute — and  it  was  possible  to  arrange  the  outfall  in  such  a 
manner  as  to  secure  thorough  mixing  of  the  sewage  effluent 
with  the  river  water  in  a  short  time,  it  was  evident  that  the 
conditions  fulfilled  the  requirements  laid  down  by  the  Royal 
Commission  on  Sewage  Disposal  in  their  eighth  report,  para- 
graphs 4  to  42,  as  suitable  for  disposal  of  the  effluent  by 
dilution. 

The  volume  of  sewage  to  be  treated  was  given  by  the 
authorities  as  15  gal.  per  head  per  day.  The  author  allowed 
a  margin  of  safety  of  33  per  cent  and  based  his  calculations 
upon  20  gal.  per  head  per  day:  but  even  this  has  proved  to 
be  too  low  a  figure,  as  the  volume  in  actual  operation  has 
been  about  30  gal.,  and,  although  the  works  have  not  yet 
had  to  deal  with  the  total  population  provided  for  in  the 
calculation,  the  daily  volume  has.  on  a  number  of  occasions, 
exceeded  the  total  volume  for  which  the  works  were  designed. 

In  preparing  a  scheme  for  disposal  by  dilution,  it  was 
considered  necessary  to  have  in  view: 

(a)  The  removal  of  the  maximum  percentage  of  solids  in 
suspension: 

(b)  The  maintenance  of  the  sewage  in  a  fresh  condition 
while  passing  through  the  tanks;  and 

(c)  The  treatment  of  the  sludge  in  such  a  manner  as  to 
facilitate  its  disposal  without  causing  any  fouling  of  the  tank 
effluent. 

The  attainment  of  these  three  objects  involved  the  design 
of  a  special  type  of  tank  which  has  been  proved  in  actual 
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operation  to  fulfill  tliese  requirements.  Owtng  to  the  excel- 
lent gradients,  the  sewage  an-ives  at  the  works  in  a  fresh 
condition,  without  putrefaction  having  been  set  up  while  in 
the  sewers. 

Screen  and  Grit  Chambers.— Two  grit  chambers  were  pro- 
vifled.  without  screens  at  first.  In  a  short  time  it  was  found 
that  the  large  amount  of  rags,  socks,  shirts,  caps  and  other 
foreign  materials  in  the  sewage  caused  so  much  trouble — 
especially  in  connection  with  the  sludging  operations — that 
it  became  necessary  to  construct  a  screen  chamber  fitted  with 
duplicate  hand-operated  screens.  Deposits  in  the  screen 
chamber  and  in  the  grit  chambers  are  discharged  by  sludge 
valves  and  pipes  to  a  separate  draining  bed  and  are  after- 
wards spread  on  the  land. 

Settlement  Tanks. — These  are  four  in  number,  each  divided 
into  three  compartments.  The  first  compartment  receives 
the  sewage  after  it  leaves  the  grit  chambers  through  four 
submerged  inlet  pipes  provided  with  hand  penstocks  for 
regulating  and  shutting  off  the  flow.  The  outlet  is  in  the 
form  of  a  long  weir  the  full  width  of  the  tank,  and  with  a 
baffle  board  in  front  of  it.  It  will  be  noticed  from  the  draw- 
ing that,  taking  the  length  as  being  in  the  direction  of  the 
flow,  this  compartment  is  twice  as  wide  as  it  is  long.  In 
effect  the  sew.ige  flow,  contrary  to  the  usual  practice,  takes 


Longitudinal  Section   Through   Settling   Tanks. 

place  across  the  shortest  dimension  of  the  tank.  This  ar- 
rangement was  adopted  in  order  to  obtain  the  greatest  pos- 
sible length  of  weir  outlet  and  thus  facilitate  the  deposition 
of  the  solids  in  suspension.  As  a  result  of  2i/4  years'  opera- 
tion, it  can  be  stated  that  the  bulk  of  the  solids  are  actually 
deposited  in  this  compartment.  The  deposit  found  in  the 
next  compartment  through  which  the  sewage  flows  has  always 
been  very  sipall  in  quantity  and  consists  only  of  very  finely 
divided  suspended  matter. 

The  floor  of  the  first  compartment  is  constructed  with  a 
rapid  fall  from  three  sides  to  the  center  of  the  long  dividing 
wall,  the  top  of  which  forms  the  weir  outlet.  At  this  point 
an  outlet  fltted  with  a  penstock  is  connected  to  a  c.i.  pipe 
laid  on  the  sloping  floor  of  the  second  compartment.  By 
this  means  the  whole  contents  of  the  first  compartment, 
including  both  sludge  and  scum,  can  be  discharged  into  the 
third  compartment.  It  is  found  in  practice  that  a  very  even 
distribution  of  the  flow  of  the  sewage  through  this  first  com- 
partment is  obtained.  This  is  doubtless  due  chiefly  to  the 
use  of  four  inlets  about  5  ft.  apart  and  to  the  long  weir  outlet. 
but  also  to  the  fact  that  the  lower  ends  of  the  inlet  terminat- 
ing close  to  the  sloping  floor  cause  the  sewage  to  impinge 
upon  the  floor  and  spread  out  over  a  considerable  area  of 
the  tank. 

The  second  compartment  receives  the  already  well-settled 
sewage  from  the  first  compartment  and  serves  to  arrest  the 
finely-divided  suspended  matter  still  left  in  the  liquid.  The 
floor  has  an  even  slope  in  one  direction  from  the  inlet  end 
to  the  bottom  of  the  wall  between  the  second  and  third  com- 
partments where  large  openings  are  left  to  afford  free  pas- 
sage for  the  sewage  between  these  two  compartments.  This 
arrangement  was  provided  in  case  of  an  emergency  necessi- 
tating the  passage  of  the  sewage  through  all  three  compart- 
ments, and  has  been  utilized  on  occasions  when  the  flow  has 
been  greater  than  originally  anticipated.  The  usual  outlet 
for  the  final  effluent  is  from  the  second  compartment  by  way 
of  a  long  weir  with  a  baffle  board  in  front  of  it  along  the 
full  width  of  the  tank.  In  this  case,  as  in  the  first  compart- 
ment, the  length  of  the  weir  is  twice  the  distance  through 
which  the  sewage  flows. 

The  tank  effluent  flowing  over  this  weir  falls  into  a  channel 
communicating  with  all  four  tanks  and  fitted  with  a  sluice 
gate  at  its  .iunction  with  the  main  channel.  The  sludge  in 
the  second  compartment  is  discharged  into  the  third  com- 
partment through  the  openings  in  the  dividing  wall. 

It  will  be  seen  that  the  whole  of  the  solids  deposited  in  the 
first  two  compartments  can  be  discharged  by  gravity  and  with 
very  little  labor  info  the  third  compartment,  while  the  effluent 
after  settlement  is  discharged  after  passing  through  the  first 


two  compartments  alone.  As  the  combined  capacity  of  the 
first  two  compartments  is  equal  to  about  three  hours'  flow 
of  the  sewage,  and  the  deposited  solids  in  the  first  are  re- 
moved every  week,  the  sewage  remains  fresh  and  does  not 
become  fouled  in  its  passage  through  the  tanks. 

The  third  compartment  is  designed  to  retain  the  sludge 
for  the  period  necessary  to  secure  complete  digestion  without 
risk  of  the  products  of  digestion  affecting  the  character  of 
the  effluent.  The  bottom  is  in  the  form  of  an  inverted  cone, 
die  greatest  depth  at  the  center  being  1.5  ft.  to  the  top  water 
level.  The  sludge  is  not  allowed  to  accumulate  to  a  greater 
depth  than  6  ft.,  and  at  this  level  an  outlet  is  provided  in 
the  form  of  a  horizontal  cast-iron  pipe  connected  to  a  vertical 
standpipe  extending  from  the  bottom  of  the  cone  to  above 
the  top  water  level  and  serving  as  a  sludge  discharge  pipe. 
At  the  junction  of  the  horizontal  cast-iron  outlet  pipe  with 
the  vertical  standpipe  a  valve  is  provided  through  which  the 
supernatant  liquid  is  drawn  off  to  a  pump  by  which  it  is 
delivered  into  the  inlet  channel  to  mix  with  the  fresh  sewage 
and  be  treated  again. 

In  case  it  should  be  found  desirable  to  run  the  sewage 
through  all  three  compartments,  the  third  compartment  is 
provided  with  an  outlet  weir  and  effluent  channel  similar  to 
that  provided  for  the  second  compartment. 

The  horizontal  cast-iron  sludge  outlet  pipes  from  the  four 
sets  of  tanks  are  connected  to  a  common  discharge  pipe  lead- 
ing to  the  sludge  draining  beds  with  a  branch  leading  to  a 
pump,  for  dealing  with  the  supernatant  liquid. 

The  capacities  of  the  separate  compartments  of  the  tanks 
are  as  follows: 

First  compartment  l-20th,  first  and  second  compartments 
combined  1-Sth.  and  third  compartment  l-.5th  of  the  estimated 
daily  dry-weather  flow;  the  total  capacity  of  the  whole  of  the 
(auks  is  l-.3rd  of  the  daily  dry-weather  flow.  The  size  of  the 
third  compartment  was  determined  chiefly  by  the  sludge 
storage  capacity. 

Method  of  Operation. — With  the  normal  flow  the  sewage 
enters  the  first  compartment  near  the  bottom,  flows  across 
the  tank,  up  under  the  baffle  board,  and  out  over  the  long 
weir.     It   enters   the   second   compartment   at   the   top,   flows 
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dnwn  and  across  the  tank,  up  under  the  baffle  board,  and  out 
over  the  long  weir  into  the  effluent  channel.  Normally  there 
is  no  flow  of  sewage  through  the  third  compartment. 

The  suspended  solids  deposited  in  the  first  and  second 
compartments  are  discharged  once  per  week  into  the  third 
compartment  in  the  following  manner:  The  valves  on  the 
inlets  to  the  first  compartment  are  closed  and  the  supernatant 
water  in  the  second  and  third  compartments  is  drawn  off 
through  the  cast-iron  standpipe  to  the  pump  and  delivered  to 
the  other  tanks  in  operation  at  the  time. 

When  this  has  been  done,  some  sewage  is  admitted  to  the 
first  compartment  (v.-hich  has  remained  full)  and  as  this  over- 
flows into  the  second  compartment  it  washes  down  the  sludge 
on  the  floor  into  the  third  compartment.  The  valve  on  the 
outlet  at  the  bottom  of  the  first  compartment  is  then  opened 
and  the  whole  contents,  including  sludge  and  scum,  is  also 
discharged  into  the  third  compartment.  The  discharge  of  the 
thick  sludge  at  the  bottom  is  usually  assisted  by  a  man  using 
a  squeegee;  but  this  is  not  really  necessary,  as  such  assist- 
ance can  be  rendered  simply  by  admitting  small  quantites 
of  sewage,  which  break  up  and  carry  through  practically  the 
whole  of  the  sludge  on  the  floor,  and  even  thick  blocks  of 
scum.     It   will  be   noticed   that  by   this   means  the   troubles 
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pff^p.  o'  thf  dlitestlon  of  the  sludfie  In  the  third  .ompartnient 
,,  s-d  to  produce  n  very  toul  li<iuid  and  to  cause 

,.  ^mells.     As   a   matter  of  fact,   this  does  not 

hnpi..-ii  li'ero  Is  no  objectionable  smell  either  from  the 
tnnV-  tV,.-!r.selve.i  or  from  the  supernatant  lltiuid  when  it  Is 
,1-  ,nd  pumped  up  for  further  treatment.     While  the 

,,,  ,i  full,  very  few  bubbles  of  Ras  appear  at  the  sur- 

fiice.  A^  the  head  is  reduced  when  the  supernatant  liquid 
l«  drawn  off.  pas  bubbles  appear  in  ever-increasing  numbers. 
and  when  the  liquid  has  been  lowered  7  or  S  ft.,  the  surface 
i!i  Iwllinp  wUh  esoapiuR  gas  bubbles.  From  this  it  may  be 
safely  Inferred  that  the  pressure  due  to  the  head  of  water 
(from  S  to  10  ft.  above  the  top  of  the  sludge)  causes  the 
gas  to  be  retained  in  the  sludse  and  liberated  only  when  the 
sludge  is  discharged  on  to  the  draining  beds.  This  probably 
also  accounts  to  some  extent  for  the  comparatively  rapid  rate 
at  which  the  sludge  Is  dried  on  these  beds,  the  escape  of 
the  gas  at  this  stage  rendering  the  sludge  more  open  and  thus 
allowing  the  moisture  to  drain  away  easily. 

It  should  be  observed  here  that  the  gas  from  the  sludge, 
when  It  does  escape,  has  not  at  any  time  given  off  the  char- 
acteristic odor  of  sulphuretted  hydrogen  associated  with  septic 
tanks,  and  one  of  the  most  remarkable  features  of  these  works 
is  the  entire  absence  of  any  objectionable  smell  even  when 
the  sludge  is  being  discharged.  This  has  been  recorded  in 
other  cases  of  somewhat  similar  methods  of  treatment,  not- 
ably in  the  United  States,  and  it  has  been  suggested  that  the 
gas  in  question  consists  almost  entirely  of  methane  or  marsh- 
gas.  Slight  local  smells  that  have  been  noticed  on  a  few 
occasions  have  been  from  the  screenings  or  fresh  sludge  from 
•he  grit  chambers,  or  from  dried  sludge  which  has  accumulated 
once  or  twice  in  heaps  and  has  commenced  to  putrefy. 

These  tanks  can  be  worked  in  three  different  ways.  In  the 
first  the  sewage  is  passed  through  the  first  and  second  com- 
partments only,  flowing  out  by  way  of  the  effluent  channel 
between  the  second  and  third  compartments.  In  the  second, 
the  sewage  passes  through  all  three  compartments  and  out 
by  way  of  the  effluent  channel  at  the  outer  end  of  the  third 
compartment.  In  the  third  method,  part  of  the  sewage  flows 
out  from  the  second  compartment  and  part  from  the  third 
compartment — i.  e.,  both  effluent  channels  are  in  operation 
simultaneously.  So  far  as  the  quality  of  the  effluent  is  con- 
cerned in  respect  to  solids  in  suspension,  there  is  very  little 
difference  in  the  results  obtained  by  either  of  the  three  meth- 
ods of  operation.  With  regard  to  the  question  as  to  whether 
the  digestion  of  the  sludge  is  affected  by  the  passing  of  the 
fresh  sewage  through  the  third  compartment  and  whether 
it  is  more  thorough  when  the  fresh  sewage  passes  through 
the  first  and  second  compartments  alone,  sufficient  informa- 
tion is  not  yet  available.     Further  observations  over  a  con- 
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siderable  period  an'  necessary  before  this  point  can  be  settled. 
In  the  author's  opinion,  the  chief  factor  in  the  mutter  is  the 
pressure  diie  to  the  depth  of  the  supernatant  liquid  whereby 
the  gases  formed  in  the  sludge  are  retained  therein  and  only 
escape  when  the  pressure  is  removed  by  the  disdiarge  of 
sludge  onto  tho  sludge-draining  beds. 

The  elllciency  of  these  tanks  in  the  removal  of  the  solids  In 
suspension  Is  indicated  in  the  foregoing  analytical  figures; 

Measuring  Apparatus. — The  tank  effluent  as  it  leaves  the  two 
elllncnl  cliainuls  iiuMitloned  above  enters  the  main  eflliient 
channel  in  which  is  lixeu  a  gaging  weir  with  a  Lea  Recorder, 
which  records  the  flow  of  sewage  on  24-hour  charts.  This 
apparatus  has  been  extremely  useful  not  only  in  measuring 
the  daily  volumes,  but  in  registering  the  hourly  llutt nations 
in  the  rate  of  flow. 

Chlorination  of  Tank  Effluent. — In  order  to  be  in  a  position 
to  anticipate  any  possible  complaints  as  to  the  bacterial  pol- 
lution of  the  river  water,  tho  author  included  in  his  scheme 
moanc  for  adding  sufficient  chlorine  solution  to  destroy  ail 
bacillus  coli  in  the  tank  effluent.  Tho  whole  of  the  apparatus 
used  in  this  part  of  the  scheme  was  supplied  by  the  Candy 
niter  Co.,  Ltd..  and  consists  of  a  special  mixer  for  converting 
the  chloride  of  lime  (bleaching  powder)  into  a  liquid  solution, 
an  air  cylinder  and  pump  for  raising  the  solution  into  two 
concrete  settling  tanks  built  at  a  higher  level,  a  water  wheel 
operated  by  the  treated  sewage  for  working  the  pump  and 
mixer,  and  a  special  automatic  control  for  regulating  tlie 
quantity  of  the  chlorine  solution  discharged  into  the  settled 
sewage.  The  automatic  control  is  in  the  form  of  a  miniature 
weir,  which  is  connected  to  a  float  controlled  by  tho  weir 
used  in  connection  with  the  Lea  Recorder,  so  that  the 
depth  of  chlorine  solution  flowing  over  the  miniature  weir 
is  always  in  exact  proportion  to  the  sewage  flowing  over  the 
large  weir.  In  this  way  correct  automatic  regulation  of  the 
quantity  of  chlorine  added  to  the  sewage  is  ensured  according 
to  the  variation  of  the  flow  of  sewage. 

Thorough  mixing  of  the  solution  with  the  effluent  is  secured 
by  means  of  a  series  of  slate  baffle  plates  fixed  in  the  effluent 
channel,  and  the  effluent  then  passes  through  two  tanks, 
w-hich  have  a  total  capacity  equal  to  halt  an  hour's  flow  of 
the  sewage,  in  order  to  give  the  period  of  CQjitact  required 
for  the  chlorine  solution  to  act  upon  the  bacteria. 

After  the  works  had  been  in  operation  for  swme  time  it  was 
found  that,  in  spite  of  the  settlement  of  the  crude  chloride 
of  lime  solution  in  the  two  tanks  provided  for  the  purpose 
and  used  alternately,  a  considerable  amount  of  lime  was 
deposited  in  the  pipes  leading  to  the  regulating  apparatus. 
To  overcome  this  trouble,  further  settlement  has  since  been 
provided  in  the  form  of  an  additional  settling  tank,  which 
now  receives  the  crude  solution:  the  clear  liquid  from  this 
tank  flows  by  gravity  into  the  original  settling  tanks,  where 
further  settlement  takes  place  and  a  much  clearer  solution 
is  thus  produced. 

In  a  scheme  of  water  supply  recently  carried  out  by  the 
author,  the  above-mentioned  trouble  in  connection  with  the 
use  of  chloride  of  lime  has  been  avoided  by  the  use  of  an 
electrolytic  chlorine  solution.  Tlie  raw  material  in  this  case 
is  common  salt,  which  is  dissolved  in  water  to  a  given 
strength.  This  brine  tb.en  flows  at  a  fixed  rate  through  an 
electrolyser  fitted  with  a  series  of  electrodes  to  which  the 
electric  current  is  connected.  The  passage  of  the  electric 
current  through  the  brine  decomposes  it.  liberating  chlorine 
and  sodium,  as  well  as  hydrogen  and  oxygen.  The  oxygen 
and  chlorine  then  combine  and  form  hypochlorite  of  sodium, 
which  possesses  exceptionally  powerful  germicidal  qualities. 
The  solution  contains  from  (}.1  to  0.3  per  cent  of  free  available 
chlorine.  It  is  perfectly  clear,  does  not  cause  a  deposit  in 
the  pipes,  and  is  of  definite  strength. 

By  means  of  the  arrangements  provided  in  the  settling 
tanks,  it  is  possible  to  draw  off  only  thoroughly  digested 
sludge.  This  is  discharged  by  gravitation  to  four  sludge 
draining  beds.  These  beds  are  simple  excavations  in  the 
ground  and  are  provided  with  ample  under-drainage  in  the 
form  of  rows  of  2-in.  agricultural  pipes  connected  to  a  4-in. 
main  sub-drain,  which  conveys  the  drainings  to  a  sump  under 
the  pump-house.  The  pump  used  to  deal  with  the  super- 
natant water  from  the  settling  tanks,  has  a  branch  on  its 
suction  pipe  taken  into  the  sump,  and  by  this  means  the 
drainings  from  the  sludge  are  pumped  up  to  the  sewage  inlet 
channel  for  further  treatment  with  the  fresh  sewage. 

The  draining  beds  are  formed  of  a  bottom  layer  of  coarse 
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gravel,  'ipon  which  rests  a  layer  of  fine  gravel,  which  sup- 
ports a  top  layer  of  coarse  sand,  the  whole  being  only  IS  in,  . 
deep.  The  sludge  is  delivered  on  the  beds  from  a  concrete 
channel  I'onstructed  along  the  center  of  the  beds  with  open- 
ings controlled  by  hand  sluices  on  both  sides.  As  the  sludge 
is  delivered  in  a  fairly  liquid  state,  it  distributes  itself  evenly 
over  the  surface.  In  iiovnial  weather  the  sludge  is  dried  to 
a  spadeable  condition,  in  about  eight  days.  A  representative 
sample  of  the  sludge  taken  from  one  of  the  beds  at  this  stage 
was  examined  for  the  author  by  Dr.  S,  Rideal,  and  it  was 
found  1^>  contain  72  per  cent  moisture  and  0.9  per  cent  nitro- 
gen, which  is  equal  to  2.S  per  cent  on  dry  sludge  containing 
10  per  cent  moisture. 

For  some  time  at  first  the  dried  sludge  accumulated  in  a 
heap  at  'he  works.  Later,  arrangements  were  made  with  the 
farmer  whose  fields  adjoin  the  works  to  use  the  sludge  for 
his  land.  By  the  spring  of  191S  the  original  accumulation  of 
sludge  had  all  been  removed,  and  since  that  time  the  whole 
of  the  dried  sludge  has  been  taken  away  by  the  farmer  as 
produced,  so  that  the  only  sludge  on  the  works  is  that  which 
is  being  dried  on  the  draining  beds. 

The  good  eflect  of  the  sludge  was  apparent  in  the  early 
summer  from  the  excellent  appearance  of  the  crops  to  which 
it  had  been  applied.  According  to  a.  report  from  the  farmer, 
the  continued  wet  v.-eather  during  the  latter  part  of  the  sum- 
mer spoilt  the  crops  of  wheat,  barley  and  oats,  and  consider- 
ably reduced  the  yield.  In  spite  of  this,  the  result  was  about 
twice  as  good  as  in  previous  years  on  the  same  farm,  and 
much  better  than  on  neighboring  farms  where  the  sludge  was 
not  used.  The  best  results  were  obtained  when  the  sludge 
was  plowed  in  during  the  autumn,  and  it  is  recommended  that 
the  sludge  should  be  accumulated  in  convenient  heaps  during 
the  other  three  seasons,  and  not  spread  on  the  land  until  the 
autumn.  It  was  anticipated  that  the  use  of  the  sludge  would 
produce  a  large  crop  of  weeds,  but  very  little  of  such  vegeta- 
tion has  appeared.  There  is  no  evidence  to  show  whether 
this  W'as  due  to  the  absence  of  seeds  in  the  sewage  or  to 
some  effect  upon  them  of  the  action  which  takes  place  during 
the  digestion  of  the  sludge  in  the  tanks. 

Effluent  Outfall. — The  tank  effluent  after  it  leaves  the  tanks, 
provided  to  ensure  sufficient  contact  of  the  chlorine  solution 
W'Uh  the  sewage,  flows  down  a  series  of  aerating  slopes  into 
the  effluent  pipe,  which  conveys  it  for  a  distance  of  about 
TiOO  yd.  direct  to  the  river.  At  the  outfall  the  top  of  the  river 
bank  is  about  8  ft.  above  the  summer  water  level.  At  this 
point  the  effiuent  drain  terminates  in  a  manhole,  fyom  which 
a  cast-iron  pipe  is  laid  about  3  ft.  deep  in  the  bank,  from 
which  it  emerges  at  about  summer  water  level  and  then  con- 
tinues on  the  sloping  bed  of  the  river  for  a  distance  of  about 
15  ft.,  terminating  with  two  outlets  in  the  deepest  part  of  the 
stream  at  the  bottom  of  the  river.  There  is  always  a  consid- 
erable volume  of  water  with  a  high  current  velocity  at  this 
point,  so  that  the  effiuent  becomes  thoroughly  mixed  with 
the  water  in  a  short  distance. 

Effect  of  Sewage  Effluent  Upon  the  River  Water. — Dealing 
first  with  the  physical  effects,  it  can  be  stated  that  at  no  time 
has  it  been  possible  to  detect  any  objectionable  odors  from 
the  water  or  any  deposits  of  organic  matter  either  in  the 
bed  or  on  the  banks  of  the  river. 

The  chemical  and  bacteriological  effects  are  shown  in  the 
results  of  the  analyses  and  examinations  which  are  set  out 
herewith  in  tabular  form. 

It  will  be  noticed  that  in  all  cases  the  river  water  above 
the  outfall — i.  e.,  before  receiving  the  sewage  effluent — is  fully 
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saturated  with  dissolved  oxygen.  At  the  same  time  it  also 
contains  evidence  of  previous  pollution  in  the  presence  of 
bacillus  coli.  It  Is  unfortunate  that  it  has  not  been  possible 
to  make  analyses  when  the  dilution  was  somewhere  near  the 
40  to  1  ratio,  which  was  taken  as  the  basis  of  calculations 
when  the  scheme  was  prepared.  The  volume  of  water  in  the 
river  varies  considerably  from  time  to  time. 

With  a  good  volume  of  water,  as  in  October,  1917,  the  dis- 
charge of  the  sewage  effluent  causes  practically  no  alteration 
in  the  character  of  the  river  water.  Even  during  extremely 
low  water,  as  in  June,  191S,  when  the  dilution  was  only  IS  to  1, 
the  dissolved  oxygen  was  not  reduced  below  50  per  cent  sat- 
uration, so  that  there  was  no  injury  to  fish  life.  Moreover, 
at  a  point  1%  miles  below  the  outfall  the  water  had  recovered 
its  oxygen  and  was  again  fully  saturated.  This  means  that 
under  these  conditions  731  lb.  of  the  dissolved  oxygen  in  the 
river  was  used  up  every  24  hours  In  oxydizing  the  organic 
matter  brought  in  by  the  sewage  effluent.  On  the  other  hand, 
during  its  flow  for  the  next  IVi  miles,  70S  lb.  of  oxygen  w-as 
extracted  from  the  air  in  the  process  of  natural  re-oxygenation 
to  make  good  the  previous  loss.  This  is  an  excellent  concrete 
example  of  the  process  of  self-purification  in  rivers. 
.  With  regard  to  the  bacteriological  aspect,  it  is  clear  from 
the  results  of  the  examination  of  the  first  three  samples  that 
although  the  chlorine  added  to  the  sewage  effluent  was  only 
an  average  of  4. ,5  parts  per  million,  and  the  destruction  of  the 
bacillus  coli  could  not  have  been  complete,  the  discharge  of 
the  sewage  did  not  cause  an  increase  of  these  organisms  in 
the  river  water  when  the  ratio  of  dilution  was  high.  On  the 
other  hand,  in  the  case  of  the  last  three  samples,  the  addi- 
tion of  even  nine  parts  per  million  of  available  chlorine  to 
the  effluent  did  not  destroy  all  the  bacillus  coll,  as  a  consider- 
able increase  of  these  organisms  in  the  river  water  was  found 
300  yds.  below  the  outfall.  As  in  the  case  of  the  dissolved 
oxygen,  this  increase  had  disappeared  at  a  point  1%  miles 
below  the  outfall,  where  the  condition  of  the  river  water  was 
exactly  the  same  as  above  the  outfall.  As  to  the  cause  of 
this  recovery  from  the  bacteriological  point  of  view,  the 
author  has  no  suggestion  to  make,  but  hopes  that  it  will  be 
explained  by  the  bacteriologists.  As  the  services  of  the 
author  were  retained  by  the  War  Office  to  Inspect  and  report 
upon  these  works  at  intervals  after  they  were  completed, 
and  this  arrangement  still  continues,  it  is  hoped  that  further 
evidence  will  be  obtained  in  due  course  as  to  the  quantity 
of  chlorine  necessary  to  destroy  all  the  coli  organisms  in  the 
effluent. 

On  the  whole,  it  is  evident  that  the  ratio  of  dilution — 
viz.,  40  to  1 — suggested  by  the  Royal  Commission  on  Sewage 
Disposal  in  Table  B,  page  11,  of  the  eighth  report,  for  an 
average  septic  tank  liquor  discharged  into  a  rapid  river  fully 
saturated  with  dissolved  oxygen  is  a  safe  basis  to  adopt. 
That,  in  the  present  case,  the  dissolved  oxygen  was  not 
reduced  below  .50  per  cent  saturation,  even  with  so  low  a 
dilution  as  18  to  1,  was  probably  due  "to  the  sewage  being 
fresh  and  not  septic. 

General  Conclusions, — Having  described  the  scheme  in 
detail,  the  author  desires  to  state  that,  although  the  working 
of  the  tanks  may  at  first  sight  appear  to  be  somewhat  com- 
plicated. It  is  not  so  when  once  they  are  brought  into  regular 
operation.  At  the  outset  the  author  prepared  a  detailed  set 
of  instructions,  and  these,  have  proved  to  require  very  little 
modification  after  2%  years'  operation.  At  the  same  time, 
everything  depends  upon  careful  and  intelligent  management, 
and  much  of  the  success  obtained  has  been  due  to  the  unre- 
mitting attention  and  capable  handling  of  the  present  manager. 

While  this  system  of  disposal  is  not  suitable  for  general 
application,  there  is  no  doubt  that  it  should  be  satisfactory 
where  the  conditions  are  similar,  especially  in  respect  to  the 
volume  and  character  of  the  river  water  and  the  condition 
of  the  sewage  when  it  reaches  the  works.  The  method  of 
dealing  with  the  sludge  may,  however,  be  adopted  in  almost 
any  other  case.  In  the  matter  of  economy  it  is  obvious  that 
the  omission  of  filters,  humus  tanks  and  other  works,  which 
would  be  necessary  to  produce  a  highly-purified  effluent,  must 
effect  a  considerable  saving.  In  the  present  case  it  amounted 
to  between   .£13,000  and   £20.000, 


A  New  Way  of  Coloring  Glass, — A  French  scientist  has  in- 
vented a  process  for  applying  colors  to  glass  by  heat  so  that 
stained  glass  windows  can  be  made  without  fastening  many 
pieces  of  glass  of  different  hues  together. 
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h"rvm   Tlio   IIukIhoit.    Ivc     ;'7.    I'.'IS, 

A   tirw  <:v<st<>ni  of  reliitorcoU  concrete  construction,  using 
hn.H   rocently   been   Inventod  iind   inUtMili'd  by 
H«>nry  Ili'iUhcotP.  of  tho  llrni  of  Chns.  lloutli- 
•.•els  luul   liulUliui;  CMKlni>oi-s,   Miiucliostor, 
luv     Tlii>  lulviuitiiKCS  clulmod   for  I  ho  sys- 
tem arp:      ml   Slundarillriitlou.  so   fur  ns  buildluK  construc- 
tion win  permit.  Is  effectod:   (b)  all  piirts  arc  cast  in  moulds, 
whli-'i  may  be  used  over  and  over  again,  thus  saving  timlicr 
•>;■    TiiiMint  required  for  any  one  contract  being  iinictically 
when  compared  with  normal  methods — and  effect- 
economy   In   lalior:    (c>    the  operations  take   place 
chieily  on  the  icround  where  the  work  is  more  easily  accessi- 


Fig.   1 — Heathcote  System   of   Concrete   Construction. 

ble.  a  further  saving  of  time  and  labor  results;  (d)  all  rein- 
forcements are  essembled  before  being  placed  in  the  moulds 
in  such  manner  that  a  glance  is  sufficient  to  indicate  whether 
or  not  the  various  bars  have  been  placed  correctly;  more- 
over,   the    bars    cannot    become    displaced    while    ramming; 

(e)  the  moulding  may  be  done  under  cover  and  may  be 
carried  on  in  all  weathers  with  a  considerable  saving  in  time; 

(f)  erection,  when  once  started,  can  proceed  without  inter- 
mission, which  results  in  a  further  saving  of  time;  and  (g) 
the  structure  when  erected  is  at  once  "weight  bearing,"  be- 
cause before  being  lifted  the  various  parts  or  units  have  be- 
come thoroughly  matured.  It  will  be  gathered  from  the  fol- 
lowing description  that  rods  are  introduced  over  all  bear- 
ings, with  the  object  of  ensuring  that  the  structure  shall 
possess  full  monolithic  properties,  and  of  preventing  cracks. 

The  accompanying  drawing.  Fig.  1.  will  serve  to  explain 
the  principles  of  the  new  system.  The  column  foundations 
are  formed  of  plain  concrete,  and  only  in  cases  of  excessive 
loads,  or  for  other  reasons,  is  it  necessary  to  introduce  re- 
inforcements. In  the  top  of  the  foundation  a  socket  or  de- 
pression is  formed  by  means  of  .casting  into  the  concrete,  a 
■'print"  made  of  timber  or  other  suitable  material,  wh\ph  can 
he  withdrawn  when  the  concrete  has  sufficiently  set.  Into 
these  sockets  the  lower  ends  of  the  first  tier  of  columns  are 
inserted,  the  sockets  being  made  slightly  larger  than  the 
columns  to  allow  of  a  little  adjustment  for  properly  spacing 
the  columns  to  exact'centers,  and  for  afterwards  grouting  in. 

The  columns  are  preferably  octagonal  in  section — see  Fig. 
1 — this  being  the  most  suitable  shape  for  this  system  of  con- 
struction. The  method  of  reinforcing  is  the  same  as  for  any 
ordinary  octagonal  column.  Facilities  for  lifting  are  pro- 
vided by  casting  "eyes"  into  the  column  head,  which  special 
provision  precludes  the  possibility  of  damage  from  ropes  or 
chains,  which  would  otherwise  take  place  in  lifting.  The 
spreading  octagonal  column  heads  provide  seating  space  or 
bearing  for  the  ends  of  beams,  and  sockets  or  depressions 
are  formed  in  them  to  take  the  lower  ends  of  the  columns 
for  the  next  story. 

The  normal  section  of  the  main  beams  is,  roughly  speaking, 
rectangular,  but  the  ends  are  moulded  to  special  shape  to 
suit  the  octagonal  heads  of  columns,  as  shown  in  Fig.  1. 
At  points  in  the  length  of  the  beams,  pockets,  in  which  may 
sit  the   ends   of  intermediate   secondary   beams,   are   formed 


as  required.  In  the  top  o^'  tlje.  beams  a  groove  is  formed 
In  which,  over  the  bearings,  rods  are  inserted,  these  rods 
being  intended  to  tie  the  whole  construction  together,  and 
to  secure  tor  it  those  monolithic  properties  aimed  at.  as  well 
as  to  prevent  cracks.  The  beams  are  reinforced  both  at  ilic 
top  and  bottom  in  stich  a  manner  that  all  stresses  lo  whicli 
the  memlier  may  be  subjected  diuing  transit  are  inopeily 
provided  tor. 

1  ike  the  main  beams,  the  secondary  beams  are.  rmighly 
speaking,  rectangular  in  section,  and.  in  the  case  q^  the  in- 
termediate beams,  of  uniform  shaiie  throughout.  Whore  they 
rest  on  columns,  however,  the  ends  are  of  exactly  tho  same 
shape  as  the  ends  of  the  main  lieanis,  to  suit  the  0(taKoi\al 
heads  of  the  columns.  The  reinrorcemenls  and  the  facilities 
for  lifting  are  generally  the  same  as  for  the  main  beams. 

The  lloor  and  root  slabs  are  made  in  convenient  sizes  for 
handling  and  erection.  The  ends  of  slabs  rest  on  the  sec- 
ondary beams,  and  the  sides  butt  closely  together.  To  pre- 
vent any  single  slab,  or  a  numl)er  of  slabs,  deflecting  unduly, 
leaving  the  others  standing,  grooves  are  formed  in  the  sides 
of  the  slabs,  which,  when  filled  with  grout  form  what  is 
claimed  to  be  an  effective  key  between  one  slab  and  another. 
The  edges  of  the  slabs  are  rebated  so  that  when  two  slabs 
are  lying  together,  a  groove  is  formed  into  which  rods  are 
introduced  over  the  bearings,  for  the  same  purpose  as  de- 
scribed above  in  connection  with  the  beams.  The  slabs  are 
reinforced  in  such  a  manner  that,  apart  from  the  normal 
loading,  stresses  which  may  arise  in  handling  and  transit 
are  properly  provided  for.  Lifting  eyes  are  provided  to  give 
every  facility  for  handling  and  erection. 

In  erecting  the  structure  the  concrete  foundations  are.  first 
of  ail.  properly  and  accurately  leveled  up.  after  which  the 
first  story  columns  are  placed  in  position  and  propped.  When 
it  has  been  decided  that  the  columns  are  accurately  spaced 
and  plumb,  or  at  any  other  convenient  time,  the  bases  are 
run  in  with  cement  grout.  The  main  and  secondary  beams 
for  the  floor  above  are  then  lifted  and  placed  in  position,  the 
ends  being  bedded  in  cement,  and  the  joints  between  the 
ends  of  tho  beams  pointed  up  in  cement.  The  floor  slabs 
are  then  lifted  and  placed  in  position,  their  ends  being  bed- 
ded in  cement,  and  the  joint  between  the  edges  of  slabs  point- 
ed up  with  cement  on  the  underside.  The  next  operation  is 
to  lift,  place  in  position,  and  prop  the  second  story  columns, 
correct  spacing  and  plumbing  being  carefully  performed.  The 
next  stage  of  the  work  is  etitirely  governed  by  the  type  of 
floor  finish  which  is  to  be  used.  If  the  finish  is  to  be  of 
boards,  wood  blocks,  or  anything  of  a  similar  nature,  the 
method  of  procedure  is  as  follows:  Rods  are  laid  over  the 
bearings  of  the  main  beams,  secondary  beams  and  slabs,  in 
the  grooves  provided  for  the  purpose,  and  cement  grout  or 
fine  concrete  is  poured  in  up  to  the  level  of  the  top  of  the 
floor  slabs.  This  additional  concrete  or  grout,  in  conjunction 
with  the  rods  now  embedded  in  it  has,  the  inventors  main- 
tain, the  effect  of  tying  the  various  parts  or  units  one  to  an- 
other, so  that  a"  perfectly  monolithic  piece  of  construction 
results.  In  the  event,  however,  of  the  floor  finish  being  of 
granite  and  cement  the  following  method  of  procedure  is 
adopted:  Rods  are  laid  over  the  bearings  of  the  main  and 
secondary  beams,  and  grout  or  fine  concrete  as  required  is 
poured  only  up  to  the  level  of  the  bottom  of  the  grooves  in 
the  slabs.  The  slag  rods  are  not  laid  until  all  is  ready  for 
putting  on  the  floor  finish,  when  they  are  placed  in  position 
and  embedded  in  the  floor  finish  itself,  which  fills  up  the  slab 
grooves,  and  in  this  manner  provided  with  a  key.  The  fore- 
going procedure  is  followed  for  each  of  the  remaining  floors, 
and   also   generally   tor   the   roof. 


Cause  of  Mud  Formation  on  French  Roads. — In  a  paper  pre- 
sented last  December  at  a  meeting  of  the  Institution  of  Civil 
Engineers,  Mr.  Thomas  B.  Bower  disputed  the  commonly 
accepted  view  that  the  excessive  amount  of  mud  on  the  roads 
of  Fi-ance  is  due  to  the  metal  being  forced  down  to  the  chalk 
or  other  subsoil,  which  then  comes  to  the  surface  as  mud. 
Excepting  in  the  case  of  paved  roads,  and  roads  badly  worn 
in  holes,  he  is  of  opinion  that  no  mud  rises  to  the  surface 
by  pressure  from  above.  The  true  cause  of  mud  formation 
is  the  poor  quality  of  the  material  used — viz..  limestone  of 
very  soft  and  porous  nature,  which,  by  attrition  through  some 
inches  of  depth,  forms  the  mud,  while  destroying  the  surface. 
The  only  other  materials  available  in  France  for  the  military 
roads  w-ere  pit-props,  whole  or  split,  brick  rubble,  and  a  poor 
quality  of  flint  gravel. 
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The  Francois  and  Portier  Grouting 
Processes 

By  A.  H.  KRYNAUW. 
From  Transactions  Chemical,  Metallurgical  and  Mining  Society. 
During  recent  years  experience  has  proved  that  cement 
can  be  introduced,  under  pressure,  into  the  minutest  fis- 
sures and  cracks  in  rock  strata,  as  well  as  cracks  and  inter- 
stices in  masonry  and  concrete  constructions,  and  made  to 
set  there.  This  practice  of  introducing  cement  grout  under 
pressure  has  evolved  to  that  known  today  as  the  Francois 
cementation   process. 

An  essential  condition  in  the  introduction  of  cement  into 
fissures  and  cracks  is  that  the  injection  should  be  done 
under  a  considerable  pressure,  the  object  being,  firstly,  to 
overcome  the  contra  pressure  of  water  present  in  the  fissure; 
t;econdly,  for  the  purpose  of  forcing  the  cement  as  far  as 
possible  into  the  minute  cracks:  and,  thirdly,  for  the  pur- 
pose of  squeezing  out  the  superfluous  water  from  the  cavity 
which  is  being  filled  with  cement  pulp,  and  thus  leave  the 
cement  in  a  condition  most  suitable  for  its  rapid  and  efficient 
setting. 

Cement  n^k,  when  allowed  to  set  ordinarily  under  water. 
•does  so  only  very  slowly  and  reluctantly,  but  when  the  same 
milk  is  subjected  to  pressure,  such  as  produced  by  a  spe- 
cially constructed  cementation  pump,  the  cement  sets  hard 
■within  24  hours.  The  setting  of  cement  is  chiefly  due  to 
the  inter-crystallization  of  hydrated  calcic  silicate  and  hy- 
drated  calcic  aluminate.  just  the  necessary  amount  of  water 
being  taken  up  to  complete  the  crystallization;  the  crystals 
grow  together  and  form  a  hard  mass.  Now,  when  a  ^per- 
abundance  of  water  is  present,  such  as  in  the  mixture  used 
in  cementation  work,  these  crystals  ordinarily  seem  reluc- 
tant to  inter-crystallize;  consequently,  the  setting  of  the 
cement  is  very  slow  and  incomplete. 

The  condition  most  suitable  for  hard  setting  in  the  short- 
est time,  when  the  cement  is  pumped  under  pressure  into 
fissures,  etc.,  appears  to  be  somewhat  as  follows:  First  of 
all,  the  constructed  exits  of  the  fissures  are  choked  wuth 
cement  pulp,  which  forms  a  filter  bed  on  which  successive 
layers  of  cement  are  deposited,  the  surplus  water  being 
squeezed  out  through  the  cement  filter  already  formed  in 
the  peripheral  areas  of  the  fissure  or  cavity.  As  more 
cement  solution  is  injected  the  pressure  gradually  rises  and 
goes  on  rising,  owing  to  the  fact  of  the  water  having  to  be 
squeezed  through  an  increasing  thickness  of  cement  filter. 
The  successive  layers  of  cement  eventually  fill  the  fissure 
or  cavity  completely,  leaving  the  cement  in  a  condition  suit- 
able for  complete  and  good  setting.  Pressures  of  1,00(1  to 
4,000  lb.  per  square  inch  are  used,  and  for  this  purpose  a 
specially  designed  pump  is  employed,  of  the  double  ram 
horizontal  type  with  a  12-in.  stroke,  the  steam  end  having 
a  diameter  of  14  in.  and  the  water  end  plunger  diameter  of 
1%  to  3  in.,  depending  on  the  final  pressure  likely  to  be 
required  As  the  wear  on  the  valves  is  great,  hardened  steel 
halls  are  used. 

In  the  following  cases  cementation  has  been  successfully 
applied: 

In    greatly    minimizing    water    difficulties    in    shaft    sinking 
or  tunneling  through   water-bearing   strata,   faults  and   dikes. 
In  sealing  and  rendering  water-tight  the  concrete  tubbing 
or  lining  often  used  in  circular  shafts. 

In  sealing  open   fissures   through   which   water   is   flowing. 
In   damming   back   water   leaking   through    broken    ground, 
in  the  vicinity  of  faults  and   dikes. 

In   rendering  underground   dams   water-tight. 
In   rectifying  defective   boreholes. 

In  rendering  impervious  the  foundations  of  surface  dams 
or  making  solid  the  rock  and  concrete  foundations  of  en- 
gines, etc. 

The  process  as  applied  to  shaft  sinking  consists  of  a  treat- 
ment of  the  strata,  through  which  the  shaft  is  to  be  sunk, 
with  cement  grout,  which  is  injected  into  the  fissures  and 
cracks  of  the  rock  mass,  thus  sealing  them  and  rendering 
the  ground  practically  free  of  water.  The  method  of  carry- 
ing out  the  work  is  as  follows:  A  system  of  drill  holes  is  put 
down  on  the  periphery  of  the  shaft,  and  through  these  holes 
a  thin  cement  mixture  is  introduced,  w-hich  finds  its  way 
into  the  cracks  and  crevices,  rendering  them  impervious  to 
"Water. 

There  are  two  methods  of  carrying  this  out.    In  the  Portier 


method  the  holes  are  put  outside  the  perimeter  of  the  shaft, 
and  it  is  claimed  that  this  has  the  advantage  of  permitting 
the  sinking  of  the  shaft  simultaneously  with  the  injection  of 
the  cement.  This  is  a  very  strong  point,  in  that  it  prac- 
tically overcomes  the  interruption  a^d  delay  to  the  sinking 
of  the  shaft  while  conducting  the  process.  On  the  other 
hand,  the  Portier  system  is  attended  by  the  following  dis- 
advantages: 

The  possible  deflection  of  the  boreholes  into  the  shaft,  ren- 
dering them  useless  for  the  subsequent  injection  of  cement. 
The   danger   to   sinkers,   when   applying  great   pressure   in 
the  boreholes,  owing  to  the  possibility  of  rupturing  the  sides 
of  the  shaft. 

The  boreholes  may  intercept  several  fissures,  but  the 
mouth  of  the  hole  being  above  the  water  level,  it  is  not  pos- 
sible to  tell  which  fissure  is  the  chief  water  carrier,  so  that 
when  injection  takes  place  the  tendency  will  be  for  the 
cement  to  take  the  course  of  least  resistance  into  the  larger 
fissures,  while  the  smaller  ones,  though  probably  of  con- 
siderable importance,  are  only  sealed  in  the  vicinity  of  the 
hole  itself. 

In  the  Francois  system  the  boreholes  through  which  the 
cement  is  introduced  are  put  down,  within  the  limit  of  the 
shaft,  arranged  on  the  perimeter  at  various  distances  apart, 
depending  on  the  size  of  the  shaft  and  thickness  of  rock 
strata  to  be  treated.  The  detailed  method  of  procedure  is 
indicated  by  the  following  description  of  the  work  done 
at  the  Daggafontein  and  Brakpan  mines: 

Daggafontein  No.  2  shaft  is  a  7-compartment  rectangular 
shaft.  49  ft.  long  by  9  ft.  wide,  and  was  sunk  from  the  surface 
to  175  ft.  in  dwyka  conglomerate  containing  numerous  cav- 
ities and  fissures,  giving  a  fair  amount  of  water,  but  not 
of  such  quantity  as  to  seriously  hinder  sinking.  At  a  depth 
of  354  ft.  the  syenite  dike  of  the  far  East  Rand  was  encoun- 
tered, and  the  shaft  sunk  in  it  to  its  present  depth  of  500  ft. 
At  this  stage  the  water  dealt  with  amounted  to  21,000  gai.  per 
hour,  and  the  management  decided  to  put  down  a  pilot  bore- 
hole to  ascertain  the  nature  of  the  strata  ahead.  This  hole 
intercepted'  the  dolomite  series  at  a  depth  of  12  ft.  below  the 
shaft  bottom,  and  at  a  depth  of  165  ft.  a  considerable  amount 
of  water  was  encountered. 

In  view  of  the  probability  of  large  quantities  of  water 
being  met  with  in  the  dolomites,  shaft  sinking  was  stopped, 
and  the  adoption  of  the  Francois  cementation  process  de- 
cided upon.  From  the  data  available  the  thickness  of  the 
dolomite  formation  was  estimated  at  200  ft.,  the  direction 
of  the  boreholes  being  set  out  accordingly,  so  as  to  permit 
of  a  single  stage  treatment  for  the  full  width  of  the  strata. 
Unfortunately,  the  thickness  of  the  dolomites  proved  to  be 
considerably  more  than  anticipated,  being  a  total  of  345  ft., 
which  distance  was  considered  too  much  for  treatment  in 
one  stage.  A  distinct  open  parting  exists  at  the  contact  of 
the  syenite  dike  and  underlying  dolomite.  This  was  clearly 
demonstrated,  for  when  drilling  through  the  dolomite  con- 
tact the  feed  water  was  forced  out  of  holes  previously  drilled. 
At  a  depth  of  35  ft.  the  first  feeder  was  met  with  containing 
sufficient  water  to  cause  a  flow  of  250  gal.  per  hour  out  of 
a  1%-in.  drill  hole.  A  second  and  larger  fissure  was  struck 
at  a  depth  of  about  130  ft.,  and  as  each  hole  intercepted 
water,  cement  grout  was  injected,  the  progress  of  the  inspec- 
tion being  observed  by  the  rise  in  pressure  indicated  on  a 
pressure  gauge.  When  a  pressure  of  2,000  lb.  per  square 
inch  was  reached,  pumping  was  stopped  and  the  cement 
allowed  to  set.  In  all  55  tons  of  cement  were  used,  and 
as  the  depth  of  the  holes  is  about  ISO  ft.,  sinking  can  now 
be   continued   for  that   depth. 


Novel  Dry-Dock  Conctruction  in  Sweden. — The  large  Swed- 
ish concern  Ljusne-Voxna.  which  is  going  to  acquire  its  own 
tonnage,  is  constructing  a  dry-dock,  both  for  its  own  and 
other  vessels,  on  a  novel  principle.  The  dock,  which  is  to 
be  located  at  Ljusne,  North  Sweden,  will  be  32S  ft.  in  length 
and  of  considerable  breadth;  it  will  be  able  to  accommodate 
vessels  of  4,000  tons  deadweight.  The  dock  has  been  de- 
signed by  Chief  Engineer  M.  Von  Eckermann  and  will  be 
built  on  land  above  water-level.  The  vessels  from  the  bar- 
l)or  will  enter  a  lock  and  will  then  be  raised  and  lifted  into 
the  dock  by  means  of  w^ater  from  the  waterpower  canal  of 
the  Ljusne  face.  By  this  arrangement  the  dock  can  be  filled 
and  emptied  without  any  pumping  plant,  and  in  consequence 
the  cost  of  docking  will  be  low. — Engineering. 
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Reinforce  J    CU)ncrete    Dock   Ciates 
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nil  to  olitiiln.'lt  WKii  lUu-lileil  to  Intrmlvire  reliiforeed 
■  ,..ui.i.-  lor  the  |iiiri>ose  ot  constniclluK  ti  system  of  dock 
cut.'*  loniiei-tliiK  ll«e  i>r|vute  <loik  Mini  of  flirlsliiiiii  &  Nelson 
•It  Tllliury  lkK.'W  with  the  Port  of  l.omlon  Aulhorlty'ti  imiin 
tliH'K  at  that  plnee. 

The  dry  dock  »u»  built  for  the  purpose  of  eouslructliiK 
nve  retiirorc<>d  i*onerete  colliers  for  the  Ailniinilty,  iiiul  was 
completed.  tOKcther  with  the  the  vessels,  within  a  year. 
The  vessels  havInK  i>  beam  of  35  ft.,  the  ciinal  connect  inn 
the  dry  diK-K  with  the  Tilbury  nmtn  dock  was  constructed 
with  a  minimum  width  of  10  ft.  to  alTord  sullldent  clearance 
(or  (he  vessels  when  passiuK  through  the  canul  into  the  inuin 
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The  works  described  take  ndvuntage  of  thn  iciiuukable 
circumstances  of  the  very  heavy  rainfall  on  llie  precipitous 
edKe  of  Itie  Western  Uhnts,  about  2.(lliO  ft,  above,  and  about 
•10  miles  from  Hombay.  As  the  rain  falls  only  during  three 
or  four  nu)nllis  ot  the  year,  and  the  watercourses  are  dry 
all  the  rest  of  the  year,  it  was  necessary  lo  store  water 
suthcient  to  give  about  lOO.OOn  h.p.  for  10  hours  or  12  hours 
a  day  during  about  nine  months  ot  the  year. 

The  lakes  are  torined  by  four  masonry  dams,  lauging  fron> 


Reinforced    Concrete    Dock    Gates    at   Tilbury. 


dock,  and  the  free  span  of  the  dock  gate  in  question  is  there- 
fore 40  ft.,  the  depth  of  the  gates  being  14  ft.  The  gates  are 
constructed  as  stress  line  for  uniform  water  pressure,  and 
are  therefore  circular  in  shape,  and  although  they  have  to 
stand  a  water  pressure  of  14  ft.,  the  thickness  of  the  circular 
slab  forming  the  gates  is  only  3%  in.,  which,  however,  has 
proved  quite  sufficient  in  actual  practice.  No  waterproofing 
compound  of  any  description  was  used  tor  the  concrete  form- 
ing the  gates,  nor  was  surface  treatment  of  any  kind  resorted 
to.  The  gates,  however,  are  stated  to  be  perfectly  water- 
tight. 

The  gates  are  formed  as  ordinary  doors  on  top  and  bottom 
hinges,  and  the  ease  with  which  they  are  moved  Is  indicated 
by  the  fact  that  two  men  can  easily  open  and  close  them. 
Special  precautions  had  to  be  taken  in  the  construction  of 
the  hinges,  so  as  to  allow  the  gates  to  take  up  their  proper 
stress-line  position,  and  it  was  found  that  floating  hinges  at 
the  top  and  at  the  bottom  combined  with  an  elastic  medium 
for  closing  up  against  the  bottom  sill  prove^  an  efficient  and 
successful  way  out  of  the  difficulty.  The  water  is  let  into 
the  dry  dock  by  means  of  two  sluices  operated  in  the  usual 

The  abutments  which  have  to  take  the  total  thrust  from 
the  arch  action  of  the  circular  gates  had  to  be  founded  on 
50  ft.  long  reinforced  concrete  piles,  in  order  to  provide  a 
sufficiently  rigid  and  immovable  support,  as  the  soil  on  the 
site  was  totally  unsuitable  for  taking  the  pressure  met  with. 

The  work  was  designed  and  executed  by  Christian!  & 
Xelson.  of  25.  Victoria  Street.  Westminster,  S.W..  who  have 
applied  for  a  patent  for  the  system  of  dock  gate  construction 
involved. 


nearly  %  mile  long  and  341/2  ft.  high  to  nearly  IV2  miles 
long  and  96  ft.  high.  Tw'o  of  these  form  a  "Monsoon"  lake 
of  sufficient  capacity  to  provide  power  during  the  longest 
"breaks"  in  the  monsoon,  and  thus  give  an  uninterrupted 
supply  ot  power  for  three  months  and  more.  The  other  lakes 
are  for  storage,  and  maintain  the  power  during  the  eight  or 
nine  months  in  the  year  when  no  rain  falls. 

The  monsoon  rain  on  the  Western  Ghats,  though  always 
heavy,  is  very  valuable  in  amount.  The  least  annual  amount 
during  the  last  4S  years  was  82  in,  on  the  edge  of  the  Deccan 
plain,  and  the  greatest  amount  during  the  past  11  years,  in 
which  special  gauges  have  been  fixed,  on  hill-tops  as  well 
as  in  plains,  is  546  in.,  which  fell  in  a  little  over  three 
months,  460  in.  falling  in  about  two  months.  The  minimum 
fall  of  82  in.  is  very  exceptional,  and  the  maximum  given 
may  be  equally  so.  The  combined  available  capacities  of 
the  two  storage  lakes  is  about  10.100,000,000  cu.  ft.,  whilst 
the  water  required  to  give  100,000  h.p.  ex  turbines  for  nine 
months,  allowing  for  the  great  loss  by  evaporation  and  by 
soakage,  and  for  friction  in  the  pipes  and  turbines,  is  6,700,- 
000,000  cu.  ft.  The-  excess  capacity  is  given  owing  to  the 
very  variable  amounts  of  the  monsoon  rains,  so  as  to  carry 
on  the  balances  in  years  of  excessive  rainfall  to  make  up 
for  the  occasional,  short  monsoons.  It  was  arrived  at  by 
assuming  the  works  had  been  completed  40  years  ago,  there 
being  one  rain  gauge  record  covering  that  period — which 
includes  four  minimum  years'  fall — and  deducting  from  each 
year's  supply  the  amount  which  would  have  been  used,  lost 
by  evaporation,  run  to  waste,  or  carried  on  to  the  next  year, 
which  gives  the  excess  capacity  required  for  a  sufficient 
number  of  years. 
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The  amount  of  546  in.  measured  at  one  hill  station  in  the 
lakes  catchment  is  not  more  than  has  been  measured  in  two 
or  three  years  out  of  the  past  50  odd  years  at  Cherrapunji, 
in  th&  Assam  Hills,  which  has  the  heaviest  rainfall  hitherto 
known,  but  there  rain  falls  during  seven  months  of  the  year, 
so  that  the  amount  measured  for  this  work,  for  that  par- 
ticular year,  may  claim  to  be  the  heaviest  rainfall  ever  yet 
measured. 

The  works  are  notable  for  the  following  reasons:  They 
are  the  largest  of  the  many  similar  hydro-electric  works 
which  have  been  constructed  during  the  past  10  or  20  years, 
taking  into  consideration  the  great  head  used,  combined  with 
the  large  discharge  of  water.  They  are  also  the  first  -works 
to  store  water  for  power  for  use  during  about  three-fourths 
of  the  year.  One  of  the  masonry  dams,  taking  the  exposed 
face  area,  is  probably  the  largest  yet  constructed.  The 
works  are  probably  unique,  considering  the  very  heavy  rain- 
fall and  the  very  steep  rocky  slopes,  giving  the  greatest  dis- 
charge perhaps  ever  recorded.  The  catchment  area  of  the 
two  lakes  is  only  I6V2  sq.  miles,  while  of  this  the  full  lakes 
area  is  about  7V4  sq.  miles. 

The  water  is  led  from  the  monsoon  lake  and  from  the  two 
storage  lakes,  which  are  joined  together  by  a  tunnel  a  mile 
long,  by  two  ducts,  together  4.63  miles  long,  to  the  forebay 
at  the  top  of  the  great  precipitous  scarf  which  forms  the 
western  boundary  of  the  Deccan  plateau.  F^-om  there  the 
two  lines  of  steel  pipes  are  taken  down  the  steep  slopes  and 
precipices  to  the  power-house,  about  1,750ft.  below  the  fore- 
bay,  the  length  of  single  line  being  about  2.33  miles.  The 
pipes  at  the  top  are  821/2  in.  in  Internal  diameter,  and  at 
about  two-thirds  of  the  total  height  down,  the  diameter  is 
72  in.  Here  they  are  joined  by  a  double  swan-neck  pipe 
from  which -eight  smaller  pipes  are  led  down  to  the  power- 
house, their  diameter  being  3V2  ft.  at  the  top,  and  3  ft.  2  in. 
at  the  bottom.  The  thickness  of  the  metal  at  the  top  of 
the  large  pipes  is  %  In.,  and  at  the  bottom  of  the  small 
pipes  1%   in. 

Each  of  the  lower  smaller  eight  pipes  supplies  a  Pelton- 
wheel  turbine,  designed  to  give  a  maximum  of  13,500  h.p. 
with  automatic  regulation  devices. 


ThelNew  Spirit  Among  Municipal 
Surveyors 

From  The  Surveyor,  ,Tan.  10,  lOlil. 
There  are  signs  that  the  spirit,  if  not  the  organized  practice 
of  unity  is  beginning  to  assert  itself  in  the  ranks  of  municipal 
surveyors.  Instances  have  occurred  in  which  army  men  who 
have  been  invited  to  take  up  their  old  appointments  at  the 
former  salaries  or  an  insufficient  advance  upon  them  have 
declined  to  do  so  unless  they  are  assured  of  more  satisfactory 
condiiions  of  service.^  In  some  cases  they  have  claimed  a 
higher  salary  as  an  irreducible  minimum,  and  upon  this  being 
declined,  they  have  intimated  their  intention  of  seeking  an 
appointment  elsewhere.  An  instance  of  how  this  improved 
spirit  is  beginning  to  make  itself  felt  occurred  recently  at 
Aldershot  upon  the  appointment  of  a  deputy  surveyor.  The 
surveyor.  Mr.  J.  Neave,  reported  to  the  urban  council  that 
he  had  received  several  applications  for  the  post,  but,  with 
the  exception  of  one,  the  candidates  either  required  £200  per 
annum,  or  were  unsuitable.  The  particular  candidate  alluded 
to  was  eventually  appointed  at  a  salary  of  £150  rising  to 
£200,  Mr.  Neave  stating  that  he  was  eminently  fitted  for  the 
position.  The  hard  experience  of  war  and  the  aggravated 
conditions  of  its  aftermath  as  exampled  in  the  enhanced  cost 
of  living  have  obviously  cojniiined  to  infuse  into  the  minds  of 
members  of  the  profession  a  feeling  of  determination  to  insist 
upon  a  higher  standard  of  service  than  has  hitherto  obtained. 
and»once  the  ball  has  been  set  rolling,  as  it  appears  to  have 
been,  it  cannot  be  long  before  local  authorities  will  be  forced 
to  make  concessions  to  their  professional  assistants  which 
they  have  hitherto  withheld  with  an  obstinacy  that  has  been 
worthy  of  a  better  cause.  The  service  rendered  by  the  opera- 
tions of  the  institutions  in  creating  this  new  spirit  of  cam- 
araderie has  not  been  without  its  effect,  and  this  fact  of 
itself  is  a  sufficient  testimony  to  the  value  of  their  work,  as 
well  as  to  the  urgency  of  disseminating  among  municipal 
surveyors  the  necessity  for  maintaining  a  higher  level  of 
combination  and  unity  than  has  existed  in  the  past. 


Economic   Size  of  Concrete  Ships 

By   K.   O.   WILLIAMS. 
F"rom    Kngineering,   Feb.    14.    1913. 

It  is  often  stated  that  the  disadvantage  of  weight  of  con- 
crete ships  compared  with  steel  ships  diminishes  with  in- 
creased size  of  vessels,  and  it  is  possible  that  the  construc- 
tion of  vessels  of  very  large  deadweight  capacity  might  be 
favored  on  that  assumption.  It  was  with  a  view  of  testing 
this  statement  that  this  study  of  the  economic  size  of  concrete 
ships  was  undertaken,  and  to  suggest,  if  necessary,  a  limit  to 
size. 

It  is  obvious  that  for  very  small  concrete  vessels  the  thick- 
ness and  sizes  of  concrete  members  are  determined  by  prac- 
tical considerations,  and  are  greater  than  required  to  with- 
stand stresses.  Generally  speaking  it  is  not  practical  to  con- 
struct reinforced  concrete  walls  less  than  2  in.  to  2%  in,  thick, 
and  no  matter  how  small  the  vessel,  the  slabs  and  beams 
should  not  be  less  than  this  dimension.  The  same  consid- 
eration affects  the  design  of  small  steel  ships,  but  not  to  the 
same  extent,  and  therefore  small  concrete  ships  of  about  250 
tons  deadweight  compare  more  unfavorably  in  weight  with 
steel  ships  than  if  of  a  deadweight  of  about  1,000  tons. 

Does  the  improvement  in  weight  of  concrete  ships  continue 
with  still  further  increase  in  size?  If  not,  at  what  deadweight 
capacity  does  the  improvement  cease?  The  saving  of  steel  in 
a  concrete  vessel  is  greater  for  small  than  for  larger  vessels, 
for  as  steel  ships  increase  in  size  the  steel  is  used  more 
economically.  It  can  be  shown  from  the  theory  of  the 
design  of  concrete  ships  that  the  total  tonnage  of  steel  rein- 
forcement varies  as  ^V*  where  D  is  the  load  displacement. 
In  the  determination  of  this  formula  it  is  assumed  that  the 
steel  stresses  remain  constant  for  all  sizes  of  ships,  and  up 
to  the  size  of  ships  considered,  this  would  hold  good.  It  is 
thus  clear  that  the  tonnage  of  steel  reinforcement  increases  at 
a  greater  rate  than  the  load  displacement. 

In  determining  the  necessary  amount  of  concrete  required 
to  embed  the  steel  bars,  there  must  be  a  maximum  limit  to 
the  ratio  of  steel  to  concrete.  It  is  assumed  in  the  follow- 
ing that  the  maximum  limit  is  fixed  only  by  the  practical  im- 
possibility of  pouring  in  the  concrete  satisfactorily  if  more 
than  a  certain  maximum  percentage  of  steel  to  concrete  be 
employed  in  any  part  of  a  wall  or  slab  and  also  that  when 
that  percentage  is  reached  the  concrete  is  of  such  a  high 
quality  as  to  transmit  stresses  satisfactorily  on  to  the  rein- 
forcement. It  is  clear,  therefore,  that 'when  the  maximum 
practical  percentage  of  steel  reinforcement  is  reached  the 
ratio  of  concrete  to  steel  will  become  approximately  constant 

i.\)  roMPARISOK  BETWEEN  DEAD  WEIGHT  AND  DISPLACE- 
MENT OP  CONCRETE   SHIPS. 

Vessel     Ves.sel     Vessel  Vessel  Vessel 

IC.           2C.           3C.  4C.  5C. 

,     ,        ,     ,.      ,                                   Tons.       Tons.      Tons.  Tons.  Tons. 

1.   Load    displacement l.e.W         2,500         4.150  10,000  15,000 

-.    Remforcmg  steel 85            150            290  900  1550 

...  Concrete     .    400            570            960  2,500  4,200 

4.  tittmss  and   outht 90            1.35            200  350  450 

..Machinery    130             155             200  425  650 

I..   LiKht    weight    705         1,010         1,650  4,175  6,850 

..  Dead       weight       (concrete 

„    tS^''P>    ■•.■•.•;■; ■ '"SS         1.490         2,.^00         5,825         8,150 

5.  Dead  weight   tons  of  steel 

.ship  of  same  di-splacement 

and  indicated  horsepower  1.02U  1.600  2.7S0  7,060  10.720 
iB)      .-^TKEL  SHIPS  OF  S.\ME  DEAD  WEIGHT  CAPACITIES    A.S 

THE  ABOVE  STATED  CONCRETE  SHIPS. 

VeR.sel  Vessel  Vessel  Vessel  Vessel 

IS.  2S.  3S,  4S.  5S. 

,     -,       ,    ,.     ,                                   Tons.  Tons.  Tons,  Tons.  Tons. 

1.  Lead   displacement 1.495  2,350  3  780  8  375  11490 

2.  Steel    in    hull 385  5S5  900  l!s60  2'475 

3.  Fittings  and   outtit SO  135  l')0  3''5  380 

4.  Machinery   ]05  140  190  365  48,i 

/.     Li^hf   weight    570  860  1. 280  2  550  3  340 

6.  Dead    wtight    925  1,490  2.500  5.S25  •      8!l50 

I  CI    COMPARISON   BETWEEN    STEEL   SHIPS   AND  CONCRETE 
SHIPS    OF    S.\ME    DR.-^D   WEIGHT    CAPACITY 

1.  Dead      weight      capaeities. 

tons    935  1.4611  2,500  5.825  8,150 

2.  I.H.P    of  concrete  sh'p  di- 

vided }<y  I  H.P.   r.teel  ship      I  06  I  nt  1  n6."i  1.12.")  1.130 

■''..  Tons  of  steel  reinforcement 
divided  bv  tons  of  steel  in 
steel    hull    0.22  ^1.26         0.32  0.4S  0  62 

4.  Displacement    of    concrete 

ship  divideci   by  displace- 
ment of  steel  ship 1,09  1.07         1.09  1.19  i.;>o 

"..  Constant  spe^d.  I.H.P.  con- 
crete    skin     friction     as- 
sumed   eoual    4S0  635  900         1,600         ■>  ]00 

6.  I.H.P.  steel  .shin   450  610  S45  1.330         1,770 

T,   I.H.P.  per  ton  dead  weight 

of  concrete  ship 0,52  0,43  0,36  0.28  0  26 

5.  I.ir.P    per  ton  dead  weight 

of  steel  ship (1.40  0.41-        0.34  0.23  0 '1 
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Kuniiiiiinui  mill  Coiitiiutiiifi  for  Ainil  -SO,   min. 


f„,  ,  slilpn.  aua  tlu«n  llie  vvolKlit  of  lom-ivtf  will  iilao 

j„,  ^  IV  or  lit  ;i  KPfiiUT  rnlo  thiin  the  dlspliuiMiiont. 

,'    hii«  (icon  i«  kill  II I  I'll  im   the  above  iiasiiminlons 
t.^,  ,,.|8  ll",  M'  mill   U".  whUli  lire  iictuiU  ileaiRHs.  ""il 

in  whUh  the  tunimKe  of  steel  reliifoieeiiient  hiis  been  foiind 
to  oompi)  very  iieurly  with  's  l>.  which  wiis  (letermlufil  Imle 
p»>ml««ntly.  from  llrst  priiuiples 

Tnhle  (»>  Rives  the  estinmieil  piirlloulars  ot  steel  shjps  of 
ihu  «.iiiu«  dciulwelBht  caiMiolties 

TaMt-   ,1)   Klves  lh-.>  eotnparalive  ratios  between  coiurete 
„.,     .1.  ips  or  the  same  ileailwelKht  capacity. 

1,  >nit;  relationships  have  also  been  plotteJ  as  shown 

lu  the  subjoined  illaKrain. 

Curve   U",    Variation  ot  tllsplacement   with  deadweinl't   lor 
concrete  ship. 

Curve   IS     Variation  of  displacement   with  deiulwelRhl    for 

8tet>l  ship 

Curve   .'     Uutio  of  load   displacement   ot  concrete  ship   to 
displacement  of  steel  ship. 

Curve  3     Kalio  of  IndUMleil  horsepower  of  concrete  ship  to 


i^ttt  u^  TluMi^anii-Teng 


Curves  Showing  Various  Comparisons  Between  Concrete  Ships  ano* 
Steel   Ships. 

Indicated   horsepower  of  steel  ship  of  same   deadweight  ca 
pacity. 

Curve   4C.    Variation   ot  tons  of   steel  reinforcement   with 
deadweight  for  concrete  ship. 

Curve  4S.    Variation  of  tons  ot  steel  in  steel  hull. 

Curve  5.    Variation  in  ratio 

weight  of  steel  reinforcement 


weight   of   steel   in   steel   hull 
with  deadweight. 

Curve  GC.  Variation  of  indicated  horsepower  per  ton  dead- 
weight for  concrete  ship. 

Curve  7.  Variation  of  cost  of  reinforced  concrete  hull  per 
ton  deadweight. 

The  displacements  of  the  Faith,  America's  standard  con- 
crete ship,  and  "Concrete  Shipbuilding  at  Barrow,"  are  indi- 
cated on  the  curve  10.  The  displacements  ot  "Shipbuilding 
at  Barrow."  "America's  Standard  Concrete  Ship,"  and  the 
Faith,  are  all  about  20  per  cent  more  than  would  be  antici- 
pated from  this  curve,  and  this  indicates  that  the  concrete 
hull  estimates  which  this  curve  represents  make  allowance 
for  considerable  improvements  in  design  and  materials,  and 
are  not  pessimistic. 

Examination  of  curves  IC  and  IS  Indicates  that  the  dis- 
placement of  concrete  ships  above  1,-500  tons  deadweight  be- 
comes increasingly  greater  than  that  ot  steel  ships.  Curve  2 
also  shows  this  very  clearly,  and  It  would  appear  that  at  a 
deadweight  capacity  of  about  1,500  tons  the  displacement  ot 
concrete  ships  makes  the  nearest  approach  to  steel,  being  in 
fact  only  7  per  cent  more. 


The  indicated  horsepower  ratio.  Curve  3.  naturally  follows 
Curve  3,  and  at  l.-'iOO  tons  deadw eight  the  Increase  in  indi- 
cated horsepower  is  only  I  per  cent.  Curve  tiC  shows  that 
the  indicated  horsepower  per  Ion  deadweight  does  not  de- 
crease so  rapidly  with  increase  of  doiulwelght  as  is  the  case 
with  steel  ships  shown  in  Curve  t;s.  After  8,000  tons  dead- 
weight there  appears  to  be  no  appreciable  decrease  In  indi- 
cated horsepower  per  ton  deadweight  for  concrete  ships. 

The  saving  in  sli'el  Is  an   import iiiit  economy   ot  concrete 
ships,  and  Curve  j  indicates  that  the  ratio 
steel    reinforcement 


steel  in  steel  hull 
increases  rapidly  with  dead  weight.  The  saving  in  steel  Is 
about  77  per  cent  tor  1.000  tons  deadweight,  50  per  cent  for 
ll.iiOO  tons  deadweight,  and  probably  becomes  nil  at  about 
IL'.OOO  tons  deadweight.  This  ahuic  in(lic:iles  an  economic 
limit  to  size  of  concrete  ships. 

The  cost  ot  concrete  hulls  is  goviTued  largely  by  the  super- 
ficial area  ot  hull.  The  cost  ot  moulds,  and  steel  lilacing 
varies  directly  as  the  area  ot  the  hull.  It  is  possible  that  the 
total  cost  ot  labor  on  steel  in  a  2..')00-tonner  concrete  ship 
would  not  be  nuich  more  than  for  a  1,000-tonner.  The  tonnage 
of  reinforcement  would  be  about  three  times  as  much,  but 
it  individual  bars  are  three  times  the  area  of  similarly  posi- 
tioned bars  in  the  smaller  boats,  such  as  %-in.  bars  instead 
of  %-in.  bars,  the  total  cost  ot  handling  would  not  be  much 
greater.  In  larger  boats  there  is  more  room  in  which  to 
])lace  the  moulds  and  generally  the  workmen  are  not  working 
under  such  difficult  and  congested  conditions.  The  cost  of 
fairing  fore  and  att  ends  is  not  much  more  tor  a  large  ship 
that  for  a  small  ship,  which  is  again  an  advantage  in  cost  in 
favor  of  the  larger  ship. 

The  area  of  hull  varies  as  "VD'  and  thus  it  would  appear 
that  the  cost  of  concrete  ships  per  ton  deadweight  decreases 
with  increase  ot  size  of  hull,  with  the  exception  of  the  cost 
of  concrete  and  steel,  which  increases  with  the  weight  ot 
material  Thus  the  cost  of  concrete  ships  can  be  divided 
into  two  parts;  one  varying  with  'VD"  the  other  part  directly 
with  the  weight  of  hull. 

Curve  7  illustrates  the  variation  in  cost  of  concrete  hull  per 
ton  deadweight,  the  figure  for  a  1,000-tonner  being  unity,  the 
curve  combining  the  effect  on  cost  of  weight  of  hull  and  area 
of  hull  surface.  From  Curve  7  the  advantage  in  capital  out- 
lay of  building  4,000-tonners  is  apparent,  the  cost  per  ton 
deadweight  being  75  per  cent  of  that  of  a  1,000-tonner,  but 
after  4,000  tons  deadweight,  the  cost  per  ton  deadweight  in- 
creases owing  to  the  cost  of  materials  becoming  the  predomi- 
nating item. 

The  facts  to  he  derived  from  these  curves  are: 

1.  After  1.5O0  tons  deadweight  the  displacement  of  con- 
crete hulls  increases  more  rapidly  than  the  increase  of  dead- 
weight. 

2.  Minimum  indicated  horsepower  per  ton  deadweight  of 
concrete  ship  occurs  at  8,000  tons  deadweight. 

3.  Minimum  cost  of  concrete  hull  occurs  at  4,000  tons 
deadweight. 

4.  From  (3)  and  (4)  it  would  appear  that  the  economic 
limit  to  concrete  ships  is  between  5,000  tons  and  8,000  tons 
deadweight. 

5.  At  1,500  tons  deadweight  the  concrete  ship  is  most  fav- 
orably compared  with  a  steel  ship  for  displacement  and  indi- 
cated horsepower  and  at  this  deadweight  the  cost  per  ton 
deadweight  is  90  per  cent  that  of  a  1,000-tonner. 

G.  The  saving  of  steel  at  1,500  tons  deadweight  is  74  per 
cent.  The  saving  of  steel  at  8,000  tons  deadweight  Is  38  per 
cent. 

7.  Vessels  above  8,000  tons  deadweight  are  not  economic 
in   concrete  because: 

(a)  Saving  of  steel  becomes  negligible,  and  at  12,000  tons 
deadweight  there  is  no  saving  in  steel. 

(b)  Cost  of  hull  per  ton  deadweight  rapidly  increases. 

(c)  Displacement  rapidly  increases  and  consequently  indi- 
cated horsepower  and  net  tonnage. 

8.  To  conclude,  concrete  ships  are  most  economical  be- 
tween deadweights  of  1,500  tons  and  4,000  tons,  and  the  best 
size  concrete  ship,  considering  initial  cost  of  hull,  indicated 
horsepower  and  saving  in  steel,  is  in  the  neighborhood  of 
3,500  tons  deadweight.  No  concrete  ship  under  4,000  tons 
deadweight  should  require  more  than  10  per  cent  extra  pro- 
pelling power  compared  with  a  steel  ship  of  the  same  capac- 
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ity.  In  vessels  under  1.000  tons  deadweight  the  saving  of 
steel  is  very  considerable,  being  over  90  per  cent  for  100  tons 
de'adweight,  and  this  alone  will  in  many  cases  lead  to  the 
adoption  of  concrete.  If.  however,  the  object  is  to  increase 
tonnage  at  minimum  cost  and  irrespective  of  size  of  ship,  it 
would  be  advisable  to  build  vessels  of  about  3,500  tons  dead- 
weight. 

The  above  conclusions  are  based  on  a  steel  tensile  stress  of 
7  tons  per  square  inch.  If  higher  tensile  steel  were  used 
and  the  ratio  of  concrete  to  steel  remained  constant  it  would 
enable  the  weight  of  concrete  to  be  reduced  provided  the  con- 
crte  could  stand  the  still  higher  demands  made  upon  it.  It 
this  were  possible  the  weight  of  hull  would  be  reduced  and 
the  economic  limit  of  size  increased,  but  not  very  consider- 
ably. 

Another  possible  means  of  reducing  the  displacement  of 
"oncrete  ships  would  be  by  the  use  of  a  concrete  of  lower 
specific  gravity,  and  this  is  the  most  likely  and  immediate 
improvement. 


Analyses  of  Sewage   and   Sewage   Sludges 

From    Water   and   Water   Engineering.    March    20.    1919. 

The   following   analyses   have   been   made   for   the   British 

Board  of  Agriculture: 

1.     SEWAGES— 

Parts   per   100. (lOn. 


"Forest  Plank"  Roads 

By  MAJOR  P.   G.  JOHN   KEENAN.  '      ' 

'    '    '        From    The    Royal    Engineers'    Journal. 

The  many  difficulties  in  the  way  of  efficient  repair  of  the 
paved  roads  of  BYance,  immediately  behind  the  front  lines, 
are  obvious.  Road  material  was  scarcer  and  the  difficulty  of 
transporting  it  by  motor  truck  over  heavily  congested  roads, 
put  ordinary  methods  of  road  making  out  of  the  question. 
Hence  the  "forest  plank"  road,  which  stood  all  tests'  satis- 
factorily, when  it  was  well  and  truly  laid. 

The  materials  required  for  these  roads  are:  Rough  forest 
planks.  10  ft.  by  10  in.  by  3  in.;  split  pit  props  of  at  least 
6-in.   diameter;    nails.   6-in.;    sandbags. 

The  tools  required  include  heavy  hammers,  rip  saws,  trac- 
ing   tapes,    heavy    mauls,    and    picks    and    shovels. 

The  best  plan  is  to  divide  your  working  party  of  pioneers 
or  infantry  into  three:  (1)  drain-cutting  party;  (2)  forma- 
tion;   (3)  carrying  party. 

Wherever  possible,  lay  the  plank  road  over  the  remains 
nf   the   old   pave,  which  insures   some   sort   of   a   foundation. 
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Type   of  sewage.  ji.H.S  ^S. 

SSm  <;  S 

Ammoniacal    nitrogen 1.66  3.96 

Organic    nitrogen 0.89  1.91 

Total  nitrogen  2.55  5. ST 

Suspended    solids 10.70  31.10 

2.  SLUDGES— 

Per  cent  on   dry  matter. 
1905— (a)    Older   methods   of    tanl<    treat 
191S— (b)   Newer  methods. 

S  1 
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gX  o  M  - 

.S2'^°  S'S 

Organic    matter    39.80  38.78 

Inorganic 60.20  61.22 

Total  nitrogen 0.89  1.38 

Phosphoric   acid 0  66  0.66 

Lime    23.16  9.28 

Potash    0.07               

3.  SPECIAI^  SLl'DGES- 

Decreased 
sludge 
(Orossmann 
process). 

Organic   matter      35.5 

Inorganic     64.5 

Total    nitrogen    1.55 

Phosphoric  acid   1.33 

Lime    .... 
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Decreased 

'Native  guano' 

sludge 

(Kingston) 

(Huddersfield). 

1905. 

59.8 

51.25 

40.2 

48.75 

1.87 

1.93 

1.07 

1.74 

1.54 

3.. 30 

0.16 

German  Tests  of  Effect  of  Vibration  Upon 
Concrete 

From  Deutsche  Bauzeitung.  Sept.  28.  1918. 
In  concrete  construction  it  is  generally  believed  that  vibra- 
tion durin.g  the  period  of  setting  has  a  bad  effect,  so  that  it 
must  be  prevented  as  much  as  possible.  On  the  other  hand, 
tests  made  by  von  Bach  in  190.5  on  the  frictional  resistance  of 
iron  reinforcement  in  concrete  showed  that  this  was  increased 
by  vibration  during  setting  and  varied  inversely  with  the 
quantity  of  water  present  in  the  concrete  mass.  The  "German 
Committee  for  Reinforced  Concrete"  decided  to  make  further 
tests  to  verify  von  Bach's  results,  and  the  figures  are  set  forth 
in  a  pamphlet  of  eighty-eight  pages,  with  thirty-three  tables 
and  numerous  photographs  of  fractured  tests  beams.  The 
vibration  or  shaking  is  divided  into  three  classes,  which  are 
described  in  detail.  The  test  beams  of  a  transverse  section 
20  cm.  by  30  cm.  were  laid  across  supports  2  mm.  apart. 
They  were  made  of  concrete  composed  of  1  part  cement  to 
4  parts  of  gravelly  sand,  or  1  part  cement,  2  of  sand,  and 
2  of  syenite  broken  fine,  and  reinforced  with  iron  rod  16  mm. 
section.  Both  kinds  of  concrete  were  used  in  three  degrees 
of  dampness.  Fluid  concrete  is  more  sensitive  to  vibration 
than  concrete  with  less  water.  The  precise  figures  for  surface 
friction  in  the  iron  are  not  given. 


>pT!f  prf. 


Spnf  pi-^prcp . 


...--r 


"   r 


Planks  lOxlOii' 


Prjin 


Cross    Section    of    Plank    Roadway. 

Two  methods  are  commonly  used:  single  roadway.  J.0  ft. 
wide,  with  crossing  points  every  200  yd.,  and  double  road- 
way, 20  ft.  wide. 

The  double  road  is  the  best,  and  in  the  end  saves  time. 
The  methods  of  construction  are  as  follows: 

(1)  Party  is  put  on  to  cutting  the  side  drains  5  ft.  wide  and 
5  ft.  deep,  on  either  side  of  the  formation,  leaving  berm  of 
5  ft.  on  each  side  of  the  roadway,  thus  making  a  total  width 
of  formation  of  30  ft. 

(2)  Party  drains  all  shell  holes  into  the  side  drains,  and 
fills  hole  with  rammed  earth,  or  preferably,  with  filled  sand- 
bags. This  party  also  beds  the  bearers  flush  into  the  forma- 
tion, in  readiness  for  the  sappers  to  nail  down  the  planks  to 
them. 

(3)  Party  is  employed  carryin,g  planks — two  men  to  each 
plank — from  the  dump,  which  should  be  pushed  up  as  near 
the  job  as  possible  by  lorry. 

The  planks  are  laid  at  right  angles  to  the  bearers,  with  no 
camber.  The  ends  of  planks  in  the  center  of  the  road  should 
be  flush,  and  a  split  prop  should  be  securely  nailed  down  the 
center  of  the  road  to  keep  traffic  on  its  proper  side.  It  is 
also  advisable  to  do  the  same  on  the  outside  edges  of  the 
planking.  It  checks  side  slipping  in  wet  weather.  All  nail- 
ing should  be  on  the  skew.  Wire  nails  are  better  than  spikes, 
as  the  latter  split  the  planking.  The  planks  should  be  laid 
flush,  otherwise  the  road  will  be  kicked  up  by  horse  traffic. 


The  Divining  Rod  as  an  Indicator  of 
Underground  Water 

Prom  Water  and  Water  Engineering.  March  20.  191!). 
The  Society  of  Natural  Sciences,  of  Wageningen,  Holland, 
some  time  ago  organized  experiments  in  order  to  test  the 
value  of  the  divining  rod.  The  results  which  have  now  come 
to  our  notice  show  that  tour  diviners  took  part  in  the  tests, 
which  consisted  (1)  of  tracing  underg;round  streams  and  con- 
trolling their  courses  in,  a  given  plot:  (2)  of  determining 
whether  underground  conduits  were  full  of  water  or  dry.  In 
many  cases  it  was  probable,  and  in  some  cases  certain,  that 
the  rod  did  react  to  some  apparently  existent  conditions. 
This  shows  that  the  apparent  success  of  diviners  is  due  to 
superficial  control,  conscious  or  unconscious,  and  to  their 
observation  and  experience  of  the  ground.  Completely  un- 
favorable results  were  obtained  in  searching  for  predeter- 
mined water  currents:  correct  answers  were  obtained  in  23 
cases,  and  wrong  ones  in  2.t.  The  results  of  the  experiments 
were,  therefore,  in  contradiction  to  the  claims  of  the  diviners. 
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l.i(liiid  Oxygen  Explosives 

I    1..III     1..-    I^-MI.'    <'1\  ll 

MtlKarv  nf.-*M(lv  ronipolleil  the  lioimun  iiutliorllles  to 
•..  siiH-k  of  iiilrli-  .>x|>lo8lvps.  I'oiil  inlnos, 
i,  ,11,.  <jii:irrU<!i.  olc.  which  used  liirK"'  iiuiin- 

liliri.  ol  lhfH.<  t'iiiliislvos  wiTi'  «omi>»<ll<>d  to  look  lor  some 
nubmlliilp  Thin  w«s  a  fiivoriililo  occusiou  for  llt-rmiiii  piikI- 
ne«<rii.  who  for  iib«nil  ir.  v.-iirs  hiid  workoil  on  the  problem  of 
oxyllqiill.  lo  Klve  th.lr  priMliuts  ii  Irtui  In  the  liuluslry.  The 
prinrlple  of  this  explosive  Is  entirely  dllTerenl  from  those 
upon  whiih  nil  the  others  are  liased.  Industrial  or  military 
are  tienerally  snbslanees  contalninK  l«o  essential 
,is,  a  comlinstllile  element,  oarlion.  and  an  iRnltion 
vlfiiienl.  oxyjsen  The  explosion  Is  the  result  of  the  abrupt 
and  violent  lomblnallon  of  these  two  elements.  Oxygen  Is 
intn>dvued  under  the  form  of  nitric  combination  or  chlori- 
nated i.iinblnallon:  carbon  In  form  of  orRanic  matter.  With 
oxyllquit  the  llquelled  oxyKen  is  put  in  contact  with  carbon 
In  a  divided  and  porous  form.  Inder  a  systeni  of  Ignition,  the 
coiublnatlon  take.*  place  with  explosion. 

Uiquid  oxygen  Is  always  produced  on  the  spot  where  it  is 
to  be  used,  as  It  Is  Impossible  to  prevent  volatilization  taking 
place  shortly,  ll  Is  prepared  by  litiuefying  the  air.  the  re- 
fultlng  mixture  of  liquetled  nitrogen  and  oxygen.  Oeing  sub- 
mitted to  a  partial  distillation,  which  eliminates  the  larger 
part  of  the  nitrogen,  more  volatile  than  the  oxygen.  The 
»o  obtained  bluish  linuid  contains  about  S.i  per  cent  of  oxy- 
gen. 

A  German  Society  for  the  exploitation  of  the  Linde  patents 
Is  said  to  be  able  to  furnish  installations  giving  an  hourly 
output  of  23  lb.  of  litiuefied  rectified  oxygen.  The  li(iuefied 
oxygen  Is  transported  from  the  place  of  production  to  the 
place  of  utilization  in  special  containers. 

Two  methods  of  using  the  liquid  oxygen  for  blasting  pur- 
poses are  employed.  By  the  "Kowastsch"  method  the  liquid 
oxygen  is  poured  upon  the  lampblack  in  the  bore-hole.  A 
cylindrical  cardboard  cartridge  the  same  diameter  as  the 
hole  contains  the  lampblack  or  other  porous  material  rich  in 
carbon.  It  Is  closed  at  both  ends  with  cardboard  or  cork. 
Two  small  tubes  of  thin  cardboard  pierce  the  stopper  at  the 
outer  end.  These  tubes  serve  for  the  pouring  of  the  oxygen 
;iIso  for  the  fuse  or  electric  ignition  system.  A  metal  rod  is 
inserted  in  each  tube  to  prevent  them  being  crushed,  the 
cartridge  placed  at  the  bottom  of  the  hole  and  packed  with 
a  wad  of  clay.  The  metal  rods  are  then  extracted  and  the 
liquid  oxygen  poured  in  by  means  of  an  elbow  funnel.  The 
explosion  is  comparable  to  that  of  dynamite. 

The  "Marsit"  method  allows  of  a  more  regular  working 
and  is  therefore  more  in  use  than  the  other. 

In  this  the  cartridge  is  saturated  before»being  introduced  in 
the  bore-hole.  To  do  this  the  cartridges  are  immersed  in  a 
special  vessel  of  cylindrical  shape  with  double  walls,  filled 
with  liquid  oxygen.  The  cartridges  are  left  first  exposed  for 
a  few  minutes  to  the  vapors  above  the  liquid,  to  cool  them 
off.  then  completely  immersed  for  half  an  hour.  The  satura- 
tion is  therefore  complete.  When  the  cartridge  is  saturated, 
it  is  taken  out,  and  the  Ignition  system  attached  as  quickly 
as  possible:  it  is  then  placed  in  the  bore-hole  and  tamped. 
The  manipulation  in  this  method  is  far  simpler  than  in  the 
first  mentioned,  the  only  inconvenience  being  the  unavoidable 
delay  between  the  taking  out  of  the  cartridge  and  the  placing 
in  the  bore-hole.  During  the  lapse  of  these  few  minutes  a 
certain  pan  of  the  oxygen  of  the  cartridge  evaporates.  To 
lessen  this  loss,  and  to  keep  in  the  lampblack  a  sufficient  ex- 
cess of  oxygen,  the  walls  of  the  cartridge  are  made  water- 
tight: they  are  of  corrugated  cardboard.  No  detonator  is 
needed  to  explode  these  cartridges,  this  being  one  of  the  ad- 
vantages of  the  new  method ;  all  that  is  necessary  is  a  small 
primer  ignited  by  a  fuse  or  by  electricity. 

The  principal  company  manufacturing  this  product,  the 
"Sprangluft  Ges.  m.  b.  H.,"  of  Berlin,  claims  to  have  delivered 
each  year  an  equivalent  of  10,000  tons  of  nitric  explosives. 
Even  allowing  for  probable  exaggeration,  that  shows  how 
widely  this  product  is  used  in  Germany. 

The  greatest  advantage  of  oxyliquit  is  that  it  almost  en- 
tirely eliminates  the  danger  of  accidents.  The  cartridge  itself 
is  only  explosive  for  about  10  minutes,  between  the  time  of 
its  saturation  and  the  time  of  its  ignition.  During  this  time 
the  danger  is  not  any  greater  than  with  any  other  explosive. 
The  result  of  this  advantage  is  that  in  case  of  a  miss,  it  is  only 
necessary  to  wait  half  an  hour  for  the  cartridge  to  become 


entirely  harmless,  and  so  to  be  able  to  uncover  the  bore-hole 
without  any  danger.  In  addition,  all  danger  inherent  to  trans- 
porlalion  and  storage  of  the  explosive  is  entirely  eliminated. 

The  method,  however,  has  its  disadvantages.  The  priucipai 
is,  that  it  is  impossible  to  store  liquid  oxygen,  thus  requiring 
a  liquefaction  and  rectifying  plant  at  the  place  where  it  Is 
used.  Also  there  is  need  of  very  experienced  h:inds  for  a  ciuick 
charging  of  the  boreholes. 

Theoretically,  the  new  explosive  may  claim  superiority.  In 
practice,  however,  it  gives  an  explosion  hardlv  equivalent  to 
the  nu>st  powerful  explosives  known,  ilie  common  dynamite 
and  the  gel.iline  dynamite. 


The   Flow  of  Water  in   Pipes  and 
Pressure  Tunnels 

By  FREDERICK  .TOIIX   .MALLKTT. 

.M.stiart  „f   ,,.■»,„.,•  read   Feb.   2."..    IDIO,   bofore  In.stitule  of  Civil 
Knslnecrs. 

The  paper  is  an  endeavor  to  trace  out  the  inconsistencies 
met  with  in  many  of  the  older  formulae,  and  briefly  to  set 
out  the  features  that  in  practice  determine  the  ultimate  ca- 
pacity of  water  mains. 

Practically  all  the  better  known  formulae  have  been  ex- 
amined and  compared,  and  the  formulae  giving  the  most 
consistent  results  over  a  range  of  diameters  from  3  in  to  120 
in.  have  been  tabulated.  It  was  found  that  manv  of  the 
formulae  gave  good  results  over  a  short  range  of  diameters 
but  when  extended  to  the  diameters  that  are  now  coming  into 
use  they  gave  unreliable  results.  This  is  no  reflection  upon 
those  who  originated  the  formulae,  as  prior  to  1910  only 
about  a  dozen  pipes  over  48  in.  in  diameter  had  been  tested 

The  well  known  Kutter-FIynn  tables  with  a  value  of  0.013 
for  n  have  been  extensively  used  by  waterworks  engineers 
but  while  giving  good  results  for  mains,  say.  from  12  in.  to 
36  in.  in  diameter,  for  mains  of  small  diameter  the  capacity 
was  found  to  be  greater  than  the  formlua  predicted,  although 
the  incrustation  was  the  same  in  amount  and  character.  This 
knowledge  has  compelled  the  adoption  of  a  smaller  value  of 
n  for  pipes  below  12  in.  or  so  in  diameter:  or  indeed  some- 
times of  another  formula.  The  necessity  for  two  formulae 
or  two  values  of  n  to  determine  with  a  degree  of  accuracy 
the  discharge  of  mains  similarly  encrusted  is  objectionable. 

It  was  with  the  idea  of  obtaining  greater  accuracy  in  de- 
termining the  flow  of  water  in  incrusted  mains  that  tests 
were  made  upon  mains  3  in.  to  30  in.  in  diameter,  and  upon 
their  entire  length,  not  in  short  sections  or  straight  runs. 
These  mains  have  been  in  use  from  twenty  to  sixty  years. 
and  the  water  is  derived  from  the  limestone  and  red  sand- 
stone foriuations  which  produce  an  incrustation  correspond- 
ing to  Kutter's  n  =  0.013.  About  the  time  these  tests  were 
completed  (1916),  Mr.  F.  C.  Scobey's  work  on  wood-stave 
pipes  (Bulletin  No.  376,  United  States  Department  of  Agri- 
culture) was  issued.  The  experiments  were  made  upon 
mains  8  in.  to  162  in.  in  diameter,  and  form  reliable  data 
upon  which  to  construct  formulae  for  mains  up  to  about  15 
ft.  in  diameter.  Since  the  date  of  Scobey's  bulletin,  the  tests 
upon  the  New  York  water  supply  tunnels  of  14%  ft.  diameter 
have  been  issued,  and  these  have  been  considered  in  the 
development  of  a  new  set  of  formulae  for  clean  and  incrusted 
mains. 

It  has  been  noted  that  in  the  past  the  greatest  attention 
has  been  paid  to  the  determination  of  coefficients  and  indices 
in  formulae  for  clean  mains,  and  then  a  very  wide  margin 
allowed  for  incrustation  or  ageing.  Generally  the  allowance 
for  incrustation  is  the  same  relative  amount  for  the  large 
mains  as  the  small  mains,  which  is  not  tenable.  Several 
expressions  have  been  introduced  to  determine  the  reduction 
in  capacity  of  mains  in  a  term  of  years,  but  these  are  also 
inconsistent  with  fact,  since  the  incrustation  depends  more 
upon  the  class  of  water  conveyed  by  the  main  than  upon  the 
number  of  years  that  the  main  has  been  in  use. 

New  formulae  for  clean  and  incrusted  mains  are  given; 
the  nature  and  degree  of  incrustation  is  stated  tor  each  of 
three  degrees  of  incrustation;  and  a  general  classification  is 
made  of  waters  which  produce  these  incrustations.  A  sur- 
vey of  formulae  and  of  the  subject  leads  to  the  conclusion 
that  the  Chezy  formula,  when  a  varying  value  of  C  deter- 
mined from  the  value  of  n  introduced,  as  ascertained  from' 
the  class  of  water  to  be  dealt  with,  is  the  best  for  practical 
purposes. 
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The  Future  of  British  Canals 

From  Water  and  Water  Engineeriiie.  Feb.  20.  1919. 
It  was  generally  expected  that  the  war  would  be  the  oppor- 
tunity of  our  British  canals,  whose  welfare  has  been  consid- 
ered "so  tenderly  and  to  so  little  purpose  by  the  Royal  Commis- 
sion on  Canals  and  Inland  Waterways,  the  capacity  of  their 
inveterate  competitors— the  railways— being  strained  to  break- 
ing-point. Yet  by  the  end  of  1916.  according  to  one  witness, 
"the  end  of  canal  carrying  was  in  sight,  and  at  the  same 
moment  its  importance  was  realized."  The  reason  was  that 
the  railways  were  unable  to  raise  their  rates  or  to  refuse 
traffic,  whereas  the  canal  carriers  or  by-traders,  owing  to 
the  higher  cost  of  labor,  forage,  etc.,  were  compelled  to  raise 
their  charges,  while  the  army  at  the  same  time  made  repeated 
calls  upon  their  staffs;  consequently  the  railways  were  com- 
pelled to  carry  goods  that  had  always  hitherto  been  conveyed 
oy  barge. 

The  Canal  Control  Committee  was  appointed  at  the  begin- 
ning of  1917,  under  the  chairmanship  of  Sir  Maurice  Fitz- 
maurice,  who  gives  an  enlightened  account  of  the  methods 
adopted  to  increase  the  usefulness  of  the  canals  which  were 
taken  over;  these  measures  included  financial  guarantees, 
organization  of  traffic,  and  the  training  of  men  in  canal  work. 
!n  the  course  of  this  work  Sir  Maurice  Fitzmaurice  has  been 
able  to  consider  the  financial  and  engineering  questions  in- 
volved in  a  development  of  canals  after  the  war.  He  esti- 
mates that  the  cost  of  improving  and  acquiring  the  canal 
routes  forming  what  has  generally  been  called  the  "Birming- 
ham Cross,"  so  as  to  make  them  suitable  for  the  size  of 
boats  recommended  by  the  Canals  Commission  on  a  post-war 
basis,  would  be  as  follows: 

I.engrth, 
miles. 

"A" — Birmingham  and  Leicester  to  London 348     £12,345.151 

"E" — Leicester,    Burton    and    Nottingliam     to    tlie 

Humber   277         6,:S2,36S 

"C" — Wolverhampton     and     Birmingham     to     the 

Mersey    157         8,451,184 

"D" — Wolverhampton     and     Birmingham     to     the 

Severn    122         G,839,35C 

Total    904     £33,818,054 

This  materially  increases  the  estimate  of  the  Commission, 
which  was  £17, .533,910.  The  above  total,  however,  includes 
£6,000,000  for  the  purchase  of  the  canals,  but  it  does  not 
m^ake  provision  for  the  erection  or  construction  of  inland 
harbors,  wharves,  warehouses,  etc.,  estimated  to  cost  a  fur- 
ther  £10,000,000. 

Sir  Maurice  Fitzmaurice  was  skeptical  as  to  the  possibility 
of  s*suring  a  return  for  this  heavy  expenditure;  even  regard- 
ing the  canals  themselves  as  a  free  gift,  he  said  it  would  be 
necessary  to  expand  the  traffic  iive-told  before  the  canals 
could  be  said  to  pay  their  way.  He  suggested,  however,  that 
expenditure  of  something  like  £3,000,000  to  put  the  existing 
canals  in  a  thorough  state  of  repair,  so  as  to  enable  them  to 
deal  more  efficiently  and  economically  with  approximately 
the  same  class  of  boats  which  use  them  at  the  present  time, 
might  be  justified;  in  addition,  he  recommended  the  outlay 
of  a  further  £1,000,000  on  the  making  of  a  new  dock  at 
Sharpness.  The  Committee  thinks  that  the  scheme  is  worthy 
of  consideration,  at  the  same  time  being  of  opinion  that  the 
projected  establishment  of  central  power  stations,  which 
would  necessarily  have  to  be  erected  at  places  where  large 
supplies  of  water  are  available,  generally  in  the  vicinity  of 
large  estuaries,  must  greatly  influence  the  future  of  canals, 
the  bulk  of  whose  traffic  has  in  the  past  been  coal. 

Of  greater  immediate  interest  i?  the  account  given  by  Sir 
Maurice  Fitzmaurice  and  Mr.  I.  T.  Williams,  who  represents 
the  railways  on  the  Canal  Control  Committee,  in  regard  to 
experiments  that  have  already  been  carried  out  during  the 
war  to  improve  the  efficiency  of  the  canals.  These  have  lain 
principally  in  tv.o  directions,  viz.:  (1)  The  substitution  of 
lifts  for  locks,  in  order  to  economize  water  and  accelerate 
transit;  and  (2)  increase  of  speed  by  various  methods  of 
propulsion.  The  latter  w-as  also  prompted  by  the  shortage 
of  man  power.  It  was  found,  however,  that,  on  many  of  the 
canals,  an  increase  of  speed  above  four  knots  had  an  injurious 
effect  upon  the  banks  of  the  canal.  It  has  not  been  clearly 
ascertained  as  to  whether  this  is  due  to  the  bow-wave  or  to 
the  action  of  the  propeller;  experiments  on  the  Birmingham 
navigation  with  a  motor-boat,  specially  constructed  to  prevent 
a  wash,  are  now  being  carried  out,  but  up  to  the  present, 
mechanical  propulsion  has  been  only  moderately  successful, 
owing  partly  to  difficulties  in  crowded  locks  and  to  frequent 


stoppages.  The  figures  quoted  by  Mr.  Williams  show  a  heav- 
ier cost  of  maintenance  when  compared  with  horse-haulage 
and  no  appreciable  increase  in  speed,  owing  to  the  time  lost 
at  the  locks.  In  this  connection  it  might  be  considered  also 
whether  the  petrol-driven  vessels,  known  as  "L"  and  "K" 
lighters,  constructed  for  the  navy  for  landing  purposes,  could 
not  be  profitably  employed  after  the  war  on  canals  and  rivers. 

The  substitution  of  lifts  for  locks  would  be  instrumental 
not  only  in  accelerating  traffic,  but  in  economizing  water 
supply.  There  are  several  canals  in  this  country  where  locks 
occur  every  half  mile,  whereas  the  general  average  on  the 
Continent,  even  on  the  canalized  portion  of  the  rivers  alone, 
is  not  more  than  one  in  every  two  miles.  Lifts  are  provided 
on  many  canals  abroad,  and  they  have  been  successfully 
adopted  in  this  country  on  the  Weaver  Navigation,  but 
it  would  be  necessary  to  face  a  heavy  capital  cost  to 
contour  the  canals  so  as  to  increase  the  lifts;  the  cost  of 
such  works  is  difficult  to  estimate,  but  Sir  Maurice  Fitzmau- 
rice states  that  a  scheme  has  already  been  drawn  up  tor 
improving  the  connections  on  the  Grand  Junction  Canal  at 
Walford,  near  Leicester. 

Generally  speaking,  the  policy  outlined  is  to  utilize  the 
canals  as  feeders  of  the  railways  for  heavy  short-distance 
traffic,  as  part  of  a  general  scheme  of  unification  of  transport  . 
facilities.  It  is  clear  that,  without  embarking  on  grandiose 
schemes  of  doubtful  value,  much  could  be  done  by  a  compara- 
tively small  expenditure  to  utilize  inland  waterways  that  are 
now  little  more  than  a  public  nuisance,  but  that  such  works  ' 
are  frequently  beyond  the  powers  of  private  companies. 


Unit]  System  of  Reinforced  Concrete  Con- 
struction for  Small  Houses 

The  following  description  of  the  "Klip"  system  for  using 
reinforced  concrete  in  the  construction  of  small  dwellings 
is  abstracted  from  an  article  of  Dr.  Warner  Scheibe,  gov- 
ernment architect  of  Klotzsche  in  Deutsche  Bauzeitung  of 
Aug.  17,  191S: 

The   unit  building   block   is   210   mm.   long   by   70   mm.   in 


wmT 

Details   of    Reinforced    Concrete   Work. 

cross  section  and  of  such  a  length  that  it  can  be  carried  by 
two  men.  It  is  reinforced  by  four  thin  rods  wired  together 
at  intervals.  One  edge  has  a  semi-circular  groove  and  the 
other  a  rounded  projection,  while  one  flat  side  has  two  pro- 
jecting ribs  and  one  groove  to  correspond  with  two  grooves 
and  one  rib  upon  the  other  face. 

The  piers  of  the  building  are  constructed  of  such  blocks 
placed  vertically;  three,  for  example,  being  bolted  together, 
while  the  spaces  between  the  piers  are  formed  by  the  same 
type  of  blocks  laid  horizontally  with  an  air  space  of  10  cm. 
between  the  inside  and  outside  skin.  Where  window  open- 
ings are  required  a  standard  slab  is  inserted  in  the  air  space. 
The  floor  joists,  partitions  and  roof  are  constructed  of  sim- 
ilar standard  slabs,  and  it  is  stated  that  spans  U|)  to  6  m. 
wide  can  be  adopted.  The  construction  is  so  simple  that 
unskilled  labor  and  women  can  he  employed  under  the  direc- 
tion of  one  skilled  man.  As  soon  as  the  plastering  and  fixing 
of  windows  and  doors  is  completed  the  houses  are  ready  for 
occupation.  The  cost  per  sq,  metre  of  w^ll  surface,  inclusive 
of  floor  joist  erection,  is  stated  to  be  28  to  30  ct.  per  square 
foot  of  surface.  The  cost  per  cubic  meter  of  the  finished 
house  is  about  17  to  20  ct.  per  cubic  foot. 
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Strenj^th    and    Elasticity    of    Elec- 
trically Welded  Joints 

•,.M,    i:ii-;ln.'.i  iiiK.    Aplll    1.    101  ■ 

■111)11  with  most  liirge  sinu-iuii'ii,  uro  subject 
tt,  Miiiiiiions   of   stress   of   nn   nltoiniitlnK   nn- 

lur«.  nnd  dntti  rfciirJIiix  tho  capiUilUty  of  wolilml  Joiiils  to 
viihs'.iiul  .sucU  «lros»i>»  wori-  t«ntlri>l.v  luckiiiK.  Exporiiiu'iils 
I,.,  i-urritHl   out   uiiJor  liovi«riimoiit   luispli'es   botli   in 

til ;     .^   and  the  Tnltod  Stales,  luit   pride  of  place  must 

bo  Ktven  to  the  very  comprehensive  series  of  tests  carried 
out  on  iM-hulf  of  Lloyd's  Heislster  of  Shlppinn  and  described 
In  the  i«iip«r  which  has  Just  been  read  before  the  Institute  of 
Civil  Knslneer*  by  their  chief  ship  surveyor,  Mr.  W.  S. 
AU'll.  There  Is  no  doubt  that  future  progress  will  be  very 
laritoly  Influenced  by  the  data  just  .published  which  covers 
lb«  whole  field  in  a  manner  which  loaves  nothing  to  be  de- 
i)lr— I  Iviriiiiiliirly  valuable  are  the  results  of  the  alternat- 
1;  .  ns  no  experiments  of  this  nalure  had   pre- 

^ ; .iiTled  otit  on  welded  joints. 

The  flrst  type  of  apparatus  employed  for  these  tests  was 
deslKued  on  the  same  principle  as  that  employed  by  Wohler 
in  his  well-known  experiments  many  years  ago.  The  speci- 
mens, which  were  in  the  form  of  round  bars,  were  flxed  in 
the  grip  of  a  lathe  which  revolved  at  about  1,000  r.p.ni..  and 
loads  were  so  arranged  that  the  part  of  the  bar  containing 
the  weld  was  subject  to  a  uniform  bending  moment  of 
known  amount,  the  stress  on  each  part  of  the  material  chang- 
ing during  each  revolution  from  compression  to  an  equal 
stress  in  tension.  The  bars  were  tested  in  pairs,  one  welded 
and  the  other  unwelded.  and  the  results  tend  to  show  that 
the  highest  stress  at  which  the  welded  bars  will  withstand 
a  very  large  number  of  repetitions  of  alternating  stress  is 
about  6U,  tons  per  square  inch,  as  against  10V4  tons  per 
square  Inch  In  the  case  of  the  unwelded  bars. 

An  alternative  form  of  this  type  of  test  was  also  devised  in 
which  the  specimens  used  were  flat  plates  14  in.  in  length 
by  5  In.  in  breadth.  The  specimens  were  clamped  at  the 
ends  while  a  center  clamp  was  caused  to  oscillate  and  to 
bend  the  specimen  equally  up  and  down,  the  maximum  total 
displacement  used  being  5/16  in.  The  results  obtained  cor- 
roborate Uiose  given  by  the  first  method,  it  being  found  that 
the  stress  at  which  a  flat  plate  with  a  butt  weld  is  able  to 
endure  a  large  number  of  alternations  is  about  70  per  cent 
of  the  stress  borne  by  the  similar  4)tain  plate. 

Closely  allied  to  the  foregoing,  and  indeed  in  large  part 
responsible  for  the  results  obtained,  is  the  crystalline  struc- 
ture of  the  added  material  and  the  structural  changes  pro- 
duced in  the  original  steel  adjacent  to  the  weld  by  the  heat 
of  the  welding. 

In  the  design  of  large  welded  structures  one  of  the  most 
important  properties  of  the  welded  joints  is  the  relative 
value  of  their  modulus  of  elasticity  as  compared  with  that  of 
mild  steel,  and  in  the  experiments  with  which  we  are  now 
dealiog.  special  attention  was  paid  to  the  determination  of 
this  valu§.  As  is  well  known,  the  value  of  Young's  modulus 
for  different  qualities  of  steel  varies  very  little  and  does  not 
appear  to  be  affected  by  the  percentage  of  carbon  present. 
This  conclusion  is  fully  borne  out  by  the  results  of  the  ex- 
periments in  which  this  property  of  the  joints  was  deter- 
mined by  several  different  methods  of  measuring  the  exten- 
sion in  way  of  the  weld  as  well  as  by  observations  on  test 
pieces  composed  entirely  of  deposited  material.  The  ulti- 
mate extension  of  welded  joints  is,  of  course,  much  less  than 
that  of  ordinary  steel,  but  this  is  a  feature  of  minor  import- 
ance since  in  all  cases  the  calculated  structural  stresses  are 
kept  well  within  the  elastic  limit. 

Taking  a  broad  line  through  the  results  of  these  tests  it 
may  be  said  that  it  has  been  shown  that  with  careful  work- 
manship, welded  joints  may  be  reasonably  expected  to  suc- 
cessfully withstand  the  stresses  experienced  by  a  structure 
in  which  the  calculated  stress  does  not  exceed  about  6^2 
tons  per  square  inch  when  the  stress  is  of  an  alternating 
nature  and  varies  from  tension  to  an  equal  stress  in  com- 
pression, with  possibly  a  somewhat  higher  limit  when  the 
conditions  are  less  severe.  The  ultimate  strength  of  the 
•welds  is  practically  always  in  excess  of  that  of  riveted  joints, 
and  the  elastic  projierties  are  quite  satisfactory,  while  the 
microscopic  examination  show-s  that  there  is  no  abrupt 
change  in  the  crystalline  structure  at  the  junction  of  the 
original  and  added  material.     To  secure  the  best  results,  it 


is  essential  Hint  ilie  operaljors  employed  should  be  thoroughly 
trained,  a  point  which  is  receiving  the  attention  of  Arms 
principally  concerned.  The  possibility  of  effecting  appre- 
ciable economy  in  njaterial  Is  one  that  must  not  be  over- 
looked, although  the  claims  of  some  of  the  advocates  of 
electric  welding  are  probably  unduly  optimistic. 


New  System  of   CiOncrete  Reinforcing 

Kroiii  The  Survi-yor,  Jan.  ai,  I'.ll!). 
A  new  patent  system  of  reinforced  concrete  recently  placed 
on  the  market  consists  of  an  outer  and  an  inner  surface  re- 
inforcement of  expanded  metal  or  similar  material,  bolted  to- 
gether by  properly  spaced  distance  pieces,  which  also  secure 
a  bituminous  sheet  placed  at  the  neutral  axis.  This  bitumi- 
nous sheet  may  be  described  as  the  principal  characteristic 


rhe   fvl.   P.   Concrete   Reinforcing   System. 

of  the  system,  and  it  provides  many  of  the  advantages 
claimed.  For  example,  it  is  stated  to  enable  the  concrete  it- 
self to  be  applied  in  situ,  thus  avoiding  the  necessity  for 
any  boxing  or  shuttering — a  most  important  economy  in 
view  of  the  present  shortage  of  timber.  Again,  it  renders 
the  wall  in  which  it  is  placed  impervious  to  both  damp  and 
sound.  The  "M.  P."  Concrete  Construction,  Ltd.,  with  offices 
at  13  St.  Helen's  place — London,  E.  C.3 — has  been  formed  to 
work  the  patents. 


War-Time  Repairs  to  a  Steam  Roller 

From  The  Surveyor. 

The  hind  roller  of  a  Norwich  Corporation  machine  having 

collapsed,  and,   by   reason  of  the  war,  it  having  been  found 

impossible   to   purchase   new   rollers,   the   city   engineer,   Mr. 

A.  E.  Collins,  M.  Inst.  C.  E.,  devised  a  system  of  repairs  which, 

as  far  as  he  knows,  19 
novel.  He  pieced  to- 
gether the  collapsed 
shells  and  steel  tires, 
placed  necessary  rein- 
forcement in  position 
within  shells  and 
spokes,  and  filled  up 
the  roller  shells  with 
concrete  made  from 
"Ferro-crete"  cement 
and  local  shingle  and 
sand. 

To  distribute  the 
local  stresses  on  the 
tread  to  the  body  of 
concrete  he  placed  6- 
in.  coils  of  %-in.  round 
iron,  each  about  9  in. 
long,  resting  against 
the  interiors  of  the 
shells  and  inclined  towards  the  center  of  each  roller  wheel. 
The  result  of  the  repairs  has  been  entirely  satisfactory, 
and  the  roller  has  been  in  constant  use  for  18  months  since. 
While  it  is  somewhat  more  difficlt  to  steer  than  formerly, 
it  is  a  better  roller  than  before  for  straightforward  work  by 
reason  of  increased  weight,  and  it  is  the  favorite  corporation 
roller  for  tar-macadam  and  tar-paving  work. 


Roller   Repaired   With   Concrete. 
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Snow  Plow  for  Street  Gutters 

From   Tlie  EiiBincei-.   Feb.   14.   1319. 

A  snow  plow  which  has  been  found  very  effective  in  clear- 
ing drainage  channels  at  the  side  of  roadw'ays  has  been 
designed  and  put  into  service  by  Mr.  George  Nelson,  A.  M. 
Inst.  C.  E.,  engineer  and  surveyor  to  the  Gosforth — North- 
umberland— Urban  District  Council.  The  machine,  to  which 
the  name  of  the  "Rapid"  Street  Channel  Snow  Plow  has  been 
given,  is  illustrated  in  the  accompanying  engraving. 

The  body  part  is  made  of  well-seasoned  redwood,  firmly 
bolted  together  with  %-in.  bolts,  and  the  base  is  shod  with  a 
sole  piece  of  Bessemer  steel,  turned  up  on  the  sides  of  the 
body,    and    extended    to    form    the   nose    on    the    front.      The 


throughout  the  State,  of  the  advantage  of  the  present  system 
over  that  which  existed  previously.  They  realize  that  the 
new  system  means  regular  and  adequate  provision  of  funds 
for  maintenance,  the  provision  of  funds  tor  new  construction 
work,  including  bridges,  to  an  extent  tha^  could  not  be  con- 
templated by  the  unaided  efforts  of  local  councils,  and  the 
execution  of  works  of  a  standard  and  character  of  permanency 
that  could  not  previously  be  entertained.  The  educative  effect 
of  the  new  policy  on  public  opinion  has  also  been  most  en- 
couraging, in  that  the  question  of  road  construction  and 
maintenance,  which  previously  had  been  relegated  to  the 
background,  has  been  now-  raised  to  a  foremost  position 
amongst  State  activities  in  public  expenditure. 

The  decision  of  the  Government  and  Parliament  to  provide 
additional  funds  for  development  or  feeder  roads  to  the  main 


Street   Gutter  Snow  Plow. 


three-sided  frame  on  the  near  side  is  also  of  Bessemer  steel, 
and  the  shafts  or  stilts,  which  are  of  wrought  iron,  are 
bolted  to  the  three-sided  frame  and  also  to  the  inside  of  the 
body.  An  arm  or  beam  of  forged  iron  projects  over  the  front 
portion  of  the  plow,  and  carries  a  cast  iron  counterpoising 
v.'eight,  which  can  be  adjusted  to  suit  the  varying  density  of 
the  snow.  There  is  a  pair  of  anti-friction  rollers  made  of 
cast  iron  on  the  near  side.  These  rollers  revolve  against 
the  vertical  face  of  the  afreet  curb  and  serve  to  reduce  the 
friction  set  up  by  the  thrust  of  the  snow  on  the  offside  face 
of  the  plow. 


road  system  has  given  an  immense  amount  of  satisfaction 
in  country  districts,  where  the  conditions  are  such  that  the 
local  bodies  would  not  unaided,  be  in  a  position  to  undertake 
such  work  for  generations  to  come.  , 


Australia  Adopts  American  State  Aid 
Plan  for  Roads 

P'rom   The   .Surveyor,    JIarch   -\.   1910. 

The  complete  change  of  policy  in  the  care  and  management 
of  the  more  important  highways  of  the  country  districts  of 
the  State  of  Victoria,  which  the  passing  of  the  Country  Roads 
Act  involved,  a  change  from  a  system  of  disintegrated  local 
municipal  control  to  one  of  partnership  between  the  State, 
represented  by  the  board  as  the  central  authority,  and  the 
local  municipal  councils,  was  received  in  many  quarters  with 
considerable  misgiving;  but  it  is  satisfactory  to  record  that, 
in  districts  where  there  was  not  only  passive  resistance,  but 
actual  hostility,  the  merits  of  the  new  scheme  of  finance  and 
control  are  at  last  being  appreciated. 

In  many  parts  of  the  State  road  construction  for  many 
years  had  been  almost  non-existent — in  fact,  of  some  districts 
it  can  be  said  that  it  had  scarcely  been  commenced.  The 
reason  is  obvious.  Councils  and  the  ratepayers  they  repre- 
sented did  not  appreciate  the  value  of  good  roads.  They  were 
loath  to  recognize  that  their  road  systems  could  not  be  built 
out  of  their  limited  revenues  any  more  than  the  State  could 
build  its  railway  system  without  borrowed  money,  and.  being 
reluctant  to  avail  themselves  of  the  borrowing  provisions  of 
the  Local  Government  Act,  they  were  content  to  remain  as 
they  were.  Not  only  were  they  unable  to  build  new  roads, 
but  with  their  limited  revenue,  often  the  product  of  a  Is. 
or  Is.  3d.  rate  on  a  low  valuation,  they  could  not  even  effi- 
ciently maintain  the  roads  that  already  existed,  with  the 
result  that  in  many  instances  well-built  roads,  constructed 
many  years  ago  under  a  different  system  of  road  management, 
were  allowed  to  deteriorate  to  a  very  serious  extent. 

The  experience  of  the  past  five  years,  however,  has  con- 
vinced those  local  bodies  that  have  availed  themselves  of  the 
financial  provision  of  the  Act,  and  also  the  traveling  public 


British  Road  and  Bridge  Programme  for 
1919-20 

From    The    Surveyor.    Dec.    20,    1918. 

The  Government  has  agreed  that,  having  regard  to  the 
desirability  of  stimulating  employment  on  useful  work  at  the 
present  time,  the  expenditure  of  highways  authorities  in 
charge  of  the  more  important  roads  in  Great  Britain  on  the 
basis  of  their  pre-war  program  of  renewal  and  maintenance, 
enlarged  as  these  will  necessarily  be  by  the  rise  of  prices, 
shall  be  supplemented  by  grants  in  aid  for  additional  work 
to  an  aggregate  amount  of  £10,000,000,  of  which  £1,750,000 
will  be  provided  out  of  the  Road  Improvement  Fund  towards 
works  of  improvement  and  £8.250,000  will  be  drawn  from 
the  National  Exchequer. 

Mr.  W.  Rees  Jeffreys,  the  secretary,  states  that  the  board 
has  represented  to  the  Government  that  the  most  useful 
kind  of  road  work  required  at  the  present  time  is  the  strength- 
ening, reconstruction,  and  resurfacing  with  improved  materials 
of  important  roads  and  bridges,  and  that  the  lengths  of  road 
to  be  first  dealt  with  should  be  those  on  which  there  is,  or 
is  likely  to  be,  a  large  volume  of  heavy  motor  traffic,  keeping 
in  view,  in  the  selection,  all  roads  carrying  considerable 
traffic,  whether  main  roads  or  district  roads,  which  have 
suffered  deterioration  during  the  war.  It  is  recognized  that 
the  work  of  deferred  renewal  and  maintenance  will,  in  the 
immediate  future,  throw  upon  highway  authorities  a  con- 
siderable amount  of  additional  expenditure,  and  that  all  work 
carried  out  next  year  will  cost  more  than  it  would  have  done 
at  pre-war  prices.  In  view  of  these  circumstances,  the  board 
recommended  that  some  special  financial  provision  should 
be  made. 

No  highway  authority  will  be  entitled  to  share  in  the  new 
grants  for  additional  work  unless  they  submit  a  statement 
showing  that  they  are  arranging  to  execute,  out  of  their  own 
resources,  at  least  as  large  a  program  of  road  work  as  they 
carried  out  in  the  year  ended  March  31,  lftl4,  or,  in  special 
cases,  on  the  average  of  three  years  ended  March  31,  1914, 
having  due  regard  to  the  increase  which  has  since  taken 
place  in  the  cost  of  executing  road  work,  and  are  also  making 
the  maximum  practicable  provision  to  deal  with  works  ot 
deferred  maintenance. 
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The  Training  of  a  Municipal 
Enjjineer 

lly   K.   WU.Kl.NSUN. 
From    Ttm    Surv><>or.    Apr.    4,    1»1'.'. 
Tho  wrtlor  rt-coRnUos  thnt  th<>  oaso  of  noiirly  ovory  Indi- 
vidual who  proposoii  10  t>nti<r  llu>  iminlolpal  cnKlnoerliiK  pro- 
remilon  dlffcm.  and  that  It  1«  voty  hard  to  lay  down  any  one 
•<>•.  of  rule*  to  apply  otht>r  thiin  Konorally.     Take  the  case  of 
a  youth  whoso  paronts  i-.\n  afford  to  spend  a  good  sum  on 
him      In  the  writers  opinion  he  should  at   IG  years  of  uge 
.•niiT  u  ;inlver.<lty   with  llio  objeot  of  fakluR  an  engineering 
desn**  with  the  thorough  knowledge  of  one  modern  language 
— prvforably  t>t>nch.  which  Is  spoken  all  over  the  world,  or 
SpnnlHh.   Italian,  or  Gorman.     Onrlng   the  college   vacations 
,..   ...      .._,,  „j,j  second  years  he  should  enter  a  mechanical 

.;  works  whore  he  can  master  the  application  in 
ptinM."  I'l  the  principles  of  mechanics  he  has  learned  and 
KC  n  pmclical  working  knowledge.  The  third  year's  vaca- 
tion should  bo  spent  on  a  surveying  course,  such  as  is  planned 
by  the  I'nlverslty  College.  Ixindon.  He  has  then  laid  the 
foundation  for  his  entry  into  the  engineering  profession. 
He  should  then  be  articled  for  two  years  to  a  good  municipal 
engineer,  with  whom  he  can  get  a  varied  experience,  which 
is  so  essential  for  his  future  welfare. 

A  certain  portion  of  his  time  each  week  should  be  set  apart 
for  him  to  attend  lectures  on  building  construction,  quantities, 
chemistry  of  building  materials,  town  planning,  municipal 
law.  etc.,  and  his  chief  should  be  responsible  for  seeing  that 
his  pupil  has  made  himself  reasonably  proficient  in  these 
subjects  and  has  not  wasted  his  time.  Further,  he  must  in- 
still Into  the  pupil  that  his  work  must  be  directed  towards 
passing  the  Institution  of  Municipal  and  County  Engineers' 
examination,  and  that  an  engineer  must  continue  to  study 
and  learn  as  long  as  he  is  in  the  profession  it  he  wishes  to 
get  to  the  top  of  the  tree. 

In  the  case  of  a  youth  who  cannot  for  various  reasons  take 
an  engineering  degree  before  entering  an  office,  the  following 
course  Is  recommended  by  the  writer:  Enter  an  engineer's 
office  as  articled  pupil  for  4  years,  having  if  possible,  passed 
the  matriculation  examination  of  the  London  University.  His 
chief  should  then  map  out  his  course  of  study  as  follows: 
First  year — second  or  third  stage  of  mathematics,  elementary 
theoretical  mechanics,  elementary  applied  mechanics,  ele- 
mentary drawing.  Second  year — advanced  theoretical  me- 
chanics, physics,  chemistry.  Third  year — advanced  applied 
mechanics,  chemistry  of  building  materials,  building  construc- 
tion. Fourth  year — statics  of  structures,  including  graphic 
statics,  advanced  building  construction,  surveying. 

During  this  time  be  should  pass  the  students'  examination 
of  the  Institution  of  Civil  Engineers.  It  is  assumed  that  if 
a  boy  leaves  school  at  16  he  has  practically  reached  the 
standard  required  for  the  students'  examination.  The  course 
of  study  mapped  out  above  is  primarily  with  the  view  to 
passing  the  associate  membership  examination  of  the  Institu- 
tion of  Civil  Engineers,  as  tlif  pupil  must  be  made  thoroughly 
to  understand  that  the  principles  of  mathematics  and  mechan- 
ics mu-st  be  mastered  before  he  can  become  an  expert  engi- 
neer. This  examination  is  a  test  as  to  whether  he  has 
mastered  these  principles  or  not. 

-•ifter  he  has  finished  his  term  as  articled  pupil  he  should 
have  attained  a  sufficient  knowledge  to  earn  his  own  living. 
Being  able  to  earn  money  must  not  mean  that  the  young 
engineer  has  finished  his  studies:  rather  he  must  redouble 
his  efforts,  and  for  another  two  years  should  concentrate  his 
energies  in  specially  studying  the  subjects  required  for  the 
associate  membership  examination,  as  follows:  Theoretical 
and  applied  mechanics,  theory  of  structures,  strength  and 
elasticity  of  materials,  hydraulics,  geodesy,  theory  of  heat 
engines,  metallurgy  or  magnetism  and  electricity.  If  the 
above  course  is  followed  he  should  be  ready  to  sit  with 
success  at  22  years  of  aee.  Should  he  not  be  "successful  he 
must  sit  again.  Then,  when  passed,  the  following  two  years- 
course  must  be  taken  to  prepare  for  the  Municipal  and  County 
Engineers'  examination:— First  year:  Building  construction, 
quantities,  sanitary  science,  elementary  design  of  municipal 
works  Second  year:  Municipal  law.  engineering,  sanitary 
science.  If  he  worked  moderately  hard  on  these  subjects  he 
should  be  able  to  qualify  quite  easily  within  this  period. 
The  difference  between  these  two  courses  is  that  the  former 
has  an  easier  path  and  is  two  years  in  advance  of  the  latter. 


These  two  years  can  be  spent  in  the  pursuit  of  further  knowl- 
edge such  as  valunlions.  reinforced  concrete  construction,  etc. 

The  last  decade  has  seen  a  greater  expansion  of  municipal 
energy  and  enterprise  than  ever  was  anticipated,  and  to-day 
municipal  engineers  stand  on  a  threshold  and  know  not  what 
awaits  them  except  hard  work  which  will  tax  their  energies 
and  knowledse  to  the  fullest  extent.  Therefore  in  my  opinion 
it  is  absolutely  essential  that  a  very  liigh  standard  of  educa- 
tion should  be  insisted  upon  in  order  to  cojie  with  the  prob- 
lems that  will  arise. 

If  a  parent  a«ked  the  engineer  lo  wlioni  he  wishes  to  article 
his  son  the  following  question-- "wliat  can  my  son  earn  when 
he  haB  finished  his  pupilage'.'"  1  wonder  what  the  answer 
would  be?  Thirty  shillings  per  week  before  the  war — and 
what  now?  Wliat  is  an  adequate  salary  to  give  for  this  man's 
work  and  knowledge?  A  Joiner  when  he  is  22  years  of  age 
:\nd  out  of  his  time  can  to-day  command  Is.  fld.  per  hour, 
and  for  a  -IS  hours'  week  £1  4s.,  equal  to  .i;21.S  Ss.  per  annum. 
What  the  Status  Committee  recommended  in  101 S  for  a 
qualified  assistant  <is  deputy-engineer  or  chief  assistant  is 
.e200  per  annum,  rising  by  annual  increments  of  £10  per 
annum  to  not  less  than  £S00.  I  presume  an  assistant  could 
not  get  this  money  until  he  was  28  years  of  age.  and  by  the 
time  he  was  38  years  rise  to  the  sum  of  £300.  It  is  the 
writers'  opinion  that  councils  wo\ild  look  at  these  figures  as 
a  maximum  and  not  the  minimtim.  as  in  the  report.  Therefore 
this  report  ought  to  be  more  clear,  and  salaries  put  on  the 
basis  of  a  professional  man  and  not  on  the  basis  of  a  clerical 
assistant,  as  the  professional  man  has  to  devote  much  money 
and  time  to  study. 

Many  chief  surveyors  of  small  hut  important  districts  are 
not  getting  £218  Ss.  A  pertinent  question  must  now  be 
asked.  What  arc  the  heads  of  our  institution  doing  to  ensure 
that  a  young  man  shall  have  a  proper  and  thorough  training 
and  an  adequate  salary  when  he  has  obtained  that  training? 
It  is  essenti.ll  that  all  who  enter  the  profession  sliould  pass 
an  examination  like  a  doctor  or  solicitor.  A  proper  salary 
could  then  be  commanded.  In  the  writer's  opinion  a  man  of 
2a  years  of  age  who  has  gone  through  either  of  the  above 
courses  ought  to  obtain  from  £300  to  £360  per  year,  and 
not.  as  some  men  to-day.  at  30  to  40  years  of  age.  £200  per 
annum.  This  is  a  disgrace,  and  it  ought  to  make  everyone 
bestir  themselves  to  obtain  better  conditions. 


Estimating  Hardness  in  Water 

P>om  Water  and  Water  Kiigineerinfc.   Dec.  20.  1918. 

The  amount  of  reagents  required  for  softening  water  by  the 
lime-sodium  carbonate  and  lime-sodium  hydroxide  methods 
may  be  calculated  from  the  total  hardness  and  the  carbonate- 
hardness,  non-carbonate  hardness,  and  magnesia  hardness,  re- 
spectively. In  determining  the  total  hardness  by  Blacher's 
method  with  potassium  palmitate  solution,  according  to  H. 
Xoll.  zinc  and  iron  do  not  interfere  with  the  process,  as  stated 
by  Zink  and  Hollandt.  provided  they  are  first  precipitated  by 
means  of  sodium  hydroxide.  The  carbonate  hardness  is  de- 
termined by  titrating  the  water  with  standard  acid,  with 
methyl  orange  as  indicator,  and  the  magnesia  hardness  by  the 
following  modification  of  the  method  of  Froboese: — 100  c.c.  of 
the  water  is  rendered  neutral  to  methyl  orange  with  hydro- 
chloric acid,  then  boiled  for  10  minutes,  treated  with  5  c.c.  of 
a  saturated  solution  of  sodium  oxalate,  and  again  boiled  for 
one  to  two  minutes.  After  the  precipitate  has  subsided,  the 
liquid  is  titrated  with  N  10  potassium  palmitate  solution,  with 
phenolphthalein   as   indicator. 

The  number  of  cubic  centimetres  required  multiplied  by  2.8, 
gives  the  magnesia  hardness  in  German  degrees  (one  German 
degree  :=  40  milligrammes  CaO  per  100  c.c).  The  carbonate 
hardness  multiplied  by  10  gives  the  amount  of  lime  in  milli- 
grammes, per  litre  of  water  required  to  convert  bicarbonates 
into  carbonates,  while  the  magnesia  hardness  multiplied  by 
10  gives  the  amount  of  lime  (milligrammes  per  litre)  required 
to  convert  the  magnesia  carbonate  into  hydroxide  and  magne- 
sium chloride  and  sulphate  into  the  corresponding  calcium 
salts.  The  non-carbonate  hardness,  multiplied  by  19,  gives  the 
amount  of  sodium  carbonate  required  (milligrammes  per 
litre),  but  in  practice  it  is  necessary  to  add  an  additional  10 
to  20  per  cent.  As  a  rule,  water  rich  in  salts  requires  a 
smaller  excess  than  a  water  containing  a  small  amount  of 
salts.  The  same  data  are  used  for  calculating  the  amounts  of 
reagents  required  for  the  lime-sodium  hydroxide  process. 

In  the  case  of  a  water  in  which  the  carbonate  hardness,  ex- 
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eluding  magnesia  hardness,  is  greater  than  the  non-carbonate 
hardness,  the  latter  multiplied  by  14.3  gives  the  milligrammes 
of  sodium  hydroxide  required  per  litre,  whilst  the  sum  o£  the 
carbonate  and  magnesia  hardness,  less  the  non-carbonate 
hardness  multiplied  by  in.  gives  the  amount  of  lime  required. 
To  give  the  necessary  excess  of  sodium  carbonate  the  amount 
of  sodium  hydroxide  should  be  increased,  and  that  of  the  lime 
reduced  by  quantities  corresponding  with  one  degree  of  hard- 
ness, and  for  this  purpose  sodium  carbonate  must  be  added  to 
waters  in  which  the  carbonate  hardness  does  not  exceed  the 
non-carbonate  hardness  by  at  least  one  degree. 

Where  the  combined  hardness  due  to  carbonates  and  mag- 
nesium salts  is  greater  than  the  non-carbonate  hardness, 
whilst  the  carbonate  hardness  is  equal  to  or  less  than  the  non- 
carbonate  hardness,  the  amount  of  sodium  hydroxide  required 
is  obtained  by  multiplying  the  non-carbonate  hardness  by  14.3, 
and  the  lime  by  subtracting  the  non-carbonate  hardness  from 
the  sum  of  the  carbonate  and  magnesia  hardness  and  multiply- 
ing by  10.  In  the  presence  of  magnesium  bicarbonate  in 
waters  of  this  type,  sodium  carbonate  should  be  added  in  a 
proportion  corresponding  witli  1  deg.  (^  19  milligrammes  per 
litre).  In  the  case  of  waters  in  which  the  combined  carbonate 
and  magnesia  hardness  is  equal  to  the  non-carbonate  hardness, 
the  latter  multiplied  by  14.3  gives  the  required  amount  of 
sodium  hydroxide.  In  this  case  no  lime  is  required,  and  an 
excess  of  sodium  carbonate  must  be  added  to  the  water.  In 
the  case  of  waters  in  which  the  combined  carbonate  and  mag- 
nesia hardness  is  less  than  the  non-carbonate  hardness,  the 
sum  of  the  carbonate  and  magnesia  hardness  multiplied  by 
14.3  gives  the  sodium  hydroxide-  the  carbonate,  plus  the  mag- 
nesia hardness,  less  the  non-carbonate  hardness,  multiplied  by 
19  gives  the  required  amount  of  sodium  carbonate.  For  soften- 
ing alkaline  water  lime  only  is  required. 


Reinforced  Concrete  Railway  Tie 

Prom    < 'iiiHTf-t',    ami    <"'onsti'iir-tional    I''nt;iiieei'in;;. 

The  Port  of  London  Authority  has  carried  out  numerous 
experiments  in  the  productionof  reinforced  concrete  ties  for 
use  under  the  tracks  at  its  various  docks.  These  include  ties 
of  the  heavily  reinforced  kind,  9  ft.  by  10  in.  x  5  in.  and  also 
those  of  the  block  or  pad  type.  Of  the  fo-mer  several  hun- 
dreds are  being  made  for  tracks  of  7  ft.  gauge  to  carry  5-ton 
traveling  steam  cranes  of  large  radius  for  use  at  the  various 
dry  docks  belonging  to  the  Port  Authority.  Of  the  latter 
only  one  need  be  mentioned  here,  wherein  the  object  desired 
was  to  obtain  a  cheap  and  easily  made  block  or  pad  tie  for 
ordinary  gage  tracks,  and  at  the  same  time  dispense,  if 
possible,  with  perishable  wood  or  metal  ties  connecting  the 
pairs  of  rails  or  pads.  This  tie  was  patented  by  J.  H.  Walker, 
an  engineer  of  the  Port  Authority,  and  is  shown  in  Fig.  1. 
It  consists  of  a  pair  of  blocks  to  which  the  rails  are  attached, 
separated  by  an  intermediate  block  lying  between  them  but 
not  attached  to  them  in  any  way.  The  special  feature  about 
the  rail  blocks  is  that  their  bases  are  inclined  downwards 
towards  the  center  of  the  track,  as  seen  in  the  illustration. 
By  this  means  it  is  found  that  whereas  the  tendency  of 
sleeper  blocks  placed  on  a  level  bed  is  to  creep  outwards  on 
account  of  the  action  upon  the  rails  of  the  wheel  flanges,  the 
tendency  of  these  blocks  is  to  creep  inwards:  this  is  due  to 
the  compensating  influence  of  the  inward  inclination  of  the 


Fig.  1 — Reinforced   Concrete   Pad   Railway  Tie. 
bases,  and  is  met  by  the  intermediate  block.     No  chairs  are 
used,  the  rails  being  bolted  down  to  the  blocks  themselves. 

These  ties  have  been  in  use  on  the  main  goods  line  for 
over  a  year,  and  are  perfectly  satisfactory.  As  a  result  of 
the  experience  thus  acquired  it  is  considered  that  the  inter- 
mediate block  is  only  necessary  at  intervals,  say,  between 
every  fourth  or  fifth  pair  of  rail  blocks.  The  test  which  these 
ties  is  imdergoing  is  all  the  more  severe  in  that  they  are  laid 
in  the  curved  track  upon  a  recently  widened  embankment, 
where  the  ballast  consists  of  the  ash  filling  of  which  the  bank 
is  composed. 


A  New  Road  Scarifier 

From  The  rOngineer.  March  H.  191S. 
A  new  form  of  scarifier  has  recently  been  brought  out  by 
Marshall  Sons  &  Co.  of  Oainsborough.  The  device  has  the 
main  features  generally  associated  with  this  class  of  ma- 
chine That  is  to  say,  a  set  of  inclined,  hard  steel  tines  are 
fixed  in  a  frame  attached  to  the  rear  of  a  road  roller  and 
forcil)ly  dragged  through  the  road  surface.  The  new'  Mar- 
shall scarifier  has.  however,  a  very  useful  addition,  which 
greatly  expedities  work  where  there   are  obstructions,  such 


Arrangement    of    tl?e     IVlarshatt     Scarifier. 

as  tram  rails  and  gratings  in  the  road.  With  the  ordinary 
scarifier  it  is  necessary  laboriously  to  wind  the  tines  out 
of  the  cut,  to  clear  the  obstruction,  and  then  force  them 
down  again  on  the  other  side.  This  frequently  necessitates 
the  engine  being  stopped,  and  means  that  the  cut  of  the 
tines  cannot  be  carried  to  the  full  depth  on  both  sides  of 
the  obstruction.  To  overcome  this  trouble  a  quick-lift  tog- 
gle action  has  been  fitted  to  the  frame  carrying  the  tines. 
Referring  to  the  line  drawings,  it  will  be  seen  that  the  main 
frame  A  is  rigidly  bolted  to  the  engine  tender  and  stayed 
to  the  back  axle  by  means  of  a  steel  channel  and  an  angle. 
The  frame  itself  is  of  cast  steel,  and  is  machined  on  the  in- 
side to  carry  the  sliding  frame.  The  sliding  frame  has,  at 
its  lower  end.  the  tine  holder  B,  whicli  has  three  slots,  ar- 
ranged en  enchelon  for  the  reception  of  the  tines.  The  slid- 
ing frame  is  connected  with  the  crosshead  H  by  means  of 
tne  links  F  and  the  bell-crank  E  rotating  about  the  pin  G  in 
the  crosshead.  The  crosshead  is  free  to  slide  in  guides  ma- 
chined in  the  main  frame,  and  is  adjusted  vertically  by 
means  of  the  screw  D,  a  set  of  bevel  gears  and  the  hand 
wheel  C.  The  bell-crank  lever  E  has  a  pawl  engaging  with 
ratchets  on  the  quadrants  J.  Thus  there  are  two  means  of 
moving  the  time  holder  in  a  vertical  direction.  The  hand 
wheel  enables  the  depth  of  cut  to  be  adjusted,  while  the 
lever  and  links  give  a  quick  lift,  for  clearing  obstructions, 
which  amounts  to  about  5  in.  On  either  side  of  the  frame 
there  will  be  seen  two  long  vertical  bolts.  These  bolts  extend 
right  through  the  sliding  frame,  and  are  surrounded  by 
strong  springs  which  balance  the  w'eight  of  the  tool  box.  and 
thus  assist  the  attendant  in  lifting  the  tines  quickly  out  of 
the  cut.  When  the  lever  E  is  fully  depressed  the  links  are 
in  ,1  straight  line,  so  that  the  reaction  of  the  tines  in  tear- 
ine  up  the  road  surface  is  transmitted  direct  to  the  cross- 
head  and  the  lover  is  relieved  of  all  strain. 


Cost  of  Road  Resurfacing  with  Tarmac 

From  The  Surveyor,  Jan.  •1\.  1919. 

During  the  four  years  1914-18  the  County  of  Notts,  England, 
resurfaced  90  miles  of  rural  main  roads. 

The  work  carried  out  under  the  scheme  comprised  the 
resurfacing  of  the  roads  with  a  center  of  tarmac  10  ft.  in 
width  (laid  in  two  coats),  3%  in.  thick  when  consolidated 
with  4  ft.  of  water-hound  granite  or  slag  on  each  side. 

Onf  of  the  disadvantages  of  this  system  is  that  "potholes" 
soon  made  their  appearance  along  the  edge  of  the  tarmac. 
This  has  been  stopped  to  a  large  extent  by  adopting  what 
may  be  described  as  a  lap  joint  between  the  tarmac  and  the 
water-hound  macadam  sides,  the  bottom  layer  of  iVi-in.  tarmac 
being  laid  6  in.  wider  on  each  side  than  the  top|)ing  coat,  and 
the  untarred  granite  or  slag  being  rolled  into  it 

Experimental  lengths  of  granite  laid  with  rocmac  were  laid 
on  the  side  of  the  tarmac  in  the  hope  of  obtaining  a  better 
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dttsa   or   road   tlinn   coiil.i    lo    got    by   ordinary    water-bound 

miioHilum      Whoro   the   roinmc   was  laid   In   1!>15   on  a   road 

\  main  road  tralllc,  it  has  stood  very  well, 

1  with   this   material   on   a   road    having   a 

service  soon   began   to   show   signs 

>n.  particularly  nt  the  Joint  with  the 

i.iiui.iL       riil^i  :.,:u'u  «ii.-<  at  once  tarspraycd.  and  has  been 

tr»'alfd  with  tar  each  suniiner  since,  and  Is  still  In  sood  condl- 

linn      The  cost  of  laving  the  rocniac  was,  however,  iiulte  as 

iniuh   as   that   of  laying   the   tarmac — viz.,   2s.   6d.   per  yard 

tll'U.).     • 

The  following  are  the  \letall.'»  of  the  quantles  of  materials 
usimI  In  the  reconstruction  of  the  90  miles  of  road  carled  out 
direct  by  the  county  ciuincll.  and  the  cost  per  ton  of  the 
materials  In  the  various  years.  The  cost  per  yard  of  the 
flnlshed  work  is  also  given: 

.VvoraKO  • 

No.  of  sq.        piico  per  ton. 

v<l.  siirfuoed  1914-16.       1917-lS. 

IHT  ton.      s.      d.  8.   d. 

7  Id     *%  17     G 

10  10     7  IB     4 

12  7     2U  ii     0 


>f  mmrrlnl  usoi 


tiut^ 
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Tarmac    2  '6 

"",n>nlt<»    1/9 

Slnit    1/3 


1917-lS. 
3/2 
2/6 
1/9 


Water  Power  of  the  World 


Prom  the  Ptvllmlnary  Report  of  the  Watcr-Power  Committee 
of  (he  Conjoint  Board  of  British  Scientific  Society. 

It  Is  impossible  to  estimate  with  any  pretensions  to  accu- 
racy the  power  now  being  used  in  the  various  countries  of 
the  world.  Independent  estimates,  based  on  such  data  as 
are  available,  tend,  however,  to  show  that  it  is  of  the  order 
of  120.000.000  h.p..  made  up  approximately  as  follows: 

Millions  of 
horse -power. 
World's  factories.  Including  electric  lighting:  and  street  rail- 
ways     75 

World's  railways    21 

World's  shipping 24 

Total     120 

This  includes  all  steam,  gas,  and  water  power. 

Of  the  75.000.000  h.p.  used  for  factories  and  general 
industrial  and  municipal  activities,  a  rough  approximation 
of  the  most  probable  distribution  would  appear  to  be: 

Millions  of 
horse-power. 

United  Kingdom   13 

Continental  Europe  24 

I'nilcd    States    29 

Britiiih  Dominions  and  dependencies   6 

A-sLt  and  South  America  • 3 

An  estimate  by  the  Dominion  water  power  branch  of  the 
Canadian  Department  of  the  Interior  outlines  the  hydraulic 
situation  of  the  various  countries  as  shown  in  Table  I. 

FVom  this  it  appears  that  between  1.5.000.000  and  IG.000,000 
of  the  world's  industrial  horse-power  is  at  present  developed 
from  hydraulic  resources.  The  followin.:;  table  shows  approx- 
imately the  hydraulic  power  developed  in  the  various  regions, 
and  also  the  ratio  of  this  to  the  total  industrial  horse-power 
(excluding  railways) : 

Continental 
fnited        Eu-         United         Col- 
Kingdom,    rope.       States.         onies. 

Millions  of  hp 0.08  Co  7.0  2.0 

Percentase  of  total  industrial  hp..  .0.6  27.0  24.0  33.0 

Perhaps  the  most  interesting  feature  of  these  tables  is  the 
extremely  small  proportion  of  available  hydraulic  power  de- 
veloped in  the  United  Kingdom.     It  is  the  most  backward  in 


this  respect  of  all  the  countries  listed,  except  Russia,  and  its 
S.3  per  cent  compares  very  unfavorably  with  the  43.4  per  cent 
of  t5erniany. 


Simple   Method   for   Extracting   Dissolved 
Gases  from  Water 

A  simple  and  satisfactory  method  for  the  extraction  of 
passes  dissolved  in  water  is  described  as  follows  in  Water 
and  Water  Kngiiieering  for  March  20,  1919: 

.■\.  stout  glass  quart  bottle  is  completely  fille<l  with  the 
water.  The  lower  tube  of  a  bulb  of  thistle  funnel  head,  of 
;\{)  c.c.  capacity  and  provided  with  two  stoppers,  is  passed 
through  a  rubber  stoiijier.  the  bulb  is  evacuated,  and  the 
stopper  inserted  in  the  bottle,  thereby  connecting  the  tube 
with  the  water.  When  the  lower  tap  of  the  bulb  is 
opened  a  Utile  of  the  water  rushes  up,  and  it  be- 
comes possilile  to  press  the  cork  firmly  into  the 
bottle  neck.  ICv'olntion  of  gas  at  once  begins.  If  the 
bottle  is  placed  in  a  vessel  of  water  at  about  40°  C,  and 
the  gases  occasionally  removed  from  the  small  bulb,  the 
water  will  continue  to  boil  until  all  gases  have  been  removed. 
Carbon  dioxide  is  tenaciously  held  by  water,  and  when  it  is 
present  alone  repeated  evacuations  of  the  small  bulb  are 
necessary,  but  a  number  of  experiments  have  proved  that 
carbon  dioxide  can  be  completely  removed  from  the  ap- 
paratus. For  example,  a  quantity  of  distilled  water  was 
boiled  for  tw-o  hours,  and  then  quickly  cooled.  The  quart 
bottle  was  three-fourths  filled  with  the  water,  and  0.1  grm. 
of  pure  sodium  carbonate  wSs  added,  followed  by  an  excess 
of  dilute  sulphuric  acid;  21.0  c.c.  of  gas  was  recovered, 
whereas  theory  required  21.06  c.c.  When  the  water  contains 
much  dissolved  air  in  comparison  with  the  amount  of  carbon 
dioxide,  the  latter  is  more  easily  removed,  as  the  other  gases 
help  the  evacuation. 


Method    of    Reconstructing    Road    on    Clay    Subsoil. — It    is 

truly  said  that  the  best  experience  is  not  obtained  by  suc- 
cess, but  through  work  of  some  kind  or  other  not  turning 
out  to  be  the  complete  success  desired,  and  in  this  respect 
the  writer  had  a  useful  experience  in  1915.  it  being  necessary 
in  that  year  to  deal  with  a  road  which  had  been  constructed 
on  a  clay  subsoil  with  a  foundation  of  lump  slag  covered  with 
3  in.  to  4  in.  of  slag  rejections  and  finally  coated  with  Tar- 
mac, land  drains  being  laid  longitudinally  along  each  side  of 
the  road.  The  clay,  having  worked  up  through  the  slag,  had 
the  effect  of  destroying  the  binding  properties  of  the  Tarmac, 
which  disintegrated,  and  the  whole  construction  began  to 
collapse.  A  section  having  a  gradient  of  1  in  20  was  taken 
in  hand  and  entirely  reconstructed  in  the  following  manner: 
The  whole  of  the  road  material  was  removed,  and  the  drain 
tiles  were  relaid  in  a  trench  of  sufficient  width  and  depth 
to  allow  of  6  in.  of  clean  clinker  ashes  completely  surround- 
ing them.  Drains  were  laid  in  herring-bone  fashion  across 
the  road,  and  a  foundation  of  6  in.  of  hard  clinker  ashes  was 
laid  and  consolidated  and  the  old  lump  slag  was  then  hand 
pitched  on  top  of  the  clinker  and  covered  with  the  slag  re- 
jections. After  this  had  thoroughly  consolidated,  the  old 
Tarmac  was  screened,  relaid  and  tar-sprayed,  the  surface  be- 
ing finished  with  %-in.  slag  chippings,  no  new  material  be- 
ing obtained  excepting  a  small  quantity  of  slag  rejections. 
The  work  was  completed  in  October.  191.5.  and  the  road  is 
still  in  perfectly  good  condition  and  shows  no  signs  of  the 
previous  trouble.  An  8-ton  steam  roller  was  used  on  this 
work,  and  the  cost  was  55  ct.  per  sq.  yd. — J.  Cracroft  Haller, 
Notts  County  Surveyor,  in  The  Surveyor. 


TABLE  I— HYDRAULIC  SITUATION  OP  THE  VARIOUS  COUNTRIES. 


Country-.  Cfq.  miles). 

t'nited    States    3.026.COO 


Canada  (A) 

Canada    (B)    

Austria  Hungary 

France  

Norway   

Sp-iin 

Sweden   

Italy   

Switzerland  

Germany    

Great    Britain    . . 
Russian  Empire? 


2.000.000 

927.800 

241.330 

207,100 

124.130 

194.700 

172.900 

91.2S0 

15.976 

20S,SOO 

.SS.9S0 

S. 647. 657 


Population 
Clatest  avail- 
able figures). 
92.ni9.nC0t 
8.033.500 
R.OOC.OOO 
49,41S.600 
39. 601. SCO 
2.302,700 

is.eis.ioo 

5.521.900 
2S. 601, 600 

3.742.000 
64.903.400 
40.831.400 
182.182.600 


B.  horse-  B.  horse, 

power  available  power  developed  Per  cent 
(1915  estimate).  (1915  estimate),  utilized. 


Horse-power  per 
sq.  mile  of  area. 


28.100,000 
IS, 803,000 
8.094,000 
6.460.000 
5..=;S7.000 
5.500.000 
5.000.000 
4.500.000 
4.000.000 
2,000,000 
1.425,000 
963.00nt 
20.000.000 


,000.000 

1,735,560 

1,725,000 

566,000 

650,000 

1,120,000 

440,000 

704,500 

976.300 

511.000 

618,100 

80,000 

1,000,000 


24.9 

9.2 

21.0 

8.8 

11.6 

20.4 

8.8 

15.6 

24.4 

25.5 

43.4 

8.3 

5.0 


Avail- 
able. 
9.3 
9,40 
S.74 
26.8 
27.0 
44.3 
25.7 
26.0 
43.8 
125.2 
6.8 
10.9 
o  •> 


Canada  "B"  refr-rs  to  the  present  most  thickly  populated  portionof  the  Dominion. 

Canad.a  ''A":  2.!0n.000  sq.  miles  taken  as  the  area  treated  in  the    Conservation  Commission's  estimate  of  available  water  power. 


De- 
veloped. 
2.S1 
0.86 
1.83 
2.34 
3.14 
9.02 
2.27 
4.08 
10.7 
32.0 
2.96 
0.91 
0.12 


the  area  which  w-e  may  expect  to  see  fairly  thicklv  settled  during  the    next  few   decades 

inclu(ies  the  S.OOO.O^'O  pO[>ulation  of  "B."     The  area  of  the  whole  Dominion  is  3.729.750  sq.  miles.     The  powers  given  are  a  1917  estimate. 


This  includes  the   area   indicated   by   "B." 


and 
and 


•■Excluding  Alaska    Carea  about  half  a  million  .«q.mYles).>1911    Census  -^   12   per   ceiit.      JThe    estimate   for  Great   Britain    is   almost 
certamly  much  too  high.     SA  recent  estimate  by  the  Ministry  of  TV  ays  of  Communication    (Electrical   Review,   Feb.  22,   1918), 
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contract  news. 

Roads  and  Streets — 1st  Wednesday 

(a)  Roads  'oi    Street    Cleaning 

(b)  Streets  *d)    Municipal    Miscellanies 

Waterworks  and   Hydraulics — 2nd  Wednesday 

la)    Waterworks  (c)    Irrigation    and    Drainage 

(b>   Sewers   and   Sanl-        (d)   Power   and   Pumping 
tatlon 

te)    Management  and  Office 
System 


Railways   and    Excavation — 3rd   Wednesday 

(a)  Excavation   and  (c)    Quarries   and    Pits 

Dredging  (d)    Railways.    Steam    and 

(b)  Rivers   and   Canals  Electric 

(e)    Management  and  Office 
.System 

Buildings  and   Structures — 4th   Wednesday 

(a)  Buildings  (c)    Harbor  Structures 

(b)  Bridges  (d)    Miscellaneous    Structures 

le)    Properties   of   Materials 
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The  State   Engineering  Society  as 

"The  Guardian  of  the  Business 

Interests  of  the  Engineer" 

Those  that  read  our  Foreign  Engineering  Review  issue  last 
week  were  doubtless  impressed  by  the  fact  that  British  civil 
engineers  are  agitating  co-operative  effort  to  secure  higher 
salaries.  In  England,  in  Canada  and  in  America,  civil  engi- 
neers have  evidently  decided  that  something  must  be  done  to 
better  their  financial  condition.  After  grumbling  tor  a  gener- 
ation, engineers  are  apparently  about  to  take  widespread  ac- 
tion of  some  sort — probably  of  several  sorts. 

In  his  presidential  address  to  the  Oregon  Society  of  Engi- 
neers, J.  W.   Cunningham  said: 

"When  we  get  away  from  idealism  and  begin  to  talk  of 
such   earthly   things   as   the   business   interests   of   engineers, 

some   will   at  once   prick      

up  their  ears  and  decry 
■unionism.'  It  is  in  fact 
unionism.  The  founders 
of  the  country  asserted 
that  'in  union  there  is 
strength,"  and  only  re- 
cently have  some  people 
grown  ashamed  of  the 
word.  Federation  of  en- 
gineers to  look  out  for 
their  own  material  wel- 
fare does  not  however 
in  any  way  involve  af- 
filiation with  existing 
labor  union  organiza- 
tions. While  I  favor  the 
unionization  of  drafts- 
men now  under  way.  I 
believe  it  impractical  and 
inexpedient  for  engineers 


28  Pages  =  40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


generally  to  follow  the  same  course.  An  example  of  an 
organization  for  the  business  interests  of  its  members  is 
the  'Greater  Portland  Association'  of  the  smaller  retail 
merchants.  This  has  never  been  called  a  union,  but  no 
union  could  be  more  active  in  furthering  the  interests 
of  its  members.  Upon  reflection  it  will  be  found  that; 
almost  every  specialized  line  of  trade  or  'ousiness  is  repre- 
sented by  a  militant  organization  willing  to  go  the  limit  in 
protecting  its  own  members.  Even  the  other  professions 
such  as  medicine,  law,  and  dentistry  devote  their  associations 
more  to  economic  betterment  than  to  educational  uplift.  Only 
in  our  own  branch  do  we  find  a  feeling  among  a  few  that  col- 
lective action  in  matters  material  may  deprive  us  of  a  true 
professional  standing." 

Mr.  Cunningham  goes  on  to  advocate  the  affiliation  of  all 
the  engineering  societies  in  Oregon.  But  even  more  impor- 
tant  is  his  advocacy  of  a  new  formulation  of  the  objects  of 

the  state  society,  thus: 
"The  objects  of  this 
Society  shall  be  to  ad- 
vance the  practice  of  ap- 
plied science,  to  cultivate 
a  spirit  of  fellowship, 
unity  and  mutual  support 
among  technical  men  of 
all  branches,  to  develop 
among  the  members  a 
knowledge  of  their  civic 
responsibilities,  and  to 
create  a  public  apprecia- 
tion of  the  social  and 
economic  worth  of  the 
profession." 

Speaking  more,  specific- 
ally of  the  propo.sed 
changes,  he  said: 

"In  the  past  we  have 
made  the  educational  fea- 
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l\nifiiiccriii<)  and  Coutnictiiii)  fm    Man  ;.   tutn. 


tiir*  torpiuosi  In  the  futiiro  lot  us  leave  the  ImpioviMiuiit  of 
the  technical  nmns  inlelleit  to  Uie  Niitionnl  bodies,  who  with 
Iheir  iJilent  uiul  their  pviblliatlons  can  surpass  us  In  every 
line.  U«t  us  make  the  Oreson  Society  of  KiiRliieers  one  of 
IntJmnle  nssociallon,  co-openitjon  and  material  service  to 
the  Individual.  Let  us  adopt  a  special  line  of  work  which  no 
other  local  body  Is  attempting  to  portorni,  and  make  the  Ore- 
Kon  Society  the  guardian  of  the  business  Interests  of  the  en- 
Klneer.  .  .  . 
■  "Some  win  notice  a  similarity  between  my  views  niui  those 
whi>!i  ;">'r  !lie  last  two  or  three  years  have  been  advanced  by 
tl,,  .n  Association  of  KuKlneers.     1  admit  the  charge. 

I  ,  .  ,.  greatest  admiration  for  the  work  of  the  Asso- 

ciation. Over  a  year  ago  a  committee  of  this  Society  looked 
Into  the  question  of  anUiatlon  with  the  American  Association. 
KoUowing  their  report  the  proposition  was  decided  adversely. 
not  by  reason  of  any  lack  of  sympathy  between  ourselves  and 
the  other  organization,  but  because  anuiation  would  under 
these  existing  rules,  require  a  very  large  increase  of  our  dues 
and  the  sending  of  the  bulk  of  the  money  back  to  the  parent 
.\8SOclatlon.  Whenever  any  scheme  may  be  worked  out  by 
which  wo  can  ntllliate  and  yet  retain  the  greater  portion  of 
our  Income  to  pay  local  Society  expenses,  1  shall  favor  such 
action. 

•■Joining  our  Society  with  the  .■Xmerican  Association  of  En- 
gineers would  give  us  the  benefit  of  a  live  and  readable  pub- 
lication, and  would  give  us  the  support  of  a  large  body  ot  en- 
gineers on  national,  and  Indirectly,  on  local  matters.  As  re- 
gards the  employment  feature.  1  doubt  If  the  Association 
would  give  us  much  benefit,  and  believe  we  would  still  have 
to  conduct  our  own  employment  department." 

foraing  to  the  question  of  engineers'  salaries,  Mr.  Cunning- 
ham said: 

"Whether  you  use  the  words  fees,  salaries,  wa.sjes.  or  what- 
not, almost  all  will  agree  that  the  engineer  is  underpaid,  coii- 
sidering  his  responsibilities  and  the  value  of  his  services. 
How  shall  we  go  about  to  secure  greater  appreciation  socially 
and  economically?  This  is  the  kernel  of  the  whole  thing 
when  we  begin  to  consider  the  business  interests  of  engi- 
neers. We  cannot  resort  to  strikes  or  other  crude  methods 
of  enforcing  what  we  see  as  our  rights.  Nevertheless,  we 
must  assert  ourselves  if  we  are  to  gain  recognition.  I  per- 
sonally believe  that  with  organization  and  with  initiation  we 
can  gain  the  desired  ends  without  using  other  means  than 
reasoning  and  diplomacy. 

"Before  we  can  begin  to  convince  the  public,  we  must  sat- 
isfy ourselves  as  to  what  we  are  worth.  We  must  establish 
a  schedule  of  fees  or  salaries  for  different  classes  of  work. 
Absolute  standardization  is  impossible  and  undesirable,  since 
the  classes  of  engineering  work  are  so  many  and  the  re- 
sponsibilities and  capabilities  of  individuals  are  so  varied. 
Within  limitations  it  is  feasible  to  define  minimum  salaries 
for  almost  all  branches  of  engineering,  as  was  done  by  a 
recent  conference  in  the  case  of  the  railroad  engineers.  The 
promulgation  of  sucli  schedules  and  the  active  educational, 
argumentative,  and  if  necessary,  political*  work  to  secure 
their  adoption,  will  be  one  of  the  most  important  lines  of 
work  for  a  business  organization  of  Engineers. 

"In  matters  of  compensation,  the  employed  engineers 
should  and  can  work  in  direct  harmony  with  those  who  as 
consulting  or  chief  engineers  may  be  regarded  as  employers. 
The  engineer-employer,  unless  he  be  exceedingly  narrow,  will 
favor  adequate  salaries  for  his  subordinates,  providing  that 
he  can  make  his  own  charges  correspondingly  adequate. 
There  must  be  no  ruinous  cutting  ot  fees  or  price  competi- 
tion. The  majority  of  engineer-employers  will  give  hearty 
support  to  a  general  increase  of  salary  rates,  but  will  ask  in 
return  a  measure  ot  corresponding  support  from  the  em- 
ploye." 

Note  particularly  that  Mr.  Cunningham  favors:  (1)  An  af- 
filiation of  engineering  societies;  (2)  making  the  state  so- 
ciety "the  guardian  of  the  business  interests  of  the  engineer," 
leaving  technical  papers  to  the  national  engineering  so- 
cieties; and  (3)  recognition  of  the  right  of  draftsmen  to  join 
labor  unions. 

We  find  ourselves  entirely  in  accord  with  such  a  policy  for 
state  engineering  societies,  provided  that  local  sections  of 
the  "four  founder  societies"  make  it  their  function  to  dis- 
cuss technical  problems  and  assist  in  the  continuous  educa- 
tion of  their  members.  Specialization  of  function  and  co-op- 
eration for  common  ends  are  as  desirable  among  engineering 
societies  as  among  other  organizations. 


How   Would   You   Like  to  Be  In- 
terned with  Other  American 
Engineers  in  France? 

In  another  column  a  letter  from  one  ot  our  readers  indi- 
cates that  many  American  highway  engineers  are  being  de- 
tained In  Franco.  One  engineering  society  has  passed  reso- 
lutions urging  the  speedy  return  of  all  highway  engineers,  but, 
as  wo  have  often  said,  something  n\ore  than  "resolutions"  Is 
needed  to  secure  action  in  cases  like  this. 

The  Engineering  Council  and  the  American  Association  ot 
Engineers  should  send  representatives  to  Washington.  D.  C, 
to  convince  Government  officials  that  American  liignway  en- 
gineers should  not  be  detained  longer  in  France.  This  is  not 
a  matter  of  letter  writing  but  for  tongue  talking.  It  should 
not  call  forth  merely  an  occasional  protest,  but  a  continuous 
urging. 

Read  the  letter  from  your  brother  engineer  in  France  and 
■Aet  back  of  a  vigorous  movement  to  release  all  such  engi- 
neers from  their  present  toils. 


Bituminous  Carpets  on  Concrete 
Roads 

Thin  bituminous  carpets  are  not  now  ordinarily  laid  on 
new  concrete  roads.  Where  such  carpets  are  used  at  all,  the 
common  practice  is  not  to  lay  them  until  the  concrete  surface 
has  been  subjected  to  considerable  wear.  Bituminous  sur- 
faces stick  better  to  warm  concrete  than  to  new  concrete. 
But  the  main  reason  for  postponing  the  application  of  a  bitu- 
minous carpet  is  to  secure  the  maximum  amount  of  wear  from 
the  concrete  surface  before  covering  it  with  a  bituminous 
wearing  coat. 

It  is  still  a  debated  question  whether  a  thin  bituminous 
carpet  should  be  laid  at  all  on  concrete.  If  it  is  thin  it  does 
not  serve  to  distribute  the  wheel  load  over  the  concrete; 
hence  a  stronger  concrete  is  needed  than  where  a  fairly  thick 
asphalt  is  used.  A  thin  bituminous  carpet  on  a  lean  concrete 
base  is  undoubtedly  an  economic  mistake.  But  if  a  lean  con- 
crete is  used,  should  not  a  fairly  thick  asphalt  wearing  coat 
be  applied  at  once  without  waiting  for  the  concrete  to  wear? 
Lean  concrete  is  apt  to  wear  very  unevenly,  resulting  in  a 
wavy  or  pitted  surface  that  is  not  a  very  satisfactory  base 
for  an  asphalt  pavement. 

Seven  years  ago  New  York  State  built  300  miles  of  lean 
(1:2.5:5)  concrete  roads  having  a  thin  bituminous  surface. 
This  form  of  pavement  Immediately  began  to  prove  unsatis- 
factory. Then  a  rich  (1:1.5:3)  concrete  pavement  without 
a  bituminous  surface  was  adopted.  After  four  seasons  of 
wear  this  rich  concrete  requires  no  carpeting. 


Utilizing  Old  Macadam  as  a  Base 
for  Pavements 

There  is  a  large  mileage  of  old  macadam  that  must  either 
be  used  as  a  base  tor  new  pavements  or  removed  entirely. 
Before  selecting  the  second  alternative  the  engineer  should 
study  the  economic  problem  carefully.  The  fact  that  the 
macadam  is  badly  rutted  is  apt  to  lead  to  its  hasty  condemna- 
tion, especially  by  an  engineer  who  has  had  little  or  no  per- 
sonal experience  in  resurfacing  macadam. 

Old  macadam  can  be  very  cheaply  resurfaced  provided  it 
is  loosened  by  a  scarifier  and  spread  by  a  heavy  harrow,  as 
described  in  Gillette's  Handbook  of  <"ost  Data.  A  steam 
roller  will  daily  consolidate  two  or  three  times  as  many 
square  yards  of  old  macadam  as  of  new  macadam.  This  is 
largely  due  to  the  fact  that  most  of  the  work  of  rolling  new 
macadam  consists  in  compacting  the  earth  subgrade  and  the 
lower  layers  of  stone. 

Having  resurfaced  the  old  macadam  a  wearing  coat  of  any- 
desired  kind  may  be  laid  upon  it,  provided  the  resulting  pave- 
ment is  thick  enough  to  carry  the  heaviest  wheel  load. 
Asphalt,  bitulithic  pavement,  brick  concrete  etc.,  have  all 
been  used  successfully  as  wearing  coats  on  an  old  macadam 
base. 

George  C.  Warren  states  that  he  has  "proved  by  long  ex- 
perience that  old  macadam  forms  a  most  superior  foundation 
for  a  resilient  and  stable  bituminous  wearing  surface."  He 
cites  a  bitulithic  pavement  laid  in  1903  on  an  old  macadam 
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base  on  Dartmouth  St..  Boston.  Mr.  AVarren  advises  widen- 
ing macadam  with  concrete  shoulders,  where  the  old  road- 
way is  too  narrow. 


ers.  and  as  leaders  they  will  help  to  eliminate  many  of  the 
bad  economic  policies  of  the  unions. 


How  Can  the  Public  Be  Taught  to 

Appreciate  Engineering 

Services? 

One  of  the  great  problems  confronting  civil  engineers  is 
the  problem  of  educating  the  public  to  the  real  value  of 
engineering  knowledge.  In  speaking  of  the  "public'  we  do 
not  confine  the  term  to  the  "average  citizen";  we  include 
those  that  are  far  above  the  average — the  business  man,  the 
political  leaders,  the  editors  of  daily  papers.  So  great  is  this 
educational  problem  that  it  might  well  constitute  the  sole 
function  of  local  engineering  societies. 

George  A.  Carpenter,  city  engineer  of  Pawtucket.  R.  I.,  re- 
cently  said: 

"Our  municipalities,  in  general,  regard  engineering  services 
so  lightly,  from  a  financial  point  of  view,  that  there  is  very 
little  encouragement  for  a  young  man  to  stay  in  this  line  of 
engineering  work.  It  is  a  great  pity,  too.  because  municipal 
engineering  offers  such  a  variety  of  interesting  problems  that 
it  should  be  made  financially  attractive  to  capable  men.  It 
is  a  very  short-sighted  policy,  in  my  opinion,  for  a  city  to 
train  engineers  in  its  particular  problems  and  then,  when 
such  engineers  are  in  a  position  to  render  the  very  best  ser- 
vices to  the  city,  cause  these  engineers  to  become  dissatisfied 
with  their  positions  and  seek  other  fields  of  labor  because  of 
insufficient  compensation.  At  the  present  time  our  young 
engineers  are  comparing  their  compensations  with  those  of 
the  carpenter,  bricklayer,  plumber  and  even  the  day  laborer, 
and  are  finding  very  little  encouragement  to  remain  in  a  pro- 
fession where  education  and  mental  capacity  seem  ft  count 
for  so  little." 

Of  course  it  is  pure  ignorance  that  prevents  the  public  from 
paying  satisfactory  salaries  to  municipal,  county,  state  and 
federal  government  engineers.  Dismayed  at  the  density  of 
this  ignorancy.  and  disheartened  by  the  enormity  of  public 
mental  inertia,  hundreds  of  civil  engineers  annually  leave 
public  employ  forever.  Other  fields  benefit  by  this  contin- 
uous infiux  of  engineering  talent,  but  at  the  expense  of  public 
works.  Every  civil  engineer  knows  this — has  known  it  for 
years.  Yet.  collectively  engineers  have  done  next  to  nothing 
toward  remedying  the  condition. 

Unless  we  mistake  the  signs  engineers  are  about  to  engage 
in  a  great  campaign  of  education,  with  the  public  for  pupils 
and  the  worth  of  applied  science  as  their  text.  In  short, 
engineers  are  about  to  use  the  force  of  publicity  as  a  means 
of  creatin.g  a  powerful  demand  for  engineering  services. 
Publicity  is  a  force  little  understood  by  engineers.  In  tact 
engineers  have  usually  shunned  it  as  being  an  'unprofes- 
sional' force.  But  having  failed  to  secure  desired  results 
without  publicity,  engineers  are  about  to  try  its  efficacy. 


Draftsmen's  Unions 

Draftsmen  in  many  cities  have  joined  the  American  Federa- 
tion of  Labor.  This  step  is  so  novel  that  many  civil  engineers 
regard  it  with  doubt  if  not  with  actual  disfavor.  We  look  to 
see  the  unionizing  of  draftsmen  spread  rapidly  throughout 
the  country.  Xor  are  we  antagonistic  to  such  a  movement. 
May  it  not  eventually  inject  into  labor  unionism  a  new  leaven 
that  will  improve  the  economic  policies  of  organized  labor? 

Many  draftsmen  are  technical  graduates,  and  among  them 
are  men  sufficiently  well  trained  in  economics  to  know  that 
certain  labor  union  policies  are  uneconomic.  For  example, 
the  policy  of  demanding  uniform  pay  for  all  workers  of  a 
given  class,  regardless  of  individual  merit,  is  a  pernicious 
policy.  If  men  who  have  had  a  training  in  economics,  but 
are  not  members  of  labor  unions,  undertake  to  show  unionists 
that  the  uniform  pay  policy  is  uneconomic,  little  heed  is  given 
to  the  demonstration.  All  that  they  say  is  regarded  as  biased. 
But  if  the  same  economists  were  themselves  unionists,  their 
teaching  would  at  least  not  fall  on  deaf  ears. 

Engineers  have  invaded  many  fields  and  have  become  mem- 
bers of  many  organizations  of  men,  always  with  profit  to  those 
with  whom  they  have  come  to  associate.  Hence  it  may  not 
be  entirely  visionary  to  express  a  belief  that  when  engineers 
become  members  of  labor  unions,  they  will  also  become  lead- 


Don't  Forget  to  Boost  for  "Sleepy 
Hollow  Pike" 

In  the  effort  to  induce  the  federal  government  to  make  large 
appropriations  for  roads,  there  is  danger  of  neglecting  to 
persuade  the  counties  to  be  equally  liberal.  Moreover  it 
should  be  remembered  that  the  inertia  of  the  federal  govern- 
ment is  far  greater  than  that  of  all  the  counties  combined. 
•  This  arises  partly  from  the  fact  that  congressmen  are  still 
skeptical  as  to  the  propriety  of  large  federal  appropriations 
for  roads,  and  partly  from  the  fact  that  small  political  units, 
like  counties,  are  always  more  easy  to  educate  than  larger 
units. 

Finally,  sight  should  not  be  lost  of  the  fact  that  most  of 
the  road  mileage  will  always  remain  of  local  importance 
only.  It  is  well  to  "boost'"  for  the  Lincoln  and  Dixie  high- 
ways. It  is  equally  well — and  much  more  apt  to  bring  quick 
results —  to  "boost"  for  the  "old  ridge  road"  or  "the  Sleepy 
F!ollow   pike." 


American    Highway   Engineers  in 
France 

To  the  Editor:  I  just  read  an  article  in  the  Engineering 
News-Record  of  March  (">  which  has  caused  no  little  interest 
here,  headed  "Highway  Builders  in  A.  E.  F.  Needed  Here." 
Am  enclosing  a  copy  of  the  letter  I  am  writing  to  the  editor. 

■\s  your  paper  was  a  thorough  and  consistent  advertiser 
of  the  Road  Battalions  (speaking  especially  for  the  43d  Road 
and  Bridge  Battalion)  and  endeavored  to  stimulate  the  en- 
listment of  road  men  of  education,  experience  and  afcility  I 
believe  that  you  may  be  interested  in  the  work  now  being 
done  by  them — hence  this  letter. 

Have  also  noted  the  action  taken  by  the  American  Road 
Builders'  Association  and  will  say  that  the  resolution  has 
caused  a  sigh  of  relief  to  go  up  from  those  road  men  who 
have  been  attached  to  the  foresters.  They  have  feU  that  all 
identity  is  lost;  that  the  foresters  look  upon  the  road  men 
as  a  southern  farmer  looks  upon  the  Negro:  that  they  would 
be  compelled  to  stay  here  until  the  last  of  the  foresters  had 
gone  home  and  until  all  of  the  forestry  operations  liad  been 
cleaned  up  by  themselves  and  done  in  accordance  with  the 
wish  of  the  French. 

University  graduates,  experienced  engineers,  contractors, 
grader  men,  etc.,  do  not  relish  the  idea  of  chopping,  burned 
brush  and  timber  and  piling  faggots  over  here  while  the 
highway  work  at  home  gets  organized  and  proceeds  without 
them.  The  losses  In  this  case  are  two-fold.  First,  the  eco- 
nomic loss  wherein  a  high-priced  man  is  kept  at  day  labor 
and  the  financial  loss  and  consequent  distress  caused  to  the 
soldier  and  his  family  by  being  forced  to  work  at  soldier's 
pay  instead  of  receiving  pay  commensurate  with  his  ability 
and  training  on  his  work.  Also  you  can  readily  appreciate 
the  state  of  mind  which  these  men  are  in  constantly.  To 
appreciate  the  mental  condition  that  these  men  are  in,  it  is 
only  necessary  to  picture  engineers  and  contractors  of  your 
acquaintance  in  these  soldiers'  position. 

It  is  therefore  with  the  most  eagerness  that  the  article 
mentioned  and  such  resolutions  as  passed  by  the  American 
Road  Builders'  Association,  are  grasped  by  the  personnel  of 
the   4,sth   Company.   20th  Engineers. 


Surety  Bonds  and  Contractors 

To  the  Editor:  I  have  read  with  a  great  deal  of  interest 
the  editorial  appearing  in  issue  of  April  2.  "What  Can  Be 
Done  to  Protect  Contractors  from  Ignorant,  Cut-Throat  Com- 
petition?" 

Personally.  I  do  not  think  too  much  space  can  be  devoted 
by  engineering  and  contracting  journals  to  the  subject  of  the 
responsibility  and  reliability  of  contractors  who  engage  in 
public  work. 

I  fully  agree  with  you  that  the  public  works  contractor  should 
not  be  permitted  to  furnish  a  bond  other  than  the  bond 
of  a  satisfactory  bonding  company,  but  I  should  like  to  have 
you  explain  just  what  you  mean  by  the  term,  "Satisfactory 
Bonding  Company."     In  those  states  where,  by  law.  the  con- 
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tractor  19  compolloil  to  kIm-  n  surety  ooiin'smy  l>oiul,  or  oIIum 
poruoiml  «ur.«lv.  thf  ionIrii»-t  !»  awiirded.  In  the  lust 
unalv»l».  I'll  the  personal  responsibility  ami  Ilnanelul  stand 
InK  ot  the  surety  company  rather  than  that  of  the  contrac- 
tor himself  From  observation  and  experience,  however,  we 
have  found  It  U  alm.«it  as  dlllUult  to  get  a  surety  company 
to  p«'rform  In  case  of  default  of  the  contractor,  even  though 
that  conuaiiv  may  be  sound  llnanilally.  with  a  capital  run- 
„lnK  It  ;.  and  cash  reserves  In  many  states,  as  It  Is 

to  get  I  from  the  dellnQuent  contractor. 

It  seems  to  be  the  Keneral  custom  of  all  bonding  compn- 
nlos.  no  matter  what  may  be  the  terms  of  their  bond,  to  either 
attempt  to  force  the  municipalities  and  the  creditors  of  the 
defauUIng  contractor.  Including  the  laborers  and  material 
nion.  to  compromise  their  claims  for  from  750  to  50c  on  the 
dollar,  or  to  compel  them  to  bring  suit  and  secure  a  Judg- 
ment, before  they  will  ftiinil  their  bond  and  make  proper  set- 
tlement. 

to  the  tnlere.ot  of  all  parties  concerned,  do  you  not  agree 
with  me  that  It  Is  the  duty  of  the  engineer  In  charge,  or 
of  the  public  ollU-lal  who  let  the  contract,  to  see  that  not 
only  Is  the  contractor  financially  responsible,  reliable  and  ex- 
perienced, but  that  the  company  who  furnishes  his  bond  is 
also  financially  responsible,  and  has  the  further  important 
quallllcation  of  bearing  the  reputation  for  promptly  discharg- 
ing Its  obligations,  volnntarily  assumed  for  an  adequate  con- 
sideration, without  forcing  the  obligees,  at  the  expense  of 
lime  and  money,  to  get  their  claims  adjudicated  before  set- 
tlement is  made. 

G.  H.  TEFFT. 
Secretary,  General   Manager. 
Clay  Products  Association. 

Chicago.  111. 

[A  "satisfactory  bonding  company"  is  one  that  not  only  has 
ample  capital  but  a  record  of  fairness  in  settling  claims 
against*  it.  Unfortunately  too  many  bonding  companies  are 
given  to  fighting  nearly  every  claim.  It  state,  county  and 
municipal  ofllclals  would  periodically  confer  with  one  an- 
other, and  would  blacklist  all  bonding  companies  that  are 
unfair,  we  believe  that  an  end  could  be  brought  to  the  prac- 
tice that  our  correspondent  complains  about.  Yes,  it  is  the 
duty  of  public  officials  not  only  to  select  reliable  contractors 
but  to  select  also  reliable  bonding  companies. — Editor.] 


Crushing  Field  Stone  for  Road  Work 

Field  stone  is  usually  collected  for  crushing.  This  pre- 
liminary work,  stated  Wm.  Huber  in  an  address  at  the 
last  annual  convention  of  the  Ontario  Road  Superintendents, 
can  usually  be  done  most  cheaply  in  the  winter,  as  hauling 
can  be  more  easily  carried  out.  with  bigger  loads  and  more 
men  are  available.  The  use  of  field  stone  has  the  advantage 
that  material  can  be  delivered  right  at  the  road.  It  is  ad- 
visable to  have  it  placed  at  reasonably  short  intervals,  in 
order  thdt  subsequent  hauling  may  be  reduced  to  a  minimum. 
The  quantity  should  therefore  be  estimated  and  placed  at. 
say.  intervals  of  a  mile,  the  maximum  haul  being  thus  lim- 
ited to  half  a  mile. 

One  arrangement  for  crushing  is  to  pile  up  the  stone  in 
rows  about  8  ft.  apart,  leaving  just  room  enough  for  the 
crusher  to  pass  between.  The  objection  is  that  the  stone  is 
carried  piece  by  piece  by  man  power  to  the  crusher,  and  the 
cost  of  labor  is  bound  to  be  excessive.  Another  point  is 
that,  while  the  crusher  is  theoretically  supposed  to  be  kept 
moving  down  the  row.  it  is  not  moved  at  very  frequent 
intervals. 

The  better  plan  is  to  pile  the  stone  in  one  large  block,  and 
handle  it  the  same  way  as  from  a  quarry.  In  crushing  field 
stone,  there  is  the  problem  of  handling  stones  larger  than 
the  capacity  of  the  crusher.  One  case  was  mentioned  in 
which  contractors  were  given  a  stone  fence,  free,  for  road 
purposes.  Many  of  the  stones,  however,  were  too  big  for 
the  crusher,  and  they  had  to  use  the  "bull-dozing"  method  to 
break  them,  but  in  the  end  they  found  it  cheaper  to  obtain 
their  stone  from  a  limestone  quarry. 

In  the  "bull-dozing"  about  a  third  of  a  stick  of  dynamite  is 
placed  on  top  of  the  stone  and  tamped  wMth  clay  and  then 
fired.  The  stones  are  not.  as  a  rule,  shattered,  but  can  after- 
wards be  easily  broken  with  a  hammer.  Sometimes  a  small 
hole  is  drilled  in  the  top  of  the  stone  and  the  charge  placed 
in  it.  and  perhaps  this  is  the  best  way. 


Methods  of  Grading  for  Roads 
Across  Sloughs 

By  L.  r.  MARTIN. 

During  the  past  5  years  it  has  been  the  writer's  task  to 
grade  across  a  large  number  of  pot  holes,  sloughs  and  peat 
bogs,  over  which  it  was  impossible  to  drive  teams.  These 
have  varied  from  a  few  feet  in  length  to  a  length  of  3,000  ft. 
in  one  extreme  case.  During  this  work  the  writer  has  nuide 
some  deductions  as  to  costs  and  methods  that  may  be  of 
Interest    to   contractors  and   engineers. 

The  most  common  method  of  procedure  is  by  what  is 
termed  bull-dosing  or  pushing  the  grade.  This  method  is 
particularly  adapted  to  sloughs  containing  standing  water 
and  to  short  stretches  of  bog.  The  grade  lor  this  work 
should  be  carried  from  40  to  60  ft.  wide  at  the  base;  or  in 
the  case  of  standing  water  to  a  minimum  width  of  40  to  45 
ft,  at  the  water  level.  Wagons  or  scrapers  are  duinijed  as 
close  to  the  edge  as  it  is  possible  to  drive  tlio  teams  and 
the  dirt  is  then  pushed  ahead  by  the  bulldoser,  as  shown  in 
the  illustration.     A  good  operator  on  the  bulldoser  can  han- 


Pushing   the   Grade  With   a    Bulldoser. 

die  the  dirt  from  5  to  6  teams  on  an  average  haul  of  500  ft., 
and  more  as  the  length  of  haul  increases.  With  a  good  op- 
erator little  time  is  lost  over  a  straight  haul  on  good  ground. 
The  outfit  shown  was  pushing  for  five  No.  2  wheelers  (15 
cu.  ft.)  on  a  400-ft.  haul.  A  heavy  steady  team  is  required 
to  handle  this  pusher.  The  actual  cost  per  yard  over  straight 
haul  dirt  with  a  good  operator  should  not  exceed  2  ct.  per 
yard,  and  may  even  run  below  this.  Unless  dirt  can  be  sent 
both  ways  from  the  cut,  however,  or  the  fill  is  long  enough 
to  use  the  full  outfit,  an  elevating  grader  is  not  worked  at  full 
capacity  and  the  extra  cost  per  yard  on  this  account  will  be 
raised  to  perhaps  6  ct.  additional  as  a  maximum. 

The  outfit  shown  in  the  picture  was  a  home-made  affair 
consisting  of  the  front  wheels  of  a  dump  wagon,  a  straight 
telephone  pole  8  in.  at  the  butt  and  20  ft.  long,  and  a  push 
board  braced  as  shown,  shod  with  a  3-in.  by  %-in.  iron  edge 
on  the  bottom.  It  was  so  made  that  the  pole  with  board  at- 
tached could  be  removed  in  a  few  minutes  from  the  wheels 
and  loaded  on  a  wagon.  These  outfits  can,  however,  be 
bought  from  any  road  machinery  firm.  This  method  is  much 
superior  and  cheaper  than  the  old  one  of  having  shovelers 
at  the  end  of  the  grade  pushing  the  dirt  off  with  a  shovel. 

Another  method  we  have  used  in  timbered  country,  is  to- 
cover  the  ground  with  a  brush  mat,  covered  with  straw  and 
in  the  worst  spots  with  corduroy  of  poles.  This  requires  con- 
siderable hand  work  and  always  leaves  a  chance  for  a  horse 
to  step  through,  causing  loss  of  time  and  sometimes  injury 
to  the  animal.    It  is  of  little  use  except  on  short  pot  holes. 

The  most  successful  method  both  from  a  cost  basis  and 
construction  basis  was  tried  on  a  grade  about  1,300  ft.  long. 
It  was  determined  in  the  fall  preceding  the  work  to  straighten 
this  road  to  avoid  a  number  of  dangerous  curves  and  shorten 
it  about  V2  mile.  To  do  this  we  were  compelled  to  cross  a 
peat  bog  1,300  ft.  in  extent. 

In  the  spring  just  as  soon  as  the  snow  was  off  but  before 
the  frost  was  out  three  teams  were  hired  to  haul  straw  over 
the  bog  on  the  line  of  the  work.     This  was  placed  to  a  depth 
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of  18  in.  and  a  width  of  40  ft.  The  bog  had  a  natural  growth 
of  heavy  grass.  As  the  ground  was  still  frozen  no  trouble 
was  encountered  in  driving  over  the  bog  except  that  due  to 
the  natural  roughness  of  tlie  ground.  The  idea  was  that  the 
straw  would  not  let  the  frost  out  from  under  it  until  long 
after  the  cut  was  thawed  out  sufficient  to  work  in.  We 
started  grading  about  May  10  on  this  work  and  had  no  diffi- 
culty in  driving  back  and  forth  across  the  straw.  The  bot- 
tom of  the  grade  was  carried  across  first  and  later  raised 
to  the  desired  height.  The  frost  did  not  go  out  from  under  the 
grade  till  in  July  at  which  time  it  was  necessary  to  place  a 
grader  and  planer  on  the  grade  for  about  two  days  to  keep 
it  smooth  and  even.  The  total  additional  cost  of  this  work 
did  not  exceed  $100  of  which  $50  was  the  cost  of  hauling  the 
straw.  $15  the  cost  of  the  old  straw  stack  and  $35  the  cost 
of  planing  and  grading  during  the  time  the  frost  was  going 
out. 

The  most  peculiar  slough  we  have  ever  graded  across  lay 
on  a  state  road.  This  slough  is  3.000  ft.  across  and  at  600 
ft.  from  its  north  edge  a  creek  runs  through  it.  On  both 
sides  the  ground  rises  abruptly  on  about  a  15  per  cent  grade. 
Our  grade  line  on  the  road  is  5  per  cent  on  the  north  side 
and  8  per  cent  on  the  south  side  at  which  place  there  is  a 
25-ft.  cut.  Soundings  for  a  bridge  were  taken  in  the  fall 
across  the  creek  and  at  6  ft.  under  the  peat  the  auger  en- 
countered a  heavy  clay  containing  some  rock. 

There  was  at  this  time  about  2  ft.  of  water  over  the  en- 
tire bottom,  but  in  a  distance  of  2,000  ft.  below  the  slough 
where  the  stream  cut  through  between  the  hills  we  had  a 
fall  of  6  ft.  A  plow  ditching  machine  was  first  run  down  the 
stream  bed  and  the  water  was  lowered  about  3  ft.  by  this 
method,  leaving  the  creek  about  1  ft.  below  the  bank.  The 
plow  was  then  run  through  the  slough  on  both  sides  of  the 
road  at  25  ft.  on  each  side  of  the  center  with  the  object  of 
providing  a  good  ditch  and  of  throwing  up  some  dirt  in  the 
center.  This  ditch  was  3  ft.  deep  and  18  in.  wide  in  the  bot- 
tom. There  was  a  fall  from  both  sides  to  the  creek  of  about 
2  ft.  so  the  ditches  were  kept  washed  clean  by  streams  of 
water  from  springs  on  both  banks.  The  grade  was  now  bull- 
dosed  across  from  the  south  side  as  far  as  the  creek  and  a 
crew  put  to  work  to  excavate  for  the  t-idge.  This  excava- 
tion was  made  and  good  clay  footing  was  apparently  encoun- 
tered at  6  ft.  below  the  peat.  Forms  for  one  footing  were 
put  in  and  concrete  was  about  to  be  poured  when  suddenly 
the  bottom  broke  upward  and  we  discovered  we  were  on  a 
false  bottom.  Soundings  were  then  made  to  find  the  real 
bottom  and  60  ft.  of  rod  was  put  down  without  encountering 
anything  but  muck  and  marl.  Soundings  across  the  entire 
slough  were  then  made  and  the  same  conditions  were  found 
to  exist  clear  across.  At  from  4  ft.  to  6  ft.  clay  was  encoun- 
tered from  2  to  4  ft.  thick  and  below  this  no  bottom  could 
be  reached.  The  space  for  the  bridge  was  then  filled  with 
brush  and  poles  to  give  a  bearing  and  into  the  space  two 
corrugated  culverts  were  placed  and  covered.  The  grade  has 
been  in  use  for  4  years  now  and  has  never  shown  any  signs 
of  settling  though  under  considerable  heavy  traffic  such  as 
threshing  outfits.  The  result  of  this  was  that  ever  since  we 
have  taken  no  chances  on  our  soundings  and  have  twice 
since  encountered  similar  conditions  of  false  bottoms  under 
sloughs. 


Finishing  1-course  Sidewalks  with  Paving  Roller. — A  pav- 
ing roller  was  used  for  finishing  1-course  sidewalks  con- 
structed recently  in  a  subdivision  at  Beloit.  Wis.  The  walks 
consisted  of  slabs  about  30  ft.  long.  4  in.  thick  with  %-in. 
joint  filler  every  30  ft.  Joints  were  defined  on  the  surface  in 
the  usual  manner  for  the  sake  of  appearance.  Coarse  aggre- 
gate in  this  work  ranged  from  %  in.  to  2  in.  An  attempt  was 
made  to  use  the  regular  paving  roller  but  was  unsuccessful 
because  the  walks  were  only  4  ft.  wide.  This  difficulty  was 
solved  by  building  a  roller  2%  ft.  long  and  11  in.  in  diam- 
eter, which  forced  the  particles  of  large  aggregate  away  from 
the  surface  and  brought  1'2  in.  of  mortar  to  the  top  for  final 
finishing.  Instead  of  striking  the  concrete  off  even  with  the 
side  forms,  the  strikeboard  was  raised  about  %  in.  by  nailing 
strips  on  its  edges  and  the  contour  of  the  walk  left  slightly 
above  the  forms  and  later  brought  even  with  them  by  rolling. 
Labor  cost  of  placing  this  walk  proved  to  be  less  than  for  a 
2-course  walk,  states  the  Concrete  Highway  Magazine,  be- 
cause the  usual  methods  of  construction  were  considerably 
simplified  by  this  practice. 


New    Requirements  in  Illinois 

Specifications  for  Concrete 

Roads 

The  1919  specifications  of  tlif  Illinois  Division  of  Highways 
contains  a  number  of  new  provisions  for  the  construction  of 
state  and  concrete  roads.  Chief  of  these  are  the  require- 
ments for  subgrading.  for  consistency  of  concrete  and  for 
placing  concrete  pavement.  The  requirements  concerning 
subgrading  for  concrete  base  and  pavement  are: 

"The  rolling  and  thorough  compaction  of  the  subgrade  shall 
extend  for  a  width  of  at  least  12  in.  beyond  the  edges  of  the 
proposed  base  course  or  pavement:  no  back  fill  of  any  mate- 
rial excepting  concrete  will  be  permitted  without  re-rolling. 
"Immediately  before  any  concrete  is  placed  upon  the  sub- 
grade  it  shall  be  tested  for  elevation  by  the  use  of  a  templet, 
furnished  by  the  contractor,  riding  on  the  side  forms  behind 
the  mixer.  In  the  lower  edge  of  the  templet  there  shall  be 
driven  nails  6  in.  apart  and  to  such  depths  that  their  heads 
will  just  come  to  the  true  position  of  the  subgrade  when  the 
templet  is  riding  on  the  forms.  Testing  the  elevation  of  the 
subgrade  shall  be  done  by  moving  the  templet  back  and  forth 
on  the  forms.  On  those  areas  of  the  subgrade  found  to  be 
too  high  by  as  much  as  h's  in.,  additional  excavation  shall  be 
made  until  the  required  depth  is  reached  and  the  excavated 
material  shall  be  deposited  on  the  shoulders.  Those  areas 
below  the  true  elevation  shall  be  filled  with  concrete  making 
an  integral  part  of  the  slab  proper,  all  expense  for  this  extra 
concrete  including  both  labor  and  material  being  borne  by 
the  contractor. 

"Hauling  by  teams,  trucks  or  otherwise  over  the  finally 
completed  subgrade  for  a  distance  of  more  than  500  ft.  will 
not  be  permitted.  If  hauling  over  the  subgrade  tor  such  dis- 
tance results  in  ruts  or  other  objectionable  irregularities,  the 
contractor  shall  re-roll  the  subgrade  before  materials  are  de- 
posited upon  it. 

"The  subgrade  shall  be  clear  of  all  materials  that  may  have 
fallen  upon  it  and  if  dry  it  shall  be  thoroughly  wetted  im- 
mediately before  the  concrete  is  placed  but  not  to  the  extent 
of  forming  mud  or  pools  of  water." 

Regarding  consistency  of  concrete  the  specifications  state: 
"There  shall  be  used  such  an  amount  of  water  that  the  con- 
sistency of  all  the  batches  of  concrete  will  be  the  same,  the 
amount  of  water  for  each  batch  being  carefully  measured. 
The  amount  of  water  used  for  each  batch  shall  be  such  that 
a  conical  pile  of  the  concrete  having  a  45°  slope  will  neither 
tend  to  flatten  nor  to  run  at  the  edges.  The  consistency  shall 
be  such  that  the  concrete  will  require  considerable  tamping. 
There  will  not  be  tolerated  a  consistency  that  would  tend  to 
separate  the  fine  particles  from  the  coarse. 

"The  consistency  of  the  concrete  shall  be  determined  by 
the  following  test:  A  cylinder  6  in.  in  diameter  and  12  in. 
in  length  shall  be  filled  with  concrete  which  shall  be  tamped 
until  all  voids  are  filled  and  a  slight  film  of  mortar  appears 
on  the  surface.  The  cylinder  shall  then  be  removed  and  the 
vertical  settlement  or  "slump"  of  the  concrete  noted.  This 
settlement  shall  not  exceed  2  in.  when  the  mechanical  finish- 
ing machine  is  to  be  used  and  shall  not  exceed  4  in.  when  the 
finishing  is  to  be  done  by  other  methods  permitted  in  the 
specifications." 

The  requirements  regarding  placing  and  tamping  the  pave- 
ment are: 

"The  concrete  shall  be  placed  between  the  side  forms  to 
the  full  thickness  of  the  pavement  and  in  successive  batches 
for  the  entire  width.  After  the  concrete  has  been  deposited 
it  shall  be  leveled  off  and  tamped  mechanically  with  a  ma- 
chine approved  by  the  engineer,  until  all  voids  are  removed 
and  the  concrete  is  thoroughly  compacted.  The  mechanical 
tamper  shall  go  over  each  area  of  the  pavement  at  least  five 
(5)  times  and  at  such  intervals  as  will  give  the  desired  re- 
sults. 

"The  finished  pavement  shall  be  uniform  in  character,  free 
from  voids  and  depressions  and  true  to  the  cross-section 
showri  on  the  plans.  Portions  of  the  pavement  showing  voids 
in  the  concrete  after  finishing  and  removal  of  the  side  forms 
shall  be  rejected. 

"Hand  tamping  and  finishing  may  be  substituted  for  the 
mechanical,  providing  that  at  least  4  men  are  engaged  at  the 
exclusive  work  of  tamping  the  concrete.  If  hand  tamping  is 
used,  the  tamper  shall  meet  with  the  approval  of  the  engi- 
neer." 
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City    Recording    SystcMii    for   Real 
Estate  Titles 

.t  ->strm  (ur  ihi-  itKis-uy  ul  real  «'«tHt<'  1ms  Iuhmi 
a,.,  iif   illy  of   Now   t"a»tU«.   »'a..  by   the  I'lty   KiirI- 

iipvr  Mr  <  H  Mniiullaiiil.  The  plan  was  workoii  out  to 
comply  wUh  lli«>  laws  of  I'lMiiiRylavnla  wlilih  provtdo  iliai 
cities  of  lh«>  third  class  shall  k«>fp  rtH■or<^s  of  (itles  of  tli<> 
r»»nl  pstnte  within  their  bontlarli's. 

A  ronipli-H"  survey  was  inadi-  of  all  streets,  and  stone  monu- 
meiiis  4  ft  In  lenKtli  nnd  S  In.  siinare.  were  phu-eil  al  each 
sir  -.  rtlon  or  street   corner.     These   n)onuin<-n(s   ;iie 

al-  bench  marks. 

The  pliuis  were  n)ade  on  lluon  backed  paper  on  a  scale 
of  Jo  ft  tn  '  tn  Kach  plan  or  section  was  :!0  in.  by  4S  in.. 
and    TV'.  sections    to   cover    the    territory    embraced 

la  the  '  These  plans  show  center  of  street  by  red 

line  upon  whicli  IS  marked  bearing  and  distance  in  red:  stone 
mori'nrrnts  are  shown  by  small  black  squares;  street  lines. 
lo'  '   lot  distances  are  shown  in  black.     If  the  lot  is 

In  ■  .1   plot,   where   the   plot   number  is  shown,   it  is 

inurkfd  lU  blue.  Kach  section  has  its  lot  numbers  running 
from  1  to  600.  nnd  lot  numbers  are  shown  in  red  figures.  The 
plan  also  shows  in  yellow'  ligures.  the  registry  book  and 
page  where  the  lot  Is  recorded.  Thus  2,'25  shows  tliat  the  lot 
is  pH-orded  in  l)ook  2  and  page  'la. 

These  original  drawings  are  not  shown  to  or  handled  by 
the  public  In  general,  but  tracings  have  been  made  upon 
which  is  also  shown  the  name  of  owner  in  black.  When  there 
Is  a  transfer  of  ownership,  the  name  is  chan.ged. 

When  a  deed  is  presented.  Form  1  is  used  to  give  the  owner 
a  receipt.     These  receipts  are  in  book  form  with  200  pages. 


l^ot  Xumber. 


\'    Nun»ber 

.       ^  t  r V  Book Page . 

DEP.VRT.MENT   OF   SURVEYS. 

Knlry    Numlw^r 

D«t»>  of  Kniry 


At  later  date,  when  this  receipt  is  presented,  the  deed  is 
relumed,  upon  the  signature  of  the  owner. 

Korin  2  is  used  for  entering  deeds.  This  form  is  in  a  book 
of  200   pages. 

Korm  ;>  is  a  registry  book  of  ildo  pages  and  allow.s  for  H 
transfers  for  each  lot.  before  a  new  entry  may  be  made. 

Korm  4  is  used  for  the  description  of  the  deed..  These  are 
kept  in  a  steel  tiling  case  with  100  liles,  one  lile  for  each 
plan  section.  The  description  is  folded  aiul  stamped  on  back 
and  placed  in  numeral  order  in  lUc. 

The  notation  shown  in  Form  .">  is  sliuiipcil  on  llii'  diigiiial 
deed  before  it  leaves  the  ollice. 

'Hiis  system  of  registry  may  be  kepi  i"  compact  form  by 
having  a  combination  plan  case  and  book  rack.  The  plans 
and  tracings  are  kept  in  10  drawers.  10  sections  to  each 
drawer.     Registry   books  are  kept   opposite  drawers. 

The  steel  tiling  case  foi-  lot  descriptions  is  in  two  sections 
of  .^0  files  each. 

.\fter  the  installation  of  this  system  in  New  Castle  one  regis- 
try superintendent  has  been  employed,  who  attends  to  the 
details  of  the  system,  furnishes  copy  of  transfers  to  city  as- 
sessors, and  marks  it  on  their  plans.  This  same  man  also 
acts  as  clerk  in  the  engineering  ollice,  issues  street  permits, 
shows  plans  when  requested,  etc. 


Finishing  Concrete  Pavement  with  Board  Float. — A  float 
consisting  of  a  V2  in.  x  8  in.  seasoned  board  with  the  edges 
slightly  rounded,  and  about  1  ft.  longer  than  the  pavement 
width  was  used  in  finisliing  1.5,000  sq.  yd.  of  concrete  pave- 
ment on  a  road  near  Houston,  Tex.  The  board  was  provided 
at  each  end  with  handles  like  those  on  a  plow  and  by  moans 
of  which  the  finishers  operate  it  in  a  manner  similar  to  oper- 
ating the  belt.  The  laborers  preferred  the  board  float  to  the 
belt,  because  there  was  less  back-bending  and  they  regarded 
the  work  as  easier.  Writing  in  the  Concrete  Highway  Maga- 
zine. Mr.  W.  L.  Love,  office  engineer  of  Howe  &  Wise,  the 
engineers  for  the  work,  states  that  the  results  secured  by 
this  were  better  than  by  any  other  method  they  had  tried  and 
that  they  intended  to  specify  the  wide  board  floats  in  future 
work. 


Sidewalks  for  Rurai  Roads. — The  Kansas  Senate  has  passed 
the  House  bill,  which  provides  for  the  construction  of  side- 
walks along  the  public  highways  upon  a  petition  of  50  per 
cent  of  the  property  owners. 
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General  Features  of  Brick  Pavement 
Construction 

An  interesting  discussion  of  brick  pavement  coustruction  is 
given  by  A.  T.  Goldbeck,  Engineer  of  Tests,  and  F,  H.  Jack- 
son. Assistant  Testing  Engineer  of  tlie  U.  S.  Bureau  of  Pub- 
lic Roads,  in  a  report  printed  in  Public  Roads,  tlie  official 
publication  of  the  Bureau.  Their  conclusions  are  based  upon 
observations  made  during  a  recent  inspection  trip  of  a  large 
number  of  brick  roads  in  the  Middle  West,  as  well  as  upon 
the  experiences  of  engineers  and  contractors  who  have  done 
a  great  deal  of  work  along  this  line.  The  matter  following 
is  abstracted  from  Public  Roads: 

Type  of  Foundation  or  Subgrade. — In  a  very  large  number 
of  the  roads  inspected  there  were  to  be  observed  many  evi- 
dences of  foundation  or  subgrade  failures.  A  great  many 
longitudinal  cracks  were  observed,  and  these  occurred  on 
tills  where  there  was  apparently  good  drainage  as  well  as  in 
localities  where  the  drainage  was  obviously  bad.  The  char- 
acter of  the  soil  seemed  to  play  a  very  important  part  in 
influencing  the  number  of  longitudinal  crocks,  and  it  was 
very  evident  that  sticky,  clay  soils  that  would  retain  a  large 
amount  of  moisture  and  undoubtedly  show  considerable  heav- 
ing during  freezing  and  thawing  weather  were  much  more 
likely  to  produce  longitudinal  cracks  than  were  the  more 
porous,  sandy  soils.  Specific  instances  of  brick  pavements  in 
the  city  of  Conneaut,  O.,  some  laid  on  a  sandy  foundation, 
and  others  on  a  clay  foundation,  may  be  cited.  Those  on  the 
clay  foundation  cracked  and  heaved,  those  in  the  sandy  part 
of  the  town  remained  intact.  Throughout  the  sections  visited 
the  same  genera!  condition  existed. 

It  can  not  not  be  too  strongly  urged  that  a  thorough  study 
must  be  made  of  the  underlying  soil  and  the  drainage  con- 
ditions before  attempting  to  design  a  road  for  a  particular 
locality.  It  should  be  noted  also  that  certain  kinds  of  soils 
are  not  susceptible  of  drainage  by  the  methods  ordinarily 
practiced,  using  tile  drains  and  French  drains  along  the  side 
of  the  road.  It  is  apparent  that  capillarity  plays  a  very  strong 
part  in  influencing  the  retention  of  moisture  by  the  subgrade. 
even  though  apparently  good  drainage  facilities  are  provided. 
A  thorough  study  of  capillarity  and  methods  of  draining  va- 
rious kinds  of  soils  would  be  of  great  benefit. 

Instances  have  been  cited,  notably  in  the  Cleveland-Akron 
road,  in  which  the  superimposed  loads  were  such  that  the 
subgrade.  softened  by  the  presence  of  moisture,  readily  gave 
way  and  was  unable  to  support  the  slab  which,  in  turn,  did 
not  possess  sufficient  strength  to  act  as  a  beam  but  was 
broken  through  in  spots.  It  is  possible  that  soils  of  this  char- 
acter could  be  improved  very  greatly  in  their  hearing  value 
by  the  use  of  a  porous  filling  material,  such  as  cinders,  broken 
stone,  slag,  or  gravel,  and  in  this  way  the  high-unit  pressures 
transmitted  directly  through  a  pavement  would  be  so  distrib- 
uted that  the  unit  pressure  on  the  natural  soil  foundation 
would  be  within  the  bearing  value  of  the  soil.  It  is  also  pos- 
sible that  correct  methods  of  drainage  might  accomplish  the 
same  end:  that  is,  increase  the  bearing  value  of  the  soil  by 
drying  it  out. 

It  has  been  suggested  that  as  an  aid  to  such  drainage  meas- 
ures a  treatment  of  bituminous  material  might  be  beneficial. 
An  instance  of  the  value  of  a  filling  of  porous  material  and 
of  good  drainage  may  be  noted  in  the  case  of  Goodfellow  Ave. 
in  St.  Louis,  where  telford  drains  were  placed  at  the  side 
of  the  road  and  a  subbase  of  cinders  used  under  the  broken 
stone  wearing  surface.  There  are  no  instances  of  founda- 
tion failures  in  this  road,  although  it  carries  considerable 
traffic.  It  has  been  suggested  that  a  good  method  of  increas- 
ing the  bearing  value  of  the  soil  is  to  provide  blind  drains 
along  the  sides  of  the  road  with  frequent  outlets,  so  that  the 
water  table  will  be  lowered  considerably  below  the  wearing 
course,  notwithstanding  the  effects  of  capillarity. 

Type  of  Base.— The  object  of  the  base  of  a  brick  pavement 
is  so  to  properly  support  the  wearing  surface  that  it  will 
maintain  its  original  contour  and  not  become  depressed  in 
spots  or  wavy.  It  is  perfectly  obvious  that  the  character  of 
the  subsoil,  wliich  supports  the  foundation,  and  the  character 
of  the  loading  transmitted  through  the  wearing  course  to  the 
foundation,  should  control  this  design.  Thus,  one  would  not 
expect  that  there  would  be  a  necessity  for  a  heavy  concrete 
foundation  if  the  subbase  were  always  exceedingly  firm  and 
unyielding.  On  the  other  hand,  if  the  subgrade  were  exceed- 
ingly soft,  such  as  obtains  in  clay  saturated  with  moisture,  a 
thick  base   is   obviously   necessary  in   order  to   properly  dis- 
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tribute  heavy  loads  to  the  subgrade  and  reduce  the  unit  pres- 
sure within  the  bearing  value  of  the  subgrade. 

From  these  considerations  it  should  be  plain  that  it  is 
perfectly  possible  that  a  wearing  surface  of  brick  laid  di- 
rectly on  the  soil  might  remain  in  very  good  condition  if  the 
traffic  is  not  very  heavy  and  if  the  subbase  is  well  drained 
and  therefore  firm  and  unyielding  under  all  conditions.  In- 
stances of  such  construction  have  been  noted,  such  in  Cleve- 
land, O..  and  Sterling,  111.,  and  other  cases  of  an  exceedingly 
light  Concrete  base  from  1  to  2  in.  thick  have  been  noted  at 
Danville  and  North  Alton,  111.  In  a  number  of  instances  the 
brick  surfacing  has  been  laid  on  a  rolled  slag  or  a  rolled 
stone  foundation  and  has  proven  to  be  highly  satisfactory. 

The  object  lesson  furnished  by  these  roads  is  that  the 
character  and  thickness  of  the  base  should  be  very  largely 
governed  by  the  local  soil  and  traffic  conditions.  It  should 
be  emphasized  very  strongly  that  it  can  not  be  considered 
good  practice  to  make  a  standard  design  for  a  brick  road  and 
apply  this  design  to  all  sections  of  the  country  irrespective  of 
these  local  conditions. 

It  is  the  practice  in  various  sections  of  the  country  to  build 
a  brick  wearing  surface  upon  an  old  macadam  road  used  as 
a  foundation,  and  in  a  number  of  instances  the  brick  wear- 
ing surface  is  wider  than  the  old  macadam  road.  Failures  of 
the  brick  surface  laid  upon  such  roads  have  been  noted,  such, 
for  instances,  as  occurred  at  Dixon,  111.,  in  which  the  sides 
of  the  brick  road  settled  in  spots  due  to  the  settlement  of 
the  new  macadam  foundation.  Had  the  macadam  foundation 
settled  uniformly,  trouble  of  this  character  could  have  been 
avoided,  so  that,  unless  the  macadam  is  given  uniform  com- 
paction, it  is  to  be  expected  that  future  settlement  will  be 
unequal. 

It  is  the  opinion  of  the  authors  that  when  an  old  macadam 
road  is  used  as  a  foundation  it  is  advisable  to  plow  up  the 
old  surface  and  reroll  it  as  evenly  as  possible,  especially 
when  the  new  surface  is  wider  than  the  old.  This  applies 
particularly  to  an  old  road  surface  which  is  badly  rutted  and 
pitted  or  the  crown  of  which  must  be  changed  to  make  it 
■  suitable  for  the  brick  wearing  course.  In  some  cases  it 
might  be  economical  to  resurface  the  old  macadam  with  a 
cement-sand  bedding  course,  making  it  no  thicker  than  is 
necessary  to  produce  the  proper  crown.  Attention  has  been 
callen  to  the  use  of  an  old  brick  pavement  as  a  foundation 
course  for  new  wearing  surface.  Such  practice  seems  to 
have  worked  out  very  successfully  when  a  cement-sand  bed 
was  used,  as  evidenced  by  the  roads  at  Danville,  111. 

Thickness  of  Concrete  Base. — Since  the  foundation  plays 
the  part  of  distributing  the  load  to  the  subbase,  it  is  obvious 
that  where  the  subbase  is  soft  and  the  traffic  heavy,  the 
greatest  possible  distribution  of  load  must  be  obtained,  and 
this  can  be  accomplished  best  by  the  use  of  a  concrete  base, 
since  its  resistance  to  bending  aids  in  distributing  the  load. 
The  proper  thickness  of  a  concrete  base  has  been  a  mooted 
question.  At  the  present  time  a  determination  of  the  proper 
thickness  of  concrete  base  for  different  types  of  brick  roads 
must  be  based  on  precedent.  It  would  seem  from  the  results 
of  observations  that  the  present-day  heavy  traffic  can  be  car- 
ried safely  on  a  4-in.  concrete  base  with  4-in.  brick  wearing 
course  when  monolithic  construction  is  used,  and  when  the 
sub-grade  conditions  are  favorable.  It  would  seem  highly  de- 
sirable that  the  thickness  of  this  base  be  increased  along 
any  stretches  of  the  road  in  which  the  subbase  conditions 
might  be  open  to  question.  On  very  heavily  traveled  city 
streets  the  thickness  of  the  concrete  base  will  likewise  have 
to  be  increased. 

Where  a  sand-cement  cushion  is  used,  although  if  is  not 
believed  that  such  construction  is  a  true  monolith,  a  4-in. 
concrete  base  should  prove  sufficient  under  heavy  traffic,  pro- 
vided this  base  is  increased  in  thickness  over  bad  spots  in 
the  subgrade.  When  sand-cushion  construction  is  used  with 
a  grouted  brick  surface,  a  6-in.  concrete  base  should  give 
good  results  under  heavy  traffic,  with  an  increase  in  thick- 
ness over  the  soft  spots  in  the  subgrade.  If  a  bituminous 
filler  is  used  in  the  brick-wearing  surface,  theoretically  the 
concrete  base  should  be  thicker  than  in  the  case  of  a  grounted 
surface.  In  the  absence  of  test  data,  however,  it  is  impossi- 
ble to  state  how  much  thicker. 

Cushion  or  Bedding  Course.— In  the  old  standard  type  of 
construction  a  cushion  of  sand  or  other  fine  material  up  to 
2  in.  thick  was  advocated,  the  idea  of  this  cushion  being  to 
permit  laying  the  brick  to  a  smooth  surface  and  also  to  give 
a   cushioning  effect  for  the  traffic.     When  sand   is  used  as  a 
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cushion  It  K<'"»"nill.v  ts  broiiKlH  lo  '«  •'"vol  surfiu'o  by  rolliiiK 
nnci  111.-  trick  iirt-  pliii-i'il  on  tliis  ciislilou  iiml  iiilli'il  down  with 
11  lor.     The  I'ffoot  of  this  rollliiK  i"  "  nvimbiM-  of  iii- 

>t  IS  boon  to  force  tho  siiml  cuslilon  up  Into  (hi-  joints 

b.-iMiiu  ihc  brick  jiml  thus  the  simce  whicli  sliould  bo  oc- 
cupic.l  by  Joint  llllcr  Is  partially  lUlcd  with  sand.  In  a  num- 
Iht  ot  sand  cimhlon  brick  paveincnts.  this  has  had  a  very 
detrliuental  effect  In  tliat  when  expansion  takes  place  In  the 
brl.  k  In  hoi  weather,  most  of  the  compressive  stress  Is 
thfiirtn  toward  the  top  of  the  pavement  and  results  lit  buckl- 
ing. In  the  crushlnj!  of  the  lop  surface  and  the  cracking  or 
McallMK  of  the  brick.  This  Is  one  very  serious  defect  In  sand 
cunhlon  construction   with  cement   KrouttUled   brick. 

It  Is  Inevitable  that  moisture  must  llnd  Its  way  down 
IhrouKh  any  cracks  In  the  brick  to  the  underlying  sand  cush- 
ion, and  the  amount  of  moisture  In  all  probability  Is  very 
much  Isrger  In  the  vicinity  of  transverse  and  longitudinal 
era.  ks  In  the  brick  surface  than  under  that  part  of  the  pave- 
m-ul  which  has  remained  Intact.  Sand  has  the  well-known 
property  of  expanding  when  It  absorb.s  as  high  as  about  10 
ptT  cent  of  moisture,  and  due  to  this  action  there  Is  a  prob- 
ability that  the  brick  surface  Is  caused  to  bear  unoiiually 
on  the  sand  cushion  unless  the  sand  cushion  is  caused  to 
shift  Its  position.  Again,  In  those  parts  of  the  sand  cushion 
containing  the  greatest  amount  of  moisture  the  expansion  due 
to  freezing  will  be  greatest.  Then,  too,  under  the  vibration 
of  traflic  and  the  movements  of  the  concrete  base  and  brick 
surfacing,  due  to  expansion  and  contraction,  the  sand  cush- 
ion undoubtedly  Is  cuased  to  shift  Its  position. 

The  washing  away  of  the  sand  cushion  from  under  the 
brick,  leaving  it  unsupported,  is  not  an  infrequent  occurrence. 
The  possible  cushioning  effect  of  the  sand  cushion  becomes 
of  minor  Importance  in  view  of  its  many  disadvantages  in 
other  respects. 

Development  of  Monolithic  Type, — In  order  to  eliminate 
some  of  the  bad  features  of  sand  cushion  construction,  a  semi- 
monolithic  or  cement-sand  bed  construction  was  introduced. 
In  this  type  of  pavement  a  mixture  is  made  of  about  4  parts 
of  damp  sand  to  1  part  of  Portland  cement,  and  this  is  used 
in  place  of  the  plain  sand  cushion,  the  brick  being  placed  and 
rolled  on  tbis  as  on  the  old  standard  type  of  construction. 
After  the  brick  are  rolled  they  are  wet  down  so  that  water 
will  impregnate  the  sand-cement  bed  thoroughly,  thus  caus- 
ing it  to  harden.  Such  construction  provides  most  ot  the 
advantages  of  the  sand  cushion  type  with  none  of  its  dis- 
advantages. It  permits  the  brick  to  be  brought  to  a  smooth 
surface  without  the  danger  that  the  cushion  will  shift  its  po- 
sition or  come  up  between  the  joints  during  rolling.  More- 
over, there  is  a  considerable  bond  between  the  brick  surface 
and  the  concrete  base,  at  least  so  far  as  shearing  is  con- 
cerned, and  a  stronger  pavement  is  the  result. 

A  further  development  in  the  monolithic  type  of  construc- 
tion has  been  adopted,  in  which  the  cushion  or  bedding  course 
is  omitted  altogether.  In  this  type  of  construction  the  brick 
are  laid  directly  on  the  green  concrete  and  rolled  to  a  smooth 
surface.  Portland  cement  grout  then  is  applied  preferably 
before  the  concrete  base  has  set  up.  In  this  way  a  consider- 
able adhesion  is  developed  between  the  brick  and  the  con- 
crete base.  There  has  been  some  question  regarding  the  effi- 
ciency of  this  adhesion  and  particular  pains  were  taken  dur- 
ing the  present  inspection  to  gain  evidence  on  this  point.  A 
number  of  pavements  were  examined  at  the  sides  in  order  to 
see  if  there  was  any  evidence  of  separation  between  the  brick 
and  the  concrete,  and  in  no  case  could  such  evidence  be  found. 
This  would  seem  to  indicate  that  such  construction  usually 
is  really  "monolithic." 

In  conversation  with  several  engineers  having  considerable 
experience  with  this  type  of  construction,  conflicting  opinions 
were  obtained.  In  general,  however,  it  can  be  said  that  a 
considerable  bond  does  exist  between  the  brick  and  the  con- 
crete, provided  the  grouting  immediately  follows  the  lay- 
ing of  the  brick.  It  is  the  opinion  of  the  authors  that  a 
more  truly  monolithic  construction  is  obtained  when  the 
concrete  base  is  tamped  so  as  to  bring  a  thin  coat  of  mortar 
to  the  surface  and  the  brick  laid  in  this  mortar  bed.  It  is 
believed  that  this  flush  coat  or  mortar  works  its  way  up  into 
the  vertical  joints  between  the  bricks  and  thus  adds  greatly 
to  the  horizontal  shearing  strength  between  the  brick  and 
the  concrete.  At  this  plane,  or  in  its  vicinity,  the  horizontal 
shear  is  greatest. 

It  often  has  been  questioned  whether  or  not  the  original 
bond  between  the  brick  and  the  concrete  will  be  retained 
after  several  years  ot  traffic.     It  has  been  stated  that  the  vi- 


bration due  to  traffic  and  unequal  expansion  of  brick  and  con- 
crete will  tend  to  loosen  the  bond,  and  in  this  way  the  sup- 
porting power  of  the  original  monolithic  slab  will  be  no 
greater  than  that  of  the  two  separate  slabs  ot  concrete  and 
brick.  This  would  seem  to  be  an  argument  in  favor  of  in- 
creasing the  bond  between  the  concrete  base  and  the  brick 
Just  as  much  as  possible. 

Type  of  Brick.  Until  the  year  UUl.  practically  the  only  type 
of  paving  brick  in  use  in  this  cotintry  was  the  so-called  stand- 
ard repressed  brick  with  lugs  molded  on  one  side  and  the 
edges  rounded.  It  was  claimed  originally  that  the  appear- 
ance and  shape  ot  a  brick  were  not  only  improved,  but  the 
density  and  strength  were  likewise  increased  in  the  process 
of  repressing.  In  1910  a  type  of  brick  was  introduced  in 
which  the  lugs  were  wire  cut  on  the  sides  and  repressing  was 
omitted,  the  brick  going  directly  from  the  wire  cutter  to  the 
drying  ovens.  Inasmuch  as  the  repressing  was  omitted,  the 
edges  of  the  wire-cut  lug  brick  were  square  instead  of 
rounded, 

A  recent  development  in  the  type  ot  brick  used  is  the  so- 
called  vertical  fiber  lug  brick  which  differs  from  the  older 
wire-cut  lug  type  in  that  the  brick  are  laid  in  the  pavement 
with  the  wire-cut  surface  up  instead  of  on  the  side.  The  lug 
on  the  vertical  fiber  brick  is  produced  in  the  process  of  forc- 
ing the  clay  through  the  die,  the  upper  side  of  which  is  cut 
in  the  shape  of  the  lug  desired.  This  forms  what  is  known 
as  a  "bar"  lug.  It  is  usually  about  1  in.  wide  and  there  are 
ordinarily  four  lugs  on  each  brick. 

Since  wire-cut  lug  brick  were  first  introduced  they  have 
gained  greatly  in  popularity,  especially  when  used  in  con- 
junction w'ith  a  cement  grout  filler.  Many  manufacturers, 
as  well  as  engineers,  have  reached  the  conclusion  that  the 
process  of  repressing  adds  nothing  to  the  strength  or  density 
ot  a  paving  brick.  Tlie  rounded  edge  of  the  repressed  brick 
furthermore  appears  to  be  a  detriment  ratlier  than  an  ad- 
vantage when  used  with  grout  filler,  as  the  grout  is  more 
apt  to  hold  to  the  square-edged  brick  than  where  the  edges 
are  smooth  and  rounded.  Numerous  instances  were  noted 
of  grout-filled  repressed  brick  streets  where  the  grout  had 
been  ground  out  ot  the  brick  to  the  depth  of  the  rounded 
edge.  On  the  other  hand,  in  wire-cut  lug  grouted  briclc 
pavements  the  grout  in  the  brick  appeared  to  wear  down 
evenly,  so' that  the  surface  remained  smooth  and  continuous. 

Vertical  fiber  brick  with  cement  grout  filler  have  hardly 
been  in  use  long  enough  to  draw  any  definite  conclusions  re- 
garding the  advantages  which  have  been  claimed  for  them. 
Such  observations  as  the  authors  were  able  to  make  would 
indicate  that  a  number  ot  objections  to  their  use  with  ce- 
ment grout  might  exist.  Most  important  of  these  is  the  fact 
that  the  lugs,  being  rectangular,  touch  the  adjacent  briclc 
over  a  considerable  area  instead  of  at  points  or  lines  as  in 
the  other  types  ot  lug  brick.  Cement  grout  can  penetrate 
only  the  spaces  between  the  lugs,  leaving,  in  the  case  of 
the  vertical  fiber  brick,  a  relatively  large  area  of  the  sides 
ot  the  brick  over  which  no  adhesion  to  the  adjacent  brick  is 
possible.  It  would  seem  hardly  possible  under  such  condi- 
tions to  obtain  as  truly  a  monolithic  bond  as  exists  where 
practically  the  entire  space  between  the  courses  is  filled  with 
grout.  As  before  stated,  in  monolithic  and  semimonolithic 
construction,  the  side  bond  between  the  brick  should  be  as 
strong  as  possible,  in  order  to  protect  the  bond  between  the 
brick  and  the  base.  Vertical  fiber  lug  brick  were  intended 
primarily  for  use  with  bituminous  fillers  and  are  now  suc- 
cessfully used  in  this  w-ay  to  a  considerable  extent  in  Kan- 
sas City,  Mo.,  and  Lincoln  and  Omaha.  Neb. 

Lugle.ss  Type  of  Brick  Open  to  Criticism. — Experience  with 
the  lugless  type  ot  vertical  fiber  brick  has  been  confined  al- 
most entirely  to  Kansas  City,  Mo.  Such  observations  as  were 
made  would  indicate  that  the  use  of  this  type  of  brick  was 
open  to  serious  criticism  in  that  unless  great  care  is  used  in 
laying,  unequal  spacing  will  result.  This  was  illustrated 
forcibly  in  construction  work  under  way  in  Kansas  City.  The 
condition  shown  in  the  illustration,  while  typical  ot  this  par- 
ticular job,  is  an  extreme  one.  It  should  be  possible  to  lay 
lugless  brick  in  much  straighter  courses  than  are  here  shown. 
It  would  ordinarily  seem  reasonable  to  suppose,  however,  that 
a  better  job  ot  setting  would  result  it  lug  brick  were  used, 
because  greater  care  in  selection  is  necessary  in  the  case 
of  lugless  brick  it  uniform  joints  are  to  be  obtained.  This  is 
due  to  the  tact  that  in  the  lugless  brick,  warping  and  kiln 
marks  which  vary  with  individual  brick  are  depended  upon 
to  form  the  grout  spaces. 

Advocates  of  the   lugless  bricks   maintain   that   uniformity 
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ol:  the  grout  spacing  is  not  essenti*!  to  good  construction. 
This  opinion,  it  seems  to  the  authors,  is  not  well  founded  in 
view  of  the  fact  that  wherever  the  sides  of  the  brick  come 
into  actual  contact,  as  they  often  do  if  not  spaced  carefully 
by  hand,  no  penetration  of  grout  or  filler  will  be  possible. 
This  results  in  a  greatly  weakened  side  bond  and  permits 
water  to  leak  through  the  joints.  The  first  brick  pavements 
built  were  of  the  lugless  type,  but  great  care  was  exercised 
by  those  in  charge  of  construction  to  insure  uniformly  spaced 
joints.  Lugs  were  introduced  simply  to  insure  this  spacing 
automatically.  It  would  seem  e.\treniely  unwise  to  run  the 
chance  of  failure  through  imperfect  grouting  simply  in  order 
to  avoid  the  use  of  lug  brick.  The  work  already  started  in 
Kansas  City  and  that  being  started  in  Omaha  will  be  watched 
with  interest. 

Joint  Fillers. — Among  the  older  streets  of  many  cities  in 
the  Middle  West  are  still  to  be  found  brick  pavements  with 
sand-filled  joints.  While  the  majority  of  these  streets  are 
rough  and  uneven,  due  both  to  the  cobbling  of  the  individual 
brick  and  to  unequal  settlement  of  the  foundation,  a  large 
number  still  were  in  fairly  good  condition.  Practically  all 
were  in  fairly  good  condition.  Practically  all  were  laid  on 
the  natural  soil  foundation.  Possessing  no  slab  strength, 
these  sand-filled  streets  conformed  to  the  contour  of  tlie 
foundation  under  all  conditions,  so  it  is  not  surprising  that 
after  18  or  20  years  they  are  somewhat  uneven.  The  princi- 
ple disadvantage  of  sand  as  a  filler,  assuming  a  stable  and 
unyielding  soil  condition,  is  that  it  does  not  protect  the  edges 
of  the  brick  from  chipping  out  under  the  action  of  the  traffic. 
It  is  more  difficult  to  keep  such  a  street  clean,  and  water  is 
sure  to  wash  down  through  the  joints  into  the  sand  bedding 
course. 

The  most  widely  used  filler  for  brick  pavement  at  the  pres- 
ent time  is  Portland  cement  grout.  It  lias  the  advantage, 
if  properly  applied,  of  producing  practically  a  monolithic  slab 
capable  of  resisting  bending  stresses.  On  the  other  hand,  this 
slab,  when  subjected  to  temperature  changes,  expands  and 
contracts  like  any  other  monolithic  structure,  resulting  in 
cracks  due  to  contraction  and  bulges  or  heaving  due  to  ex- 
pansion. Expansion  failures  usually  occur,  as  would  be  ex- 
pected, at  the  top  of  vertical  curves,  or  at  any  other  place 
where  for  one  reason  or  other  the  pavement  is  crowned 
transversely.  Contraction  cracks  manifest  themselves  al- 
ways by  the  cracking  of  the  grout,  usually  in  a  straight  line 
across  the  road,  and  ordinarily  occur  about  as  far  apart  as 
on  a  concrete  road.  On  account  of  the  greater  resistance  to 
abrasion  of  brick  over  concrete  the  contraction  cracks  in 
brick  roads  do  not  wear  nearly  as  rapidly  as  in  concrete 
roads,  and  are,  therefore,  not  as  serious  a  maintenance  con- 
sideration. 

Provision  for  expansion  sidewise  against  curbs  always  is 
made  by  inserting  some  form  of  bituminous  joint  either 
jioured  or  prepared,  between  the  brick  and  the  curb  or  gut- 
ter. Provision  for  expansion  longitudinally  usually  is  made 
in  the  case  of  city  streets  at  intersections,  while  in  the  case 
of  country  highways  transverse  expansion  joints  usually  are 
omitted,  except  under  special  conditions. 

Transverse  Joints. — There  is  aparently  some  difference  of 
opinion  regarding  the  necessity  of  transverse  joints  on  both 
city  streets  and  country  higliways.  In  sections  where  numer- 
ous expansion  failures  have  occurred,  those  in  charge  of  con- 
struction are  either  advocating  the  use  of  bituminous  fillers 
exclusively  or  else  regularly  spaced  transverse  expansion 
joints.  The  former  attitude  is  illustrated  by  experience  in 
such  cities  as  Lincoln  and  Omaha,  Nebr.,  and  the  latter  by 
the  experience  in  Vermillion  county,  111.  A  number  of  types 
of  joints  have  been  tried,  such  as  courses  of  wood  block,  as 
noted  in  St.  Louis,  spaced  about  75  or  100  ft.  apart,  or  courses 
of  bituminous  filled  brick  spaced  about  the  same  distance.  In 
other  sections  where  little  expansion  trouble  has  developed 
engineers  seem  to  prefer  to  run  the  chance  of  an  occasional 
blowup  rather  than  risk  excessive  wear  at  joints. 

Observations  made  by  the  authors  would  indicate  that  for 
city  work  transverse  expansion  joints  should  be  installed  at 
street  intersections  in  at  least  one  direction  across  the  inter- 
section and  in  both  directions  if  the  intersection  is  crowned; 
while  for  highways  they  may  be  omitted  except  in  special 
cases,  such  as  curves  at  the  intersections  of  very  long  tan- 
gents and  at  abrupt  changes  in  grade.  Joints  not  over  %  in. 
in  thickness  seem  to  give  the  best  results. 

Although  there   is   considerable  opposition   to   the   general 


use  of  bituminous  fillers  for  brick  pavements,  good  results  in 
using  asphalt  have  been  obtained  in  certain  cities  west  of 
the  Mississippi.  The  principal  disadvange  of  bituminous  fill- 
ers appeared  to  be  the  lack  of  protection  afforded  the  brick 
at  the  joints;  moreover  they  do  not  give  any  slab  strength  to 
the  brick  surface.  The  former  fact  was  noted  in  a  number  of 
cases  on  old  bituminous  filled  streets  in  which  the  edges  of 
the  brick  have  worn  badly.  The  relative  action  of  traflSc  on 
bituminous  filled  and  grout  filled  joints  was  noted  on  those 
streets  where  expansion  joints  consisting  of  a  number  of 
courses  of  bituminous  filled  brick  had  been  installed.  The 
difference  in  wear  was  very  noticeable. 

Another  disadvantage  of  bituminous  fillers  is  the  tendency, 
particularly  noted  in  tars,  of  running  out  at  the  sides  of  the 
road  in  hot  weather  or  chipping  in  cold  weather.  They  pos- 
sess still  another  disadvantage  of  requiring  constant  atten- 
tion at  the  time  of  application  to  insure  that  the  temperature 
of  the  bituminous  material  remains  at  the  proper  point; 
since,  if  too  cold,  they  will  bridge  the  joints  instead  of  pene- 
trating, and,  if  too  hot,  they  will  become  hard  and  inert.  On 
the  other  hand,  they  possess  the  undoubted  advantage  of 
being  free  from  expansion  troubles.  They  likewise  make  a 
somewhat  quieter  pavement. 

The  ease  of  making  service  cuts  in  city  streets  through  this 
type  of  pavement  is  another  advantage. 

It  should  be  emphasized  that  when  a  bituminous  filler  is 
used  particular  care  should  be  taken  in  its  selection  in  order 
to  avoid  the  troubles  incident  to  ill-suited  materials.  In  those 
asphalt  filled  streets  examined  in  the  cities  west  of  the  Mis- 
sissippi, it  was  noted  that  by  the  use  of  considerable  excess 
of  bituminous  material  a  wearing  mat  of  appreciable  thick- 
ness was  formed  over  the  surface  of  the  brick  pavement. 
This  mat  apparently  remains  for  some  years,  depending  upon 
its  thickness  and  the  character  and  volume  of  traffic,  and 
while  still  intact  undoubtedly  protects  the  brick  from  the 
action  of  traffic  to  a  very  large  extent.  This  probably  is  the 
reason  brick  streets  in  this  section  have  worn  so  little. 

Conclusions. — The  authors  have  drawn  the  following  con- 
clusions as  a  result  of  their  study  of  brick  pavements: 

1.  The  type  and  thickness  of  base  for  any  brick  pavement 
should  depend  upon  (a)  the  maximum  weight  of  the  loads  to 
be  carried,  and  (b)  the  bearing  value,  under  all  weather  con- 
ditions, of  the  underlying  soil. 

2.  In  all  cases  where  the  traffic  to  be  carried  is  likely  to 
be  heavy  or  where  the  underlying  soil  is  of  such  a  nature 
that  its  bearing  value  is  not  sufficient  to  support  the  pave- 
ment under  all  conditions,  a  concrete  base  of  sufficient  thick- 
ness to  properly  distribute  the  loads  should  be  provided. 

3.  Where  the  maximum  weight  of  the  loads  to  be  carried 
is  not  excessive  and  the  subsoil  is  of  a  porous,  well-drained 
nature,  the  thickness  of  the  concrete  base  may  be  decreased 
or  under  very  favorable  conditions,  it  may  even  be  omitted 
altogether. 

4.  Other  things  being  equal  a  somewhat  lighter  construc- 
tion may  be  permitted  in  the  case  of  the  "monolithic"  and 
"semimonolithic"  types  tlian  where  the  ordinary  sand  cushion 
type  is  provided,  on  account  of  the  increased  slab  strength 
which  these  types  appear  to  possess. 

5.  A  concrete  curb  or  edging  is  not  necessary  when  "mono- 
lithic" or  "semimonolithic"  construction  is  used. 

6.  Paving  brick  with  well-formed  contact  lugs  are  to  be 
preferred  to  brick  without  lugs. 

7.  Paving  brick  with  square  edges  are  to  be  preferred  to 
brick  with  rounded  edges. 

8.  Given  the  requisite  care  in  construction,  satisfactory 
results  may  be  obtained  with  either  cement  grout  or  bitu- 
minous filler. 

9.  Vertical  fiber  lug  brick  with  bituminous  filler  have 
given  good  service  in  those  cities  west  of  the  Misissippi 
where  they  were  inspected,  possibly  due  to  the  protecting  ac- 
tion of  the  asphalt  mat  which  prevents  wear  from  coming 
upon  brick  direct. 

10.  Expansion  joints  in  grout  filled  pavements  would  seem 
advisable  at  street  intersections  and  at  points  of  tangency  on 
curves,  and  longitudinal  joints  should  be  used  against  all 
rigid  curbs  or  structures. 


Motor  Trucks  in  United  States — Ten  years  ago  the  number 
of  motor  trucks  in  use  was  but  4.000.  Today  there  are  be- 
tween 400,000  and  500,000,  according  to  .Tames  P.  Nash,  Office 
Engineer,   State  Highway  Department,  Austin,  Texas. 
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Effect    of     TriKtive    Resistance    in 
1  ernis  of  (iasoline  Consiiinption 

Till'  mplil  itfv.'lopiiunt  i>r  lilKli«iiy  iniiisiiortalloii  (l\u'  to 
the  IncrfiiitlnK  imo  of  motor  I  nicks  is  cniisliiK  more  iiiui  more 
attenllon  to  be  Riven  to  further  possible  eeoiiomles  that  miiy 
b*  atlnlnod.  AnioiiK  these  economies  Is  tliiit  of  misollne  con- 
iiumptloa  Onsollne  Is  ii  ver>  tiiMKlble  thliiK  iiiid  Its  con- 
sumplloii  Is  rputllly  apprehended  iind  so  excites  the  Interest 
and  holds  the  attention  of  everyone  hiivlng  to  do  with  nvito- 
mublles  and  motor  trucks. 

The  amount  of  Kasollni'  consumed  Is  directly  related  to 
Ihe  amount   of   mechanical   work   done   In   iravellng   over  the 
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ChArt    No.    1 — Gasoline    Consumption    for   Various    Types    of 
Pavements. 

roadway — that  is.  the  amount  of  resistance  overcome  in  a 
certain  space.  There  are  several  forms  of  resistance  such 
as  grade  resistance,  tractive  resistance,  air  resistance,  and 
resistance  due  to  curvature  or  road  alignment.  These  va- 
rious forms  of  resistance  influence  the  gasoline  consump- 
tion. Some  of  these  factor  have  been  sufficiently  investi- 
gated to  allow  of  their  influence  being  shown  as  in  the  ac- 
companying charts,  which  were  prepared  by  Robert  C.  Bar- 
nett.  Economic  Engineer  for  the  Missouri  State  Highways 
Transport  Committee. 

Chart  No.  I  shows  the  unit  tractive  resistiuice  of  several 
types  of  roads  prevailing  in  California.  These  values  were 
determined  by  Prof.  J.  B.  Davidson  of  the  University  of  Cali- 
fornia for  the  Good  Roads  Bureau  of  the  ("alifornia  State 
Automobile  Association.  While  other  investigators  have  ex- 
perimented along  this  line  during  the  past  50  years.  Prof. 
Davidson's  results  seemed  to  have  gained  a  wider  recogni- 
tion.     However,    these    unit    values    for    tractive    resistance 
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■Comparison  of  Annuai  Costs  for  Several   Types  of 
Pavement. 


Chart  -No.  i;  is  more  ct^iplicnted  and  requires  a  little  study 
lo  grasp  its  full  signlllcnnce.  It  shows  the  reUuion  between 
the  two  groups  of  factors  nuiking  uii  the  cost  of  transporta- 
lion  and  Indicates  how  this  relation  varies  as  ihe  trallic  den- 
sity chan,«es.  Three  types  of  pavement  were  selected  as 
representing  the  range  of  tractive  resistance;  that  is,  high, 
medium  and  low.  The  total  annuiil  cost  of  transportation  is 
the  sum  of  the  animal  cost  of  roadbed  and  the  annual  cost 
of  operation.  Ihe  anniml  cost  of  roadbed  was  computed  for 
several  difl'erent  trallic  densities.  This  cost  t'inbraces  the 
items  of  interest  on  construction,  annual  maintenance,  amor- 
tization, and  administration  taken  for  average  conditions. 
The  annual  cost  of  operating  over  Ihe  same  roadbed  was 
computed  for  corresponding  trallic  densities  and  includes  the 
items  of  interest,  license  and  taxes,  insurance,  administra- 
tion, garaging,  gasoline,  oil  and  waste,  driver's  salary,  niain- 
'tenance  of  vehicle  and  power  plant,  and  amortization. 

The  important  fact  to  be  gleaned  from  this  chart  is  that 
the  annual  cost  of  operation  overtakes  and  passes  the  an- 
nual cost  of  roadbed  when  the  traflic  density  reaches  about 
,=>(>  tons  per  diem.  This  has  a  special  significance  when  con- 
sidered with  the  fact  that  under  o\ir  existing  laws  and  cus- 
toms, the  roadbed  is  furnished  and  maintained  by  an  or- 
ganization separate  and  distinct  from  the  parties  who  operate 
over  it.  Hence  the  failure  to  ai)preciate  the  mutuality  of 
interests  and  the  lack  of  sufficient  co-ordination  necessary  to 
attain  the  maximum  economy  in  highway  transportation. 

Chart  No.  3  depicts  the  effect  of  grades  in  reducing  mile- 
age per  gallon  of  gasoline.  A  type  of  level  roadway  is  as- 
sumed over  which  the  loaded  automobile  can  travel  a  dis- 
tance of  16  miles  for  each  gallon  of  gasoline  consumed.  The 
reduced  mileage  due  to  different  grades  is  represented  by 
the  lengths  of  the  sloping  lines.  The  gallon  of  gasoline  con- 
sumed   is   used   to   overcome   the   tractive   resistance   as    well 


are  incidental  to  the  main  purpose  of  the  chart,  wiiich  is  to 
show  the  effect  of  tractive  resistance  in  terms  of  gasoline 
consumption.  For  this  purpose  an  automobile  weighing  2 
tons  when  loaded,  equipped  with  an  engine  and  transmission 
gear  capable  of  delivering  1  HP.  per  hour  to  the  drivers  on 
a  consumption  of  1.2  pints  of  gasoline,  was  selected.  The 
length  of  the  trip  was  taken  as  20  miles.  These  represent 
average  conditions.  A  5-gal.  gasoline  can  is  shown  and  the 
different  depths  of  gasoline  are  marked  off  proportional  to 
the  amount  consumed  over  the  different  types  of  roadways. 
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Chart  No.  3 — Effect  of  Grades  on    Running    Distances, 
as  the  vertical  lift  resulting  from  that  distance  and  the  grade 
in  question.  • 


Idaho  Has  License  Law  for  Engineers. — The  Idaho  Legis- 
lature at  its  recent  session  passed  House  Bill  2i)9  for  licens- 
ing civil  engineers.  The  act  defines  civil  engineering  as 
"the  practice  of  any  branch  of  the  profession  of  engineer- 
ing other  than  mining,  metallurgical  and  military"  and  fur- 
ther states  that  "Said  profession  embraces  the  design  and 
supervision  of  the  construction  of  all  public  or  private  utili- 
ties except  those  in  connection  with  mining  operations  ex- 
clusively and  other  works  which  require  experience  and  the 
same  technical  knowledge  as  engineering  schools  of  recog- 
nized reputation  prescribe  for  graduation."  Powers  and 
duties  of  the  department  og  law  enforcement  in  relation  to 
practice  of  civil  engineering  are  to  conduct  examin.itions  to 
ascertain  the  qualifications  and  fitness  of  applicants  to  prac- 
tice civil  engineering:  to  pass  upon  the  qualifications  of  ap- 
plicants for  reciprocal  registration  from  other  states;  to 
prescribe  rules  and  regulations  for  holding  examinations,  to 
determine  what  shall  constitute  a  school,  college  or  depart- 
ment of  the  university  for  civil  engineers  and  the  reputability 
and  standing  of  such  schools  (the  requirements  of  the  Uni- 
versity of  Idaho  for  the  degree  of  civil  engineering  are 
adopted  as  the  standard)  and  to  conduct  proceedings  to  re- 
voke certificates.  For  residents  of  the  state  the  fee  is  to  $10 
and  for  applicants  from  the  outside  $25.  Applicants  shall  be 
of  good  character,  over  21  years  of  age;  have  been  in  active 
civil  engineering  work  as  assistant  or  otherwise  for  at  least 
six  years  or  shall  be  graduates  of  a  recognized  school. 
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The  Relation  of  Sunlight  to  Town 
Planning* 

By    H.    L.    SEYMOUR. 

KnKinetrini;    Assistant    to   the   Dominion    Housing    Commission    and 
Town-Planning  Advisor. 

I  wish  to  recall  briefly  to  your  attention  some  well-known 
astronomical  and  other  facts  about  the  sun.  I  then  hope  to 
show  you  that  these  points  should  be  considered  in  the  de- 
termination of  the  direction  and  width  of  streets;  height, 
orientation  and  density  of  buildings;  and  similar  matters  of 
more  or  less  importance  in  planning.  Some  of  these  facts 
undoubtedly  have  been  considered  in  some  cases,  and  the 
lay-out  or  orientation  of  buildings  has  been  influenced  there- 
by. But  I  believe  I  am  correct  in  stating  that  it  is  only 
recently  that  the  application  of  such  facts  has  been  a  matter 
of  careful  study. 

How  much  weight  should  be  .given  to  this  question  of  sun- 
light that  1  am  going  to  discuss  must  be  a  matter  of  judg- 
ment in  each  case;  there  may  be  factors  or  conditions  that 
make  it  of  small  importance.  But  in  some  instances  it  is  of 
great  importance,  and  in  general,  to  the  town-planner  is  given 
the  problem  of  the  scientific  titilization  of  sunlight  in  his  lay- 
out  of   streets   and   buildings. 

For  the  purpose  of  this  paper  1  propose  to  consider  the 
light  derive<i  during  the  day  under  the  classifications  of  (a  I 
daylight  or  skylight,  and  (b)  sunlight,  and  it  is  the  latter 
with  which  we  are  mostly  here  concerned.  "Skylight  comes 
from  all  directions  of  the  heavens;  sunlight  from  only  one 
direction,  constantly  varying  with  the  revolution  of  the 
sphere.'' 

The  path  of  the  sun  during  the  four  months  from  April 
21  to  Aug.  21  resembles  more  nearly  his  path  at  the  summer 
solstice  than  at  the  equinoxes,  and  similarly  his  path  durins; 
the  four  months  from  Oct.  21  to  Feb.  21  more  nearly  his 
path  at  the  winter  solstice  than  his  path  at  the  equinoxes. 
Or.  the  condition  of  the  winter  solstice  may  be  considered  as 
fairly  typical  of  the  period  of  the  four  months  from  Oct.  '21 
to  Feb.  21.  For  the  northern  climes  this  is  the  period  for 
which  special  planning  is  necessary,  as  can  be  judged  from 
the  following  reasons,  with  which  you  are  all  very  familiar 
but  which  will  bear  some  elaboration. 

At  the  winter  solstice,  the  days  are  .he  shortest,  whieli 
means  that  the  total  possible  amount  of  sunlight  that  may  be 
received  per  day  is  the  least  in  the  year.  The  effect  of 
latitude  on  the  length  of  the  day  is  readily  apparent; 

I,;it.  T)ui"ation  of  sunlislit. 

At  the  summer   solstice 12°  ).'i.25  hours. 

At  the  summer    solstice till"  18.90  hours. 

At  the  winter   solstice 12  iMO  hours. 

At  the  winter   solstice «i'°  S.85  hours. 

At  the  winter  solstice,  the  sun's  rays  are  most  oblique.  As 
you  know,  the  intensity  of  heat  and  light  received  from  the 
sun  is  greatest  as  the  rays  become  most  nearly  vertical.  'V\'e 
find  then  that  not  only  the  total  imount,  but  also  the  intensity 
of  the  sunlight  received  in  winter  is  less  than  that  received 
In  summer.  That  we  should  plan  to  conserve  all  the  sunlight 
we  receive  in  the  northern  climes  in  the  winter  is  the  obvious 
conclusion. 

A  record  of  the  temperatures  in  two  sun-boxes  (small  insu- 
lated boxes  with  glass  fronts,  one  faced  east  and  one  south  ) 
indicates  what  the  December  sun  can  do  compared  with  his 
ability  in  .July  and  the  other  months. 

In  December,  in  latitude  42°  40'  N..  with  an  actual  outside 
temperature  of  25°  F.,  there  was  recorded  a  maximum  tem- 
perature of  115°  F.  in  the  box  facing  south,  while  in  .July. 
with  an  outside  temperature  of  90°  F.,  the  maximum  tempera- 
ture in  this  box  was  only  112'  F..  or  actually  Z'  F.  lower;  in 
the  box  facing  east.  122°  F..  or  b\it  7°  F.  higher. 

Mr.  Atkinson  also  instances  the  case  of  a  small  "shack"  in 
latitude  i2:t'  N.,  with  glass  front  facing  south,  and  says 
thereof;  "A  temperature  of  over  100°  F.  has  been  frequently 
obtained  within  this  building  with  an  outside  temperature  of 
zero  or  lower,  entirely  from  the  warmth  of  the  sun's  rays." 

At  the  winter  solstice,  the  shadows  cast  are  the  longest 
and  cover  the  greatest  area.  In  this  connection  some  facts 
are  of  interest  as  to  some  of  the  New  York  sky-scrapers. 
These  facts  and  others  in  this  paper  are  abstracted  from 
recent  papers  by  Messrs.  Swan  and  Tuttle  on  "Planning  Sun- 

•From  a  iiaper  read  l>efore  th.e  Ottawa  I'ranch  of  the  Ro\-al  .\s- 
trononiical  Society. 
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light  Cities'  and  "Sunlight   Engineering  in  City   Planning  and 
Housing." 

At  noon.  Dec.  21.  the  Woolworth  Tower.  791  ft.  high,  casts 
a  shadow  of  l,tJ35  ft.  in  length. 

The  Equitable  Building  at  the  same  time,  being  IIKJ  ft.  high 
with  a  ground  area  of  1.14  acres,  casts  a  shadow  1,018  ft. 
long,  covering  an  area  of  7.79  acres,  with  the  result  that  the 
fronts  of  facades  of  many  tall  buildings  are  completely  shaded 
all  day. 

The  street  on  the  north  of  the  Equitable  Building  is  .34  ft. 
wide.  If  this  north  and  south  street  were  built  up  of  Equit- 
able buildings,  then  "not  a  single  window  within  447  ft.  of 
the  street  level  would  receive  a  ray  of  direct  sunlight  on 
Dec.  21." 

At  noon  on  Dec.  21  the  altitude  of  the  sun  is,  at  the  places 
named,  approximately  as  follows;  At  the  equator,  tiG.O";  at 
Winnipeg,  1G.G°;  at  Edmonton,  13.ii°. 

On  east  and  west  streets,  if  the  whole  south  front  of  build- 
ings on  the  north  side  are  to  receive  sunlight  at  noon,  Dec. 
21,  then  the  width  of  the  street  must  be:  At  the  equator,  0.43 
the  height  of  buildings  on  south  side;  at  Winnipeg,  3.33  that 
lieight ;   at  Edmonton,  4.33  that  height. 

Or  the  shadow  cast  at  Winnipeg  is  in  length  7.77  times  that 
at  the  equator;  at  Edmonton.  10  times  that  at  the  equator 
(at   noon,   winter  solstice). 

As  the  condition  at  the  winter  solstice  is  evidently  the  most 
unfavorable  for  sunlight  planning,  and  because,  as  shown, 
such  condition  obtains  to  a  great  extent  from  about  the  middle 
of  October  to  late  in  February,  this  condition  should  be  the 
one  to  receive  the  greatest  study.  If  ample  sunlight  can  be 
provided  for  this  period  of  four  months,  our  problems,  with 
few  exceptions,  are  solved. 

How  should  a  detached  building  be  constructed  and  oriented 
so  that  not  only  the  exterior  wall  surfaces,  but  also  the  sur- 
face of  the  ground  around  them  shall  have  the  direct  rays  of 
(he  sun  for  as  long  a  time  as  possible  on  Dec.  21? 

For  our  investigations  let  us  first  take  the  case  of  a  cube 
with  sides  of  say  25  ft.,  this  being  fairly  typical  of  a  small 
dwelling  house,  and  consider  its  condition  as  to  sunlight  at 
noon,  Dec.  21,  if  it  be  located  in  latitude  42°  north.  As  we 
build  our  house  further  north,  the  conditions,  of  course,  be- 
come more  unfavorable. 

By  orienting  our  cube,  or  building,  with  sides  northeast- 
southwest  etc..  every  side  receives  sunlight;  there  is  no  area 
of  perpetual  shadow — and  shadow  curves  indicate  that  more 
sunlight  is  received  in  the  vicinity  of  the  building.  It  would 
appear  that  for  a  detached  building  the  latter  position  is  pref- 
erable. 

By  adding  extensions  to  our  cube  or  square  building,  we 
get  another  typical  building,  the  "L."  The  axes  of  the  build- 
ing should  still  be  at  an  angle  of  45°  with  the  cardinal  points, 
and  the  interior  angle  formed  by  the  extension  should  face 
the  south. 

Having  established  the  best  orientation  for  an  isolated 
detached  building,  the  next  matter  is  to  determine  what  efl'ect 
the  gi'ouping  of  buildings  has  on  the  question. 

I'ntil  the  shadows  cast  by  adjoining  buildings  are  such  that 
all  sunlight  is  cut  off  from  some  surface  of  the  building  under 
consideration,  or  until  there  results  a  ground  area  or  areas 
of  perpetual  shadow,  there  would  appear  to  be  no  advantage 
in  changing  the  orientation  of  buildings  considered  favorable 
for  isolated  conditions. 

Buildings  on  a  north-south  street  must  be  much  further 
apart  than  on  northwest-southeast  and  northeast-southwest 
streets,  if  minimum  standards  of  two  hours  or  less  of  com- 
pletely lighted  walls  are  enforced  for  southern  exposures. 

It  wotild  appear,  then,  that  streets  in  an  open  rural  or 
residential  development,  and  where  no  important  factor  dic- 
tates otherwise,  should  preferably  be  placed  so  that  build- 
ings thereon  and  with  faces  parallel  thereto,  have  their  sides 
at  an  angle  of  45°  with  the  cardinal  points. 

This  means  that  streets  in  such  a  development  should  run 
northeast-southwest  and  northwest-southeast,  and  not  north- 
south  and  east-west  as  is  the  general  custom. 

The  plan  of  the  townsite  of  Kipawa,  P.  Q.,  shows  an  actual 
case  in  course  of  development.  The  development  is  so  open 
that  each  house  and  even  every  building  in  the  business 
section  can  be  treated  as  a  separate  unit,  so  far  as  sunlight 
and  shadow  are  concerned. 

The   streets   are   not   square   with   the   cardinal    points,   bat 
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run  III  viu..M,i.-  K.;!.   i.iinit  n  iloslniblo  orlciitiUlou  of  Iniiltl- 
inn*     For  ••si.»iiii>lo  '  Tli.>  Av<i\ii.'    Is  pructlcally  a  northwest- 

Muiithi-nsi '      "    '   "!••   Koail"  n   iiorlhonst-soulhwoBt 

„tr,,,,(      It  ;   llint  Mr.  Ailiuns'  position  is.  1 

,,,   ■  "v   bo  olhfv  fuctora   that 

„  otlu>r  (llrocllons.     In 

,  ,   , ;.t  opon  spaces  between 

I,  I'  slindows.  the  Important  thiiiK 

(.,  •,   „,,.  ,,,:,,.,.,,..,■(,   .if  rooms   to  suit   the  parlU-ular 

„  Hut    I    think   that    it    will   be   ailmllted   that   a 

I,  •'    ■■       •'       'iiiRlIni:  somewhat    with   the  oanllnal 

|,  ht.  as  a  rule,  on  all  lis  faees.  anil  It 

miiKir.    «.is  :i:'-  ..i.Mi.....  iiolnts  Is  sure  to  have  one  iinllghted 
wall,  n  eonJlllon  lo  be  avoliletl  where  possible. 

Wrlling  In  ISiH.  Horace  Ihishnell,  In  his  essay  on  "City 
Plans  (Work  nnti  PInyt."  said: 

"H  Is  also  ft  Kreat  question,  as  respects  the  health  of  the 
oily.  In  what  direction,  or  nccordinc  to  what  points  of  the 
cflinpass.  the  streets  are  to  be  laid.  To  most  persons  it  will 
appear  to  be  a  kind  of  law  that  the  city  should  stand  square 
with  the  cartllnal  points  of  the  compass — north,  south,  east 
nnd  west,  ami  where  this  law  appears  not  to  have  been  re- 
garded, how  many  will  deplore  so  great  an  oversight,  and 
even  have  It  as  the  standing  rcsiret  of  their  criticism.  Where- 
us.  In  the  true  economy  of  health  and  comfort,  no  single 
house  or  cily  should  ever  stand  thus,  squared  by  the  tour 
cardinal  points,  if  it  can  be  avoided.  On  the  contrary,  it 
should  have  its  lines  of  frontage  northeast,  southwest,  north- 
west and  southeast  where  such  disposition  can  be  made  with- 
out injury  in  some  other  respect:  that  so  the  sun  may  strike 
every  side  of  exposure  every  day  in  the  year,  to  dry  i*  when 
wet  by  storms,  to  keep  off  the  mould  and  moss  that  are 
Hkely  to  collect  on  it.  and  remove  the  dank  sepulchural  smell 
that  so  often  makes  the  tenements  of  cities  both  uncomfort- 
able and  poisonous  to  health." 

Mr.  Bushnell  has  applied  the  considerations  that  affect 
single  buildings  and  open  development  to  the  conditions  of 
close  or  urban  development  With  this  conclusion,  Atkinson 
also  agrees. 

The  space  between  rows  is.  in  many  cities,  the  width  of 
the  street,  no  set-back  being  insisted  on.  Mr.  Atkinson  in  this 
connection  states  in  his  "Orientation  of  Buildings": 

"In  the  north-south  street  the  distribution  is  symmetrical, 
the  buildings  on  either  side  receiving  an  equal  amount.  In 
the  east-west  street  the  north  face  of  the  street  receives 
no  sunlight  during  six  months  of  the  year,  and  the  buildings 
on  the  south  side  are  in  perpetual  shadow  durinj;  the  same 
period.  In  planning  towns,  the  east  and  west  street  should 
be  avoided  as  far  as  possible  and  where  unavoidable,  the 
buildings  should  be  of  moderate  height  and  built  in  detached 
blocks.  In  the  checkerboard  plan,  the  best  distribution  of 
sunlight  is  obtained  when  streets  run  northeast-south\\est 
and  northwest-southeast." 

Messrs.  Swan  and  Tuttle  have  approached  the  \vho!e  matter 
from  a  different  angle — not  starting  with  a  study  of  detached 
buildings — and  have  considered  a  development  almost  entirely 
on  Xew  York  lines,  where  closely  placed  or  contiguous  high 
buildings  face  only  on  the  main  and  not.  to  any  extent  at 
least,  on  the  cross  streets.  The  main  street  will  receive  most 
sunlight  when  it  is  oriented  north  and  south.  This  conclusion 
is  supported  by  many  useful  tables  prepared  by  Swan  and 
Tuttle.  And  it  is  shown  that  while  no  sunlight  may  be 
received  all  day  on  an  east-west  street  as  far  south  as  lati- 
tude 30°.  yet  in  latitude  50=  north,  under  the  same  conditions. 
a  north-south  street  receives  over  an  hour  of  sunlight. 

•'Blocks  improved  with  houses  in  rows  or  with  apartment 
houses,  then,  should  have  their  length  parallel  to  northand- 
south  streets  and  their  breadth  parallel  to  east-and-west 
streets."  But  such  a  development  is  generally  neither  econom- 
ical or  desirable,  even  though  very  common.  Mr.  Adams  has 
submitted,  in  his  "Rural  Planning  and  Development,"  alterna- 
tive schemes  of  development,  resulting  in  almost  square  in- 
stead of  long  narrow  blocks.  Assume  these  buildings  for  the 
moment  to  be  attached  in  rows,  to  be  in  height  one-half  the 
"street"  width  between  these  and  similar  buildings  on  oppo- 
site sides  of  the  street,  and  to  be  located  in  Winnipeg,  lati- 
tude .50°  north.  Then  we  find  from  Messrs.  Swan  and  Tuttles 
tables  that  on  Dec.  21.  houses  near  the  centers  of  the  sides 
of  the  block  (or  sufficiently  far  from  the  street  intersections 
to  be  uninfluenced  by  sunlight  conditions  there)  will  have 
their  fronts  exposed  to  direct  sunlight  for: 


Hliu'ks  wlih   sliU'S  square  AukIo    of    <S* 

wKli   onrdlMiil   points.  with   cardlniil   points. 

North  sUlo 0  h.  N'oillioiist    .side i)  1\.  22  ni. 

ICiiHt    slilo 1  h.  ii2  m.         Soulluiist    sl(i<> :;  h.  X)  m. 

.'South  side Oh.  Soiithwi'st   sido 2  h.  3!)  m. 

West    side 1  b.  62  m.         Noilliwest  sido 0  h.  22  m. 

3  h.  ii  ni.  0  li.  02  m. 

Evidently  the  angle  of  •1")°  with  cardinal  iioinls  is  to  be 
preferred,  though  as  the  height  of  building  and  latitude  in- 
crease,  the   advantages   disappear. 

If  east  and  west  streets  are  to  be  built  up.  there  seems 
to  be  no  doubt  among  the  authorities  that  buildings  should 
be  detached. 

"The  amount  of  sunlight  obtained  on  east  and  west  streets 
in  private  house  districts  nuiy  be  eflectively  Increased  by 
staggering  the  buildings  in  such  a  manner  that  no  house  Is 
directly  back  of  one  in  front  in  the  same  block.  ' 

Kaymond  I'nwin.  the  author  of.  1  believe,  the  best  archi- 
tectural work  on  town  planning,  states  that  many  people 
desire  a  south  front  to  their  house,  in  which  case  east-and- 
wost  roads  are  generally  necessary.  Though,  "in  France, 
where  a  road  runs  north  and  south  and  it  is  desired  to  give 
the  houses  a  southern  frontage,  one  often  sees  little  rows  of 
houses  placed  with  their  ends  to  the  roads,  access  being 
obtained  by  a  simple  pathway." 


Freight  Charges  and  Multiple  Bids  for  Illi- 
nois Road  Work 

At  a  conference  between  the  Illinois  State  Division  of  Higli- 
ways  and  contractors  held  in  Chicago  on  Monday,  April  14,  a 
number  of  questions  were  raised  of  considerable  interest  to 
those  who  are  proposing  to  bid  on  road  work  advertised  by 
the  State  Department  of  Public  Works  and  Buildings.  Divi- 
sion of  Highways.  The  following  statement  given  out  by 
the  department  is  of  interest  to  prospective  bidders  on  Illi- 
nois road   work: 

Freight. — An  announcement  has  been  made  by  the  United 
States  Railroad  Administration  that  on  stone,  slag,  shells. 
chatts.  chertz.  sand  and  gravel,  a  reduction  of  10  ct.  per  ton 
from  the  regularly  published  tariff  rates  at  the  time  the  ship- 
ment moves,  wil!  apply  on  such  materials  when  purchased 
for  road  use  by  the  federal,  state,  county,  parish,  township, 
or  municipal  governments.  These  rates  are  subject  to  a 
minimum  charge  of  40  ct.  per  net  ton.  except  where  the  reg- 
ularly published  commercial  rate  is  less  than  40  ct.  per  net 
ton.  in  which  case  the  published  rate  applies. 

All  bidders  are  expected  to  base  their  proposals  on  the 
reduced  freight  rates  above  outlined.  All  contracts  entered 
into  will  contain  a  clause  to  the  effect  that  in  case  freight 
rates  are  increased  after  the  date  of  the  receipt  of  bids  and 
before  the  date  set  for  completing  the  work,  the  contractor 
will  be  paid  extra  an  amount  equal  to  the  increase  in  freight 
charges;  and  in  case  of  a  reduction  in  freight  rates  a  corre- 
sponding deduction  will  be  made  from  the  payments  other- 
wise due  the  contractor. 

Multiple  Bids. — When  a  contractor  makes  a  combined  bid 
on  more  than  one  section  of  work,  only  such  combinations  will 
be  considered  as  are  outlined  in  the  notices  sent  out  from 
this  department.  Where  a  contract  is  awarded  on  a  com- 
bined bid  contracts  will  be  written  for  every  individual  sec- 
tion included  in  the  combinations,  and  the  gross  amount  for 
each  individual  section  will  bear  the  same  ratio  to  the  com- 
bined bid  as  the  amount  named  by  the  bidder  for  each  indi- 
vidual section  bears  to  the  sum  of  his  bids  on  the  individ- 
ual sections.  The  unit  prices  will  also  be  pro-rated  in  the 
same  manner. 

When  a  combination  bid  is  submitted,  the  certified  checks 
for  the  several  sections  making  up  the  combination  may  also 
be  considered  as  covering  the  combination  bid. 


"Safe  Sight  Distance"  for  Automobiles.^Tests  made  by 
the  Xew  York  State  Highway  Department  with  ."i-passenger 
automobiles  show  that  the  distance  required  to  bring  the 
machine  to  a  stop  is  as  follows: 


Speed. 
20  miles  per  hour. 
40  miles  per  hour. 


Distance. 
Ft. 
40 
140 


Numerous  tests  for  "safe  sight"  distance  have  been  made 
and  it  has  been  generally  decided  that  300  ft.  is  a  "safe  sight" 
distance  for  a  speed  of  25  miles;  and  200  ft.  for  a  speed  ot 
20  miles.     The  minimum  sight  distance  should  be  100  ft. 
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The  Cost  of  a  Mile  of  Road* 

By   GEORGE   A.    DUREN, 

State  Highway  Engineer  of  Texas. 

The  three  diagrams  herewith  present  the  elemental  facts 
pertaining  to  the  cost  of  a  mile  of  road.  Figure  1  shows 
transportation  costs  for  motor  vehicles  for  varying  grades 
and  surfaces.  Figure  2  is  based  on  facts  as  set  forth  in 
Fig.  1,  to  show  the  annual  cost  of  a  mile  of  road,  including 
interest  on  the  cost  of  construction,  cost  of  maintenance  and 
cost  of  traffic  for  varying  costs  per  ton  mile.  Figure  3  shows 
the  cost  per  ton  mile,  including  the  transportation  cost  per 
ton  mile  paid  by  the  user  of  the  highway  and  the  cost  per 
ton  mile  of  the  highway  itself,  which  is  paid  for  by  the  ta.x- 
payer  in  highway  construction  and  maintenance. 

All  the  highway  authorities  have  been  dealing  with  high- 
way construction  and  maintenance  almost  solely  in  an  effort 
to  deal  with  this  subject  at  the  least  possible  cost  on  the 
part  of  the  taxpayer  with  little  or  no  consideration  for  the 
cost  of  transportation. 

The   authorities  agree   that   a   9-ft.   gravel   road   is   a   satis- 
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Fig.   1— Transportation  Costs  by  IVlotor  Vehicles  for  Varying  Grades 
and    Surfaces. 

factory  and  economical  highway  for  traffic  not  to  exceed  ■'(ii> 
vehicles  per  day  and  that  a  16-ft.  gravel  road  is  a  satisfac- 
tory and  economical  highway  for  use  of  vehicles  not  to  ex- 
ceed ,S00  per  day.  Authorities  differ  concerning  the  automo- 
bile highway  for  traffic  of  from  500  to  1,000  vehicles  per  day 
but  the  general  opinion  is  that  for  this  traffic  some  form  of 
bituminous  surface  is  most  satisfactory.  It  is  suggested  that 
for  traffic  exceeding  500  vehicles  per  day  and  not  exceed- 
mg  7.50  vehicles  per  day,  a  macadam  road  with  bituminous 
surface  treatment  should  be  used;  and  for  traffic  exceeding 
750  vehicles  per  day  and  not  exceeding  1,000  vehicles  per 
day,  a  substantially  built  asphalt  macadam  construction 
should  be  used.  Traffic  exceeding  1,000  vehicles  per  dav 
should  be  served  with  a  concrete  paving,  not  less  than  16 
ft.  wide.  For  traffic  amounting  to  as  much  as  2,000  vehicles 
per  day,  a  concrete  pavement  20  ft.  wide  should  be  used  and 
that  for  traffic  exceeding  1,500  vehicles  per  dav  a  brick  pave- 
"^g"'   's  desirable.     Traffic  exceeding  2,000  vehicles   per  day 

»From   a   paper  presented   April   I.t  at   an   Engineerine   and    Roqrl 
Builders-  Congress  at  Mineral  Wells.  feiieennf,    ana    Koati 


should  be  served  with  a  pavement  not  less  than  20  ft.  wide 
and  constructed  with  concrete  foundation  not  less  than  5 
in.  thicic  with  brick,  wood  block,  rockasphalt,  sheet  asphalt, 
granite  block  or  some  form  of  asphaltic  concrete  not  less 
than  2  in.  thick  should  be  used.  These  conclusions  are  prob- 
ably in  keeping  with  economy  when  viewed  only  by  the  cost 
of  building  and  maintaining  the  highway  under  the  varying 
intensities  of  traffic  for  units  formerly  used.  All  of  these 
types  of  construction  are  such  as  will  enable  traffic  such  as 
formerly  was  found  on  the  highways  to  continue  365  days 
a  year.  Traffic  amounting  to  less  than  50  vehicles  per  day 
has  been  provided  for  by  earth  roads  occasionally  graded  and 
dragged.  Traffic  amounting  to  1,  5  or  10  vehicles  per  day  has 
been  accustomed  to  getting  along  the  best  it  could  over  the 
natural  surface  of  the  ground. 

The  approximate  costs  of  transportation  are  as  follows: 
Upon  an  unimproved  road  30  ct.  per  ton  mile;  on  an  im- 
proved earth  or  sand  clay  road,  25  ct.  per  ton  mile;  on  a  hard 
gravel  road,  20  ct.  per  ton  mile;  on  a  bituminous  surfaced 
gravel  road.  15  ct.  per  ton  mile;  on  a  concrete  or  brick  road, 
111  ct.  per  ton  mile. 
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Fig.   2— Annual  Cost  of  a   Mile   of   Road,   Including    Interest  on   Con- 

structron   Cost,  Cost  of  Maintenance  and   Cost  of  Traffic 

for  Varying    Costs    Per   Ton    Mile. 

Figure  3  is  based  on  more  conservative  assumptions  as 
follows: 

Ost  per  ton  mile  on     fi  ft.  .i^iavel    road.    22    rt 

Co.st  per  ton  mile  on  l(i  ft.    ,a;ravel    road,    21    ct 

Cost  iKT  ton  mile  on  \f,  ft.   liiuiniinous   road,   20   ct 

Cost  per  ton  mile  on  16  ft.  asphalt  macadam  road    19  rt 

Co.-5t  per  ton  mile  on     3  ft.  fonerete  road,  18  ot 

Cost  per  ton  mile  on  16  ft.  eoncrete  road,   17  <■! 

Co.«t  p-?r  ton  mile  on  Hi  ft.  brick    road,    16    ct. 

The  tonnage  of  traffic  is  assumed  at  one-half  the  number 
of  vehicles  and  the  annual  cost  of  the  road  assumed  also 
is  conservative  and  most  favorable  to  the  cheaper  type 
of  construction. 

The  cost  of  a  road  is  essentially  an  annual  cost.  Man  has 
not  yet  constructed  any  permanent  structure  and  no  high- 
way has  yet  been  constructed  which  if  it  is  used  does  not 
rerjuire  annual  expenditure  for  maintenance.  This  rule  ap- 
plies to  the  Appian  Way  and  every  other  road.  We  have  not 
lost  the  art  of  road  building,  but  we  have  lost  the  willing- 
ness to  spend  a  sufficient  amount  of  money  on  the  road. 

A  permanent  road  is  a  road  that  is  permanently  maintained. 


4#6 


Eiioi»ttri»;i  mid  (.'oiitruitiiuj  -for  Man  7.   HUH. 


F,g.  3— Total   Cost   of  Traffic    Per   Ton    Mile,    Including   Transportation    Costs    for    Various    Types 


of    Surfaces. 


The  cost  ot  a  mile  of  road  is  the  cost  per  mile  of  road  per 
year.  Too  much  attention  is  given  to  the  original  cost  of 
construction  and  too  little  interest  and  attention  is  given  to 
the  cost  of  permanent  service.  A  rational  study  of  the  cost 
of  a  mile  of  road  must  be  arrived  at  by  adding  the  interest 
on  the  original  investment  to  the  cost  of  annual  maintenance 
necessary  to  retain  the  original  structure.  This  seems  all 
that  must  be  considered  as  a  part  of  the  cost  ot  the  road; 
however,  the  most  important  matter  to  be  considered  is  the 
cost  to  the  traffic  using  the  highway  as  affected  by  the  con- 
dition of  the  highway. 

The  use  of  the  road  occasions  a  cost  to  traffic  amounting 
to  a  certain  rate  per  ton  mile.  The  improvement  of  the  road 
is  an  economic  waste  unless  a  saving  is  effected  by  its  ex- 
penditure as  an  investment  in  reducing  the  cost  of  the  traffic 
using  the  road.  The  cost  per  mile  of  road  per  year  should 
never  exceed  the  reduction  in  the  cost  of  transportation  using 
said  mile  of  road,  made  possible  by  the  improvement. 

E.  H.  Harriman  is  remembered  as  being  a  railway  wizard 
as  well  as  a  financial  genius.  He  took  over  unprofitable  rail- 
ways and  bankrupt  railways  and  spent  millions  of  dollars 
on  these  losing  ventures  to  improve  the  roadway,  reducing 
the  grades  and  laying  heavier  rail  and  building  better  track. 
He  did  not  reduce  the  cost  per  mile  per  year  of  maintain- 
ing the  track  thereby,  but  he  did  reduce  the  cost  per  ton 
mile  of  all  traffic  using  the  road,  thus  transporting  the  ton- 
nage at  an  enormous  saving  which  went  into  dividends.  Yet 
he  was  able  to  accomplish  only  the  small  saving  ot  approxi- 
mately %  of  1  per  cent  per  ton  mile. 


Illinois  Opens  Bids  on  111  Miles  of  Federal 
Aid  Road 

The  first  road  letting  ot  the  present  year  by  the  Illinois 
Division  of  Highways  was  held  April  23  and  24  when  bids 
were  opened  for  constructing  sections  of  Federal  Aid  roads. 
The  work  covered  222.9G9  lin.  ft.  ot  the  Dixie  highway  in  Iro- 
quois and  Kankakee  Counties  and  36G.8G2  lin.  ft.  ot  the  Lincoln 
highway  in  Du  Pas;e.  Kane,  DeKalb.  Ogle,  Lee  and  Whiteside 
counties.  On  the  Dixie  highway  work  seven  bids  were  re- 
ceived. Bates  &  Rogers,  Chicago,  being  the  only  contractors 
to  bid  on  the  entire  job.  The  low  bidders  and  number  of 
bids  on  each   section  were  as  follows: 

Low   bidder.  Amount. 

Bates  &  Rogers $lS0,i2!> 

Cameron  &  Joyce 98,093 

Bates  &  Rogers 32.946 

Cameron  &  Joyce 84,192 

Oameron  &  Joyce 21,633 

Bates  &  Rogers 213,990 

Federal  Pavinff  Co 46.490 

Chkaso  Heights  Coal  Co 134.370 

The  Emliankment  Co 1 14,109 

Bates  &  Rogers  also  submitted  a  combination  bid  of  $310,- 
000  for  the  first  three  sections,  a  bid  of  ?320,ono  tor  the  next 
three  and  a  bid  ot  $37€,000  for  the  last  three.  The  Federal 
Paving  Co.  submitted  a  combination  bid  ot  $346,000  tor  the 
last  three  sections,  and  the  Chicago  Heights  Coal  Co.  put  in 
a  combination  bid  ot  $350,000  on  these  sections. 

The  low  bids  and  number  ot  bidders  on  the  various  sec- 
tions ot  the  Lincoln  Highway  were  as  follows: 


No.  of 

Section. 

liidders 

1 

1 

9 

:> 

G-15D 

9 

4 

4 

H-1.5D 

4 

5 

1 

K-15(l 

3 

fi 

4 

7 

4 

Florida  Proposes  Bond  Issue  for  Road  Work. — A  special 
committee  has  reported  to  the  legislature  of  Florida  recom- 
mending that  the  state  be  bonded  to  raise  funds  to  carry  out 
a  plan  for  a  comprehensive  system  of  highways.  The  com- 
mittee submitted  three  proposed  measures  with  the  report: 
One  bill  abolishes  the  convict  lease  system,  another  im- 
poses a  two-mill  tax  with  which  to  meet  Federal  aid  and 
sustain  convicts  on  the  public  roads,  and  a  joint  resolution 
seeks  to  submit  to  the  people  an  amendment  to  the  con- 
stitution allowing  for  the  bonding  the  state  tor  good  roads, 
provided  such  bond  issues  as  may  be  authorized  by  future 
legislatures  under  this  amendment  shall  not  exceed  5  per 
cent  of  toal  tax  assessment  ot  the  state  at  the  time  of  such 
issue. 


Section. 
1 
G 


L-15d 


G 

s 

IS 
9 
Hl.T-d 

12 

14 

17 
H  Witeside 

15 
E-1,') 


Xo.  of 

bidders. 
4 


Low  bidder.  Amount. 

Calumet  Concrete  Construction  Co $  79.,i93 

Calumet  Concrete   Construction  Co 45.446 

Calumet  Concrete  Construction   Co 34. ISO 

Illinois  Hydraulic  Stone  &  Const.  Co 3S.00T 

Illinois  HvdrauHc  Stone  &   Const.  Co 69,935 

Bates  &  Rogers lin.95.T 

Bates  &  Rocers 96.100 

Bates  &  Rogers 92,120 

ininoi.'!  HvdrauHc  Stone  &  Const.  Co 93,102 

Hart    &    Pag-e 47. 660 

Hart    &    Page 29..346 

Hart    &    Page B.S52 

\     K.    Rutlidge '"^'"J; 

>-'pokuk    Ouarrj'   Construction    Co 56,603 

Veokuk   Quarrv  Construction   Co. 6S,410 

c.  K.  Heans 137.437 

Rates  *  Rogers 103,34? 

F    Giffrow    43.602 

Bates  &  Roe-ers 135.174 

Drinnin   &   Clark. .30,492 
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Highway  Bridges  and  Heavy  Motor 
Truck  Traffic 

The  committee  on  "Methods  of  Strengthening  and  Recon- 
structing Highway  Bridges  for  Heavy  Motor  Truck  Traffic"  in 
a  progress  report  presented  at  the  recent  convention  of  the 
American  Road  Builders'  Association,  estimated  that  there 
were  about  WO.OOO  public  highway  bridges  in  the  United 
States.  SO  per  cent  of  which  probably  are  unable  to  carry  a 
modern  heavy  truck  with  a  reasonable  margin  of  safety.  An 
abstract  of  the  report  follows: 

A  committee  of  the  National  Highway  Traffic  Association 
is  considering  the  question  of  the  weights,  etc..  to  be  allowed 
on  public  roads  and  until  their  report  is  adopted  it  may  not 
be  advisable  to  lay  down  definite  standards  for  determining 
the  necessary  strength  of  old  bridges,  but  it  may  be  well 
to  call  attention  to  the  following  facts:  A  well  designed, 
well  constructed,  well  maintained  reinforced  concrete  bridge 
will,  so  far  as  we  can  see,  last  for  centuries.  Trucks  rated 
now  as  heavy  may  appear  puny  in  1975.  Steel  bridges,  well 
designed,  built  and  maintained  will  last  at  least  50  years  and 
probably  much  longer.  The  engineer  is.  therefore,  using 
good  economy  in  looking  well  into  the  future  in  designing 
new  bridges,  because  the  extra  cost  of  building  a  bridge  of 
ample  strength  now  is  only  a  fraction  of  the  cost  of  replacing 
it  with  a  new  one  at  some  future  time  when  much  heavier 
trucks  may  come  into  use.  If  an  old  bridge  is  to  be  strength- 
ened, it  is  only  a  temporary  make-shift  at  best  and  the  engi- 
neer is  not  justified  in  looking  many  years  ahead  in  deciding 
on  the  assumed  loading. 

In  the  course  of  an  investigation  by  a  committee  of  the 
New  York  Legislature,  it  developed  that  there  were  in  that 
state,  about  33.800  public  highway  bridges  more  than  5  ft, 
in  span,  which  would  indicate  that  there  are  about  400,000 
such  bridges  in  the  United  States.  It  is  safe  to  say  that  the 
failure  of  any  one  of  a  very  large  proportion  of  them  would 
be  likely  to  cause  loss  of  life.  It  is  also  probable  that  more 
than  80  per  cent  are  unable  to  carry  a  modern  heavy  truck, 
with  a  reasonable  margin  of  safety. 

Suggestions  for  Bridge  Inspection. — Evtry  one  of  these 
bridges  should  be  inspected  at  least  once  a  year  by  a  com- 
petent man.  A  majority  consist  of  a  single  span  of  wooden 
stringers  with  plank  floors.  In  the  case  of  such  bridges  the 
main  points  to  be  observed  are  the  safety  of  the  abutments, 
the  sufliciency  of  the  width,  the  safety  of  the  railing,  the 
adequacy  of  the  waterway  and  the  strength  and  soundness 
of  the  stringers  and  planking.  All  these  points  require  sound 
judgment  and  a  reasonable  amount  of  engineering  knowledge. 
With  the  larger  bridges  the  responsibility  is  greater  and  the 
danger  of  loss  of  life  in  case  of  failure  is  also  greater.  Many 
bridges  require  inspection  oftener  than  once  a  year.  All  steel 
bridges  should  be  painted  every  3  or  4  years  by  competent 
men  who  should  be  carefully  instructed  to  report  all  defects 
observed.  Many  parts  of  steel  bridges  are  not  accessible  for 
proper  inspection  without  the  use  of  scaffolding  such  as 
painters  use.  It  is  not  always  practicable  to  employ  such 
scaffolding  during  the  annual  inspection. 

In  preparation  for  the  advent  of  heavy  trucks  all  public 
bridges  should  be  examined  by  competent  men  who  will  make 
a  record  of  the  character  of  the  traffic  likely  to  come  upon 
the  bridge,  the  dimensions  and  conditions  of  all  vital  members 
and  the  sufliciency  of  the  details,  and  written  report  of  such 
inspection  should  be  forwarded  to  the  proper  state  depart- 
ment for  record.  From  these  reports  it  must  he  decided 
which  bridges  require  complete  reconstruction,  which  require 
new  superstructures  and  which  can  be  repaired  and  strength- 
ened. The  necessary  plans  can  then  be  prepared  and  should 
be  checked  on  the  ground.  These  inspectors  should  be  paid 
by  the  public,  preferably  on  a  salary  or  per  diem  basis.  It 
should  as  a  rule  be  done  by  men  who  are  not  financially 
interested  in  the  construction  of  bridges  by  contract. 

Strengthening  Bridges. — The  strengthening  of  bridges  often 
requires  far  more  engineering  skill  and  ability  than  the  de- 
sign and  construction  of  new  ones.  As  to  how  this  work 
should  be  carried  out,  much  depends  on  circumstances.  Esti- 
mates of  cost  are  sometimes  misleading.  Unit  costs  of  repair 
or  alteration  work  in  place  are  often  more  than  twice  the 
unit  costs  of  similar  material  in  new  work.  When  an  engi- 
neer starts  to  repair  an  old  bridge  he  is  almost  certain  to 
find  a  considerable  amotmt  of  work  that  must  be  done  that 
he  had  not  anticipated.     For  these  reasons  it  is  usually  best 


to  have  the  material  furnished  or  fabricated  by  contract  and 
the  field  work  done  by  days'  work  if  a  reasonably  efficient 
gang  can  be  organized.  Expensive  eciuipment  such  as  pile- 
drivers,  air  compressors,  etc..  may  be  rented  on  a  per  diem 
basis. 

If  it  is  a  well  defined  job  such  as  replacing  a  floor  system 
or  an  abutment  it  can  be  done  satisfactorily  by  contract; 
otherwise  a  bidder  is  confronted  with  the  same  difficulty  as 
the  engineer  in  estimating  his  cost  and  will  either  bid  high  to 
cover  risk  and  uncertainty,  or  will  bid  reasonable  prices, 
expecting  to  make  up  with  his  bill  of  extras,  which  will  be 
no  small  item.  Often,  however,  a  cost-plus  contract  is  pre- 
ferred, but  it  must  be  so  worded  that  it  is  either  to  the  con- 
tractor's interest  to  furnish  proper  tools  and  equipment  or 
he  can  be  forced  to  do  so.  It  Is  not  always  practicable  in 
such  cases  to  insure  that  the  work  can  be  done  within  the 
appropriation. 

Another  difficulty  often  encountered  in  a  repair  job  handled 
by  a  lump  sum  contract  may  be  illustrated  as  follows:  The 
engineer  estimates  $10,000  as  an  outside  figure  for  the  job; 
he  secures  an  appropriation  of  115.000  to  cover  extras:  the 
bidders  have  no  way  to  estimate  accurately  their  cost  and 
are  apt  to  he  guided  by  the  amount  of  the  appropriation  and 
bid  about  $14,000  leaving  far  too  small  a  margin  for  extras. 
If  an  efficient  gang  cannot  be  organized  the  cost  plus  a  fixed 
sum  system  is  generally  the  best,  except  that  on  public  work, 
public  opinion  must  always  be  considered  and  many  people 
have  an  idea  that -the  cost  plus  a  fixed  sum  contract  is  only 
good  for  war  work  and  similar  work  in  which  the  maximum 
speed   is  absolutely   necessary  regardless  of  cost. 

The  committee  does  not  consider  that  in  deciding  whether 
any  given  member  of  a  bridge  needs  strengthening,  it  is  nec- 
essary to  hold  strictly  to  the  letter  of  the  standard  speci- 
fications in  the  matter  of  unit  stresses.  In  fact  a  deficiency 
of  20  per  cent  in  material  Is  not  serious  provided  the  details 
are  good  and  the  material  is  in  good  condition,  it  being  felt 
that  the  usual  unit  stresses  adopted  make  that  much  allow- 
ance for  deterioration,  besides  secondary  stresses,  etc.  Less 
allowance,  however,  should  be  made  in  the  case  of  floorbeam 
hangers,  stringers  and  floorbeams  which  are  subject  to  wide- 
ly and  rapidly  varying  stresses.  In  considering  the  strength 
of  a  bridge  truss  it  is  not  necessary  to  assume  that  the 
bridge  is  packed  full  of  trucks  of  maximum  weight,  but  if 
the  bridge  is  lO  ft,  wide  or  over,  it  is  always  possilile  that 
two  heavy  trucks  may  pass  on  the  bridge. 

The  committee  feels  that  in  cases  where  the  strengthen- 
ing of  a  bridge  will  make  it,  in  effect,  a  permanent  structure, 
the  bridge  should  be  designed  to  carry  a  truck  weighing  at 
least  20  tons,  the  idea  being  that  the  committee  having  this 
matter  under  consideration  is  concerned  primarily  with  the 
roadway  paving,  as  to  which  the  loading  specifications  can 
be  economically  revised  within  the  next  10  or  15  years,  on 
account  of  the  wearing  out  of  the  pavements,  whereas  a 
bridge  is  a  much  more  permanent  structure. 

The  committee  fully  recognizes  that  the  immediate 
strengthening  of  all  the  bridges  in  the  country  that  need  it, 
together  with  the  reconstruction  of  those  who  cannot  be 
economically  strengthened,  is  a  physical  as  well  as  financial 
impossibility.  It  would,  therefore,  recommend  .that  imme- 
diate steps  be  taken  to  have  a  thorough  examination  made 
of  all  important  structures  by  competent  engineers  and  their 
safe  loads  determined  and  indicated  by  proper  si.gns  to  the 
end  that  the  public  be  protected  so  far  as  is  humanly  pos- 
sible. Any  person  who  disregards  these  notices  and  suffers 
disaster  has  only  himself  to  blame.  The  work  of  preparing 
plans  for  strengthening  should  then  proceed  w'ithout  delay  so 
that  construction  will  be  delayed  as  little  as  possible 

Rebuilding  Small  Bridges. — The  small  bridges  will  gener- 
ally have  to  be  rebuilt;  the  steel  truss  bridges  will  'generally 
be  found  fairly  strong  in  the  trusses,  but  altogether  too  weak 
in  the  floor  system.  Many  steel  bridges  have  suffered  seri- 
ously from  neglect  of  painting  and  other  maintenance.  Very 
frequently  the  steel  about  a  foot  above  the  bridge  floor  is 
very  badly  corroded.  In  such  cases  tension  members  would 
have  to  be  reinforced,  which  can  generally  be  done  if  they  are 
of  structural  shapes,  but  if  the  bridge  is  pin-conuected,  the 
bridge  can  be  supported  on  false-work  and, new  tension  mem- 
bers inserted.  Corroded  compression  members  can  very  often 
be  effectually  and  permanently  strengthened  by  concreting 
in  the  corroded  parts.  The  concreting  should  extend  beyond 
the  corroded  parts  far  enough  to  secure  sufficient  adhesion, 
De'"ective   details   will   generally   have   to   be   corrected,   even 
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.,  Tlu>  utlcmpl  is  soiiiotlmes  iiiiidti  to 

u'tiiK  uiiullior  aliinKsldo  it.     If  this  is 
.!  .    iiiuBl   iHt   tiikon   ii>at  oiu-l>   truss   curries   Its 

,.l      Tlir  HiHir  systom  slioulil   bo  supportod  on 
r  :imI  from   Imth   trusses,   wiili-h   swIiik 

f,.  IIS  should   lie   niiule   (u  both   (lie  old 

und  new    iriis.Hes       1  hf  upper  briu-liiK  should   lie  oonneeted  to 
lh«-   111  «    irii^~.s    ^ilso  to   Klve   then\   liitenil   sllltness.      If   the 
.lUieuhtit   weak   their   number  lan   be   in- 
,  :  uiilernte   expense.      If   the   stringers   lire 

very  weak  ■    rt<pliieed  wltli  new  ones  of  sulllclent 

sir.nstd  '  'lus  run  nenorally  be  slreiiKlhened  by 

I  '    cover  pintes.     The  hangers  should  be  care- 

I  1   for  defei'ts   as    well   as    for  deslKii    and,    if 

neceiisnry.  replaced  with  strniiKcr  ones. 

Pr.n«<ir-r.nti  stiTi  Timber  and  Stone  Bridges.  -Few  of  the 
^  r»'   stroiiK  enouRli   to  carry   paved   floors. 

:l  ..:.  :!c  refloorod  with  2xl-in.  cresoled  wood  set 

.1  ,|  spiked  closely  together.     This  will  give  a  much 

i;.,  ..  '.■  !l.Hir  and  one  much  less  likely  to  break  through 

under  Is     The  weicht  is  but  little  greater  than  that 

of  n  p; IMate  girders  can  often  be  strengthened  by 

riveting  on  additional  cover  plates.  Riveted  lalficp  trusses 
run  ..ft.  T.  I,,  i.inforced  to  carry  paved  floors  without  throwing 
a  -q  ninlerinl.     Pin-connected  trusses  can  rarely 

b, ..    1  and  occasions  will  frequently  arise  in  which 

It  Is  necessary  to  support  the  floor  by  means  of  timber 
bonis,  consisling  of  piles,  if  the  bottom  is  soft,  or  by  means 
of  mud-sills  and  posts,  if  the  bottom  is  hard.  If  these  are 
used  they  should  he  placed  under  all  the  floorbeams,  the 
outer  posts  being  about  2  ft.  inside  the  center  lines  of  the 
(fusses.  This  method,  of  course,  is  not  suitable  if  the  stream 
Is  likely  to  cairy  much  drift-wood  or  floating  ice. 

Timber  truss  bridges  can  often  be  strengthened,  for.  if  as  is 
frequently  the  case,  the  floor  only  is  weak,  it  is  generally 
possible  to  put  in  heavier  timber  in  the  floor  or  to  strengthen 
It  with  steel  to  carry  heavy  trucks.  Stone  arches  are  almost 
always  amply  stronu  to  carry  the  load  if  they  are  in  good 
repair,  but  it  is  sometimes  necessary  to  remove  the  earth 
covering  and  grout  the  joints  between  the  stones  to  give 
them  a  full  bearing. 

Stone  arches,  moreover  .will  usually  show  signs  of  distress 
long  before  total  failure.  It  is  rarely  possible  to  strengthen 
a  plain  or  reinforced  concrete  arch.  If  a  truss  is  weak  it 
seldom  increases  its  strength  to  place  bents  under  the  floor- 
beams  unless  nil  the  floorbeams  are  supported  in  the  same 
way.  taking  the  load  almost  entirely  off  the  trusses.  Plain 
concrete  arches  are  more  likely  to  fail  suddenly  without  warn- 
ing than  almost  any  other  kind  of  bridge.  It  is.  or"  course, 
understood  that  all  plans  for  strengthening  bridges  should  be 
made  and  carried  out  under  the  direction  of  a  competent 
engineer.  Many  bridges  are  not  safe  to  carry  auto  truck  traf- 
fic on  account  of  being  so  narrow  as  to  be  dangerous  to 
vehicle  traffic  at  high  speed,  but  it  is  much  better  for  a  truck 
to  reduce  speed  at  a  bridge  than  to  break  through  it.  Pend- 
ing the  strengthening  of  any  existing  bridge,  it  should  be 
e.xamined  by  a  competent  engineer  and  the  heaviest  load 
which  it  can  safely  carry  should  be  indicated  by  proper  sign- 
boards. 

The  question  of  detouring  traffic  while  a  bridge  is  under 
repair  is  often  quite  difficult.  It  is  frequently  possible  to 
support  the  old  brid.se  with  bents  and  maintain  tr.iffic  over 
the  bridge  during  repairs,  although  this  method  adds  con- 
siderably to  the  cost  of  repairs.  Sometimes  a  timber  trestle 
can  be  built  alongside  or  in  the  vicinity. 

If  a  bridge  is  to  be  replaced,  it  is  sometimes  possible  to 
move  it  bodily  sidewise  on  temporary  supports  and  construct 
new  temporary  approaches. 

The  list  of  bridges  which  have  failed  under  heavy  trucks, 
with  or  without  loss  of  life,  is  a  long  one.  In  the  vast 
majority  of  cases,  it  is  only  the  planking  or  the  stringers 
which  have  broken  through. 

It  is  the  duty  of  officials  in  charge  of  public  highways 
to  maintain  them  in  such  condition  that  they  are  safe  and 
convenient  for  all  reasonable  and  lawful  traffic  which  may 
come  upon  them;  and  the  limit  of  loading  on  bridges  of  a 
state  should  be  fixed  by  statute  in  order  to  determine  what 
are  reasonable  and  lawful  loads,  it  being  understood  always 
that  any  private  parties  desiring  to  transport  heavier  loads 
on  them,  than  is  provided  for  by  statute,  can  do  so  by  paying 
the  extra  cost  of  making  the  bridges  of  the  desired  strength 
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Unit  Biddinj^  Prices  and  Labor  and 

Material  Prices  for  State 

Road   Work 

An  alter.ipl  has  lioi'ii  made  to  obtain  inforiuatiou  regard- 
ing the  bidding  prices  received  at  the  earlier  lottings  for 
state  road  work.  The  notes  following  are  extracts  from 
replies  lo  a  letter  sent  early  in  April  to  various  slate 
highway  departments: 

Alabama.  Up  to  date  (April  12)  we  have  uol  let  enough 
contracts  lo  Justify  a  comparison  of  the  cost  with  last  year's 
work.  (In  April  7  we  awarded  a  contract  at  the  following 
prices: 

Comiuoi'.  earth  excavallou,    10  ct. 
1:2:1   (.oncrcto,   Jlii. 
Steel  in  place,  li  ct.  per  pound. 
Chert,   1   mile  haul,   ,S5  ct. 

The  few  contracts  that  we  have  awarded  would  indicate 
that  there  is  a  slight  tendency  on  the  part  of  the  contractors 
lo  decrease  the  bid  prices. 

Colorado.--  The  present  labor  jirices  are  practically  the 
same  as  at  this  time  (April  28)  last  year,  the  ordinary  labor 
running  from  40  to  50  ct.  an  hour  and  up  to  $0  and  $7  a  day 
for  more  expert  labor.  The  last  contract  prices  which  we 
received  in  the  southeast  section  of  the  state  ran  from  32  ct. 
to  44  ct.  a  yard  for  common  excavation — 44  ct.  for  ordinary 
loose  rock  classification  and  .fl.25  to  .$2  a  yard  for  solid  rock; 
reinforcement  prices  ran  from  $7  to  $15  per  100  lb.  for 
square  twisted  bars  of  various  sizes.  The  commission  re- 
jected all  the  bids,  and  will  i)ioceed  to  construct  the  work 
with  its  own  forces. 

Connecticut.  — The  following  is  a  comparison  of  contract 
prices  on  state  road  work  three  years  ago  and  the  prices  at 
present: 

Karth   v.a.s  GO  ct.    per  cu.   vO..  toilay  90  ol. 

Rock  was  $2  per  ou.   yrl.,   lo-day  $3. 

5:2:1  concrete  for  road  work  wa.s  $9  oer  cu.  yd.,  today  $12. 

T-in.  macadam  was  75  ct.  per  ou.  yd.,"  today  $1.20. 

L/aboi-  was  20  to  25  ct.  per  hour,  today  30-40  ct. 

Trap  rock  at  the  quarries  was  60  ct.  per  ton,  today  $1.10. 

In  general  you  will  note  these  prices  have  increased  ap- 
proximately 50  per  cent.  Conditions  as  far  as  supply  labor 
is  concerned  are  very  favorable. 

Maine.— We  have  not  at  this  writing  (April  12)  let  any  con- 
tracts this  year  so  have  no  direct  information  on  present  con- 
tract prices. 

In  conversation  with  several  contractors  who  are  complet- 
ing contracts  undertaken  last  year  and  the  year  before,  and 
from  a  little  employment  of  labor  on  force  account  work  tor 
ourselves,  it  appears  that  common  labor  will  probably,  be 
paid  35  ct.  per  hour  this  season  as  against  40  ct.  per  hour 
last  year.  We  have  hired  in  some  places  at  30  ct.  per  hour 
this  spring  but  I  imagine  the  price  will  go  up  a  little  later. 

Material  prices  are  slacking  off  a  little.  No  marked  de- 
crease has  been  made  in  the  price  of  lumber  but  it  appears 
to  be  a  little  easier  than  it  was  a  year  ago.  Of  course  you 
are  familiar  with  the  lower  prices  on  cement  and  steel  which 
have  recently  been  named,  also  the  reduction  in  freight  rates 
on  road-building  materials,  all  of  which  will  have  a  tendency 
to  encourage  more  highway  construction  throughout  the  coun- 
try. 

Massachusetts.— The  following  schedule  shows  the  average 
contract  prices  for  various  items  in  1916,  1918  and  1919: 

T-     .t'"^''"       ..  l^l"-  l-'l'^-  1319- 

T-.arth    e.\c-avation    $0.77  $1.50  $136 

]f^S<!     2.50  4.50  3.92 

Borrow    fj2  j  g.^j  ]  27 

TjQCal    broken   .<itc)ne    186  ^  10  3  05 

Trap  rock   iby   1  ail) 2.57  3'.60  4'.13 

l-.itumiruiii.<j   application    06  10  OS 

Concrete.    l:2ii:.5     15.00  23133  2433 

lO-m.    vitrified    pipe 7ri  100  110 

13-in.    vitriOed    pipe 90  1.50  1.15 

18-in.    vitrified    pipe l.fifl  o.Ofl  2.00 

1  2-in.  corru.i;.ite^l  iron  pipe 1  20  2  2'.  **  '*5 

H -in.  corrufrated  iron  pipe 1.45  2.40  2  35 

K-in.  oorrUKated  iron  pipe 1  ."lO  ■>  75  305 

Catch  basins   37.00  50.00  62.50 

Cement  costs  at  the  present  time  about  50  per  cent  more 
than  in  1916:  asphalt  and  oil  only  about  20  per  cent  more 
than  in  1916.  Labor  in  1916  was  about  30  ct.  per  hour, 
whereas  at  the  present  time  it  is  about  50  ct.  per  hour. 

New  Jersey.— Replying  to  your  letter,  the  only  bids  we 
have  received  thus  far  (April  14)  were  for  the  construction 
of  5  miles  of  concrete  pavement  18  ft.  in  width,  6  in.  thick 
at  the  sides.  8 '4  in.  thick  at  the  center.  1:2:3  mix  on  State 
Highway    Route   No.    6   in    Gloucester   countv.     The   ,Tohn   M 
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Special  Types  of  Brick  Pavement 
Construction 


Kelly  Contracting  Co.  of  Camden  was  the  low  bidder  of  nine 
bids  received,  the  contract  price  being  approximately  $180.- 
000,  his  bid  on  the  concrete  pavement  being  $2.15  per  sq.  yd. 

Prices  are  little  if  any  lower  than  last  year's  prices,  except 

that  cement  is  lower  by  15  ct.  per  barrel,  and  a  recent  de-  '"   a  recent  inspection  trip   by  A.   T.  Goldbeck  and   F.   H. 

cision  of  the  Railroad  Administration  lowers  the  freight  rates  Jackson  of  the  U.  S.  Bureau  of  Public  Roads  of  a  large  nura- 

on  road  building  materials  effective  May  1st  by  10  ct.  per  ton,  ber  of  brick  roads   in  the   Middle  West,  numerous   modiflca- 

both    of   which,    together,    will    have    the    effect    of    reducing  ti°ns  in  design  and  interesting  details  of  construction  were 

future  bids  considerably.     One  and  a  half  inch  crushed  rock  observed.     The  following  notes  regarding  these  matters  are 

for  concrete  pavement  work  is  selling  at  $1.20  per  ton,  f.  o.  b.  abstracted  from  the  report  of  Messrs.  Goldbeck  and  Jackson 

cars  quarry,  IH   gravel,  suitable  for  concrete  work,  is   from  '^s  printed  in  Public  Roads: 

80  ct.  to  $1.00  per  ton  at  pit.  Sand  is  from  75  ct.  to  $1  per  Method  of  Laying  Brick  on  a  Curve.— An  interesting 
ton  at  pit.  We  expect  to  receive  a  number  of  bids  during  the  method  of  laying  brick  on  a  curve  was  observed  on  a  mono- 
second  week  in  May  which  will  probably  set  the  general  ^-Muc  brick  road  at  Paris,  111.  By  the  scheme  the  use  of 
prices  for  the  summer's  work.  °™a"    bats    was   eliminated    by    laying    the    course   of   longi- 

Oregon.— In  general,  our  experience  has  been  that  there  tudinal  brick  and  the  transverse  courses  extending  to  this 
has  been  no  reduction  in  prices  over  work  awarded  last  year.  longitudinal  course  in  the  form  of  saw  teeth.  The  small  bats 
However,  we  find  that  we  cannot  make  definite  comparisons  "'ere  set  not  at  the  edge  of  the  pavement,  where  they  would 
inasmuch  as  there  were  very  few  bidders  last  year  and  fre-  be  in  ™ore  danger  of  being  displaced,  but  at  the  inner  end  of 
quently  jobs  were  advertised  upon  which  no  proposals  what-  the  whole  brick  placed  along  the  edge.  This  detail  probably 
ever  were  received.  ^'''s  in  preventing  the  edge  of  the  pavement  from  being  bat- 
In  general,  it  is  assumed  in  this  vicinity  that  labor  will  be  tered  by  steel-tired  vehicles, 
about  the  same  as  last  year:  that  is,  the  average  wage  is  $4  Radical  Type  of  Construction  Near  Danville,  III.— The  Dan- 
per  day  for  8  hours,  although  some  predict  $5  tor  the  same  ville-Tilton  road  is  of  peculiar  interest  because  of  its  radical 
period.  However,  up  to  this  time,  we  have  found  that  labor  tyPe  of  construction.  It  is  built  on  a  concrete  base  with  a 
is  about  50  per  cent  more  efficient  than  last  year,  due  to  the  sand-cement  cushion  and  wire  cut  lug  brick,  laid  on  their 
fact  that  there  is  at  this  time  a  little  surplus  which  is  rap-  sides  with  lugs  down.  Bituminous  filler  was  used.  The 
idly   diminishing  during   the   last  few   weeks.  Joints  of  this  road  do  not  seem  to  be  well  filled.     The  brick 

There  has  been  no  appreciable  reduction  in  the   prices  of  are  chipping  at  the  edges,  and  there  are  soft  brick  in  spots, 

materials.  "^^'^  road  was  built  as  an  experiment  about  one  year  ago  and 

Wisconsin.~We  have  made  no  general  comparison  of  this  its  behavior  is  being  watched  with  interest, 
year's  prices  with  last  but  in  a  general  way  know  that  they  Brick   Surface   on   Brick   Base. — The  base   of   the  Danville- 
are  a  little  higher,  but  just  what  percentage  I  am  unable  to_  Batestown    (Illinois)    road    was   an   old   brick   road   made   of 
state.                                                                                                        "  building  brick,  sand-filled,  and  laid  about  15  years  ago.     Un- 

Our  sand  and  gravel  fit  for  concrete  road  purposes  is  cost-  der  heavy  traffic  the  old  road  had  settled  very  badly,  making 

ing  us  about  45  ct.  to  65  ct.  per  ton  f.  o.  b.  plants.     This  is  an  uneven   pavement.     This   foundation  was   covered  with   a 

about  10  per  cent  in  excess  of  what  we  paid    last  year.     The  course  of  1:2:3  concrete,  using  pea-size  gravel.     Just  enough 

companies   were   asking  a  somewhat   higher  price  than   this  concrete  was  used  to  level  off  the  base.     Wire  cut  lug  brick 

earlier  in  the  season  but  have  come  down  to  some  extent.  were  set  directly  in  the  green  concrete  and  then  grouted.     At 

Crushed  stone  is  costing  us  from  90  ct.  to  $1  per  ton  at  the  one  end  of  the  road  3-in.  brick  were  used  and  at  the  other  end 

plants.  the  brick  were  4  in.  thick.     The  resurfacing  work  was  done 

On   over   $600,000    of   work   recently   awarded   the   grading  about  one  year  ago,  and  the  road  was  in  good  condition  when 

price  varied  from  35  ct.  on  heavy  jobs  and  fairly  good  mate-  inspected. 

rial,  to  as  high  as  »0  ct.  where  there  was  a  small  amount  of  Brick  Surface  on  Thin  Concrete  Bases. — A  short  section  of 

fairly  difficult  grading.  experimental  road  near  Danville,  111.,  was  built  of  wire  cut  lug 

The  concrete  paving  on  this  same  work  varied  from  $1.90  '^■'''='^  '^'c'  °^  !•  -•  and  3  in.  of  concrete,  respectively.     It  was 

to  $2.12,  the  latter  of  which  was  Vz  "in.  thicker  than  the  other  "^"ilt  in  1915.  and  since  then  subjected  to  heavy  traffic.     All 

work.     The  culverts  on  this  same  work  varied  from  $14  to  $22.  "^  "^"^   sections   are   in   uniformly   good   shape.     There   is   no 

Virginia.— Little  work  was  let  to  contract  in  this  state  last  difference  in  their  appearance.     It  might  be  pointed  out  that 

vear.     However,  under  similar  conditions  prices  this  year  are  "'''  "^^^  of  "^'OS  so  thin  a  base  as  1  in.  of  concrete  was  sim- 

from  10  to  15  per  cent  less  than  those  last  year.    The  present  P'f  '°  prevent  the  soil  from  being  pushed  up  into  the  vertical 

prevailing  prices  of  material  in  this  state  are  from  100  to  150  ■'°'°'s  '"  ^^^  t'rick.  as  well  as  to   provide  a  bedding  course 

per  cent  above  pre-war  prices.     At  this  time  labor  will  aver-  "P°°  ^^'"<='^  ^^  'ay  them.     More  perfect  grouting  of  the  brick 

age  about   $2.50,   which   is   just   100   per  cent   above   pre-war  's  thus  insured.     The  same  results  probably  would  have  been 

prices.  secured  by  the  use  of  a  1  in.  sand-cement  bed. 

The  condition  of  this  section  brings  out  very  forcibly  the 

possibilities   of  light  design   for   the   monolithic   construction 

Hard    Surfaced     Roads    in     Florida.— According    to    the    re-  ^v^en  the  conditions  are  favorable.     In  this   as  in  other  cases 

cently  issued  biennial   report   of  the  State  Road  Department,  of  light  construction  sustaining  heavy  traffic    the  underlying 

Florida  has    1,7(17   miles   of  hard   surface   roads,   classified   as  soil  is  of  a  character  which  permits  good  drainage  so  that  it 

follows:  is  possible  to  keep  the  foundation  dry  and  thus  maintain  its 

Br^ck**.'^."'.''. ; .**''463  bearing  power.     On  the  other  hand,  a  soil  such  as  the  clay  of 

Concrete  '.'.'.'..'.['.'.'.'.'.[[.['.'.'.['.  ".'.y.'.\'.'.'.'.'.'.[\'.'.l.\\['.'.\['.'.]'.'.'.'.'.'       s  Cuyahoga  county.  Ohio,  which  retains  and  attracts  moisture 

.\sphaltic  concrete   or  sheet   a.«phalt    444  throueh    canillarv    action    and     i-.:    liard    tn    rlmin      irxioc    th^ 

Penetration   or  surface   treated    macadam    376  '"'oiigii    crtpiiiarv     acuon    ana     is    naui    to    dram,    loses    the 

Plain    macadam    595  greater  part  of  the  bearing  powder  it  would  possess  in  a  dry 

^l^T\  or  'saml'-ViaV '. .' 2  '8^  '^'^'®-     ^'^''"^  construction  would  obviously  be  poor  engineer- 

"'    ' '  ing  under  such  conditions. 

'^°"''   ^'"^^  -^n  interesting  feature  in  connection  with  this  experimental 

■  road  was  the  fact   that  a   previous   inspection   made  by  the 

Oklahoma   to    Vote   on   $50,000,000    Road    Bond    Issue. — Citi-  county   engineer  had   shown   that   a   monolithic   bond   existed 

zens   of  Oklahoma   will   vote  at   a   special   election   on   May   6  between  the  base  and  the  brick.     He  stated  that  he  had  oc- 

on  authorizins:  a  bond   issue  of   $50,000,000   for  the   construe-  casion  to  take  up  a  considerable  area  of  this  pavement  after 

tion  of  a  state   wide  system  of  Ra\ed   highways  it   had   been  under  traffic   for   some  time  and   that  the  brick 

adhered  to  the  concrete  very  well. 

Montana    May    Issue   $15,000,000   of   Bonds   for    Roads.-The  ^^'":^^   \^'"^    Longitudmally   on    Curve.-At   Hoopeston.   111.. 

Montana  Legislature  has  passed  a  bill  providing  for  a  $15,000,-  ^"^  interesting  niethod  was  noted  of  laying  brick  on  a  curve 

<^/.A  .       J    ■            <>       ii               »       •■          «     t   i     I.-   I  on  the  Lincoln  Highway.     The  brick  were  laid  longifudinallv 

000  bond  issue  for  the  construction  of  state  highways.  ,  ^,                   ■     ^  '  ,      .       ""^"  ..<ric  miu  iuii6numurtu.\ 

around  the  curve,  instead  or  transversely  as  in  general  prac- 

tice.     Close   inspection   of  this  curve   showed  no  defects,   in- 

lllinols  May  Operate  Gravel   Plant. — A  bill  is  before  a  com-  dicating    that    this    method    of    construction    is    satisfactory. 

niitee    of    the    Illinois    Legislature    appropriating    $125,000    for  This    road    is   2   years   old    and    is   subjected   to   fairly   heavy 

the  erection  of  a  gravel  plant  to  w-ork  deposits  at  Tamms,  in  traffic. 

Alexandria   County.  Brick   Pavement  on   Macadam   Base. — A  section  of  the  Lin- 
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culu  lIlKliuu.x  lu'iir  1>I\<'H.  111.  IS  or  Kroiileil  roprossod  briek 
laid  uti  11  Hand  rusliloii  uiid  on  old  iiiiioiulaiii  liiixo.  llofurc  the 
bri  laid  tin-  muondiim  bttsc  wiis  w  UU'iicd,  anil  lluTO  Is 

,,  .    M'Kb'moiil  III   llii-  sUU'  of  till-  road.  lausliiK  fall- 

un  ii!  Un  l>rlrk  Burfui-o  al  lln-sc  |ioints.  This  fad  cniplia- 
«li«>9  u  polill  which  lius  often  been  broiiKlH  out,  viz.,  that  In 
ordiT  to  pn'vi'nl  unt>iinul  m'tlU>in»'nt  of  the  tinbRnulo  It  must 
r*f<<l\f  uiilforni  ooinpartlon.  When  additional  biokon  stone 
L<  pluonl  ulunKMldf  of  an  old  nuu-adain  road  it  Is  a  very  dif- 
Bruit  umllcr  to  roll  the  shoulders  to  the  same  deRree  of  com- 
paction ».«  In  the  old  nutcuilam  road.  It  Is  the  opinion  of  the 
author*  that  It  Is  advisable  (o  plow  up  the  old  macadam  base 
and  reroll  It  over  the  entire  width  In  order  that  It  niuy  be 
rum|Mic(i>d  evonly,  and  thereby  settle  evenly.  There  are 
s..  tudinal   cracks    In    the   center   of   this   brick    road, 

l!  liowever.  the  surface  is  in  very  good  shape  except 

«li.ri  >.•;:•  in. nt  has  taken  place.  These  bad  spots  probably 
could  be  repaired  satisfactorily  by  the  application  of  bitumi- 
nons  material  and  stone  screenliiKs 

Brick  Pavement  Without  Edging.  The  Lincoln  Highway 
\» .  \,>n  Is  of  senil-monolithic  construction  with  a  %-ln. 

s.i  ■   bed  and  a  4-ln.  concrete  base.     There  is  no  edg- 

1:  .  I  etc  at   the  sides  of  the  road  and  no  evidence  of 

b  ,  wn  of  the  brick.     The  road  is  only  one  year  old 

but  i^  in  excellent  condition.  There  are  very  few  defects 
except  a  few  longitudinal  cracks.  A  defect  was  noted  in  the 
wearing  surface  of  the  road  where  it  passes  over  a  culvert. 
A  concrvle  slab  was  used  at  this  point  and  is  very  badly 
worn,  making  rather  unpleasant  riding.  It  would  seem  de- 
sirable in  all  cases  of  culvert  construction  to  carry  the  road 
surfacing  clear  across  the  culvert  and  thereby  make  tor  more 
uniform  wear.  It  also  would  seem  good  practice  to  reinforce 
the  concrete  base  across  the  approaches  to  culverts  of  this 
character. 

Brick  on  Gravel  Base.  -  A  road  16  ft.  wide,  constructed  on  a 
gravel  base  with  a  1-in.  cement-sand  cushion  and  4-in.  wire- 
cut  lug  brick,  is  pan  of  Indian  Head  Trail,  north  of  Sterling, 
111.  It  was  laid  in  the  summer  of  1917.  There  is  moderate 
traftic.  with  occasional  heavy  loads.  The  surface  is  in  ex- 
cellent condition,  with  no  indications  of  punching  through  of 
the  brick  or  breaking  down  at  the  sides.  There  are  some 
transverse  cracks,  but  no  longitudinal.  Transverse  cracks 
occur  at  about  the  same  distance  as  in  a  concrete  road.  The 
subgrnde  is  a  fine  black  loam  and  is  not  provided  with  tile 
drainage 

Brick  Pavements  at  St.  Louis,  Mo.— Present  practice  in  the 
construction  of  brick  streets  in  the  city  of  St.  Louis  makes  no 
provision  for  expansion  joints  at  street  intersections.  A 
number  of  semimonolithic  briek  streets  using  1:3:6  concrete 
foundation  and  1-in.  sand-cement  bed  have  been  constructed 
recently  along  the  above  lines  and  no  evidences  of  expansion 
failures  at  street  intersections  have  as  yet  been  noticed. 

A  semimonolithic  brick  street  in  which  a  type  of  expansion 
joint  consisting  of  one  course  of  wood  block  across  the  street 
every  10  ft.  was  observed.  This  road  has  a  6-in.  concrete 
base.  1-in.  sand-cement  bed  for  part  of  the  way,  and  lime- 
stone screenings  for  the  rest  of  the  distance,  and  4-in.  brick. 
The  use  of  limestone  screenings  in  place  of  sand  in  the 
cushion  is  an  improvement  over  the  old  standard  construc- 
tion in  that  there  is  much  less  likelihood  of  the  cushion  push- 
ing up  into  the  joints  when  the  brick  are  rolled.  Subse- 
quently a  number  of  streets  were  built,  using  this  construc- 
tion. 

The  oldest  brick  street  in  St.  Louis  was  observed  on  Eu- 
clid Ave.  and  found  to  be  in  good  condition,  although  laid 
about  25  years  ago.  Traffic  on  this  street,  however,  is  not 
heavy  at  present.     The  joints  are  sand  filled. 

A  brick  intersection  laid  in  December,  1915.  on  the  north 
and  south  road  as  a  demonstration  of  semimonolithic  con- 
struction is  in  the  form  of  a  cross  with  three  arms  200  ft. 
long  and  the  other  360  ft.  long.  All  but  the  outer  160  ft.  of 
the  long  arm  was  built  on  a  4-in.  concrete  base,  using  4-in. 
brick.  The  outer  160  ft.  was  laid  on  a  2-in.  concrete  base. 
The  traffic  on  this  road  is  very  heavy  and  has  caused  a  num- 
ber of  local  failures,  such  as  longitudinal  cracks,  transverse 
cracks,  brick  spalling  at  the  joints,  broken  brick,  etc.  The 
surface  is  very  badly  broken  up,  a  condition  particularly  no- 
ticeable at  the  extreme  end  of  the  section.  An  analysis  of 
this  failure  indicates  that  it  is  due  primarily  to  poor  groutijig 
combined  with  an  inferior  quality  of  brick.  The  appearance 
of  the  longitudinal  crack  would  likewise  indicate  that  some 
settlement  had  possibly  taken  place.     This  condition  enipha- 
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sizes  very  strongly  the  necessity  of  properly  lUling  the  joints 
In  the  brick  with  grout,  thereby  forming  a  truly  nionollthic 
surface.  'J'hls  undoubtedly  would  have  protected  the  brick 
and  to  a  certain  extent  would  have  prevented  the  breaking 
up  which  was  observed.  It  was  suggested  at  the  time  that  a 
much  better  penetration  of  the  grout  would  have  been  se- 
cured by  the  use  of  a  modern  machine  grout  mixer  instead 
of  the  old-style  box  mixer  which  was  used.  This  (Experiment 
clearly  demonstrates  what  may  be  expected  to  happen  to  a 
brick  pavenienl  subjected  to  heavy  trnlllc  when  all  the  details 
of  const ruci Inn  are  iiol   very  carefully  observed. 

Light  Monolithic  Brick  Pavement.  .\  pavenienl  of  this 
kind  was  inspected  at  North  Alloii,  111.  A  short  section  of 
road  12  ft.  wide  was  laid  on  the  main  highway  leading  north 
from  .Mton.  The  construction  was  4-in.  brick  laid  on  a  2-in. 
1:1  sand-cement  bed,  with  no  concrete  base  or  edging.  There 
appeared  to  be  no  evidences  of  foundation  failure,  in  spite  of 
the  very  light  base.  The  condition  of  the  brick  and  of  the 
grouted  joints  was  likewise  good.  This  a  very  good  example 
of  the  possibilities  of  light  monolithic  construction  under 
favorable  coiulitions  of  subsoil  ^nd  drainage. 


Experiences  in   France  and  England  with 

Water-Bound  and  Bituminous 

Macadam 

In  a  discussion  at  the  recent  conference  of  Road  Superin- 
tendents and  Engineers  in  Ontario,  Mr.  D.  T.  Black,  City  En- 
gineer of  Wellaiid.  Ont.,  gave  the  following  information  re- 
garding  English   and   French   experiences   with   macadam: 

The  opinion  in  Groat  Britain  and  France  is  that  if  a  simple 
water-bound  macadam  does  not  last  two  years  without  resur- 
facing, it  should  be  changed  to  another  type  of  construction 
or  superficially  tarred  to  increase  its  life  if  possible,  to  or 
beyond  this  period.  English  experience  indicates  that  120,000 
tons  of  traffic  per  yard  width  will  wear  out  the  best  water- 
bound  macadam  in  a  year,  and  when  the  traffic  reaches  ."iO.OOO 
tons  i)er  yard  width  per  annum  or  135  tons  a  yard  width  per 
day.  water-bound  macadam  should  not  be  considered.  The 
French  estimates  the  traffic  limit  of  water-bound  macadam  to 
be  1,000  "collars"  a  day  for  the  whole  width  of  the  road.  A 
"collar"  is  a  single  horse  drawn  vehicle,  and  an  automobile  is 
equivalent  to  three  "collars." 

The  efficiency  of  bituminous  macadam  in  England  is  well 
established  by  many  examples  which  have  been  under  hard 
wear  for  years,  and  a  nu-mber  of  tar  macadam  roads  have  en- 
dured from  30  to  35  years  with  only  occasional  resurfacings. 
In  Sheffield  a  tar  macadam  road  with  a  traffic  of  36,000  tons 
per  yard  width  per  annum  has  been  in  service  for  22  years  at 
an  average  cost,  including  the  original  expenditure,  of  8  ct. 
per  square  yard.  It  is  claimed  that  it  can  still  be  maintained 
for  many  years  at  an  annual  cost  of  6  ct.  per  square  yard. 
Many  other  bituminous  pavements  in  Great  Britain  have  been 
in  use  for  long  periods,  and  are  still  giving  excellent  service 
at  very  little  maintenance  cost. 

The  penetration  method  adopted  in  England  much  resem- 
bles the  system  generally  used  in  Canada  with  the  exception 
in  some  cases  that  the  hot  pitch  softened  with  oil  is  hand 
poured  and  sometimes  mixed  with  an  equal  part  of  hot  sand. 
In  France  the  penetration  method  is  not  much  favored.  The 
mixing  method  is,  however,  highly  commended  all  over  Eu- 
rope, and  although  under  different  names,  the  system  chiefly 
consists  of  heating  granite,  trap  rock,  hard  limestone  or  slag, 
until  all  moisture  is  driven  off  and  mixing  it  with  hot  tar  at 
the  same  temperature,  usually  225  to  350  degrees.  The  gran- 
ite and  trap  rock  mixture  in  most  cases  receives  the  sand 
filler,  whereas  slag,  to  which  the  tar  or  bitumen  clings  better 
and  which  is  more  readily  compressed  by  roller  and  traffic, 
filling  up  the  interstices,  does  not  require  such  a  filler. 


Road  Men  Returning  from  France. — Wagon  Companies  1. 
2.  :;,  4  and  ."■,  Fourth  Battalion  23d  Engineers,  have  been  or- 
dered home.  The  return  of  this  regiment  along  with  cer- 
tain battalions  of  the  41st,  42d  and  43d,  was  requested  in  a 
resolution  passed  at  a  meeting  of  the  American  Road  Build- 
ers' Association  in  New  York  City,  Feb.  28,  1919.  which  au- 
thorized the  President  to  appoint  a  committee  to  take  up 
with  the  War  Department  the  matter  of  returning  these  units, 
Mr.  S.  M.  Williams,  president.  Highway  Industries  Associa- 
tion, was  made  chairman  of  the  committee  and  has  been 
working  with  the  Secretary  of  Agriculture  for  the  return  of 
the    road    men    in    the    regiments    mentioned    above. 


Engineering  and  Contracting  for  May  7,  1919. 
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Machine  Finishing  Concrete  Roads* 

By    K.   G.    CARR. 

Consultins    Highway    Engineer.    The    Lakewood    Engineerinsj    Co., 
Cleveland. 

ConciPte  in  roads  is  subjected  to  more  severe  conditions 
than  are  ordinarily  encountered  wlien  it  is  used  for  other  pur- 
poses— abrasion  of  the  surface  and  the  pounding  effect  of 
traffic  which  causes  strains  not  common  in  other  concrete 
structures.  A  continuous  slab  of  concrete  on  country  soil 
is  also  subject  to  expansion  and  contraction  caused  by 
changes  in  temperature  and  water  absorption.  Hence,  con- 
crete for   roads   must   be  better   concrete.     It  must  be   more 


strength  of  the  product  and  all  three  generally  are  employed 
in  varying  degrees. 

One  way  is  to  add  excess  water  until  the  concrete  literally 
flows  in  place  by  .s;ravity.  Another  method  is  to  use  finer  ag- 
i;regate  so  that  there  will  be  less  voids  to  fill.  The  third  way 
is  to  stir  it,  tamp  it,  roll  it,  shake  it  or  anything  to  move  the 
more  loosely  arranged  aggregate  so  that  they  will  fall  into 
closer  and  more  compact  position. 

The  use  of  excess  water  impairs  the  strength,  makes  the 
concrete  porous  and  causes  the  lighter  material  to  float  to 
the  top  and  cover  the  surface  with  laitance  and  foreign  ma- 
terial, which  may  have  found  its  way  into  the  mixture.  In 
some  concrete  structures  there  is  an  advantage  in  having  the 
best  concrete  at  the  bottom,  but  it  is  evident  that  the  best 
concrete  should  be  at  the  top  of  a  road. 

Engineers  have  long  known  that  an  excess  amount  of  water 
used  in  mixing  will  cause  a  considerable  loss  of  strength  in 
the  concrete.  Exactly  what  ratio  exists  between  water  con- 
tent and  strength  has  recently  been  shown  by  the  extensive 
investigations  of  Professor  D.  A.  Abrams  of  Lewis  Institute, 
Chicago. 

The  use  of  too  much  water  cannot  be  blamed  unreservedly 
on  the  contractor  because  heretofore  methods  had  not  been 
developed  for  the  practical  use  of  stiff  concrete  for  roads. 

The  size  of  the  aggregate  governs  largely  the  amount  of 
water  needed  to  give  a  workable  concrete.  The  smaller  ag- 
gregate requires  more  water. 

If  a  road   were  built  of  a  rich   mixture  of  cement  and  fine 


Top  View — The  tamping  machine  and  uniform  pavement  at- 
tained with  It.  Center — Machine  spreads,  tamps  and  finishes  the 
concrete.  The  tamper  strikes  ten  times  in  its  own  width.  Bottom 
— Concrete  of  this  consistency  mal<es  stronger  roads  but  would  ce 
very  difficult  to  strike  and  finish  by  hand.  The  machine  handles  it 
easily. 

dense  and  uniform  than  for  most  other  uses.  A  small  amount 
of  inferior  concrete  in  a  wall  may  be  protected  and  supported 
by  the  stronger  concrete  surrounding  it.  In  a  road  the  traftic 
hunts  out  the  weak  spots,  and  these  places  will  fail  regard- 
less of  how  good  the  surrounding  concrete  may  be. 

Concrete  cannot  be  compressed  like  a  bale  of  cotton,  and  it 
can  be  compacted  only  by  creating  a  flowing  or  crawling  ac- 
tion in  the  concrete  mass,  so  that  the  larger  aggregate  will 
settle  closer  together,  and  the  smaller  particles  will  fill  the 
remaining  voids. 

There  are  three  common  ways  of  molding  concrete  to  re- 
duce voids.     Two  are  detrimental  and  one  beneficial   to  the 

*From  a  paper  delivered  in  the  Short  Course  in  Hiehway  Ensii- 
neering:.  Tniversity  of  Illinois.  Urbana,   111. 


Showing    How    Entrapped    Air    Is    Removed    From    the    Concrete    by 

Alternating    Pressure. 

Ill    .Vir  compressed;    i  :i  i    .Mr   e.xpandeil    in    path   of   least   resist- 

.ince;    (3)    Air    bubble    again    compressed    nearer    surface;    (4)    Air 

liuhble  breaking  through  surface;    (5)   Air  bubble  entirely  rennoved. 

aggregate,  the  cost  would  be  excessive  and  the  expansion  and 
contraction  would  be  greater  than  if  a  mixture  of  fine  and 
coarse  aggregate  had  been  used.  Moreover,  when  a  contrac- 
tion crack  forms  in  a  concrete  road,  the  coarse  aggregate 
dovetails  the  slabs  together,  holding  them  in  their  original 
relative  position. 

The  greater  the  proportion  of  good,  clean  stone,  mixed  in  a 
given  consistency  of  cement  mortar  without  forming  voids, 
the  better  the  concrete  will  be  for  roads. 

While  concrete  used  for  building  roads  presents  more  than 
the  ordinary  disadvantages  to  the  use  of  excess  water  or  fine 
aggregate,  it  offers  exceptional  opportunities  for  mechanical 
compacting  on  account  of  its  accessibility. 

The  method  of  applying  force  in  mechanical  compacting 
must  be  such  that  the  larger  pieces  will  not  be  displaced 
after  they  have  settled  to  their  best  relative  positions.  The 
applied  force  must  not  drive  a  stone  past  the  best  place  for 
that  stone  to  stop,  and  the  only  available  means  for  stopping 
that  stone  at  the  right  place  is  the  increased  resistance  of- 
fered to  the  movement  of  the  stone  by  a  more  compact  mass 
than  the  mass  in,  and  with  which  the  stone  is  moving. 

Assume  that  we  have  an  agitating  force  with  a  limited  vio- 
lence or  a  tamper  with  a  given  stroke.  A  greater  frequency 
of  strokes  enables  us  to  make  a  stiffer  concrete  flow.  It  is 
this  principle — the  rapidity  of  agitation — which  yields  the 
unique  advantage  that  mechanical  tamping  has  over  hand 
work. 

Under  a  rapid  succession  of  strokes,  the  concrete  literally 
flows  as  a  result  of  the  agitation  and  the  mass  is  in  a  semi- 
liquid  condition.  The  drier  and  coarser  the  concrete,  the  less 
it  will  move  under  the  influence  of  a  single  stroke,  and  the 
sooner  it  will  be  at  rest  again.  To  obtain  the  advantage  of  a 
moving  friction,  the  succeeding  stroke  must  come  while  the 
concrete  is  still  in  tnotion. 

Voids  in  concrete  are  a  source  of  weakness  and.  if  beneath 
the  surface,  may  not  be  detected  until  the  raveling  of  the  ag- 
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Kiioim  ( I  iii</  tnul  Cdiitrmliiif;  /Hr  Mat/  7,   l!>l!i. 


Rati-  tiniliT  tntWc  pviuxi--;  }h^i^\      Tlu'reforc,  the  elTiH't  of  tlu< 

!'-;  mill  tilt'  uKiliitton  iiivist  bo 
ii'  Is  a  rtMisoiuiblo  riTtaltilv 
Hull  llif  '  •  >'ii  Ui  rompllslieil. 

Starlii..  IIk'   writer  lU'velopoil   tlio   oon- 

cr«'l«'  ri'a  ■  liiuo  Hliown  horo. 

Afit-r  1  iiiii'iits  It  \vn»  foiiiut  to  bp  exception- 

nllv  .1  uiilUo  Biicllon  fur  tin-  purpose  of  aKiliil- 

llIK    '  i"* 

If  '  .  walls,  for  example,  be  agitated.  It  will  be 

no»(.  rierele  near  tbe  siirfaee   1»  easily   sbaken 

«lii;.'  ti  Is  (ItllU-iilt  to  produce  any  movement  in  the 
!(  <le.'i>  layer  of  concrete,  on  i^-eounl  of  tbe  weiylil 
ol  ilie  ..■!  ve.    This  Is  so  obvious  that  it  would  seem 

to  he   uiii.  lo  direct   attention   to   it.     Any   additional 

i>i.>sure  In  ili«'  direction  of  the  force  of  gravity  lends  to 
iTiUe.  arch  or  bind  the  agRrecate  in  the  positions  assumed 
■  r  the  force  of  prnvity  Instead  of  facilitating  any  move- 
•  :i  in  the  mass  that  would  rearrnngo  the  aggregate  into 
more  compact  positions.  A  keystone  of  an  ar<  li  is  not  dis- 
placed by  downward  pressure  upon  It. 

It  was  found  that  by  creating  a  vacuum  above  the  concrete 
mass  in  one  place,  mortar  was  forced  towards  the  vacuum 
-:  ■  ■■.  disrupting  tbe  binding  of  the  aggregate,  and  permil- 
:  :^  ihe  pieces  lo  settle  into  more  compact  positions  -hitting 
the  keystone  from  the  bottom,  so  to  speak.  The  idea  can  be 
well  Illustrated  by  a  log  Jam.  Force  aplied  to  the  up-stream 
5lde  of  the  Jam  only  wedges  the  mass  more  firmly;  it  w-ould 
be  readily  broken  by  pressure  applied  below  the  jam  by  a  re- 
versal of  the  current. 

In  the  machine  illustrated,  the  suction  is  obtained  by  the 
tamper  templet,  which  is  raised  with  a  jerk  after  hitting  the 
concrete,  alternately  driving  the  concrete  away  and  .jerking  it 
back.  This  action  removes  the  entraped  air.  giving  a  dense 
concrete. 

The  machine  illustrated  is  so  constructed  that  the  speed. 
length  and  intensity  of  the  strokes  can  be  varied  at  the  will 
of  the  operator  to  meet  all  the  different  consistencies  of  con- 
crete and  conditions  found  in  road  work. 

A  laborer  tamping  concrete,  would  pass  over  the  surface  if 
It  appeared  finished.  The  machine  tamps  thoroughly  and  uni- 
formly. As  it  works  forward  and  backward,  it  attacks  a  bad 
arrangement  of  aggregate,  first  from  one  direction  and  then 
from  the  other,  insuring  a  slab  of  uniform  density. 

Besides  the  advantage  ot  more  thoroughly  and  uniformly 
compacted  concrete,  machine  finishing  is  a  more  dependable 
means  of  obtaining  a  true,  even  surface,  thereby  reducing  the 
vibration  and  wear  on  the  pavement  and  vehicles. 


Federal   Aid   Road   Construction 

In  the  April  26  Bulletin  the  Highway  Industries  Association 
calls  attention  to  the  fact  that  at  the  present  rate  of  progress 
in  Federal  Aid  road  construction  it  will  take  29  years  to  use 
up  the  allotment  of  $77,600,000  that  will  be  available  on  July 
1,  1919.  On  Feb.  21st.  1919,  states  the  bulletin,  a  total  of  841 
projects  had  been  approved  by  the  Secretary  ot  Agriculture, 
calling  for  the  improvement  of  8,615  miles  of  roads.  This 
approval  was  of  the  general  outlay  and  not  ot  the  plans  and 
specifications  made  after  careful  surveys  and  plans  had  been 
completed.  The  total  number  of  projects  approved  as  given 
above,  after  having  plans  and  specifications  submitted 
amounted  to  431.  approximately  50  per  cent  of  the  total  num- 
ber submitted  by  the  states.  On  Jan.  1,  1919,  only  316  of 
these  841  projects  submitted  had  been  placed  actually  under 
construction  or  completed,  being  only  37%  per  cent  ot  the 
gross  number  applied  for.  The  316  projects  under  construc- 
tion on  Jan.  31st  involved  an  outlay  from  the  Federal  Aid 
Fund  of  $8,382,067.  There  had  been  completed  and  accepted 
on  Jan.  1,  1919,  about  50  miles  of  Federal  Aid  Roads,  and  the 
gross  amount  that  had  been  paid  out  by  the  treasurer  on  the 
warrants  drawn  by  the  Secretary  of  Agriculture  for  all  work 
under  the  Federal  Aid  Act.  as  shown  In  the  report  of  the 
Secretary  of  Agriculture  of  Nov.  15th,  was  about  $424,445, 
and  it  is  estimated  that  an  amount  not  exceding  $2,000,000 
will  have  been  expended  from  this  fund  by  July  1,  1919. 
There  will  be  available  to  the  states  on  that  date  $77,600,000. 
At  this  rate  of  expenditure  of  approximately  $2,000,000  in  two 
years.  $l,000,(Hi<i  per  year,  it  can  be  readily  seen  that  at  the 
present  progress  being  made  in  Federal, Aid  construtition  it 
will  take  77  years  liefore  the  states  use'  up  their  allotment 
available  on  July  1,  1919. 

(1 


Motor  Truck  Haulaj^e  Saves  About 

$1,000  Per  Mile  in  (;ravel 

Road  Construction 

A   saving  of  about   $6,000   was   effected   by   Itasca  county, 

Mlnnesotn,   In  the  construction  of  (i  miles  of  gravel  road  by 

employing    motor   trucks    Instead    of    teams   for    hauling    tl\e 

gravel.     The    work    was    done    on    the    Grand    KapidsDuluth 

Highway  in  August  to  November,  1918.     The  following  eriulp- 

nuMit   was  used: 

Cost. 

Two  motor  Iruilis.  R  yd.   capucily $n,i)G(; 

Three  motor  trucks,  3  yd.  capacity   H.llli 

•  Mil'   I'ortable  grnvi-l  plant   1,790 

The  5  yd.  trucks  are  of  the  same  manufacture  and  chain 
driven:  the  others  are  all  of  different  makes,  with  worm 
drive.  The  gravel  screening  plant  Is  of  the  bucket  chain 
type,  with  revolving  screen  and  bin  of  15  yd.  capacity. 

The  gravel  was  slushed  by  teams  Into  a  hopper  from 
whence  it  was  elevated  and  screened,  the  power  being  fur- 
nished by  a  7  h.p.  gasoline  motor  encased  in  a  housing  under 
Ihe  bin.  The  capacity  of  this  plant  w'as  a  maximum  of  175 
cu.  yd.  per  10-hour  day.  The  gravel  in  this  jiit  is  clean  and 
well  graded,  containing  only  a  small  amount  ot  oversize  rock 


Motor    Truck    Outfit    of    Itasca    County,    Minnesota. 

or  tailings.     It  was  easily  slushed  without  blasting  or  picking, 
one  team  sometimes  moving  as  much  as  70  yd.  a  day. 

The  roadbed  is  a  sandy  soil,  with  a  small  percentage  of 
clay,  which  would  not  stand  up  under  the  trucking;  therefore 
the  graveling  was  started  from  the  pit  end  and  continued 
progressively  towards  the  other  end,  gradually  increasing  the 
length  of  haul.  It  had  been  planned  to  start  the  graveling  at 
intermediate  points  so  as  to  have  about  the  same  average 
haul  in  order  to  not  bunch  the  trucks.  It  was  found  Impos- 
sible to  do  this  because  the  subgrade  would  not  carry  the 
trucking. 

The  gravel  being  slow  packing.  It  was  found  necessary  to 
deposit  it  In  thin  layers  ot  about  400  yds.  to  the  mile.  A 
thicker  layer  made  the  trucking  more  difficult  and  took  a 
longer  time  to  consolidate.  The  first  layer  was  churned  up 
with  the  sand  and  nearly  lost  to  sight,  but  served  to  make  a 
foundation  for  the  trucks  to  haul  over.  The  second  layer 
reinforced  this  foundation  and  the  third  finished  the  surfac- 
ing as  far  as  it  was  proceeded  with  last  season.  It  will  be 
necessary,  however,  to  use  about  1,000  yd.  per  mile  additional 
before  the  job  is  accepted  as  completed.  Thus,  when  finished, 
there  will  have  been  used  approximately  2,200  cu.  yd.  of 
gravel  to  the  mile. 

Work  was  discontinued  on  the  last  day  of  November,  as  the 
trucks  could  no  longer  be  operated  economically  on  account 
of  snow  and  cold.  It  was  not  considered  a  practicable 
proposition  to  continue  the  work  throughout  the  winter,  judg- 
ing from  the  results  obtained  the  last  week  in  November. 

The  total  cost  of  the  w-ork  amounted  to  $12,500.  distributed 
as  follow's: 

Hauling  (average  haul,  3  miles),  7,200  cu.  vd.  at  50^4  ct $3,63G 

Repairing  trucks   7^5 

Repairing   gravel   loader    .....'..'.      ] 20 

Depreciation  and  interest,   on  equipment 3  o36 

Garage  charges  250 

Overhauling   trucks,    on    completion    of   w-ork 155 

Oravel   loading,    7.200   cu.    vd.    at   25    ct 1800 

Grading.    2.000    cu.    yd.    at    45    ct 900 

Stripping  gravel  pit.   1.000  cu.   yd.  at   .35  ct 350 

Construction  and   equipment  of  camps 550 

Consti-uction    maintenance 335 

Figuring    in   all   expenses   for   operation   of   trucks   it   was 

found  that  the  cost  of  hauling,  average  length  of  haul  being 

16) 
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3  miles,  was  $1.15.  If  the  hauling  had  been  done  by  teams 
the  cost  would  have  been  very  near  to  $2  per  yard.  It  is  thus 
easily  figured  that  the  saving  on  this  job,  by  using  trucks  in- 
stead of  teams,  was  approximately  $6,000. 

The  finishing  of  this  job  will  be  resumed  at  an  early  date, 
and  it  is  also  planned  to  extend  the  graveling  .3  miles  farther 
to  the  county  line,  so  that  the  longest  haul  will  be  about  10 
miles.  The  work  was  carried  out  under  the  direction  of  O. 
J.  Lidberg.  County  Superintendent  of  Highways. 


Experiences  of  California  Highway  Com- 
mission With  4  in.  Concrete  Bases 

At  the  end  of  I'JIS  the  California  Highway  Commission  had 
constructed  over  1,000  miles  of  concrete  base  road  of  which 
more  than  000  miles  had  been  covered  with  thin  bituminous 
tops  or  carpets.  Most  of  these  concrete  bases  are  from  4  in. 
to  414  in.  in  thickness.  The  expei'iences  of  the  Commission 
with  these  thin  concrete  bases  is  summarized  as  follows  in 
their  report  for  the  year  ending  Dec.  31,  1918: 

It  has  always  been  the  plan  ultimately  to  cover  the  con- 
crete with  bituminous  material  but  for  the  2  years  past  little 
of  such  surfacing  has  been  done.  It  was  recognized  early 
that  the  second  bond  issue  would  fall  far  short  of  complet- 
ing the  roads  contemplated  and  the  bituminous  top  was  one 
item  which  could  be  omitted,  temporarily  at  least. 

It  must  be  admitted  that  a  concrete  base  so  thin  as  4  ins. 
would  not  be  at  all  suitable  in  localities  where  the  frost 
penetrates  deeply  into  the  ground  and  nowhere  in  California 
has  concrete  been  laid  under  such  conditions. 

It  must  also  be  admitted  that  experience  has  shown  that 
over  adobe  subgrade  it  is  not  wise  to  lay  so  thin  a  base  un- 
less it  is  reinforced  with  steel.  Even  with  such  reinforce- 
ment longitudinal  cracks  develop  which  widen  year  by  year 
despite  frequent  filling  with  asphalt,  and  a  weakened  pave- 
ment results.  The  reinforcement,  without  the  use  of  more 
steel  than  seems  justifiable,  will  not  prevent  the  longitudinal 
cracks  but  it  appears  to  hold  the  concrete  together  and  in 
some  measure  to  lessen  the  progressive  widening  of  the 
cracks.  Increasing  the  thickness  of  the  concrete  per  se  does 
not  remedy  the  longitudinal  crack  difficulty. 

The  thin  bases  have  given  admirable  service  and  have 
proved  their  economy  under  California  conditions  of  climate 
and  traffic  whenever  the  underlying  subgrade  has  been  firm 
and  hard  and  the  concrete  has  remained  in  contact  with  the 
subgrade. 

It  is  true  that  in  some  localities  the  concrete  has  broken 
and  disintegrated  under  the  traffic  but  such  cases  are  so  rare 
as  to  be  almost  negligible  in  considering  the  whole  system. 

Sometimes  this  has  been  the  result,  beyond  doubt,  of  a 
thinner  pavement  than  was  specified  due  to  the  carelessness 
of  the  contractor  and  not  noticed  by  the  inspecting  engineer. 
Sometimes  the  concrete  mixture  was  defective  due  to  the 
absence  of  sufficient  cement  or  to  insufficient  mixing  or  to 
the  use  of  dirty  aggregates.  These  things  happen  in  all  con- 
struction work  but  in  considering  the  whole  system,  such 
lapses  are  very  exceptional. 

In  the  northern  part  of  the  Sacramento  Valley  a  new  diffi- 
culty presents  iself  in  the  rapidly  increasing  use  of  the  land 
for  rice  culture.  This  sort  of  farming  requires  extraordinary 
quantities  of  water.  The  natural  drainage  channels  are 
blocked  by  rice  checks  and  the  water  stands  in  the  borrow 
pits  along  the  road  and  the"  subgrade  under  the  concrete 
pavement  is  saturated  and  remains  so  tor  long  periods.  In 
places,  where  the  water  is  drained  from  the  fields,  it  backs 
up  so  as  to  cover  the  pavement. 

A  subgrade  so  saturated  will  not  sustain  the  4-in.  base  with 
the  heavy  traffic  and  the  pavement  cracks  and  disintegrates. 

Recently  much  trouble  has  been  experienced  between  Wil- 
liams, in  Colusa  County  and  Willows,  in  Glenn  County.  In 
November  and  December  of  this  year  the  state  highway  has 
been  damaged  seriously  by  motor  trucks  hauling  rice.  The 
sacked  rice,  according  to  a  report  of  the  division  engineer, 
...  is  brought  from  the  fields  with  teams  and  ."stacked  on  the 
shoulder.^  a!on(?  the  state  highway.  Tt  i.s  here  picked  up  by  2V. 
to  ."i-ton  trucks,  which  never  leave  the  pavement,  and  are  thus 
enabled  to  carry  excessive  loads.  In  some  cases  the  rice  is  loaded 
with  a  bucket  elevator  or  stacker,  which  piles  the  rice  high  on  the 
rear  end,  thus  concentrating  <.>0  per  cent  to  0.",  per  cent  of  the 
load  on  the  rear  wheels. 


Contour  Method  of  Relocating 
Roads 

There  are  various  types  of  road  relocations,  the  "contour 
relocation"  being  perhaps  the  most  widely  used.  The  old 
system  of  laying  out  roads  to  follow  stream  lines  until  the 
head  of  the  valley  is  reached  and  then  making  the  steep 
hard  climb  to  gain  the  summit  is  fast  being  replaced  by  the 
contour  grade  development.  This,  briefly  stated,  consists 
in  making  the  ascent  by  a  long  easy  grade  line,  which  de- 
velops a  sufficient  distance  to  attain  the  desired  elevation. 
An  interesting  discussion  of  the  methods  used  in  these  relo- 
cations is  given  by  Mr.  Gordon  F.  Daggett,  Engineer  of  Sur- 
veys, Wisconsin  Highway  Commission,  in  the  April  issue  of 
The  Wisconsin  Engineer,  from  which  the  notes  that  follow 
are   taken. 

Contour  relocations  are  those  wherein  grade  and  align- 
ment are  developed  by  using  the  actual  contour  intervals  as 
they  exist  on  the  ground.  In  a  great  number  of  cases,  the  re- 
location is  virtually  in  sight,  but  ofttimes  a  careful  study 
of  the  ground  is  required  to  find  the  general  direction  of 
such  a  relocation.  The  height  and  approximate  length  of 
the  hill  to  be  relocated  must  first  be  determined.  The  grade 
desired  is  generally  controlled  by  traffic  and  physical  features, 
such  as  slope,  drainage,  materials  encountered,  etc.  A  de- 
cision having  been  reached  as  to  the  desired  grade,  the  next 
step  is  to  run  out  the  grade  contour.  Tlie  contour  must  be 
actually  established  in  the  field  by  a  level  party,  which  gen- 
erally consists  of  three  or  five  men.  The  levelman  through 
his  rodman,  sets  each  point  on  the  desired  contour  at  the 
station  points.  For  instance,  if  a  G  per  cent  grade  contour 
is  being  laid  out.  each  point  on  the  line  will  be  exactly  6  ft. 
above  or  below  the  last  point,  depending  upon  the  direction 
of  running,  and  100  ft.  distant  therefrom. 

Experience  shows  that  the  fastest  and  cheapest  lines  are 
obtained  where  the  line  is  started  at  the  top  of  the  hill  and 
run  down.  The  reason  is  that  less  trouble  is  encountered, 
and  more  time  saved  by  reason  of  the  fact  that  the  rodman 
is  better  able  to  judge  the  required  interval. 

It  oft-times  happens  that  there  are  two  or  more  possible 
locations  in  sight,  and  engineers  should  make  a  reconnais- 
sance of  each  of  the  possible  routes,  and  after  comparing 
them,  have  the  survey  run  on  the  route  that  seems  to  be  the 
most  feasible.  If,  however,  more  than  one  route  opens  a 
possibility,  the  survey  should  be  made  and  plans  worked  up 
to  such  a  point  that  comparative  estimates  can  be  drawn. 

After  completing  the  grade  contour,  a  location  or  transit 
line  should  be  run  for  the  purpose  of  obtaining  the  exact 
location  of  each  point  on  the  line.  This  transit  line  need 
not  follow  the  actual  contour,  but  may  consist  of  reasonably 
long  tangents  with  offsets  to  each  station  point  on  the  con- 
tour. If  the  contour  follows  along  the  side  of  a  rather  sharp, 
steep  slope  the  transit  line  should  follow  the  actual  contour 
with  angle  points  at  each  station.  Following  the  transit  party 
is  a  level  party  cross-sectioning  the  line.  The  cross-sections 
in  some  instances  are  taken  with  a  Locke  level,  but  in  general, 
if  the  difference  in  elevation  is  not  too  great,  sections  are 
taken  with  an  engineer's  level.  A  sufficient  number  of  cross- 
sections  should  be  taken  to  enable  the  engineer  properly  to 
make  his  preliminary  studies  and  estimates.  The  soil  classi- 
fication should  be  noted  at  the  time  of  taking  the  cross- 
sections. 

T'pon  completion  of  the  field  work,  the  necessary  plans  are 
prepared.  These  plans  should  show  in  detail:  (1)  the  plan 
and  profile  of  the  old  road  that  is  being  relocated;  (2)  the 
proposed  relocation:  (3)  a  contour  sheet  upon  which  can  be 
developed  the  necessary  studies;  (4)  the  projected  location: 
i'l)  the  final  location  as  selected  in  the  office.  The  projected 
location  is  made  by  taking  into  consideration  grades,  drain- 
age and  general  alignment. 

Sharp  curves  (which  cannot  always  be  avoided)  should 
have  a  compensated  grade,  as  in  railroad  design.  For  in- 
stance, one  relocation  in  Richland  County  has  4,000  ft.  of  7 
per  cent  grade,  but  in  the  center  of  this  grade  it  was  neces- 
sary to  make  a  "hairpin''  curve  of  a  105  ft.  radius  through  a 
central  angle  of  185°.  The  grade  was  reduced  to  4  jier  cent 
for  a  distance  of  350  ft.  on  the  curve. 

The  matter  of  the  movement  of  excavated  material  is  all 
important.     The  length  of  haul  must  be  kept  to  a  minimum. 
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,  ,  ,   flight  shift   111  thf  iK'w   i-.'iii<^rllno  will  siivc-  ion 

mlBBo  Suoh  a  sliKt  nmy  posslMy  IciiKihon  the 
„„..  >„„  Muroase  tin-  ..moiinl  of  rlistil  of  uny  n.dulroil.  Kven 
8o  It  is  K..nonillv  choupor  to  buy  liiiul  Hum  to  move  miitprinl. 
..slHH-Uilly  riKk  At  this  point  it  iiiiiy  l.o  woU  to  call  nlten- 
Hon  to  the  fuct  that  too  fow  onRinoors  stii.lv  tlu-  project  thor- 
ouKhlv  .•noiiich  to  n.ako  certain  tliat  thoy  liavo  <ho  most 
oconoinlcal  locnilon  Tlu«  yoinm  lilKhway  ."i.Kln.-.T.  bohiK 
Inoxporloni-ed.  Is  ofton  tncllno.1  to  fool  soinowliat  tonol.y  on 
this  point,  ospoolally  whon  askod  the  duostlon:  •How  do  you 
kno«  that  tho  lino  soloclo.l  Is  the  bost  lino  obtainable?  Men 
KcnoRilly  art.  nllko  In  one  respect,  namely.  In  tho  fooling 
oach  has  that  the  thUm  ho  .loos  Is  the  best  that  could  bo 
done  but  this  Is  not  sufllciont  for  work  of  an  en>:lnoorln>; 
nature  A  thins  must  bo  proved,  and  to  prove  It.  nil  facts 
must  bo  at  hand  for  purposes  of  comparison.  Too  often  the 
statement  is  made,  or  Is  implied,  than  an  engineer  who  does 
not  M.cun-  the  best  line  on  the  Hrst  trial  Is  not  worthy  of  his 
title  The  converse,  however.  Is  true  The  best  enjilneer  is 
the  one  who  devotes  to  his  problem  all  the  study  that  time 
wilt  permit  and  delays  In  making  his  llnal  selection  until  he 
Is  thorouuhlv  convinced  that  the  most  economical  line  has 
N>en  secured.  To  Illustrate  this  point:  On  a  4.700  ft.  reloca- 
tion that  was  recently  completed  southwest  of  Richland  Cen- 
ter Wisconsin,  five  different  lines  wore  projected.  Three  of 
these  lines  were  almost  identical  in  alignment;  but  a  slight 
dltrorence  In  the  material  distribution,  or  shift  in  grade 
made  each  new  line  appear  to  better  advantage  than  the 
previous  one.  The  line  finally  selected  Involved  a  study 
approximating  forty  hours  in  the  office.  Another  relocation 
In  Sauk  County  involved  a  study  of  about  70  hours  tor  1% 
miles  of  highway. 

The  handling  and  balancing  of  material  is  a  problem  that 
consists  of  more  than  merely  establishing  a  grade  line  and 
borrowing  or  wasting  the  excess  material.  An  effort  must 
be  made  to  secure  the  most  economical  line,  usins  the  yard- 
ace  available  from  actual  cuts.  It  will  be  admitted  that 
there  are  cases  where  borrow  or  waste  of  material  is  a 
necessity,  but  cm  highway  work,  this  can  usually  be  avoided. 
A  waste  dump  Is  unsightly,  and  a  borrow  pit  is  many  times 
a  sump  hole  for  drainage.  Plans  for  relocations  often  show 
that  pracUcally  no  study  of  this  phase  ot  the  subject  has 
been  made. 

The  last  step  is  to  stake  out  the  final  projected  line  in  the 
field.  This  is  done  by  a  transit  party,  and  all  the  station 
points,  fences,  streams,  ravines,  rock  out-crops,  soil  condi- 
tions, buildings  and  other  features  of  vital  interest  to  the 
project  are  again  noted  in  the  field  book,  this  time  with  ref- 
erence to  the  final  line.  The  final  line  is  then  recross- 
sectioned  for  a  width  sufficient  to  cover  all  yardage  work. 
Final  estimates  together  with  the  necessary  plans  and  profiles 
for  construction  can  then  be  prepared. 

Right  of  way  should  always  be  definitely  arranged  for 
before  allowing  any  construction  work  to  begin.  Easements 
should  be  secured  and  filed,  thereby  eliminating  possible 
troubles  when  the  construction  work  is  in  progress. 

An  engineer  who  has  to  buy  right  of  way.  must  have  a 
world  of  diplomacy  and  tact,  must  know  his  business  and 
must  always  be  ready  to  look  at  the  matter  from  all  stand- 
points. The  majority  of  property  owners  are  reasonable  and 
easy  to  deal  with  if  properly  approached  in  the  beginning. 
They  will,  of  course,  demand  to  know  w'hy  the  selected  loca- 
tion was  chosen,  as  against  some  other  location,  and  it  is 
only  right  that  the  entire  matter  should  be  explained  to  them 
in  detail.  They  are  the  ones  primarily  affected.  Off-times  it 
is  necessary  to  cut  a  farm  into  small  irregular  shaped  parcels 
of  land  that  can  be  cultivated  only  at  a  loss.  In  these  cases 
it  is  cheaper  to  "pay  the  owner's  price  "  than  law  the  matter 
out  in  the  courts.  Pay  double  the  value  of  the  land,  if  by 
so  doing  the  good  will  of  the  party  can  be  retained.  It  is 
not  best  to  condemn  private  property  except  as  a  matter  of 
last  resort,  as  it  is  not  only  expensive,  but  always  creates 
and  leaves  hard  feelings  with  some  one. 

To  reduce  future  maintenance,  the  proper  location  of  a 
road  is  of  prime  importance.  Plan  the  road  to  go  around  the 
hills  rather  than  over  them.  It  is  next  to  impossible  to  carry 
water  down  a  long  steep  hill  for  its  entire  length,  without 
soon  causing  damage  to  the  road,  while  if  it  is  planned  to  go 
around  or  along  the  side  of  the  hill,  the  water  can  easily  be 
transferred  from  the  upper  road  ditch  to  the  lower  one  and 


Immodlatol.v  div  cried  frmii  the  ni:ul  tn  its  natural  ch  imii'l  by 
the   use  of  the   proper  culverts. 

Contour  gradi'S  usually  involve  ii  side-hill  section,  being 
partly  In  cut  and  partly  on  till.  Care  must  be  taken,  therefore, 
to  estimate  the  shrinkage  or  swell  of  the  material  handled. 
The  question  of  correctly  estiiualinp  this  shrinkage  or  swell 
of  the  material  Is  one  that  Invites  more  or  less  discussion. 
There  is  only  one  safe  rule  to  follow,  and  that  is  to  make  the 
esHmates  according  to  experience  with  the  class  of  material 
to  be  handled 

Cut  and  till  will  vary  with  the.  local  material  and  condi- 
tions, but  generally  speaking,  cuts  will  have  a  slope  of  1  to  1. 
and  fills,  a  slope  of  1'^  to  1.  In  one  instance  the  banks  in  a 
long,  deep  side-hill  cut  began  to  slough  off.  and  there  was  no 
apparent  cause  to  be  found.  The  banks  were  trimmed  back 
twice  without  success  and  finally  it  was  decided  to  cut  them 
back  to  a  l-^i  to  1  slope,  which  solved  the  problem.  The 
material  was  loose  rock  and  clay,  containing  some  sand,  but 
no  water. 


Combination  Body  Adapts  Trucks  to  Many 

Uses 

An  excellent  example  of  the  adaptability  of  a  truck  to  many 
different  kinds  of  work  is  given  by  the  Federal  delivered  re- 
cenUy  to  Mr.  Chas.  S.  Wheeler  of  McCloud.  Calif.  The  de- 
mands of  the  owner  were  to  design  a  combination  ex|)ress 
body,  dump  body,  which  was  to  be  removable,  so  that  the 
flat  bed  of  the  truck  could  be  used  for  hauling  large  and  cum- 
bersome commodities  upon  the  large  estate  of  the  owner. 
The  express  or  delivery  body  equipped  with  a  drop  tail  gate 
is   zinc   plated,   steel   lined   and   constructed   to   be    leak-proof 


Federal   Truck   witti   Specially    Designed   Combination    Body. 

and  is  readily  adaptable  for  loose  materials  such  as  sand, 
gravel,  etc.,  or  for  the  purpose  of  hauling  merchandise.  The 
body  is  so  constructed  that  durin.g  a  demonstration  given  a 
few  days  ago.  it  was  removed  from  the  chassis  and  rolled  upon 
a  special  built  receiving  stand  in  less  than  4  minutes.  The 
frame  of  the  truck  is  equipped  with  rollers  so  that  the  body 
can  easily  be  slid  oft  and  truck  chassis  onto  the  receiving 
stand  by  two  men.  When  the  body  has  been  removed  from 
the  truck  chassis  the  specially  constructed  flat  bed  can  be 
used  to  haul  logs  or  other  large  and  cumbersome  articles 
that  it  would  otherwise  not  be  possible  to  handle.  One  of 
the  most  novel  features  of  this  specially  designed  truck  is 
that  when  the  body  is  removed,  the.  under  body  is  equipped 
with  rollers  and  skid  sockets  on  either  side  and  rear  end  to 
permit  of  the  handling  ot  heavy  materials  which  are  roUei? 
or  skidded  over  these  rollers  to  loader  position  on  the  truck. 
The  heavy  materials,  such  as  logs,  etc.,  are  automatically 
lifted  or  drawn  into  place  on  the  truck  by  its,  own  motive 
power  through  the  use  of  the  hoist  cables  onerating  from 
the  motor.  The  truck  can  also  be  used  for  road  work,  being 
equipped  with  a  special  hydraulic  hoist  raising  the  body  ot  an 
elevated  dump  body  position  permitting  loose  materials  used 
tor  road  work  to  be  easily  slid  out  of  the  dump  body  and 
spread.  The  acquisition  ot  the  specially  double  acting  tail 
gate  which  consists  ot  a  drop  tail  gate  into  which  has  been 
built  another  gate  that  is  used  for  spreading  when  the  body 
is  elevated  tor  dumping  purposes,  is  likewise  a  novel  and 
unusual  feature.  The  latter  gate  is  operated  from  the  driver's 
seat.  The  truck  is  likewise  equipped  with  a  specially  de- 
signed spring  draw  bar  tor  tractor  use  eliminating  the  undue 
shock  and  stress  upon  the  truck  when  used  with  trailer. 
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Sidewalk  Construction  for  New 
Boulevard  Link,  Chicago 

Chicago  is  now  replacing  the  weak  link  in  its  compre- 
hensive boulevard  system.  This  is  the  stretch  of  Michigan 
Ave.  and  Rush  St.  between  Randolph  St.  and  Chicago  Ave., 
where  for  years  traffic  has  been  compelled  to  go  through 
narrow  confines  and  where  almost  inextricable  jams  have 
frequently   occurred. 

The  remedy  for  this  will  be  the  so-called  Boulevard  Link, 
which  has  been  talked  of  for  years,  but  which  is  just  now- 
beginning  to  be  worked  out  in  actuality.  This  provides  an 
elevated  boulevard  from  Chicago  Ave.  down  to  Randolph  St. 
for  automobile  traffic,  with  a  lower  level  of  somewhat  shorter 
length  for  teaming.  Both  highways  will  be  carried  over  the 
Chicago   River  by   means  of  a   double-deck  bascule   bridge. 

The  preliminaries  of  all  this  work  are  now  under  way,  in- 
cluding the  relocation  of  utilities,  the  removal  of  such  struc- 
tures as  are  in  the  way  of  the  proposed  improvement,  the 
proper  safeguarding  of  others,  which  are  to  remain,  the  con- 
creting of  the  abutments  and  counterweight  pits  for  the 
bascule  bridge,  and,  as  illustrated  in  the  accompanying  pho- 
tographs, the  laying  of  concrete  walks  on  the  new  level  and 
in  front  of  some  of  the  new  buildings  which  have  been  erected. 


trucks  with  end-dumping  bodies,  so  that  by  properly  spot- 
ting the  trucks  the  materials  can  be  delivered  very  close 
to  the  fence  and  take  up  as  little  space  as  possible.  The 
sand  and  gravel  are  taken  by  wheelborrows  up  the  slight  in- 
cline to  the  mixer  and  dumped  directly  into  the  hopper  by 
the  wheelbarrow  men. 

It  would  at  first  seem  that  the  contractor  had  missed  one 
point  of  efficiency  by  locating  the  gravel,  of  which  he  uses 
twice  as  much  as  the  sand,  farthest  from  the  mixer.  But  he 
thought  beyond  that  and  remembered  that  wet  sand — and 
it  is  sure  to  be  wet  this  time  of  the  year — weighs  the  heav- 
iest, so  that  it  should  have  the  shortest  run  in  order  to 
equalize  the  burden  on  the  wheelbarrow  men.  Tlie  crushed 
granite  for  top  coat,  of  which  a  comparatively  small  amount 
is  required,  is  placed  in  a  less  advantageous  position  on  the 
other  side  of  the  mixer. 

The  crew  is  made  up  as  follows: 

:,•  men  wheeling   gravel, 

1    man  wlieellng  sand 

I   man  on  cement  and   water. 

;■;  men  haiiling   awa.\'   with   wluelbariows. 

-  men  tamping  and  leveling. 

-  rtnishers. 

1  man  cleaning'  up  after  carpenters. 
L*  inen  placing   steel. 

The  sidewalks  being  built  consist  of  5Vi-in.  concrete  slabs, 
built  up  over  12-iu.  steel  I-beams  placed  on  5-ft,  centers,  the 


Concreting    Outfit    and     Form     Worl<    for    Sidewalks    for     IVIicliigan     Avenue    Boulevard    Link. 


The  sidewalk  work  is  of  particular  interest  because  it  is 
being  done  very  efficiently  under  the  severe  restrictions  im- 
posed upon  the  contractors,  Rawson  &  Green,  6422  Cottage 
Grove  Ave.,  Chicago.  Practically  all  traffic  northbouud  from 
the  business  district  of  Chicago  going  over  this  route;  and 
while  some  effort  has  been  made  to  divert  a  part  of  it  to 
other  channels,  most  of  it  still  insists  on  taking  the  familiar 
trail,  up  past  the  site  of  old  Fort  Dearborn.  This  means 
that  the  contractors  have  been  able  to  pre-empt  only  a  scant 
10  ft.  of  the  roadway  in  which  to  store  materials  and  carry 
on  the  work  of  preparing  the  concrete. 

This  has  called  for  the  reduction  of  the  equipment  to  the 
simplest  terms  consistent  with  efficiency,  a  well-planned  lay- 
out; and  a  co-ordination  of  efforts,  so  that,  while  there  is  lit- 
tle room  for  the  storage  of  materials,  they  will  arrive  at  such 
regular  intervals  that  the  mixer  can  be  run  continuously. 

A  rough  wooden  fence  surrounds  the  work,  inside  of  w'hich 
the  carpenters  can  handle  the  form  work  without  interrup- 
tion. At  an  opening  in  this  fence  a  "Standard,"  low-charg- 
ing mixer  of  %-yd.  capacity  is  located. 

Starting  at  the  mixer  as  the  central  feature  of  the  outfit, 
the  cement  is  piled  so  that  it  can  he  taken  from  the  pile  by 
the  man  on  the  charging  platform  and  emptied  directly  into 
the  mixer.  This  man  also  handles  the  water,  which  comes 
through  a  protected  hose  from  a  hydrant  on  the  opposite  side 
of  the  street. 

Close  to  the  mixer  on  the  other  side  is  the  sand,  and  just 
beyond    it   is   the   gravel.     These   are   brought   In    by    motor 

n 


slabs  reinforced  with  a  sheet  of  Xo.  0-68  triangle  steel  mesh. 
The  I-beams  nm  from  supports  at  the  building  line  to  others 
at  the  curb,  and  are  wrapped  with  wire  mesh  to  provide  a 
proper  bond  for  the  concrete  which  encases  them. 

The  basis  of  the  form  systetn  is  a  standard  inverted  box 
section  wide  enough  to  fit  in  between  the  I-beams  and  allow 
sufficient  space  for  pouring  the  encasing  concrete.  These 
sections  are  made  in  lengths  to  suit  the  lumber  on  hand  and 
are  then  cut  into  such  lengths  as  the  work  may  demand.  No 
standard  length  can  be  used,  as  a  large  number  of  utilities 
have  to  be  provided  for,  making  necessary  many  openings 
and  other  irregularities.  No  struts  of  any  kind  are  used  to 
support  the  form  work.  The  form  boxes  rest  on  supports  at 
curb  and  building  line,  and  upon  boards  suspended  by  heavy 
wire  stirrups  from  the  I-beams.  These  boards  supply  the 
form  for  the  bottom  of  the  beam,  and  in  removing  the  en- 
tire system  of  forms  it  is  only  necessary  to  take  away  these 
boards  by  disconnecting  them  from  the  stirrups  which  hold 
them,  and  the  whole  form  structure  can  be  loosened  from 
the   concrete   and   taken  away. 

Expansion  joints  are  placed  at  intervals  of  about  l.iO  ft. 
.■\t  the  point  where  an  expansion  joint  is  to  occur,  two  I- 
beams  are  placed  instead  of  one.  with  a  space  of  a  few  inches 
between  them.  On  to  the  top  of  each  of  these  is  bolted, an 
angle  iron,  its  length  equal  to  the  width  of  the  sidewalk,  and 
the  vertical  leg  of  which  is  cut  to  the  slope  of  the  finished 
walk.  One  of  these  angles  has  a  narrow  plate  member  and 
the  other  a  wide  one,  so  that  the  faces  of  the  upright  mem- 
19) 
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l.ihor-Savin^  Equipinont  for  Han- 
illin^  Concrete  Materials 
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■•U'll  by  laboriTS  as  the  hanli'sl  ami  most  disanroi'ahle. 

n   iv   ilu'rt'forf  dlincull  to  maintain  this  portion  of  the  ganK 

at  lis  luuxiniuin  olllilonry.    tin  Ihi-  majority  of  lontroto  road 


an-  dumi'pd   on   tin'  »iib!;radi>   and   cement 
'iidslde.     Materials  are  lin.ughl  In  by  teams, 
•I  railway   and  <llstrlbutPil  In  as  nearly  cor- 
■  ran  be  estimated.     From  these  piles,  sand 
.■  shoveled  Into  wheelbarrows  and  dumped   into 
It   Is   next   to   impossible   to   distribute   material 
yo  Hat   there  will  not   be  either  too,  much  or  loo  little,   the 
rcKUlt    being    that   excess   Is   thrown   out    on    the    berm     and 
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Loading   Patform  and  Bins  Supplying   Measuring   Devices  for   Proportioning   Aggre- 
gates   and    Cement    Measuring    Drum    for   Aggregates    and    Measuring    Box    for 
Cement   Delivering   Correctly   Proportioned   Materials  to   Mixer   Skip. 

wasted,  or  in  case  of  a  shortage,  wheelins  distance  is  in- 
crea.sed  to  such  an  extent  as  to  frequently  hold  up  the  mixer. 

In  an  attempt  to  eliminate  many  of  tliese  dilTicuUies  the 
R.  D.  Baker  Co..  Contractors.  Detroit,  .Mich.,  developed  a 
charging  bin.  materials  being  dumped  directly  into  the  bin 
and  from  there  to  a  measuring  device  into  the  mixer  hopper. 
The  arrangement  is  described  by  Mr.  Baker  in  the  March 
Concrete  Highway  Magazine,  to  which  w-'  are  indebted  for 
the  matter  in  our  article. 

The  method  of  charging  was  worked  out  with  the  idea  of 
hauling  materials  from  the  yards  to  the  mixer  by  standard 
eiuipment.  namely.  1^-yd.  industrial  cars  and  track,  with 
any  type  of  locomotive  capable  of  delivering  the  quantity 
required.  Also,  it  was  planned  to  have  a  supply  of  mate- 
rials on  hand  to  avoid  stopping  the  mixer  through  delay  to 
the  supply  train,  and.  to  develop  a  method  of  measuring  ma- 
terials while  charging  the  hopper  that  would  give  batches  at 
required  intervals. 

An  accompanying  illustration  shows  a  charging  bin  used 
in  connection  with  work  on  the  Dixie  Highway,  north  of  Flint, 
Mich.  This  has  proved  the  best  addition  the  R.  D.  Baker  Co. 
has  made  to  its  equipment  from  the  standpoint  of  efficiency 
and  economy.  The  main  bin  is  built  of  sheet  metal  divided 
into  two  compartments,  holding  't  cu.  yd.  of  stone  and  3  cu. 
yd.  of  sand,  respectively.  It  tapers  on  all  sides  toward  a  rec- 
tangular discharge  opening  at  the  bottom.  Here  the  ma- 
terials run  into  a  measuring  device  consisting  of  a  cylinder 
divided  into  four  quadrants  or  sectors,  eucii  being  partitioned 
off  in   proportion  to  the  mix. 

The  one  illustrated  holds  4  cu.  ft.  of  sand  and  G  cu.  ft.  of 
pebbles  or  broken  stone,  the  mix  on  this  io')  being  1:2:3.   The 


cylindrical  measuring  tievice  rotates  on  a  sliafi  and  is  held 
In  poslllon  by  two  spring  dogs  operated  by  a  hand  h-vor.  The 
section  to  be  lllled  comes  to  a  stop  under  the  rectangular  dis- 
charge opening  a  little  beyond  the  vertical  position.  Hence 
through  the  action  of  gravity,  the  cylinder  rotates  automat- 
ically on  releasing  the  dogs  and  another  empty  section  comes 
into  position  tor  tilling.  At  one  side  the  framework  is  ex- 
tended to  carry  a  bin  provided  for  cement.  S|)ecial  car  bodies 
were  made  to  carry  cement  from  the  yard.  These  were  pro- 
vided with  a  bottom  dumping  device  and  were  completely 
covered  to  protect  contents  from  the  rain.  lOach  car  held 
111  bbl.  of  cement  In  bulk.  The  liin  slopes  on  each  side  to  a 
square  opening,  the  operation  of  which  is  controlled  by  a 
lever.  I'nder  this  outlet  is  a  metal  box  holding  I  cu.  ft.  of 
cement,  This  is  suspended  just  above  the  center  on  two 
trunnions  carried  on  the  end  of  a  lever  that  swings  hori- 
zontally. When  the  cement  is  to  l)e  placed  in  the  mixer,  the 
cement  dumper  swings  the  box  over  the  h;)pper  by  operating 
a  lever,  and  pulls  a  small  chain  to  dump  it.  On  release  of 
the  chain  the  box  resumes  an  upriglit  position  and  is  swung 
back  and  quickly  refilled.  These  bins  are  a  complete  unit 
that  can  be  quickly  detached  from  the  supporting  framework 
for  shipment,  but  for  moving  on  the  job,  tl;e  whole  is  mount- 
ed on  traction  wheels.  The  framework  is  made  up  in  com- 
plete units  carried  by  wheels  running  on  in- 
dustrial track.  The  incline,  up  whicli  indus- 
trial cars  are  hauled,  is  made  in  two  sec- 
tions and  arranged  to  allow  for  variations  in 
f.e  track  over  a  hill. 

Killing  of  the  bins  is  accomplished  by  four 
men — one  takes  care  of  the  cement,  two  the 
other  materials,  and  the  fourth  the  hoisting. 
There  are  two  independent  inclines  to  the 
top  of  the  bins,  and  between  the  rails  of 
c;ich  is  a  plank.  A  rope  is  attached  to  the 
<  ar.  and  before  it  is  started  up  the  incline 
,i  sharp  dog  is  hooked  onto  the  rear  axle 
iiiil  allowed  to  drag.  This  is  simply  a  "safe- 
.  first"  measure,  as  should  the  car  break 
-vay,  the  dog  would  stick  into  the  plank 
and  stop  it. 

Power    for    hoisting    is    obtained    from    a 
spool  geared  to  the  mixer  engine,  the  opera- 
tor   taking    about    four    turns    of    the    rope 
around    it.     It   is   geared    so   slowly    that    it 
does  not  draw  heavily  enough  on  the  engine 
to  interfere  with  the  operation  of  the  mixer. 
The  particular  merits  of  this  equipment  as 
tried     out     on     a     paving     contract    at     Mt. 
Morris,    Genesee    County.     Michigan,    were 
as     foUow's:     No    more     men     were     required     to     dump     the 
materials  into  the  bins  than  to  dump  on  the  subgrade.  shovel 
up  materials,  shift  track  and  pile  cement  along  the  roadway. 
In  dumping  into  bins  no  material  is  wasted  and  there  is  no 
lold-up   through   improper   distribution    of   materials.      Mate- 
rials are  kept  absolutely  clean.    Cement  is  stored  at  the  yard 
where   cars   are    filled.      No   cement   is   lost   by   exposure   to 
weather,  as  often  happens  when  piled  along  the  grade.     No 
sacks  are  lost  or  wet  and  the  usual  work  required  to  gather 
and   take  care  of  them   is   eliminated.     Fewer  men   required 
in  the  mixer  gang  lessens   the  chance  of  being  held   up  by 
lai'or  shortage.     Much  of  the  hard  labor  is  eliminated.    Con- 
dition of  the  subgrade  does  not  interfere  with  continuous  op- 
oration.     A  very   important   feature   is   accuracy   in   measure- 
ment of  materials  and  the  personal  factor  of  the  shoveler  is 
eliminated. 


Cost  of  Street  Cleaning  at  Columbus,  O. — Operating  ex- 
penses of  the  Division  of  Street  Cleaning  of  Columbus  for 
1918  were  24.8  per  cent  greater  than  for  the  previous  year. 
This  increase  was  due  to  advances  in  wages  and  increased 
cost  of  materials  and  supplies.  The  average  cost  of  ma- 
chine cleaning  was  33.5  ct.  per  great  square,  an  increase  of 
C.l  ct.  over  the  figures  for  1917.  The  average  cost  of  hand 
patrol  work  in  1918  was  40. G  ct.  per  great  square,  which  is 
about  8  ct.  higher  than  in  the  previous  year.  The  average 
cost  of  hand  cleaning  was  77  ct.  per  great  square.  This 
method  was  employed  for  central  alleys  where  traffic  condi- 
tions are  congested.  The  cost  of  car  flushing  averages  56.4 
ct.  per  great  square,  an  increase  of  15.1  ct.  over  the  previous 
year. 
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Method  of  Maintaining    Michigan 
State  Reward  Roads 

In  the  biennial  report  of  tlie  Frank  F.  Rogers.  State  High- 
way Commission  of  Michigan,  for  the  year  ending  June  30. 
1918,  Mr.  L.  H.  Neilsen,  State  Maintenance  Engineer,  outlines 
aa  follows  the  methods  employed  for  state  reward  road  main- 
tenance: 

All  weeds  within  the  right-of-way  limits  must  he  cut  and 
burned  or  removed. 

The  shoulders  must  be  mowed  as  often  as  may  be  neces- 
sary to  indicate  clearly  the  exact  width  of  the  grade  and  so 
that  the  culvert  headwalls  are  always  visible. 

All  brush  within  the  right-of-way  limits,  except  such  as  may 
he  preserved  for  ornamental  purposes  or  for  shade,  must  be 
cut  and  burned  or  removed.  All  brush  on  the  inside  of  curves 
must  be  cut  so  as  to  give  a  clear  line  of  sight  for  at  least 
300  ft.  Overhanging  branches  of  trees  must  be  trimmed  so  as 
to  give  a  clear  line  of  sight. 

Guard  rails  must  be  kept  repaired  and  painted.  K  coat  of 
whitewash  for  culvert  headwalls  is  to  be  recommended. 

Culverts  must  be  kept  open  and  repaired,  road  ditches 
cleaned  as  often  as  may  be  necessary  to  insure  a  free  flow 
of  water,  and  outlets  to  road  ditches  must  be  kept  working. 

Driveway  culverts  must  be  inspected  frequently  and  kept  in 
good  order. 

In  loose  sandy  soil  which  does  not  readily  grass  over,  sods 
must  be  placed  on  shoulders  and  on  the  slopes  of  cuts  and 
fills. 

Ditches  that  are  being  gullied  out  must  be  protected. 

A  maintenance  system  approved  by  the  State  Highway 
Commissioner  must  be  providgd  for.  In  counties  operating 
under  the  county  road  system  the  maintenance  of  old  state 
rewarded  roads  must  be  in  charge  of  a  responsible  head.  The 
County  Superintendent  or  County  Engineer  may  act  as  super- 
intendent of  maintenance  or  some  one  may  be  appointed  to 
have  entire  charge  of  maintenance  work. 

Gravel  Roads. — Wherever  the  contiguous  mileage  is  suffi- 
cient to  keep  a  patrolman  busy,  one  must  be  engaged. 

The  patrolman  may  be  equiped  as  may  se-^m  best.  A  wheel- 
barrow patrol  would  require  a  wheelbarrow,  pick,  shovel,  rake, 
scythe,  brush,  hook  or  axe,  etc.  Gravel  would  then  be  stocked 
in  piles  about  500  ft.  apart.  Floating  would  be  done  by  teams, 
motor  trucks  or  tractors. 

A  one-horse  patrol  would  be  furnished  with  a  light  wooden 
road  float  in  addition  to  the  small  tools,  but  would  not  need 
a  wheelbarrow.  He  would  be  expected  to  furnish  his  own 
horse  and  light  wagon.  The  gravel  could  be  placed  in  larger 
piles  and  at  greater  distance  apart. 

A  team  patrol  would  be  furnished  with  a  heavier  road  float. 
and  the  small  tools.  He  might  haul  his  own  repair  gravel 
from  the  pit  or  from  the  railroad  siding. 

Material  used  for  repairs  must  generally  be  of  the  same 
kind  as  that  of  which  the  road  was  built. 

Where  roads  were  built  of  screened  or  high  test  gravel, 
automobile  traffic  soon  removes  the  filler  material.  For  such 
roads,  maintenance  gravel  with  a  maximum  size  of  V2  i" 
to  %  in.,  and  testing  in  the  neighborhood  of  fin  per  cent,  would 
be  preferable  for  use  in  small  amounts  on  the  surfac".  Holes 
or  deep  ruts  should  be  patched  with  the  same  gravel  used  in 
the  construction  of  the  road. 

Roads  maintained  under  the  patrol  system  must  be  gone 
over  periodically  with  a  road  plane  or  four-wheeled  grader 
to  supplement  the  work  of  the  ordinary  road  drag. 

Gravel  to  the  amount  of  at  least  twenty  yards  to  the  mile 
must  be  delivered  and  compactly  piled  at  some  accessible 
point  or  points  along  each  improved  road.  A  separate  pile 
shall  be  placed  on  each  disconnected  piece  and  not  more 
than  enough  for  three  miles  shall  be  placed  in  one  pile.  In  no 
case  shall  the  gravel  be  placed  so  that  it  is  necessary  to  drive 
over  an  improved  piece  of  highway  to  reach  the  road.  Suit- 
able gravel  must  be  hauled  out  of  the  pit  and  placed  along 
the  highway  even  though  the  pit  is  on  the  improved  road. 

Waterbound  Macadam. — The  patrol  system  of  maintenance 
must  be  used  to  maintain  the  surface  as  far  as  the  patching 
is  concerned.  Such  roads  are  never  floated.  It  is  usually 
necessary  to  protect  such  a  surface  from  damage  by  t&si 
moving  motor-driven  vehicles  by  placing  a  covering  on  it. 
Two  ways  of  doing  this  are  recommended.  Neither  of  these 
methods  shall  be  used  without  consulting  a  representative  of 

(1 


the  State  Highway  Department  as  to  the  fitness  of  the  surface 
for  such  treatment  and  as  to  the  suitability  of  the  material 
which  it  is  proposed  to  use.  Detailed  instructions  for  doing 
such  work  will  gladly  be  given  upon  request. 

fl)  Placing  on  the  surface  V2  in.  to  1  in.  of  clay  gravel 
testing  fill  per  cent  or  less  or  hardpan  (a  natural  sand  clay 
mix,  preferably  containing  a  little  gravel).  This  forms  a 
cushion  and  prevents  ravelling.  When  so  covered  a  macadam 
surface  can  he  floated  and  patched  and  in  general  maintained 
in  a  manner  similar  to  a  gravel  surface. 

(2)      By  applying  a  bituminous  surface  treatment. 

After  such  treatment  has  been  given'a  patrol  system  must 
be  installed  to  keep  holes  and  ruts  at  a  minimum. 

Pavements.—  Maintenance  of  cement  concrete,  asphaltic 
concrete  and  brick  roads  is  best  handled  by  gangs.  One  gang 
to  go  over  the  roads  at  intervals  making  the  necessary  re- 
pairs to  the  pavement  itself,  and  another  gang  attending  to 
such  other  work  as  may  be  needed.  On  very  heavy  traveled 
pavements  patrol  maintenance  may  be  needed  on  shoulder 
work. 


Cement  Sack  Bundling  Device 

The  accompanying  sketch,  reproduced  from  the  Concrete 
Highway  Magazine,  shows  an  inexpensive  sack  bundling  de- 
vice that  con  be  made  readily  by  any  contractor.  Fifty  sacks 
are  counted  into  the  rack  with  two  wires  running  under  the 
pile  and  one  long  wire  running  lengthwise  on  top  of  it.     One 
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Sack    Bundling    Device. 

end  of  the  steel  bar  is  run  through  an  eye  bolt  and  attached 
to  the  other  end  to  a  hook.  The  two  short  wires  are  then 
tied  over  the  sacks,  thus  doubling  them  over  the  long  wire. 
The  bundle  is  then  released  by  withdrawing  the  bar,  after 
which  the  long  wire  is  brought  around  the  ends  and  a  hitch 
taken  with  it  around  the  other  wires.  The  long  wire  is  then 
brought  around  the  middle  of  the  sacks  and  tightly  tied. 


California  to  Vote  on  $40.COO,COO  Road  Bond  Issue.— The 
state  of  California  will  submit  to  its  voters  on  .Inly  1.  1019,  a 
propsal  for  a  new  bond  issue  of  $10,000,000  to  provide  funds 
for  the  extension  of  the  pavements  on  the  State  Highway  Sys- 
tem. In  1910  the  state  authorized  an  issue  of  .$l.'i.(iOO.OOO 
and  a  second  issue  of  .?18, 000,00(1  in  191.5.  Among  the  new 
projects  the  citizens  desire  to  undertake  are  the  Kerns  River 
Highway,  the  road  from  San  Diego  to  Yuma,  .Vriz.,  and  a 
concrete  boulevard  100  ft.  wide  from  Merced  to  the  Yosem- 
ite  Park  through  El  Poital. 
21) 
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Comparison    of     1  ruck    Rates   and 
Freight  Kates  on  Short  Hauls 

Tnuk  r.it<>  I'll  >liiiri  M:llll^  mil  I'l  .\f«  ^oilv  iii.'  iiimli  loss 
tbHi)  Ihr  rnjlwny  nitos  fm  lOirosiioiulliiK  ilistiUKi's.  m-coiil- 
InK  I"  ilBiir*-*  iompll<>il  by  Mr  \V  J.  I-.  lliiiihuiu.  tniriU'  imiii- 
JKor  i>r  lilt  I  :!.t  Klcvalor  I'o.  ami  ptliitinl  In  TUp  I'omiiUTtiiil 
Vohlile 

In  pointInK  out  the  eionomles  of  motor  truck  Iranspor- 
tutlon  to  points  within  about  250  inllos  of  New  Y.uk  City. 
Mr  Hauhani  stated  that  souu'tiiuos  nianufiiftur»»rs  ll^iiro  that 
when  a  fr<>lKht  rate  Is  '.0  it.  per  100  lb.  via  fielslit  and  tin- 
rate  to  t'  e  same  point  vlu  motor  truck  Is  la  cl.,  that  this  In 
Itself  shows  an  Increased  transportation  cost  of  2")  ct.  per  IQO 
lb.  This,  he  stated.  Is  not  a  fair  comparison  and  Is  not  a 
true  cost  Instead  a  transportation  cost  is  all  expense  in- 
volved m  inakini?  a  shipment,  starting  with  the  boxing  or 
packing  expenses  and  all  other  expenses  incurred  until  de 
llxerv  Is  made  to  the  receiver  In  good  order.  The  tigures 
in  the  acconipanylni;  table  are  worked  out  on  an  aver- 
.sls.  and  while  substantially  correct  they  may  not  cover 
.lU  local  conditions.  Included  in  the  freight  cost  is  the  first 
class  rate  plus  l.'i  ct.  per  li^O  lb.  teaming  charges  from  the 
shipper's  warehouse  to  freight  house,  plus  15  ct.  per  loO  lb. 
teaming  charges  from  freight  house  to  receiver's  warehouse, 
plus  24  ct.  per  lOi)  lb.  increased  cost  of  boxing  to  cover  ship- 
ments made  via  freight,  plus  17  per  cent  account  of  increased 
weight  caused  by  Increased  cost  of  boxing.  The  rate  via 
motor  truck  covers  delivery  from  the  shippers  warehouse 
lo  receiver's  warehouse.  This  rate  has  been  averaged  and 
Is  believed  to  be  a  fair  one  to  use  in  comparison  with  the 
freight  cost  movement. 

rOMIWRIScX    <1K    rn.STS    TSKTWICKN    IJ3SS-r.\K1.0.M> 

FRKHJHT    MOVEMKNT    .V.N'D    MOTOR    TRl'CK 

TR.\NSroUT.\TluN    I>KR   100   LB. 

Via  Via  Jliles 

From  Yonkors  lo:  fieicht.     motor  track,     byroad. 

Newark    ?10t  $0.20  26 

Prom  New  Vork  to:  ,..  ,„ 

Newark    9}  15  3 

i^;???ion-:;::::;;:::.:::: .^  .20         22 

Elliahelh    91  -20  " 

New  Brunswick    91  .40  36 

Trtmton     98  .60  63 

Phllndelphia    102  -80  "J 

Chester.   Pa 1.0.^  1.00  US 

wir,^  ■;,.„.   Del 1.13  120  129 

Pa      1.15  1.05  142 

.,     N    Y ■■■■■  1-02  .63  27 

..: Conn 1.02  .63  30 

.•^imiiiorii.  Conn 1.03  .65  35 

Xorwalk.  i^onn 1.06  .68  44 

Bridgeport.    Conn 1.10  .70  58 

Xew    Haven.   Conn 1.13  .73  iS 

Porby.   Conn J13       -  -iS  72 

Ansonia.   Conn 113  .<3  60 

Shelton.    Conn l-JJ  -l''  bb 

Naupaiiirk.  Conn 1-15  ."4  86 

Waterbur.v.   Conn 1.16  .7:.  96 

MerideH.  Conn 1-16  jS.  95 

Hartford.  Conn 1.21  .90  113 

Sprinplield.    Mass 1.25  1.00  140 

Holyoke.    Mass 1.25  1.10  200 

Worcester.  Mass 1.31  1.^0  190 

Boston    Mass 1-36  1.50  234 

Province.    K.    1 1.32  1.10  199 

In  explanation  of  his  figures,  Mr.  Bauh'am  points  out  that 
in  practically  every  instance  it  is  necessary  to  prepare  ma- 
terial for  freight  shipment  in  an  entirely  different  ^ay  than 
if  it  moved  via  motor  truck  direct  from  the  shipper  to  re- 
ceiver. It  is  necessary  to  go  to  considerable  additional  ex- 
pense by  boxing  or  crating  or  to  protect  by  other  means  in 
order  to  prevent  loss  or  damage  in  transit. 

This  aditional  packing  expense  is  necessary  on  account 
of  the  number  of  handlings  the  less-than-carload  shipments 
receive  at  the  hands  of  the  teamsters  and  carriers  after  the 
material  leaves  the  shipping  department.  This  added  pro- 
tection and  expense  can  be  greatly  reduced  if  shipments  are 
made  via  motor  truck,  and  the  packages  only  need  protec- 
tion for  loading  at  the  shipper's  warehouse  in  transit  without 
transfer  and  unloading  at  receiver's  warehouse. 

After  the  goods  have  been  properly  prepared  for  ship- 
ment and  the  necessary  shipping  documents  are  made  out. 
delivery  must  be  made  to  the  local  freight  house  either  by 
truck  or  other  means,  which  increases  the  transportation  cost 
to  the  amount  of  the  teaming  and  additional  labor. 

A  study  of  the  comparative  cost  of  rail  and  truck  trans- 
portation as  given  in  the  accompanying  table,  brings  out  some 
interesting  figures.  It  shows,  for  instance,  that  over  the 
good  roads  along  the  eastern  seaboard  it  is  1.")  ct.  per  100  lb. 
cheaper  to  ship  the  Otis  company's  goods  between  New  York 
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and  noston  by  trucks,  even  though  the  distance  is  2:'.l  mile^ 
On  thi>  short  haul  work  the  truck's  superiority  is  manifest: 
as  for  example,  the  truck  rate  lo  Newark  is  15  ct.  per  KMt 
lb.  as  compared  with  01  ct.  by  freight,  including  packing  and 
teaming  charges  at  both  ends.  In  other  words,  the  truck  is 
about  six  limes  chcaiier  than  the  rail  method  from  New  York 
to  Newark  Mini  almiil  four  llmi's  cheaper  than  lo  Eliza- 
beth. N    .1 

Roller  Specially  Desij»ned  for  Modern 
Road  Work 

A  steam  roller,  specially  designed  for  the  making  and  main- 
tenance of  modern  crushed  stone  and  gravel  roads,  is  illus- 
trated. The  special  ft"atures  of  the  machine  are  its  boiler 
capacity,  transmission  bearings,  gears  and  speed  range.  The 
boiler  heating  surface  is  ll!)'/i  sq.  ft.  and  the  grate  surface 
,"i;">Vj  ft.  The  boiler  has  a  diameter  of  2Si  in.  and  has  45 
lubes,  each  52^  in.  long.  The  transmission  is  assembled  as 
a  single  unit  and  is  carried  in  a  cast  steel  case,  which 
enables  all  Its  bearings  and  gearings  to  be  carefully  aligned 
and    assembled    before    the    case    is    attached    to    the    boiler. 


Austin    Steam    Road    Roller. 


Two  gear  speeds  are  jirovided — the  sliding  change  gears  are 
made  separately  and  bolted  together,  so  that  either  can  be 
renewed  without  buying  both.  The  crankshaft  pinions  and 
countershaft  gear  can  be  removed  without  lifting  the 
shafts  they  are  on  from  their  bearings.  The  face  of  the  inter- 
mediate gear  is  2%  in.;  of  the  main  gear  it  is  3%  in.  The 
machine  has  a  traveling  speed  on  low  gear  of  1.72  miles  per 
hour:  on  high  gear  the  traveling  speed  is  2.72  miles.  This 
roller  is  built  by  the  Austin  Manufacturing  Co.,  Chicago. 


Dividing  Maintenance  of    Motor  Vehicles 
Into   Classes 

The  Chicago  Motor  Bus  Co.,  operating  a  fleet  of  50  vehicles 
with  a  heavy  mileage,  does  not  allow  its  drivers  to  have  any- 
thing to  do  with  the  maintenance  of  the  vehicles.  For  the 
maintenance  has  worked  out  a  system  of  three  classes  of 
men — mileage,  service  and  maintenance  men.  This  system  is 
described  by  Mr.  Harold  B.  Weaver,  Consultant  of  the  com- 
pany, in  the  100%  Magazine,  from  which  we  quote  as  fol- 
lows: 

The  principle  upon  which  we  are  working  is  maintenance 
upon  a  mileage  basis.  Our  vehicles  are  taken  in  at  the  end 
of  2,000  miles.  Whether  there  is  anything  needed  or  not, 
there  are  certain  things  done  at  that  time.  They  come  in 
again  at  4,000  miles,  and  certain  things  are  done  then  that 
were  not  done  at  2,000  miles.  At  8.O0O  miles  they  have  a 
complete  overhauling. 

We  have  established,  as  far  as  possible,  permanent  crews 
in  that  work  so  that  if  a  vehicle  is  out  on  the  road  and  de- 
velops a  defect,  that  maintenance  is  charged  against  service 
maintenance,  the  theory  being  that  the  vehicle  should  never 
have  any  maintenance  other  than  the  two,  four,  or  eight 
thousand  miles. 

The  advantage  of  the  method  is  that  a  definite  and  easy 

means  has  been  reached  for  increasing  the  points  of  mileage 

inspection:    manifestly   if  you   can   make   those   points  three, 

six,   and    twelve   thousand,   you   have   automatically   cut   your 

22) 


KiHi'nicci'nifi  mill   ( 'nut  riirfiiii/  fur  M<ii>  7.    lUV.i 


499 


maintenance  in  halt'.  You  are  apt  to  go  astray  it"  you  do  not 
tal^e  into  consideration  in  your  maintenance,  the  defects. 

Now.  under  our  bonus  credit  system,  the  crews  are  put  into 
competition;  for  instance,  one  crew  has  maintained  a  certain 
number  of  vehicles  for  1  ct.  per  mile  on  the  mileage  mainte- 
nance basis,  and  against  that,  it  develops  that  the  vehicles 
retained  by  another  crew  have  cost  1/2  ct.  a  mile — there  is  a 
definite  check.  The  men  are  then  called  together  for  a  con- 
ference. The  figures  are  explained  to  them  and  we  take 
such  stps  as  are  necessary  to  improve  the  conditions. 

But  here  is  the  whole  thing  in  a  nutshell-  the  balance  of 
the  proposition.  We  have  only  had  the  scheme  in  operation 
about  six  months,  and  we  haven't  gone  far  enough  to  say 
that  it  is  perfect — it  is  approaching  the  perfect,  perhaps,  but 
it  is  so  far  proving  very  beneficial  and  I  think  that  the  idea 
of  the  two  classes  of  maintenance,  and  the  separate  costs, 
can   he  further  developed. 


Bonding  Companies  and  Road 
Contractors 

Some  pertinent  information  regarding  the  relation  of  the 
surety  company  and  the  contractor  was  given  by  Mr.  Edward 
\V.  Bush  Engineer  of  the  Aetna  Casualty  &  Surety  Co..  in  a 
discussion  at  the  recent  convention  of  the  American  Road 
Builders'  Association.  We  quote  from  the  discussion  as  fol- 
lows: 

It  is  only  by  the  co-operation  of  tlie  contractor  and  the  en- 
gineer in  providing  the  surety  company  with  full  information 
that  the  companies  can  eliminate  the  irresponsible  contrac- 
tor. Most  contracts  provide — it  is  really  an  understood  pi  o- 
vision — that  the  contract  will  go  to  tlie  lowest  responsib'e 
bidder,  and  very  often  county  officials  or  state  officials  will 
accept  the  filing  of  a  bond  as  fixing  the  responsibility  of  that 
low  bidder.  It  is  greatly  to  the  interest  of  the  engineers  and 
greatly  to  the  interest  of  the  responsible  contractors  that 
they  encourage  their  surety  companies  to  make  full  investi- 
gation of  all  the  circumstances  surrounding  the  letting  of  a 
contract,  the  information  regarding  the  contract,  their  finan- 
cial strength  and  everything  that  will  help  them  determine 
whether  the  contractor  can  successfully  complete  the  work 
at  the  prices  named.  I  would  like  to  say  that  generally  we 
do  get  this  information,  but  very  often  we  do  not. 

I  think  that  sometimes  the  contractors  fail  to  realize  ex- 
actly what  the  surety  company  is  selling  for  his  bonding  fee. 
It  sells  him  credit.  Just  the  same  as  a  banker  does,  and  we 
have  an  axiom  in  the  bonding  business  that  a  contractor 
should  treat  his  surety  company  as  he  does  his  banker.  When 
an  application  for  a  bond  is  made,  the  contractor  really  in- 
vites the  surety  company  to  become  a  partner  in  his  business 
or  in  his  undertaking,  and  the  surety  company  would  like  the 
same  kind  of  information  regarding  the  prospects  of  coming 
through  with  a  profit  that  any  other  partner  would  like  if  in- 
vited to  invest  a  certain  amount  of  credit  in  the  undertaking. 

In  our  company  we  get  applications  for  road  bonds  from  all 
over  the  United  States.  Somefmes  we  get  a  copy  of  the 
contract  and  specifications  filled  out  in  the  manner  in  which 
they  will  be  executed,  but  more  often  we  do  not.  The 
information  submitted  to  us  does  not  tell  which  of  al- 
ternate bids  has  been  accepted.  Sometimes  you  can- 
not take  take  the  bid  prices  and  compute  them  out  to 
equal  the  total  amount  of  the  contract.  Frequently 
there  is  a  confusion  in  terms,  as  to  whether  the  con- 
tract is  a  lump  sum  contract  or  whether  it  is  a  con- 
tract based   on   unit  prices. 

A  short  time  ago  I  was  reviewin.g  a  contract  in  wliich 
it  was  very  evident  that  the  local  lawyer  had  prepared 
the  contract  and  the  engineer  had  prepared  the  specifi- 
cations. There  was  confusion  in  terms  so  that  if  the 
contractor  was  delayed  in  his  work  beyond  the  time 
of  completion,  the  county  would  pay  him  a  penalty  of 
$2')  a  day.  They  had  transposed  the  party  of  the  first 
party  and  the  party  of  the  second  part.  1  believe  the 
surety  companies  would  very  much  apreciate  it  if 
the  engineers  would  take  an  interest  in  seing  that  proper 
and  exact  information  is  supplied  the  contractor  tor  the  ben- 
efit of  the  surety  company.  I  can  appreciate  very  often  the 
viewpoint  of  contractors  and  engineers,  because  it  was  only 
a  few  years  ago  when  I  was  in  the  active  construction  game 
myself,  both  as  engineer  for  the  contractor  and  as  engineer 
in  designing  and  constructing  work. 


1  think  that  eliminating  the  guarantee  regarding  i)aynicnt 
for  materials  and  labor  would  probably  make  the  business 
more  desirable  to  the  surety  companies.  As  a  class,  road 
contracts  are  not  as  desirable  as  some  other  classes.  As  has 
been  very  well  shown  here  in  this  discussion,  they  are  ex- 
tremely hazardous. 


Paving  Mixer  with  Caterpillar  Tread 

A  paving  mixer  equipped  with  caterpillar  tread  that  is 
stated  to  give  a  ground  pressure  less  than  that  of  the  aver- 
age walking  man  is  illustrated.  Each  tread  is  H  ft.  long  and 
14  in.  wide  and  is  driven  independently  through  a  friction 
clutch.  Its  construction  permits  the  machine  to  turn  in  its 
own  length.  The  mixer  shown  is  a  Foote  paver.  This  mixer 
is  also  equii)ped  with  a  batch  meter  which  can  be  set  for  any 
mixing  time  desired  and  which,  in  addition  to  fixing  the  mix- 
ing time,  locks  and  unlocks  the  discharge  trough  so  that  until 
the  mixing  time  previously  determinel  upon  has  expired, 
the  concrete  cannot  be  discharged  from  the  mixing  drum. 
These  improvements  are  put  on  both  sizes  of  Foote  paving 
mixers,   the   Xo.    IC    rated   at    11   cu.   ft.   mixed    concrete    per 


Foote    Paver  with   " MuItiFoote"   Tread. 

batch  and  the  No.  27E  rated  at  IS  cu.  ft.  of  mixed  concrete 
per  batch.  These  machines  can  be  equipped  with  either  a 
gravity  chute  distributor,  as  shown  in  the  illustration,  or  with 
a  boom  and  bucket  distributor.  The  machines  are  manufac- 
tured by  The  Foote  Co.,  Inc..  Nunda.  N.  Y. 


Auto  Crane  for  Handling  Batch  Boxes  to 

Mixer 

The  tendency  for  the  past  few  years  on  large  cement  road 
contracts  has  been  to  eliminate  as  much  as  possible  the  very 
expensive  hand  labor  element  at  the  mixing  end  of  the  job. 
On  many  jobs  this  has  been  done  by  centralizing  the  material 
at  a  given  point  and  transporting  to  the  road  in  batch  box 
trains  traveling  or.  industrial  track.     An  auto  crane  specially 


Arrangement  for  Charging  Batch  Hopper  of  Mixer, 
dcjigned  for  liandling  these  lialili  boxes  from  indu.strial  cars 
to  mixer  skip  or  batch  .hopper,  has  been  brought  out  recently 
by  the  .Tohn  F.  Byers  Machine  Co.,  Ravenna,  Ohio.  This  crane 
is  equipped  with  two  friction  drums,  forward  and  reverse  pro- 
pelling mechanism,  boom  swinger  and  bull  wheel.  It  is  oper- 
ated by  a  10  hp.  gas  engine.  The  crane  has  a  capacity  of  2 
tons  at  HI  ft.  radius,  and  its  width  is  such  that  it  can  operate 
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utUtai-turlly  on   14   I«    rmul   «Hh   both   IndiiMrlul   ini.k   aiul 
swUch  on  iho  subKHul.' 

1  1-2  Cu.  Yd.  Dump  (lar  for  Road  Work 

\  IS  >ii  vil  :M  in.  ihinip  i'"r.  i*l'<'tli»ll>  lU'slcnfil  lo  mod 
roitil  l.ulUhni;  oomlUlons.  luis  l»n>n  l.ioiiKlU  »vit  by  tlu<  West- 
ern \Vli«-l.-.l  S.rui.or  Co..  Aiiiora.  111.  The  cnr  lii.s  n.Uoi- 
bonrlnis^  mul  sprlnR  ooiiplen..  and  llio  body  Is  luranKed  to 
dump  wj  MH  to  ln»iir*  »  oU'un  dl»vh«rKe.    The  end  friune  con- 


VVestern"    Road   Builders   Dump   Car. 

sists  of  a  steel  plate  box  girder.  This  i-omoany  also  is  man- 
ufarturing  a  truck  for  carrying  mixer  charging  boxes  for 
concrete  road  construction.  The  truck  is  24  in.  gage  and  has 
a  capacity  of  •Jn  tons.  These  trucks  are  the  same  as  are  those 
used  on  the  dump  cars,  and  may  be  changed  into  dump  cars 
by  attaching  the  arched  body  supports  and  the  bodies. 


Provisions 


for    Safety    at    Grade 
Crossings 

Even  the  casual  observer  has  had  brought  to  his  atten- 
tion the  fact  that  the  conditions  relating  to  safety  at  rail- 
road grade  crossings  have  undergone  a  marked  change  within 
the  last  few  years.  Train?  have  increased  in  number,  speed 
and  length:  additional  tracks  have  been  laid,  thus  increas- 
ing by  so  much  the  chances  for  danger:  many  a  highway 
which  but  a  few  years  ago  carried  nothing  but  slow  moving 
horse-drawn  traffic  has  today  a  preponderance  of  swiftly- 
moving  motor  traffic,  including  some  heavy  trucks  with 
speeds  of  10  to  15  miles  per  hour.  The  improvement  of  high- 
ways has  meant  not  only  increased  amount  of  traffic,  but 
greatly  increased  speed.  This  is  to  be  expected,  but  as  in 
many  other  things,  increased  privileges  have  brought  in- 
creased responsibilities  or  liabilities  to  dnnger  in   this  case. 

Track  elevation  inside  city  limits  and  occasional  separa- 
tion of  grades  in  country  districts  where  the  topography  is 
favorable  have  automatically  eliminated  me  danger  at  these 
points  and  enabled  both  railroad  and  highway  traffic  to  main- 
tain speed,  but  there  are  thousands  of  grade  crossings  on 
improved  highways  (and  others  which  will  soon  be  improved) 
where  protection  to  the  public  is  demanded  and  where  it  de- 
volves upon  the  railroad  engineers  and  the  public  officials  to 
work  together  toward  this  end. 

Forms  of  signals  which  served  well  enough  for  liorse-drawn 
traffic  seem  wholly  inadequate  for  the  swifter  moving  motor 
traffic.  The  motorist  unfamiliar  with  the  road  needs  to  be 
advised  of  the  necessity  of  a  stop  in  time  to  give  him  plenty 
of  time  to  reduce  speed  before  actually  reaching  the  danger 
point.  This  means,  in  many  cases,  that  the  signals  and 
warnings  must  be  at  a  considerable  distance  from  the  track, 
and  therefore  usually  outside  the  railroad  right  of  way.  and 
th-.s  in  turn  means  that  the  railroad  has  been  without  the 
right  to  put  up  the  signals  or  the  authority  to  maintain  and 
protect  them  from  injury. 

A  committee  of  the  American  Railway  Engineering  Associa- 
tion has  found  upon  investigation  that  this  problem  has  been 
solved  in  eight  states  by  placing  the  responsibility  for  the 
cautionary  signals  on  the  state,  county  or  municipal  authori- 
ties. These  states  in  order  are  New-  Hampshire.  Vermont. 
Mas--achusetts,     Connecticut,     Maine.     California.     Oklahoma 


and  Illinois.     Bills  providing  lor  similar  laws  are  pending  in 
the  legislatures  of  several  other  stales. 

The  ri'port  of  the  National  Association  of  Railroad  and 
riillly  Commissioners  shows  that  the  design  of  signs  used 
in  New  Maiupshiro  and  Vermont  Is  not  similar  to  that  later 
adopted  by  Ihe  Association.  In  Connecticut  the  cautionary 
signs  must  be  furnished  by  the  railroads,  but  installed  by 
the  state,  county  or  city  authorities.  In  California  the  law 
requires  vehicles  ap|)roachlng  grade  crossings  of  railroads 
to  run  at  a  speed  not  exceeding  l.'i  miles  per  hour.  Tennes- 
see has  a  law  roqulrlug  automobillsts  to  come  to  a  stop  be- 
fore crossing  railroad  tracks.  Texas  laws  require  them  to 
reduce  speed  to  C  miles  per  hour  at  all  crossings  except  those 
protected  by  gates  or  flagmen.  The  state  of  Washington  has 
a  law  requiring  automobiles  carrying  passengers  lo  stop  be- 
fore crossing  railroad  tracks. 

The  order  of  Ihe  Public  Utilities  Commission  of  Illinois,  is- 
sued .July  31.  lins.  in  the  execution  of  statutes  passed  by  the 
state  legislature  in  .June,  1111T.  prohibits  the  installation  of 
any  other  signs  or  signals,  such  as  adverti.Hing  notices,  within 
;!(Kt  ft.  of  any  railroad  grade  crossing,  to  prevent  any  possi- 
bility of  confusion  with  the  regular  crossing  protection  signs. 
This  is  an  excellent  provision,  but  does  not  go  far  enough. 
Rigid  restrictions  should  he  placed  on  the  erection  of  un- 
necesr-ary  signs  anywhere  on  the  public  highways.  The  mo- 
torist's attention  is  too  often  jaded  by  signs  containing  mis- 
leading inscriptions,  and  until  such  notices  and  signs  of  fan- 
tastic design  are  prohibited,  there  will,  of  necessity,  be  more 
or  less  confusion  with  actual  warning  signs. 


The  Commission's  order  included  explicit  specifications 
and  drawings  for  both  the  'stop"  and  "approach"  signs.  They 
must  he  made  of  No.  IG  gage  porcelain-enameled  metal, 
crimped  backward  at  least  %  in.  around  the  perimeter.  The 
letters  must  be  black  on  a  white  field  and  the  rear  of  the 
sign  is  painted  black.  The  supporting  post  may  be  either 
wood  or  iron,  but  must  be  of  sufficient  strength  to  make  a 
solid  and  substantial  support.  The  posts  must  be  designed 
to  permit  a  bracket  or  attachment  to  be  installed  for  the 
purpose  of  supporting  a  light  or  signal  at  night,  wherever, 
in  the  opinion  of  the  Commission,  this  may  be  necessary. 

The  painting  of  black  and  white  diagonal  stripes  on  cross- 
ing gates  and  the  use  of  circular  disks  instead  of  flags  by 
crossing  watchmen  have  now  become  common  on  many  rail- 
roads. 

We  arc  san.guine  enough  to  believe  that  at  no  distant  date 
the  practice  in  the  different  states  will  become  standardized 
so  that  the  protection  of  the  public  at  railroad  crossings  will 
be  the  same,  whether  in  Maine  or  California,  in  Minnesota 
or  Texas 


Industrial  Notes 

The  Chicago  Pneumatic  Tool  Co.  .announces  the  election  or 
Allan  K.  Goodhue  as  m.-inaging"  director  of  its  English  subsidiary, 
the  Consolidated  Pneumatic  Tool  Co..  Ltd..  whose  offices  are  at 
170  Piccadillv.  London,  and  whose  plant  is  in  Fra.serburg.  Scot- 
land. Mr,  ubodhue  will  also  be  in  charge  of  European  .sales  tor  the 
(^hicago   Pneumatic  Tool  Co. 

The  Blaw-Knox  Co.  announces  the  appointment  ot  J.  E.  Mason 
as  manager  ot  field  sales,  in  which  capacity  he  will  supervise  the 
operation  of  a  wide  sales  agency  plan  throughout  the  country.  Mr. 
Mason  for  the  past  four  years  has  been  connected  with  the  Mc- 
Graw-Hill Publishing  Co..  New  York  City,  and  since  July.  191 1. 
was  in  charge  of  the  Chicago  office  of  the  Engineering  News- 
Record. 


Trade  Publications 


To  promote  the  good  roads  niovenient  all  over  our  country  and 
to  impress  upon  our  citizens  the  military  necessity  of  improved 
highways  i.s  the  object  of  a  booklet.  "Highways  and  Railways  for 
the  Defense  of  Our  Nation."  issued  a  few  days  ago  by  Sauerman 
Bros..  Monadnock  Block.  Chicago.  III.  The  booklet  contains  a  care- 
fully worked  out  general  plan  of  defense  that  calls  for  the  con- 
struction and  Improvement  of  many  miles  of  hiehways  and  rail- 
ways. The  plan  was  prepared  by  Capt.  H.  B.  Sauerman  m  Oc- 
tober. 1911!.  and  was  probably  the  first  to  suggest  the  construction 
of  a  line  of  highways  belting  the  entire  coast  line  and  the  southern 
border  of  thc^  rounlrv.  The  booklet  is  illustrated  by  numerous 
photographs,  maps  and  drawings  showing  fortified  positions, 
trenches   and   other  details   that   form   a   part   of  the   defense  plan. 

The  Koehring  Machine  Co  .  Milwaukee.  Wis.,  has  issued  a  book 
giving  in  blue  print  form  the  investigations  of  its  engineers  into 
all  the  various  methods  of  handling  highway  work  of  all  characters, 
embracing  haulage. central  loading  stations,  mixer  equipment,  water 
supply,  distribution  of  materials  on  the  subgrade.  etc.  Each  blue 
print'is  36  inches  long  and  contains  useful  suggestions  for  con- 
tractors and  engineers.  For  instance,  one  blue  print  and  table  ot 
figures  .shows  how  to  distribute  materials  on  the  subgrade  m  piles 
15  feet  apart  for  tise  with  a  mixer  loader,  according  to  capacity 
of  mixer  and  proportions  of  mix.  ,       ,     ^      ,.         •  j    „ 

The  I^akewood  Engineering  Co..  Cleveland,  O..  has  issued  a 
new  bulletin  describing  its  road  construction  equipment.  'The  first 
half  of  the  bulletin  is  devoted  to  a  description  of  the  method  em- 
ploved  to  manufacture  roads  in  large  quantities.  -"'-  •"■-"'•-  '• 
devoted   to  descriptions  of  the  equipment  used. 


•The   balance  is 
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-1st  Wednesday 

(c)  Street    Cleaning 

(d)  Municipal    Miscellanies 


Roads  and  Streets- 

(a)  Roads 

(b)  Streets 

Waterworks  and   Hydraulics — 2nd  Wednesday 

(a)    Waterworks  (c)    Irrigation    and    Drainage 

lb)   Sewers   and   SanI-        (d)    Power   and   Pumping 
tatlon 

te)    Management  and  Office 
System 


Railways   and    Excavation — 3rd   Wednesday 

(a)  Excavation  and  (c)   Quarries  and   Pits 

Dredging  (d)   Railways.    Steam    and 

(b)  Rivers   and   Canals  Electric 

(e)    Management  and  Office 
System 

Buildings  and  Structures — 4th  Wednesday 

(a)  Buildings  (c)    Harbor  Structures 

(b)  Bridges  (d)   Miscellaneous    Structures 

(e)    Properties  of  Materials 
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"How  Can  I  Sell  My  Expert  Ser- 
vices to  Small  Cities  ?" 

The  average  expert  in  the  civil  engineering  field  is  usually 
discouraged  over  the  difficulty  of  selling  his  services  to 
smaller  municipalities.  His  advice  is  badly  needed,  yet  he 
finds  neither  recognition  of  that  fact  nor  any  indication  that 
public  enlightenment  is  likely  to  be  much  greater  In  the 
near  future. 

Our  advice  to  such  experts — be  they  hydraulic  engineers, 
scientific  managers,  or  what  not — is  to  "go  gunning  after 
jobs."  Cast  aside  the  forlorn  hope  that  your  merits  will 
some  day  bring  patrons  to  you.  Make  up  your  mind  that  It 
is  your  duty  to  sell  your  experience  and  ability.  You  need 
fear  no  loss  of  professional  reputation  from  soliciting  work 
from    mayors   and    aldermen.     They   have    seldom    heard    of 


codes  of  professional  ethics 
rarely  think  of  an  engi- 
neer or  manager  as  be- 
longing to  classes  that 
must  hang  out  "shingles" 
and  wait  for  clients.  In 
fact,  the  modern  engineer 
Is  fast  coming  to  see  that 
it  has  been  a  mistake  to 
emphasize  the  profession- 
al side  of  his  occupation 
at  the  expense  of  the 
business   side. 

There  are  thousands 
of  small  cities  and  towns 
that  are  constantly  in 
need  of  expert  advice 
which  they  struggle 
along  without.  It  may 
be  that  an  experienced 
filtration  superintendent 
is  needed,  but  the  town 


and,   even   if  they   have,   they 


( 


is  too  small  to  afford  to  pay  for  the  entire  time  of  such  a 
man.  Must  the  town,  therefore,  do  without  one?  No.  Let  it 
join  with  some  other  town  or  towns  in  hiring  the  expert. 
This  is  what  the  water  companies  of  Ashtabula  and  Con- 
neaut  recently  did. 

The  health  department  of  Ohio  says  that  half  the  pri- 
vately owned  and  one'quarter  of  the  municipally  owned  filter 
plants  in  that  state  are  not  under  expert  control.  We  cite 
this  merely  as  an  example  of  the  opportunities  that  exist.  In 
a  way,  it  is  a  rather  poor  example  for  our  purpose,  because 
a  much  worse  condition  as  to  economic  than  as  to  sanitary 
management  exists  everywhere. 

There  are  countless  latent  opportunities  for  civil  engi- 
neers, but  most  engineers  balk  at  attempting  to  persuade 
people  to  employ  them.  The  average  engineer  will  bemoan 
the  tact  that  an  incompetent  politician  holds  the  job  of  super- 
intendent of  streets  or  of  waterworks,  yet  he  will  not  raise 

a  finger  to  persuade  the 
public  that  a  change 
should  be  made.  He 
will  "sit"  by  while  the 
municipal  utilities  are 
grossly  mishandled  by 
operators  selected  be- 
cause of  their  politi- 
cal influence.  He  will 
see  thousands  of  dollars 
wasted  annually  by  an 
ignorant  superintendent, 
and  not  once  make  a 
luove  to  bring  the  waste 
of  public  funds  to  an  end. 
Must  false  ideals  and 
professional  modesty 
continue  to  .  operate  to 
the  disadvantage  both  of 
engineers  and  of  the  pub- 
lie?     We   trust   not. 
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28  Pages  =  40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 
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Lit  rho  FouiulcT  Societies  Become 

l\)St  (Ir;ulu;\to  Schools  of 

Eji^ineeriii^ 

A«  orlBtn»llv  concolvcd.  itn  fUKliiroiiiiK  society  wiis  pri- 
iiitK  .      i^iitloH   lo  cllsoviss   li'ohnlcnl   problonis.     The 

tot!  •(  liuT«'ustnB  tht>  knowlodKe  of  Its  iiifiubers 

wji  !,•  iiifihod      At  porlodic  uicotlnRa  of  tlio  soi'loty 

jei  !  .  •Ts    were   rt-iid   iiiul   discussions    followod.     Later 

on  thill'  iMJlvtU  thi>  mothod  of  liiivliiK  comnililces  loport  on 
upt'citDHl  toplrti.  Hut  In  III!  cast's  the  groat  majority  of  the 
nipnibom  »er«>  slU-nt  listeners.  If  they  llstent>d  at  nil.  In 
short,  nn  enKiTu'orlnc  society  was  modeled  somewhat  after 
the  pntlern  of  a  technical  school,  except  that  the  teachers 
did  nearly  all  the  talking  and  the  students  were  not  obliRed 
to  participate   In   the  lessons. 

As  enKlneerlng  societies  grew  in  size,  their  transactions 
!>*rame  pnigressively  less  like  school  lectures  and  more 
like  ninK»rlne  articles,  until  today  the  national  engineering 
soclelv  Is  little  more  than  a  group  of  subscribers  for  an  en- 
gineering Journal  that  is  edited  by  a  few  of  Its  members. 
If  this  line  of  development  continues,  it  Is  evident  tliat  na- 
tional engineering  societies  will  become  mere  competitors 
of  engineering  ninguii-ines.  Already  this  is  nearly  true  of 
one  o(  the  four  "founder  societies."  the  Society  of  Mechani- 
cal Knglneers 

At  a  time  when  all  the  old  national  engineering  societies, 
scorned  destined  to  become  little  more  than  subscribers  for 
their  own  maiia/ines.  three  things  happened  almost  simul- 
taneously. First  came  the  local  chapters  of  the  national 
societies.  Second  came  the  doctrine  that  engineering  socie- 
ties should  take  a  part  In  public  affairs  and  should  a!so 
become  the  guardians  of  the  tinancial  welfare  of  their  mem- 
bers. Third  came  a  new  national  society  that  proposed  to 
specialize  in  pertorming  tl\e  two  functions  .just  named. 

We  are  in  the  midst  of  a  professional  ferment  consequent 
upon  these  changes,  and  it  is  not  easy  to  foresee  the  out- 
come. However,  it  is  w-ell  known  that  evolution  tends  to- 
ward the  specialization  of  an  organ  for  each  function. 
This  Is  true  not  only  of  organic  but  of  social  evo- 
lution. We  may  therefore  predict,  with  considerable 
certainty,  that  the  "four  founder  societies"  will  not 
continue  to  exercise  all  the  functions  that  they  are  now 
exercising  or  planning  to  exercise.  One  society  can  not  be 
equally  successful  in  conducting:  (11  A  postgraduate  tech- 
nical school.  (21  an  engineering  ma.eazine.  (3)  a  social  club, 
(4)  a  union  to  protect  the  iinancial  affairs  of  its  members, 
<5)  a  bureau  to  educate  the  public  about  engineering  mat- 
ters. 

If  any  national  engineering  society  undertakes  to  perform 
.ill  these  functions,  can  it  survive  against  the  competition 
that  will  certainly  be  encountered?  Already  a  battle  for 
supremacy  is  on  between  the  .lournal  of  the  American  So- 
ciety of  Mechanical  Engineers  and  the  various  mechanical 
periodicals.  The  ".Journal"  has  become,  in  form  as  well  as 
in  contents,  a  direct  competitor  of  several  powerful  period- 
icals. It  carries  a  considerable  amount  of  advertising,  and 
in  other  ways  is  progressively  reaching  into  the  field  of  com- 
mercial Joumaliiim.  Will  it  win  in  this  competitive  strug- 
gle? We  doubt  it.  But  even  if  it  w^ere  to  become  supreme 
as  a  commercial  journal,  would  it  not  do  so  at  the  expense 
of  some  other  function  of  the  society  that  publishes  it?  We 
think  so. 

The  "four  founder  societies."  through  their  Engineering 
Council,  are  beginning  to  compete  with  the  American  Asso- 
ciation of  Engineers  in  the  performance  of  another  func- 
tion—the protection  of  the  business  interest  of  engineers. 
Whether  the  Engineering  Council  will  prove  as  effective  as 
the  American  Association  of  Engineers  is  open  to  question. 
If  we  may  judge  by  their  respective  efforts  during  the  last 
year,  the  American  Association  seems  most  likely  to  per- 
form this  function  better  than  the  En,s;ineering  Council.  But 
here  again  the  primary  question  is  not  so  much  which  or- 
ganization can  perform  a  given  function  best,  but  whether 
any  one  organization  can  perform  several  distinct  func- 
tions sufficiently  well  to  compete  successfully  with  other  or- 
ganizations that  specialize. 

Engineers"'  clubs  came  into  existence  because  engineering 
societies  failed  to  function  well  as  social  organizations.  We 
look  to  see  the  continued  growth  of  old  engineers"  clubs  and 
the  organization  of  new  clubs,  for  it  is  not  prol)able  that  any 


other  form  of  organizalion  will  lueet  the  social  needs  ul  engi- 
neers. In  like  manner,  and  for  a  like  reason.  It  seems  prob- 
able that  a  special  society  will  be  needed  tor  the  mosi  effec- 
tive protection  of  the  Iinancial  interests  of  engineers  and  the 
edu<-ation  ol  the  i>iililic  to  a  reeognilion  of  the  worih  of  en- 
gineering. 

If  we  are  riglil.  il  lollows  thai  Ilie  "four  founder  sin'ielies" 
will  have  but  two  major  functions  to  perform,  and  iirobably 
it  will  not  be  long  before  they  will  have  to  choose  dellnitely 
between  those  two,  namely,  conducting  a  postgraduate  school 
or  running  a  newspaper. 

As  editors,  we  are  perhaps  somewhat  biased  against  the 
attempt  of  any  engineering  society  to  compete  with  an  en- 
gineering paper;  but  since  the  American  Society  of  Civil 
I'Inglneers  is  making  no  such  attempt,  we  are  not  biased  by 
any   existing  coj^ipetition   in   our  own   Held  of  engineering. 

The  ""four  sounder  societies "  exercised  only  one  important 
function  for  many  years.  It  was  an  educational  function,  and 
the  lecture  method  was  the  typical  way  employed  to  teach 
(he  members.  At  tirst  the  instruction  was  entirely  oral. 
Utter  il  became  the  practice  to  print  the  lectures,  and  they 
were  then  called  "papers."  The  discussion  of  these  papers 
often  wore  quite  long  lectures  themselves.  This  method  of 
postgraduate  teaching  w-as  admirable  as  tar  as  it  went.  Its 
main  delect  arose  from  failure  to  imitate  undergraduate 
methods  of  teacliing.  lOvery  member  of  the  society  should 
have  been  required  to  study  some  topic  and  report  the  re- 
sults of  his  searcli  and  research.  In  short,  the  Chautauqua 
method,  or  something  analogous  to  it,  should  have  been  de- 
veloped by  the  "four  founder  societies,"  and  made  effective 
through  local  chapters.  Thus  and  thus  only  was  it  practicable 
to  accomplish  the  original  and  primary  object  of  these  so- 
cieties in  a  thoroughly  effective  way.  The  primary  object 
was  to  educate  the  members,  and  the  object  has  not  been 
well  accomplished.  The  pitifully  small  use  made  of  the 
library  of  the  founder  societies  is  alone  sufficient  evidence 
that  the  average  member  is  a  poor  student.  Count  the  num- 
ber of  members  that  discuss  any  paper,  and  contrast  that 
number  with  the  total  membership  of  the  society,  or  even 
with  the  number  of  specialists  who  should  be  interested  in 
the  paper.  You  will  conclude  either  that  relatively  tew  have 
read  the  paper,  or  that  almost  none  had  any  facts  to  add  to 
it.  Either  of  tliose  inferences  serves  to  condemn  the  sys- 
tem under  which  the  members  are  presumed  to  be  augmenting 
their   technical   knowledge.    ' 

The  plain  fact  is  that  most  engineers  do  not  continue  to 
study  engineering  systematically  after  graduation.  Their 
college  courses  have  failed  to  fix  in  them  the  habit  of  con- 
tinually searching  for  knowledge.  The  lecture  or  paper 
method  of  instruction  used  by  engineering  societies  also  has 
failed  to  develop  the  habit  of  searching  for  knowledge.  We 
can  conceive  no  more  important  duty  of  an  engineering  so- 
ciety than  to  train  its  members  to  become  systematic  seek- 
ers and  disseminators  of  knowledge.  To  perform  this  func- 
tion well  presents  problems  enough  to  arouse  the  ambitions 
and  hold  the  entire  attention  of  the  ablest  secretary  and 
board  of  directors  of  the  greatest  of  engineering  societies. 
It  this  one  function  has  never  been  well  performed  by  the 
founder  societies — and  we  submit  that  it  has  not — why  seek 
to  add   several  more  functions? 


How  Should   the   Cost  of  Water- 
Main  Extension  Be  Met? 

One  of  our  contemporaries  recently  said.  "How  best  to 
meet  the  cost  of  extending  water  mains  is  not  so  easy  a 
question  to  answer  as  may  appear  at  first  thought.  .  .  .  The 
easiest  way  is  to  adopt  the  pro  rata  frontage  basis.  Is  it 
ihe  fairest  and  best  way?  It  the  property  owners  voluntarily 
and  unanimously  agree  to  such  a  plan,  perhaps  no  one  need 
complain,  but  if  the  city  must  use^  compulsion  on  some  prop- 
erty owners  then  the  question  arises.  Is  the  plan  equitable? 
The    subject   bristles   with   questions." 

Since  a  waterworks  is  a  revenue  producing  plant,  it  is 
manifestly  unfair  to  assess  the  cost  of  water  mains  upon 
abutting  property.  Not  only  is  it  unfair  but  it  acts  to  retard 
the  extension  of  the  system.  Owners  of  undeveloped  lots 
are  likelv  to  oppose  water  main  extensions  in  front  of  their 
land,  unless  they  are  about  to  build.  This  is  bad  enough, 
but.  to  make  it  worse,  there  is  the  difficult  problem  of  sat- 
isfactorily prorating  the  cost. 
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As  an  alternative,  users  of  an  extension  are  often  required 
:to  pay  enough  annually  to  yield  a  specified  rate  of  interest 
on  the  cost  of  their  extension.  This  frequently  puts  an  ex- 
cessive burden  upon  a  few  consumers,  causing  them  to  pay 
several  times  as  much  for  v^ater  as  the  average  consumer 
pays. 

The  most  rational,  solution  of  the  problem  is  based  upon 
a  clear  recognition  of  the  fact  that  it  usually  costs  money 
to  develop  the  business  of  a  new  plant  or  of  a  new  extension 
to  an  old  plant  of  this  nature.  This  "development  cost"  is 
the  deficit  in  interest  earned  on  the  new  extension  during 
the  period  when  the  land  is  being  settled  by  new  residents. 
The  net  earnings  of  the  plant  as  a  whole  should  be  suffi- 
cient to  pay  interest  on  the  entire  investment,  inclusive  of 
the  investment  in  extensions  and  additions.  Bonds  should 
ordinarily  be  issued  to  build  extensions.  In  a  given  city 
water  rates  should  be  uniform  for  equal  service,  regardless 
of  where  a  consumer  is  located. 

Adequate  waterworks  development  seldom  occurs  where 
it  is  attempted  to  make  pioneer  consumers  pay  the  entire 
development  cost— that  is,  the  entire  interest  on  extensions. 
Steam  railways,  trolley  roads,  telephone  and  electric  light 
systems  have  all  been  developed  on  the  theory  that  the  resi- 
dents in  new  districts  should  pay  only  the  average  rates  tor 
service.  Xo  municipality  should  depart  from  the  time-tested 
methods  of  private  companies,  unless  experience  discloses 
better  methods.  Yet  many  a  city  has  abandoned  company 
methods  of  financing  water  main  extensions  without  any 
scientific  reason   for  doing  so. 


Who   Should    Pay   the    Operating 

Expense    of    City    Fire 

Departments? 

Making  ,Iohn  pay  for  what  George  gets  may  have  justifi- 
cation where  society  at  lai-ge  is  the  gainer,  but  seldom  is  it 
.iustifiable  otherwise.  If  this  principle  were  used  as  a  guide 
there  would  be  many  changes  in  taxation.  For  example,  the 
fire  department  of  a  city  is  supported  by  general  taxation, 
yet  its  service  is  quite  special  and  but  incidentally  general. 
A  fire  department  is  really  an  insurance  department:  and,  it 
equity  were  considered,  it  should  be  paid  for  as  an  insurance 
policy  Is  paid  for,  directly  by  the  policy  holders. 

Every  owner  of  combustible  property  in  a  city  should  con- 
tribute to  the  support  of  the  fire  department,  in  proportion 
to  the  degree  of  risk  and  the  value  of  his  property.  If  this 
were  done  it  would  cease  to  be  profitable  to  own  "fire  trap 
buildings"  or  stocks  of  goods  unprotected  by  sprinkler  sys- 
tems. So  long  as  fire  departments  are  maintained  at  general 
expense,  there  will  be  insufficient  incentive  to  build  better 
buildings  and  install  fire  protection  devices. 

During  the  past  :!5  years  the  fire  losses  in  this  country 
iiave  totaled  ?f),iiO0,0O0,000 — a  substantial  tax  on  all  combus- 
tible property.  Statistics  are  not  available  to  show  what 
the  operation  and  maintenance  of  all  our  fire  departments 
have  aggregated  during  the  same  period,  but  the  cost  has 
been  stupendous. 

If  the  public  were  better  informed  on  economic  matters,  it 
might  be  persuaded  not  iriierely  to  make  owners  pay  directly 
the  cost  of  protecting  their  property  from  fire,  but  to  turn 
over  the  fire  departments  to  the  fire  insurance  companies. 
That  such  companies  would  operate  fire  departments  more 
effectively  and  at  less  expense  than  they  are  now  operated, 
goes  without  saying.  But  the  public  is  readily  deceived  by 
the  glamour  of  phrases — "public  ownership,"  "private  gain." 
and  the  like — so  there  is  little  hope  that  city  fire  depart- 
ments will  be  taken  out  of  the  hands  of  politicians  and  put 
into  the  hands  of  fire  insurance  companies.  However,  it  may 
not  be  vain  to  suggest  that  insurance  company  methods  and 
rates  be  used  by  cities  in  taxing  property  tor  the  support  of 
fire  departments. 


and  then  it  is  applied  to  the  extinguishment  of  fires,  flush- 
ing sewers  and  various  like  purposes,  altogether  a  different 
use  than  that  for  which  it  was  rendered  suitable  at  a  con- 
siderable cost.  This  is  certainly  not  in  the  line  of  efficiency 
or  economy. 

"A  consideration  of  these  facts  must  convince  anyone 
of  the  prudence,  economy  and  wisdom  of  conserving  the 
good  water  for  the  purpose  which  nature  intended  it,  and 
supply  for  manufacturing  and  fire  service  purposes  a  water 
which  can  be  obtained  at  much  less  cost.  In  other  words, 
another  system  of  waterworks  should  be  built  and  separate 
pipes  laid  to  convey  water  for  many  of  the  uses  for  which 
purified  water  is  now  consumed." 

It  seems  to  us  that  a  question  of  this  sort  can  not  be 
answered  conclusively  in  such  a  manner.  Whether  a  single 
or  a  dual  system  will  be  more  economic  can  be  determined 
only  after  calculating  the  respective  annual  costs  of  each 
system.  It  is  quite  evident  to  anyone  acquainted  with  water- 
works cost  data  that  the  relatively  low  cost  of  treating  water 
will  prevent  any  such  general  adoption  of  dual  water  supply 
systems  as  is  suggested  in  the  quotation  above  given. 

As  a  rule,  filtered  water  costs  only  10  per  cent  more  than 
raw  water,  when  all  elements  of  cost  are  included,  namely, 
interest,  depreciation  and  operating  expenses.  Adding  a 
second  water  supply  system  would  almost  double  the  invest- 
ment in  plant.  Hence  the  fixed  charges  (interest  and  depre- 
ciation) on  the  added  plant  would  alone  nearly  equal  the  cost 
of  filtering  all  the  water. 

While  the  foregoing  relates  to  a  dual  system  covering  an 
entire  city,  a  very  different  answer  may  result  where  the 
secondary  or  raw  water  supply  is  confined  to  the  business 
and  manufacturing  districts  of  a  city  that  uses  filtered  water. 
In  such  cases  a  secondary  system  may  often  be  economic. 


Why  Dual  Water  Systems  Are  of 
Limited  Applicability 

Will  most  cities  eventually  sell  two  kinds  of  water — raw 
and  treated?  Not  a  few  hydraulic  engineers  answer  this 
question  affirmatively.  One  engineer,  for  example,  recently 
said: 

"Vast  sums  of  money  are  expended  to  make  water  potable. 


The  Coming  Convention  of  the  American 
Waterworks  Association 

The  program  for  the  a9th  annual  convention  of  the  Amer- 
ican Waterworks  Association,  to  be  held  .lune  9-1?.  at  Buffalo, 
N.  Y..  has  been  announced.  The  first  day  will  be  given  up 
to  registration  and  to  committee  meetings.  In  the  evening 
the  Waterworks  Manufacturers'  Association  will  hold  a  re- 
ception and  dance  at  Iroquois  Hotel  for  members  and  their 
guests. 

The  convention  will  be  opened  at  ft  a.  m..  .lune  10,  in  the 
assembly  hall  at  the  Iroquois  Hotel,  with  an  address  of 
welcome  by  A.  W.  Kreinheder.  Commissioner  of  Buffalo  Board 
of  Public  Works.  Following  this  John  E.  Teeple  and  John 
A.  Kienle  will  read  a  paper  on  the  Relation  of  the  Chemical 
Industry  of  Niagara  Falls  to  the  Waterworks.  Then  will 
come  a  Round  Table  meeting  for  the  discussion  of  problems 
relating  to  operation  and  maintenance  of  waterworks.  Among 
the  topics  to  be  discussed  will  be:  Damage  to  Fire  Hydrants 
by  Motor  Vehicles  and  Remedies  Therefor. 

At  the  afternoon  session  the  final  report  of  the  Private  Fire 
Protection  Service  Committee  will  be  submitted  by  Mr.  Nich- 
olas S.  Hill,  Jr.,  chairman  of  the  committee.  The  Question 
Box  will  be  opened  after  the  committee  report  is  disposed  of. 
At  the  evening  session  the  following  named  papers  on  the 
Buffalo  Water  Supply  will  be  presented,  illustrated  by  lan- 
tern slides:  Buffalo  Water  Supply  with  Special  Reference 
to  the  Filtration  Problem:  Reduction  of  Water  Consumption 
by  Means  of  Survey  and  Constant  Inspection.  Also  a  paper 
by  .Mr.  D.  A.  Decrow,  The  T'niflow  Pumping  Engine. 

At  the  forenoon  session  on  Wednesday  a  series  of  papers 
will  be  presented  by  U.  S.  Government  ofiicials  and  manufac- 
turers on  The  Trend  of  Prices.  The  general  business  in- 
cludes: President's  address,  reports  of  treasurer,  secretary 
and  committees. 

At  the  afternoon  session  the  following  papers  will  be  read: 
Purification  of  Water  for  the  Army  and  Field  Purification 
Plans,  by  William  J.  Orchard:  Air  Lift  and  Water  Purifica- 
tion, by  John  Oliphant. 

At  the  morning  session  on  Thursday  Leonard  Metcalf 
will  read  a  paper  on  the  Efl:ect  of  the  War  Period,  l"Jl-t- 
liJlS,  and  Public  Control  Upon  Waterworks  of  the  I'nited 
States. 

Friday  will  be  given  up  to  informal  talks  on  personal  war 
experiences  by  members  of  the  Association,  and  unfinished 
business. 
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IVicos  Vostenlay,  Today    and    '1\)- 
morrow* 

By  o   V.  Al  STIN. 
SlallaUclan  Nntlunnl  City  Uniik  of  Now  York  City. 

The  purpose  of  this  luldross  Is  an  uttoinpt  to  look  Into  the 
fulurt?  iiml  ilotiTinliio,  If  possllilp.  tlu>  probability  iis  to  the 
course  of  prices.  That  there  have  been  Rreat  and  continuous 
advances  durlnic  the  war  period  we  are  painfully  conscious, 
and  In  the  live  months  since  the  cessation  of  hostilities  we 
have  failed  to  experience  the  reduction  which  some  hnd 
fondly  hoped  would  Come  with  the  close  of  the  war.  In  a 
few  Instanres  there  have  been  sUkIu  reductions  but  In  others 
Uiere  are  still  advances,  and  the  Index  li.nures  on  foodstuCTa 
In  New  York  today  are  actually  liiKher  than  those  on  Nov.  5, 
when  the  whole  world  so  Joyously  welcomed  the  apparent 
lemiluatlon  of  the  great  conflict  which  had  raged  for  51 
months. 

To  attempt  to  deti>rmine  what  is  likely  to  happen  in  the 
future  we  must  try  to  find  the  cause  of  the  thinKs  which 
have  happened  in  the  past,  and  also  to  see  whether  this  cause 
Is  or  Is  not  likely  to  continue  In  the  near  future.  When  prices 
began  to  advance  In  the  openlns  of  the  war,  we  could  readily 
see  that  the  upward  movement  was  due  to  the  urgent  demand 
for  the  food  and  raw  material  required  by  the  enormous 
armies  which  had  been  put  Into  the  field,  and  this  cause  has 
been  designated  the  "scarcity  demand";  but  when  we  found 
the  advance  extending  to  many  articles  in  which  there  was  no 
scarcity  and  which  were  not  used  by  the  armies  or  utilized  in 
the  manufacture  of  their  requirements,  we  began  to  realize 
that  a  part  of  the  advance  must  be  due  to  some  cause  other 
than  mere  war  or  scarcity  demands. 

Edgar  Crammond.  the  distinguished  British  statistician  and 
economist,  in  an  address  before  the  London  Institute  of  Bank- 
ers on  March  26.  1919.  stated  that  the  three  facts  which 
would  tend  to  make  the  tall  in  prices  a  very  gradual  one  are: 
(1)  the  vast  increase  in  the  amount  of  paper  money;  (2)  the 
huge  increase  in  the  amoimts  of  public  debts  of  the  belliger- 
ents: (3)  the  determination  of  labor  to  maintain  wages  and 
Improve  the  standard  of  living. 

World-wide  Price  Advances.— Raw  silk,  for  example,  for 
which  the  war  made  no  special  demand  and  which  was  pro- 
duced on  the  side  of  the  globe  opposite  that  in  which  the 
hosUlities  were  occurring  advanced  from  $3  per  pound  in  the 
country  of  production  in  1913  to  $4.50  per  pound  in  1917,  and 
over  16  per  pound  in  the  closing  months  of  the  war.  Manila 
hemp,  also  produced  on  the  opposite  side  of  the  globe  and 
not  a  war  requirement,  advanced  in  the  country  of  production 
from  $1S0  per  ton  in  1915  to  $437  per  ton  in  1918.  Mechan- 
ically ground  wood  pulp,  not  a  war  requirement,  advanced  as 
our  publishers  are  aware,  from  $14  per  ton  in  the  opening 
months  of  the  war  to  $35  per  ton  in  the  opening  months  of 
1916,  and  the  grade  known  as  "chemical  bleached"  advanced 
from  $50  per  ton  at  the  beginning  of  the  war  to  $160  per  ton 
in  January.  1919.  Goatskins,  from  China,  India,  Mexico  and 
South  America  advanced  from  25  ct.  per  pound  in  1914  to  over 
50  cL  per  pound  in  191S  and  yet  goatskins  were  in  no  sense 
a  special  requirement  of  the  war. 

Pig  tin,  produced  by  Chinese  labor  in  the  Malavan  Penin- 
sula and  the  Dutch  East  Indies  and  not  to  a  veiT  great  ex- 
tent a  war  requirement  sold  in  the  country  of  production  in 
1914  at  30  ct.  per  pound  and  in  the  same  markets  at  75  ct 
per  pound  in  the  closing  weeks  of  the  war.  Sisal  grass  pro- 
duced m  Yucatan  advanced  from  $100  per  ton  in  1914  at  the 
place  of  production  to  nearly  $400  per  ton  in  1918.  and 
Egyptian  cotton,  a  high-priced  product  and  thus  not  used  for 
war  purposes,  jumped  from  14  ct.  per  pound  in  Egypt  in  1914 
to  3o  ct.  per  pound  in  1918.  Even  the  product  of  the  diamond 
mines  of  South  Africa  advanced  from  60  to  100  per  cent  in 
price  per  carat  when  compared  with  prices  existing  in  the 
opening  months  of  the  war. 

The  prices  which  I  have  quoted  to  you  are  in  all  cases 
those  in  the  markets  of  the  country  in  which  the  articles  were 
produced  and  in  most  cases  at  points  on  the  globe  far  dis- 
tant from  that  in  which  the  war  was  being  waged  They  are 
the  product  of  countries  having  a  plentiful  supply  of  cheap 
labor  and  upon  which  there  has  been  no  demand  for  men  for 
service  in  the  war.     The  advance  in  the  prices  quoted  is  in 
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no  sense  duo  to  the  high  cost  of  ocean  transportation  since 
they  are  those  demanded  and  obtained  in  the  markets  of  the 
country  of  priuluction. 

Underlying  Cause  of  Advance  in  Prices.  Why  is  it  that 
tho  prodiu't  of  the  labor  of  women  and  children  who  care  for 
silk  worms  in  China  and  Japan,  of  the  I'Mlipiuo  laborer  who 
produces  llu-  nianila  hemp,  the  Kgyplian  fellah  who  grows  the 
hlgh-gr.'ide  cotton,  the  native  workman  in  the  diamond  mines 
of  South  .\frica,  the  Mexican  peon  in  the  sisal  field  of  Yuca- 
tan, the  Chineso  coolie  in  tho  tin  mines  of  Malaya,  or  the 
gout-herd  on  the  plains  of  China.  India,  Mexico  or  South 
.\merlca  has  doubled  in  price  during  tlie  war  period?  The 
articles  enumerated  were  in  no  case  for  use  in  the  war  and 
the  prices  are  those  in  the  counti-y  of  production  and  thus 
not  due  to  the  increase  in  ocean  freights  or  dangers  of  over- 
sea (ransi)ortalion.  The  advance  has  been  general,  world- 
wide. In  a  few  articles  in  which  an  over-production  was  oc- 
curring in  which  the  demand  fell  below  normal  the  advance 
was  not  so  strongly  marked  but  tliore  is  scarcely  an  article 
in  the  long  list  of  those  entering  world  markets  in  which 
there  has  not  been  an  advance,  no  matter  how  distant  its 
place  of  production  from  that  in  which  the  war  was  occurring 
or  how  little  the  war's  demands  for  it  or  for  the  labor  by 
which  it  was  produced. 

Surely  there  must  have  been  some  general  underlying 
causes  for  this  world  advance,  this  simultaneous  demand  by 
people  of  all  classes  and  in  all  parts  of  the  globe  for  higher 
prices  for  their  products  irrespective  of  their  relation  to  war 
requirements.  While  we  may  be  willing  to  accept  the  im- 
mediate demands  of  the  war  as  a  partial  explanation  of  the 
advance  in  llie  prices  of  foodstuffs  and  certain  manufacturing 
material  and  manufactures  we  must  look  farther  for  the  cause 
of  the  similar  advance  in  articles  upon  which  the  demands  of 
the  war  could  have  had  no  direct  bearing.  It  is  true  that  a 
marked  advance  in  the  price  of  one  important  class  of  prod- 
ucts does  cause  an  advance  in  the  prices  demanded  for  other 
articles  which  must  be  exchanged  for  those  in  which  the  ad- 
vance has  already  occurred,  but  it  does  not  seem  probable  that 
the  advance  due  to  scarcity  of  a  comparatively  few  of  the 
world  products  required  for  war  could  have  been  the  chief 
cause  of  the  doubling  of  prices  in  practically  every  article 
produced  in  every  part  of  the  world,  many  of  which  had  not 
the  most  remote  relation  to  war  requirements. 

Apparently  the  principal  causes  of  the  advance  in  prices 
during  the  war  were,  stated  in  their  chronological  order,  first, 
"scarcity  demand";  second,  the  advance  in  wages  presumably 
due  to  the  increased  cost  of  living  and  demand  for  labor  and. 
third,  the  large  increase  in  world  circulating  media,  or  to  put 
it  in  a  single  w'ord.  "inflation."  Prof.  A.  C,  Miller,  member  of 
the  Federal  Reserve  Board  an  authority  whose  views  are  en- 
titled to  high  consideration,  in  a  recent  address  before  the 
American  Academy  of  Political  and  Social  Science  named  as 
the  two  chief  causes  of  the  advance  in  prices,  "scarcity  de- 
mand" and  "inflation,"  adding  that  "there  is  so  much  evi- 
dence of  an  artificial  abundance  of  money  in  comparison  with 
the  things  that  are  purchasable  by  it  that  the  abundance  of 
money  must  be  credited  with  at  least  an  equal  influence  in 
explaining  the  high  prices  which  have  prevailed." 
^  Scarcity  Demand. — What  were  the  articles  for  which  the 
war  created  a  scarcity  demand?  Food,  clothing,  transporta- 
tion facilities,  and  material  for  the  battlefield.  How  much 
did  it  add  to  the  world's  demand  for  these  articles?  Of 
course,  the  percentage  of  increase  in  demand  for  strictly  war 
materials  was  very  large,  but  was  there  really  as  great  an 
increase  in  demand  for  other  materials,  food,  clothing  and 
trnsportation  facilities  as  we  are  accustomed  to  imagine? 
Let  us  assume  that  the  number  of  people  participating  in  the 
war  was  40,000,000,  which  is  probably  more  than  those  in  the 
field  at  any  one  time.  Do  we  realize  how  small  a  share  those 
40,000,000  were  of  the  world's  consuming  population?  Less 
than  21^  per  cent.  'We  think  of  40,000,000  as  a  large  number 
of  people  to  feed  and  so  it  is,  but  it  must  be  remembered  that 
the  number  of  people  in  the  world  who  must  be  fed  and 
clothed  and  supplied  with  transportation  facilities  every  day 
of  the  year  is  1.800,000,000  or  45  times  as  many  as  the  high- 
est number  in  the  military  service  at  any  time  during  the 
war. 

Of  course  the  soldiers  were  better  fed  than  are  many  of 
the  people  in  certain  sections  of  the  world,  but  even  if  their 
per  capita  consumption  was  four  times  as  much  as  the  aver- 
age it  would  still  represent  but  a  small  percentage  of  the 
world's  daily  food  consumption.     And  it  must  be  further  re- 
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menibered  that  all  these  -iO. 000. 000  people  in  the  armies  had 
been  consumers  of  food  before  the  beginning  of  the  war, 
not  to  quite  as  great  an  extent  perhaps  as  after  entering  the 
activities  of  the  military  service,  but  it  cannot  be  assumed 
that  the  war  added  40,000,000  to  the  world's  consumers  of 
food  and  clothing.  Nor  can  it  be  properly  assumed  that  the 
withdrawal  of  these  millions  from  the  industries  actually  re- 
duced to  that  extent  the  world's  producing  power,  for  4,000.00ii 
of  these  were  already  in  the  military  service  and  the  places 
of  the  other  36,000,000  were  to  a  considerable  degree  filled  by 
others  who  had  not  been  up  to  that  time  actively  engaged  as 
producers. 

Much  of  the  material  used  in  preparing  the  supplies  for 
the  battlefield  was  "switched"  from  the  usual  lines  of  in- 
dustry, for  there  was  an  immediate  cessation  of  railway  con- 
struction, building  operation,  and  a  thousand  industries  which 
formerly  required  manufacturing  material  and  as  a  result  of 
this  cessation  of  activities  the  material  formerly  used  by 
them  became  available  tor  war  purposes. 

It  thus  appears  on  close  analysis  that  the  "scarcity  de- 
mand" created  by  the  war  was  not  as  great  in  food,  clothing, 
or  manufacturing  materials  as  has  been  pictured,  while  the 
fact  that  1.5,000,000  are  still  under  arms  minimizes  the  reduc- 
tion in  military  demands  which  had  been  expected. 

Advance  in  Wages. — One  factor  often  mentioned  in  the  at- 
tempt to  determine  the  causes  of  high  prices  is  the  advance 
In  wages  of  labor,  but  the  fact  that  the  increase  in  compensa- 
tion of  labor  was  in  most  cases  given  because  of  the  fact  that 
the  qost  of  living  had  already  advanced  at  least  'somewhat 
minimizes  the  relative  importance  of  this  factor  in  attempting 
to  discover  the  real  causes  of  the  general  world-wide  advance 
in  prices.  And  it  must  also  be  remembered  that  several  mil- 
lion persons  who  had  not  been  engaged  in  the  industrial  and 
business  worUl  came  to  the  assistance  of  those  engaged  in 
these  duties  during  the  war. 

Money  and  Credit  Inflation. — Where,  then,  shall  we  turn  in 
the  search  tor  the  principal  cause  of  the  general  advance  in 
prices  of  articles  produced  the  world  over  and  their  relation 
to  the  demands  of  the  war?  What  other  cause  can  we  find 
after  giving  due  consideration  to  the  scarcity  demand,  the 
destruction  by  war  and  the  increased  cost  of  labor?  The 
most  prominent  among  the  possible  or  probable  causes  is  the 
theory  advanced  or  accepted  by  tlie  historians,  economists, 
statisticians  and  financiers  of  the  world  that  inflation  in  cur- 
rency is  usually  accompanied  or  closely  followed  by  an  ad- 
vance in  prices;  and.  as  already  indicated,  so  high  an  author- 
ity as  a  member  of  the  present  Federal  Reserve  Board,  Prof. 
A.  C.  Miller,  has  recently  declared  that  "the  abundance  of 
money  must  be  credited  with  at  least  an  equal  influence  in 
explaining  the  high  prices  which  have  prevailed." 

I  wonder  if  we  do  fully  realize  the  quantity  of  paper  money 
which  the  responsible  governments  of  the  world  have  put 
afloat  since  the  beginning  of  the  war — 36  billion  dollars. 
The  paper  money  in  existence  in  the  15  principal  countries 
of  the  world  at  the  beginning  of  the  war  was  less  than  S 
billion  dollars  and  at  the  end  of  the  w-ar  was  over  44  bil- 
lions, an  increase  of  36  billions  in  51  months,  and  this  does 
not  include  any  of  the  SO  billion  dollars'  worth  of  paper  cur- 
rency issued  by  the  Bolsheviki  in  the  eighteen  months  of 
their  control  in  Russia.  Thirty-six  billion  dollars  of  new 
paper  money  added  to  the  circulation  of  the  world  by  15  re- 
sponsible governments  in  a  little  over  4  years  of  time. 

We  had  been  inclined  to  charge  up  the  advance  in  prices 
occurring  prior  to  the  war  to  the  fact  that  S  billion  dollars' 
worth  of  gold  was  turned  out  by  the  mines  of  the  world  in 
the  20  years  following  our  famous  gold  and  silver  campaign 
of  1896.  But  here  are  36  billion  dollars'  worth  of  paper  prom- 
ises to  pay  turned  out  as  legal  tender  money  by  15  responsi- 
ble governments  in  a  short  four-year  period. 

Do  we  realize  hovi'  vast  a  sum  is  this  36  billion  dollars' 
worth  of  paper  currency  which  has  thus  been  put  into  cir- 
culation in  such  a  brief  time?  It  is  more,  in  its  face  value, 
than  all  the  gold  and  all  the  silver  turned  out  by  all  the  mines 
of  all  the  world  in  the  427  years  since  the  discovery  of  Amer- 
ica. True,  much  of  this  paper  money  is  now  more  or  less 
depreciated  in  its  value  as  compared  with  gold,  the  world's 
accepted  standard,  but  the  fact  that  it  has  behind  it  not  only 
a  certain  amount  of  the  yellow  metal  but  also  the  pledge  of 
the  governments  by  whose  authority  it  was  issued  renders  it 
at  least  an  accepted  medium  of  exchange  in  the  countries  of 
its  origin,  while  the  tact  that  nearly  every  neutral  country  of 
the  world  has  meantime  increased  its  paper  currency  and  na- 


tional indebtedness,  permitting  its  gold  to  pass  from  circula- 
tion into  the  vaults  of  its  banks  as  a  security  for  the  paper 
circulation,  tends  to  widen  the  Held  affected  by  this  inflated 
currency. 

In  addition  to  these  vast  sums  of  legal  tender  currency 
turned  out  by  15  responsible  governments  of  the  world,  these 
same  governments  have  at  the  same  time  made  an  even  more 
spectacular  advance  in  their  issue  of  another  series  of  prom- 
ises to  pay,  which  while  not  legal  tender  in  the  ordinary  sense 
of  the  term,  do  form  a  more  slowly  moving  mass  of  currency. 
By  this  I  mean  the  ISO  billion  dollars'  worth  of  bonds  or  other 
forms  of  national  obligations  issued  by  the  governments  of 
the  world  in  the  past  four  years,  for  national  debts  of  the 
world  have  advanced  from  40  billion  dollars  at  the  beginning 
of  the  war  to  220  billions  at  its  close.  And  while  these  bonds 
or  other  governmental  promises  to  pay  money  at  some  future 
date  are  not  legal  tender  currency  in  the  ordinary  sense  of 
the  term  they  do  pass  current  in  the  financial  world  and 
prove  a  basis  upon  which  money  may  be  readily  obtained  by 
their  holders,  and  to  this  extent  are  an  addition  to  the  world's 
circulating  medium. 

Bank  Deposits  Increased. — Still  another  increase  in  circu- 
lating media  is  found  in  the  enormous  growth  in  bank  de- 
posits, which  of  itself  increases  circulation  through  the  in- 
creased use  of  checks,  especially  in  countries  such  as  the 
United  States  where  the  check  forms  so  large  a  share  of  the 
daily  business  transactions  of  the  country.  Bank  deposits  in 
13  principal  countries  of  the  world  have  grown  from  27  bil- 
lion dollars  in  1913  to  approximately  75  billions  at  the  present 
time,  the  ratio  of  increase  being  about*  the  same  as  that  of 
currency. 

These  increases,  in  circulation,  indebtedness,  and  bank 
deposits,  while  occurring  chiefly  in  the  countries  participating 
in  the  war  have  also  extended  to  many  other  countries,  espe- 
cially in  Europe,  where  the  six  principal  neutrals  have  dur- 
ing the  war  period  increased  their  national  debts  1  billion 
dollars,  their  note  circulation  over  a  billion  dollars  and  their 
l)ank  deposits  by  about  1  billion. 

Thus  in  a  short  4'i  year  period  world  paper  money  has  in- 
creased 36  billion  dollars,  world  evidences  of  national  indebt- 
edness_  180  billion  dollars,  and  world  bank  deposits 
nearly  50  billion  dollars.  Most  of  this  enormous  increase 
has  occurred  in  "uncovered"  paper.  The  gold  mines  of  the 
world  have  turned  out  less  than  2  billion  dollars'  worth  of 
the  precious  metal  during  the  war  period  and  most  of  the 
world's  gold,  which  formed  55  per  cent  of  world  circulation 
at  the  beginning  of  the  war,  has  passed  into  the  vaults  of  the 
governments  or  their  great  banks  as  a  basis  for  their  paper 
currency,  and  now  bears  a  relation  of  but  about  20  per  cent 
to  the  flood  of  paper  money  in  circulation,  and  this  propor- 
tion of  gold  to  paper  varies  widely  when  the  respective  coun- 
tries are  compared. 

If  the  world's  historians  and  financiers  and  economists  and 
statisticians  are  right  in  their  general  belief  that  an  advance 
in  prices  usually  accompanies  or  closely  follows  inflation  in 
currency,  and  especially  in  paper  currency,  can  we  be  sur- 
prised at  the  world-wide  advance  in  prices  which  we  have 
witnessed  during  the  past  four  years  in  which  world  cur- 
rency and  bank  deposits  trebled  and  national  debts  quin- 
tupled. 

The  Prices  of  Tomorrow. — We  come  now  to  the  third  and 
final  question,  that  of  prices  of  tomorrow.  May  we  expect  a 
material  reduction  in  general  prices  in  the  near  future?  And 
in  trying  to  determine  this  we  must  see  whether  the  causes 
which  brought  about  the  advance  during  the  war  period  are 
likely  to  be  removed. 

The  chief  causes  of  the  advance  seem  to  have  been  the 
"scarcity  demand,"  the  higher  cost  of  labor,  and  the  increase 
in  circulating  media. 

The  "scarcity  demand"  came  on  the  very  first  day  of  the 
war,  for  most  of  the  countries  entering  that  struggle  found 
that  the  demand  upon  them  would  be  far  in  excess  of  their 
supplies  either  of  foodstuffs  or  military  requirements,  and 
as  the  weeks  and  months  and  years  progressed  this  fact  was 
more  strongly   impressed  upon  them. 

During  the  closing  year  of  the  war  the  ammunition  fac- 
tories of  the  various  participating  countries  were  able  to 
meet  to  a  great  extent  the  requirements  of  their  own  armies 
but  in  the  matter  of  foodstuffs  the  "scarcity  demand"  still 
continues  with  little  prospect  of  abatement  at  least  in  the 
near  future.  The  number  of  mouths  to  feed  in  Furope  has 
not  decreased,   and   that   continent,  which  has  not  for  many 
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:  war  material  has  terminated,  the  other  fea- 
ture-* of  the  scarcity  demand"  will  continue  at  least  In  n 
iioinewhnt  modlfled  form  In  the  Ininiedlale  future,  especially 
Its  relates  to  world  reiinlrenients  of  food,  nianiifactiiring  ma- 
terial and  manufactures,  while  develoi)ments  thus  far  do  not 
point  to  an  early  reduction  in  lab(u-  costs. 

If  «e  are  riKht  In  assuming  that  a  considerable  proportion 
of  the  world  advance  in  prices  is  due  to  the  enormous  in- 
crease in  world  currency  can  we  expect  a  marked  reduction 
In  prices  until  the  cause,  indation."  is  removed?  Or.  to  put 
It  In  another  form,  that  part  of  the  advance  caused  by  in- 
flation can  only  be  cured  by  deflation,  by  a  reduction  in  the 
enormous  slocks  of  currency  which,  as  I  have  shown  you, 
has  trebled  during  the  war.  while  that  other  form  of  slowly 
moving  currency,  governmental  obligations,  has  quintupled. 

Is  It  probable  that  these  two  forms  of  currency  can  be  or 
at  least  will  be  reduced  in  the  near  future?  The  governments 
of  the  world,  which  wA-e  paying  less  than  2  billion  dollars 
a  year  interest  on  national  debts  at  the  beginning  of  the  war, 
are  now  paying  and  must  continue  to  pay  a  total  of  over  10 
billion  dollars  a  year  in  interest,  and  at  the  same  time  all 
other  expenses  of  governments  have  advanced.  Official  esti- 
mates of  the  ■budgets"  or  expense  accounts  of  several  of  the 
principal  countries  for  the  coming  fiscal  year  have  already 
been  announced  and  indicate  that  their  necessary  expenses 
in  the  first  full  year  of  after-war  peace  will  be  abodt  four 
times  as  great  as  in  the  year  preceding  the  war.  The  British 
budget  for  the  next  fiscal  year  is  estimated  at  about  six  times 
as  much  as  in  U'13  and  those  of  France.  United  States  and 
Canada  about  four  times  as  much  as  before  the  war.  Present 
Indications  are  that  the  governments  of  the  world  will  be 
compelled  to  collect  in  taxes  from  their  people  about  aO  billion 
dollars  a  year  as  against  about  1214  billions  in  1913.  or  say  a 
billion  dollars  a  week  as  against  a  billion  dollars  a  month 
before  the  war.  and  this  does  not  include  anything  for  "sink- 
ing funds"  or  other  provision  for  reduction  of  outstanding 
debts.  -  If  this  be  true  is  it  probable  that  the  governments  in 
those  countries  which  have  greatly  increased  their  circulation 
and  must  now  demand  such  enormous  increases  in  annual 
payment  of  taxes  will  find  it  advisable  or  possible  to  reduce 
mateiially  the  amounts  of  currency  available  for  such  pay- 
ments? 

If  the  governments  which  have  been  the  chief  participants 
in  the  world  increase  of  currency  should  fail  to  reduce  mate- 
rially that  excessive  supply,  and  if  the  world's  demand  for 
food,  manufacturing  material  and  manufactures  is  to  continue 
at  the  present  rate,  are  we  justified  in  expecting  a  general 
reduction  in  prices  in  the  near  future?  The  question  I  think 
answers  itself.  There  will,  of  course,  be  instances  in  which 
there  will  be  material  reductions,  but  in  general  terms  the 
outlook  for  marked  or  rapid  decline,  at  least  in  the  near 
future,  does  not  seem  encouraging. 


Annual  Convention  of  Southwestern  Waterworks  Associa- 
tion.— The  Southwestern  Waterworks  Association  will  hold 
its  annual  convention  at  Kansa,s  City.  JIo.,  .Tune  23-26.  The 
headquarters  will  be  the  Coates  House  and  the  exhibits  will 
he  lodged  in  this  hotel.  A  number  ot  excellent  papers  will 
be  presented  by  engineers  and  waterworks  superintenderts. 
A  feature  of  the  convention  will  be  five  minute  talks  by  en- 
gineers and  waterworks  superintendents  on  the  various  prob- 
lems and  perplexities  that  have  come  up  in  their  experience. 
O.  G.  Smith  is  secretary  of  the  Association  and  .Jos.  W.  Ivy. 
."■OS  Interstate  Bldg..  Kansas  City.  Mo.,  is  chairman  publicity 
committee. 


New  Outdoor  Swimming  Pool  at 

Cincinnati  Will  Accommodate 

4,000  Bathers  at  One  Time 

One  of  the  largest  outdoor  swimming  pools  in  the  world 
Is  to  be  placed  In  service  this  summer  at  New  Krug  Park  at 
Cincinnati.  O.  The  pool  will  have  a  water  surface  of  more 
than  an  acre,  while  the  beach  which  entirely  surrounds  the 
pool  will  cover  another  acre.  Hath  house  facilities  will  be 
provided  for  the  accommodation  of  I.IKKI  persons  at  one  time. 
or  as  many  as  l."i.000  to  20, 000  persons  during  the  day  and 
evening. 

The  pool  will  be  constructed  of  reinforced  concrete  willi  a 
white  enameled  surface.  It  will  be  dish-sliaped  except  at 
one  end.  where  provision  is  made  for  diving  and  aquatic 
sports.  A  special  method  of  constructing  the  floor  of  this 
pool  will  eliminate  cracks  and  crevices  caused  liy  llie  expan- 
sion and  contraction  of  the  concrete,  which  would  otherwise 
furnish  pockets  where  dirt  and  filth  niiglit  accumulate.  Around 


Swimming    Pool    at    New    Krug    Park.    Cincinnati. 

the  pool  on  tlic  shallow  sides  just  enough  depth  of  water  is 
provided  for  stepping  oft  from  a  sitting  position  on  the  sur- 
rounding curb.  A  cleaning  device,  similar  to  the  well  known 
vacuum  cleaner,  with  a  sweeper  5  ft.  long  and  using  a  large 
centrifugal  pump,  will  be  used  for  cleaning  the  floor. 

Encircling  the  pool  will  be  a  sand  beach  over  30  ft.  wide 
and  with  a  depth  of  over  2  ft.  of  white  beach  sand.  This 
will  be  laid  on  a  concrete  foundation,  so  that  the  sand  may 
be  kept  moist  and  at  the  proper  temperature  even  on  the 
hottest  days. 

The  water  for  filling  the  pool  will  be  taken  from  the  regu- 
lar city  supply,  over  I.OOO.OOO  gal.  being  required  tor  this  pur- 
pose. The  water  will  be  kept  in  circulation  through  the  pool, 
a   complete  change  being  made  every  12  hours. 

The  water  before  entering  the  pool  will  be  screened,  co- 
agulated, filtered  and  purified  by  the  ozonization  process.  In 
addition,  all  the  water  in  the  pool  will  be  aerated  by  being 
constantly    pumped   and    circulated   over   large    cascades. 

The  purified  water  will  enter  the  pool  continuously  at  va- 
rious points  around  the  circumference  ot  the  pool,  about  .50 
ft.  apart  and  under  the  surface  of  the  water,  and  will  be 
drawn  off  through  the  splash  gutters  entirely  surrounding  the 
pool  as  well  as  continuously  being  drawn  off  from  the  deepest 
parts. 


Water  Consumption  at  Little  Falls,  N.  Y.,  in  1918.— The 
total  water  consumption  at  Little  Falls,  N.  Y.,  for  191S  was 
1,287,36.3,000  gal.  The  estimated  population  supplied  was. 
13,500.  The  daily  per  capita  consumption  was  262  gal.  and 
1.5-50  gal.  per  day  was  supplied  to  each  tap.  The  cost  of 
supplying  water,  figured  on  total  maintenance  was  $14.26 
per  1.000.000  gal.  The  percentage  of  consumption  metered 
is  35.  The  per  capita  consumption  increased  during  the 
month  ot  February  to  301  gal.  per  day.  This  was  due  to 
the  fact  that  many  consumers  had  to  keep  their  faucets  run- 
ning continuously  to  keep  the  services  from  freezing.  The 
consumption  increased  again  during  September  to  275  gal. 
per  capita  per  day.  At  this  time  the  Venturi  meter  records 
showed  a  week  day  consumption  of  4,257,750  gal.  with  but 
2,565,750  gal.  as  a  minimum  Sunday  consumption.  This 
variation  continuing  approximately  the  same  through  the 
months  of  August  and  September  is  a  fair  indication  of  the- 
industrial   activity  of  the   city  at   that  time. 
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The  Bacteriological  Standards  for 

Drinking  Water  Supplies  in 

Interstate  Commerce* 

By   EVERETT   .JlTDSO^^ 
A.ssistant  Sanitaiy    Engint-er.    I'.    S.    Public   Health    Service. 

Pursuant  to  the  recommendation  of  the  Surgeon  Gen- 
eral of  the  Public  Health  Service,  the  Treasury  Department 
on  Oct.  21.  1914.  adopted  a  bacteriological  standard  for 
drinkins:  water  for  the  purpose  of  administration  of  the  In- 
terstate quarantine  regulations  as  they  relate  to  the  drink- 
ing water  supplied  to  the  public  by  common  carriers  in  in- 
terstate commerce. 

The  standard  was  recommended  by  a  commission  of  lead- 
ing sanitarians  and  bacteriologists  of  wide  experience.  Their 
recommendations  fixed  the  maximum  limit  of  permissible 
^bacteriological   impurities  as   follows; 

A.  The  total  number  of  bacteria  developing  on  standard 
agar  plates,  incubated  2-1  hours  at  :.!7°  C.  shall  not  exceed 
100  per  c.c. 

B.  Not  more  than  1  out  of  5/10  c.c.  portions  of  any  sample 
examined  shall  show  the  presence  of  the  organisms  of  the 
bacilus  coli  group.  This  requirement  is  usually  expressed 
as  not  more  than   2   colon   per  100  c.c. 

C.  The  analytical  work  shall  be  carried  out  in  accordance 
with  the  -Standard  Methods  of  Water  Analysis."  of  the 
American   Public  Health  Association. 

The  standards  were  intended  to  fix  the  maximum  allow- 
able bacteriological  deviation  from  purity  which  would  be 
permissible  in  drinking  water  supplied  to  the  public  by  the 
carriers,  and  were  to  be  applied  to  samples  taken  from  the 
containers.  This  committee  stated  clearly  in  its  report  that 
these  limits  were  applicable  for  this  use  only.  Considering 
conditions  it  seemed  advisable  to  allow  100  as  the  maximum 
total  count.  The  limits  recommended  for  the  colon  count 
were  placed  at  2  per  100  c.c.  as  to  make  them  more  rigid 
would  have  necessitated,  on  the  one  hand  requiring  abso- 
lute freedom  from  bacteria,  or  on  the  other  hand  increas- 
ing materially  the  amount  of  laboratory  work  necessary  to 
ascertain   compliance   with  the  requirements. 

Some  sanitarians  consider  this  limit  too  severe.  It  is  be- 
lieved, however,  that  when  supplies  must  be  passed  upon 
without  a  field  survey  that  this  maximum  is  none  too  rigid. 
In  fact,  in  working  on  the  water  supply  of  lake  boats,  it  has 
been  found  that  when  only  two  colon  per  100  c.c.  were  pres- 
ent the  supply  had  been  subjected  to  serious  pollution.  The 
apparatus  for  treatment  of  the  drinking  water  supply  on 
these  boats  entirely  eliminates  colon  w^hen  properly  used. 
Whittaker  of  Minnesota  reports  that  of  a  total  of  344  unsat- 
isfactory water  supplies,  8  per  cent  were  detected  by  the 
laboratorv  analysis  alone,  while  40  per  cent  were  detected 
only  by  the  .field  survey.  They  used  the  Treasury  Depart- 
ment standards.  Surely,  if  40  per  cent  of  the  unsatisfactory 
supplies  were  not  detected  by  the  bacteriological  analysis,  the 
standard  is  not  too  severe. 

It  is  realized  that  these  standards  were  the  first  definite 
expression  of  the  allowable  impurity  which  a  drinking  water 
might  possess,  and  as  they  were  promulgated  by  the  Fed- 
eral Government,  they  were  immediately  seized  upon  as 
standards  for  a  wide  range  of  purposes.  They  became  the 
legal  standards  locally,  and  v.'ere  applied  in  general  to  drink- 
ing water  supplies  which  were  in  no  way  used  by  the  com- 
mon carriers.  To  collect  and  analyze  samples  from  ever.-, 
container  on  the  SO,000  or  more  cars  in  use  on  the  railroads 
of  this  country  was  impossible.  The  only  thing  left  to  do 
was  to  examine  the  local  supplies  from  which  the  contain- 
ers were  filled.  It  can  be  readily  seen  that  due  to  careless- 
ness in  filling  and  icing  some  which  were  filled  from  a  safe 
supply  might  be  polluted.  Considerable  study  has  been  given 
to  overcoming  this  difficulty.  However,  had  it  been  possi- 
ble to  examine  the  supply  in  each  container,  this  diflaculty 
would  still  have  existed,  making  it  impossible  to  rightly  judge 
the  local  siipply  from  the  container  analysis.  In  examining 
the  supply  from   which  the  container  was  filled,   we  were  in 
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many  instances  examining  the  city  or  town  supply,  and  if 
this  did  not  come  within  the  allowable  limits,  the  carrier 
was  prohibited  from  taking  on  this  water.  Naturally,  it 
would  not  help  the  reputation  of  a  city  to  have  its  water 
supply  excluded  from  use  on  interstate  carriers.  Usually 
the  suijply  was  made  to  conform,  and  the  carrier  was  permit- 
ted   to   resume    its   use. 

Other  cities,  though,  in  furnishing  interstate  carriers  did 
not  wish  to  have  a  dangerous  water  while  their  neighboring 
city's  supply  was  safe,  so  they  brought  themselves  up  to  the 
standard,  and  in  this  manner  these  standards  have  become 
the  aim  to  which  the  great  majority  of  our  cities  work,  if  they 
are   interested  in  this  important  measure  of  sanitation. 

The  comment  is  often  heard  that  the  limits  are  so  rigid 
that  they  place  an  undue  burden  upon  certain  treatment 
plants.  Though  the  standards  were  not  originally  intended 
to  apply  to  these  plants  it  has  been  shown  by  McLaughlin 
that  of  12  representative  plants,  7  mechanical  filtration,  Z 
slow  sand  filtration,  and  2  using  alum  and  calcium  hypochlo- 
rite, 8  are  able  to  meet  the  standard  ■«  hen  the  yearly  aver- 
age is  considered.  He  states  the  belief  that  a  standard  of 
not  more  than  2  B.  Coli  per  100  c.c.  should  be  adopted,  and 
expresses  the  opinion  that  a  modern  water  purification 
plant  which  delivers  an  eflluent  having  more  than  2  B.  Coli 
per  100  c.c.  is  either  inefficiently  operated,  or  is  dealing  with 
a  raw  water  which  imposes  an  unreasonable  burden  upon 
the  plant.  If  it  is  inefficient  management  or  a  poorly  de- 
signed plant,  we  know  what  to  do.  If  the  raw  water  im- 
poses an  unreasonable  burden  the  plant  should  be  made  to 
do  its  best  until  relieved  The  time  will  soon  come  when 
it  will  be  illegal  to  allow  untreated  or  insufficiently  treated 
sewage  to  be  discharged  into  a  stream  under  conditions 
which  will  overtax  the  water  purification  plant  of  any  city 
down-stream.  Certainly  these  difficulties  which  we  meet 
with  now  should  not  cause  us  to  lower  our  standard,  when 
European  countries  with  the  low  typhoid  rates  have  more 
rigid    bacteriological   standards   than   ours. 

As  stated  above,  the  laboratory  work  was  to  be  carried  out 
in  accordance  with  the  standard  methods  of  the  American 
Public  Health  Association.  Criticisms  of  these  methods  w^ere 
made  by  Hesseltine  in  1917.  He  showed  that  the  quanti- 
ties of  sodium  sulphite  and  tuchsin  recommended  for  Endos 
media  are  too  small,  and  that  the  sterilization  of 
the  lactose  broth  in  the  autoclave  for  15  minutes 
at  15  lb.  will  invert  part  of  the  sugar.  Other  cor- 
rections and  additions  have  been  suggested  and  it 
would  seem  advisable  to  have  a  new  set  of  standards  pro- 
mulgated in  order  that  pertinent  suggestions  and  corrections 
atay  be  mcorporated.  This  having  been  done,  the  next  and 
most  important  step  is  to  make  a  real  endeavor  to  have  these 
standard  methods  followed  throughout  the  United  States. 
Norton  has  found  that  the  methods  of  water  examination  in 
connection  with  24  purification  plants  in  this  country  show 
in  no  two  instances  are  these  methods  exactly  alike.  In 
some  cases  the  variance  is  so  slight  that  the  results  are  com- 
parable with  slight  error,  while  in  others,  they  are  absolutely 
non-comparable. 

It  is  very  natural  for  the  laboratory  man  who  has  discov- 
ered an  easier  way  for  him  to  do  some  part  of  Ills  routine 
work,  to  adopt  this  method:  but  if  this  new  procedure  in  any 
way  affects  his  results,  then  the  use  of  it  makes  his  work 
just  that  much  less  comparable  with  the  other  man's.  It 
is  believed  that  provision  should  be  made  for  bringing  the 
standard  methods  up  to  date  whenever  n6w  methods  have 
been  developed,  tried  out,  and  proven  on  a  sufficiently  large 
scale  to  warrant  the  break  in  the  chain  of  results  which  are 
kept  by  many  laboratories.  Until  this  change  is  officially 
made,  the  routine  work  should  be  done  strictly  according  to 
the  standard.  This  can  only  be  accomplished  by  thorough 
supervision  of  the  work. 

Morse  and  Wolman  have  gone  so  far  as  to  contend  that 
we  are  not  ready  for  "standards  of  quality"  as  we  have  not 
established  the  methods  of  evaluating  the  units.  They  sug- 
gest a  field  for  future  standardization  in  which  they  have 
enumerated  10  points  to  be  covered.  It  is  believed  that  these 
points  have  been  covered  sufficiently  to  give  us  a  working 
basis.  Certainly  we  would  not  be  justified  in  waiting  until 
we  have  the  last  word  on  any  one  of  these  points  before  we 
establish  "standards  of  quality."  If  later  research  shows 
these  standards  should  be  changed,  that  can  be  done,  but  in 
the  meantime  we  must  have  some  standard  to  follow  if  our 
results  are  to  be  at  all  comparable. 
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Economical  Section  of  Water  Con- 
duit for  Power  Development 

Very  iiin-  iiiu.riu.iiuii  'lah  L.  .  u  publi.slu'il  i>-minllim  luclh- 
odn  of  ilotiTmlnliiK  ihn  ooonoinlriil  section  of  a  conduit  for 
-  •  .  wntor  to  a  i>o\vit  pliinl.  For  this  reason  ii  piipor 
!.v  Mr.  lary  T.  Hutchinson,  consultlnc  onslnoor. 
N.  «  iirK.  for  presentation  at  the  spring  nieetinR  of  the 
AinerU-nn  Society  of  Meclianlcul  KnKlnoers  Is  of  particular 
Intereiil,  This  paper  Is  printed  In  the  April  Journal  of  the 
Society,  from  which  the  matter  following  Is  taken. 

In  what  follows  a  formula  for  the  best  elope  and  size  of 
conduit   IS  deduced,  which   takes  Into  account    In  a   practical 
manner  the  construction  costs,  the  value  of  the  power  recov 
,r.'.l    and  the  rate  of  returns  expected  on  expenditures  made, 
the  other  physUal  conditions  of  the  problem.   The 
ilatlon  between  the  best  area  and  the  quantity  of 
own  In  Pig.  2.  for  chosen  values  of  factors  entering 
:ii.  and  It  Is  pointed  out  how,  by  a  simple  modiflca- 
tiuii  ui  tlie  Kraphs  of  this  llgure.  the  relation  for  other  costs 
and  unit  prices  can  be  easily  determined.  One  interesting  re- 
sult is  that  for  a  Hume,  or  for  any  conduit,  tor  which  the  Incre- 
niont  cost   for  Increasing  the  capacity  by  a  relatively   small 

mt  Is  proportional  to  the  surface,  the  best  speed  of  flow 

:;u>  water  Is  constant,  independent  of  the  size  of  the  con- 
duit. 

The  economical  section  is  evidently  that  resulting  in  the 
i:r.\itest  net  earnings  of  the  power  plant  under  the  conditions 
loiiirolling  the  market  where  the  power  is  delivered.  Inas- 
much, however,  as  this  section  must  be  determined  in  ad- 
vance of  complete  knowledge  of  market  conditions,  it  is  clear 
that  only  an  approximation  can  be  made,  and  that  a  ready 
method  to  determine  the  variation  in  net  earnings  for  a  large 
range  of  sections  and  shapes  of  water  conduit  may  be  useful. 

Assuming  that  a  certain  shape  and  slope  of  water  conduit 
IS  fixed  upon  provisionally,  the  question  is  whether  some 
change  either  in  the  slope  or  in  the  shape  or  size  of  the  sec- 
tion will  result  in  an  increase  in  net  earnings.  Any  increase 
in  the  dimensions  of  the  conduit  will  obviously  entail  an  in- 
crease in  construction  cost,  and  hence  an  increase  in  annual 
charges.  This  increase  in  annual  charges  is  limited,  practi- 
cally speaking,  to  interest,  amortization  and  profit,  inasmuch 
as  only  small  changes  in  a  quantity  which  itself  is  a  small 
part  of  the  total  are  under  consideration.  For  instance,  under 
ordinary  conditions  the  loss  in  the  water  conduit  may  vary 

TABLE  l-\AI.VES  OF  SECTIO-N'  CONSTANT  a  FOH  VARIOUS  SECTIONS 


all  those  cluirges  against  the  additioiiul  gross  earnings  may 
be  Ignortnl  in  this  analysis,  as  they  are  nei;li,i;ible  in  amount, 
duo  to  the  lad  that  the  increase  in  the  power  output  is  small. 
There  would,  in  fact,  be  no  Increase  in  operating  charges,  and 
under  practical  conditions  there  would  be  no  increase  in 
equipment,  and  therefore  no  increase  in  llxed  charges  on 
equipment. 

The  mailer  then  reduces  to  the  comparison  of  the  addi- 
tional gross  earnings  from  the  power  recovered  by  an  In- 
crease in  the  size  of  the  conduit  on  the  one  hand,  and  the  ad- 
ditional interest,  amortization,  and  profit  on  the  cost  of  the 
enlargement  of  the  conduit  on  the  other. 

The  determination  of  additional  power  is  simple,  involving 
merely  tbe  overall  efficiency  from  the  water  to  point  of  de- 
livery. A  consideration  of  the  value  of  this  increased  power 
Is  a  matter  of  judgment  on  the  part  of  the  engineers  and  ex- 
ecutives of  the  enterprise,  giving  attention  to  tlie  market  con- 


Shape  of  Section 

Hydraulic 
Radius 

CroaS- 
Section 
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^^-  * ^/Ti 

Tan  o=l/I..';.  i)=4i. 

Tan  a  =  1/2,  b=10d 

3.26 
4.00 

from,  say  5  per  cent  to  10  per  cent  of  the  total  power;  it  is  a 
variation  of  possibly  25  per  cent  one  way  or  the  other  in 
this  5  per  cent  or  10  per  cent  that  is  involved. 

It  is  therefore  evident  that  no  Increase  in  operating  charges. 
or  maintenance,  or  repairs  need  be  considered,  and  that  the 
changes  in  design  of  the  conduit  should  carry  charges  only 
for  interest,  amortization,  and  profit.  An  allowance  for  profit 
on  the  additional  expenditure  must  be  included,  since  every 
dollar  invested  should  earn  its  share  of  profit  as  well  as  its 
fixed  charges. 

The  increase  in  power  resulting  from  an  increase  in  the 
size  of  the  conduit  brings  in  a  certain  addition  to  gross  earn- 
ings. Against  this,  in  theory,  should  be  charged  the  costs  of 
operation  and  maintenance  on  the  additional  equipment  and 
machinery  required  to  deliver  this  power  to  the  market;  but 
for  the  same  reasons  stated  in  considering  the  water  conduit, 
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Fig.    1 — Relation    Between   Sectional   Area  of   Conduit   and   Cost. 

ditions  under  wliich  the  power  is  sold,  and  particularly  to  the 
load  factor. 

The  determination  of  the  additional  cost  of  the  conduit, 
however,  is  more  difficult,  inasmuch  as  this  cost  depends  in 
theory  not  only  on  the  area  of  the  cross-section  of  the  con- 
duit, but  also  upon  its  shape;  that  is,  upon  the  hydraulic 
radius  of  the  wetted  perimeter.  The  relation  between  the 
area  and  the  wetted  perimeter  differ,  for  example,  for  a  rec- 
tangular, a  circular  or  a  hexagonal  conduit,  and  cannot  be 
expressed  in  a  simple  equation  to  cover  all  shapes  of  conduit. 
The  practical  way  to  handle  the  problem  is  to  fix  upon  one 
shape  of  conduit,  determine  the-  economical  area  and  slope 
for  this  shape  and  then  follow  out  a  similar  procedure  for 
such  other  shapes  as  may  be  practicable  in  the  case  under 
consideration.  This  determination  being  made  for  the  sev- 
eral possible  shapes,  the  best  result  is  then  selected. 

The  procedure  indicated  in  the  foregoing  general  discus- 
sion can  be  expressed  symbolically  as  follows: 

Let  Q=  flow  in  sec-ft..  taken  as  constant. 
Lj  =  if-njrth  of  conduit,  ft. 
A  =  area  of  conduit,  sq.  ft. 

s  ^  .slope  of  conduit,   ft.  per  ft.   of  length. 

r  =  hydraulic  radius  of  conduit,  ft. 
w  =  wetted   perimeter  of  conduit,  ft. 
v=  .speed  of  flow.   ft.   per  sec. 
C  =  constant  in  the  Chezy  formula. 

e  =  efficiency  from  water  to  point  ot  delivery  X  0.085. 

Then  the   power  loss  p  in  the  conduit  in  kilowatts  will  be 

p  =  eQsL (1) 

In  this  equation  s  is  the  variable,  and  any  change  of  p  is 
due  to  a  change  of  s  and  is  expressed  by 

dp  =  eQLds (2) 

if  m  is  the  annual  value  of  one  kilowatt  under  the  ruling 
conditions,  then 

mdp=^meQLds (3) 

is  the  added  gross  (and  net)  earnings  due  to  the  change 
in  s. 

As  to  the  cost  of  increasing  the  capacity  of  the  conduit, 
the  flow  is  assumed  to  be  given  by  the  Chezy  formula 

Q 

v  =  —  =  CCrs)"' (4) 

A 
The  best  size  of  conduit  is  to  be  determined  for  a  known 
value  of  the  flow  Q;  that  is,  in  Equation  (4)  Q  is  to  be  taken 
as  constant.     In  this  case, 
and 

d     Q 

d      s 
2A  dW  Iw     dr  Ir 


dA 


ds 


..(5) 


5s     ds 


5s     ds 


5s 
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With  Q  constant,  a  change  in  s  can  be  offset  by  a  change 
in  either  A  or  r,  or  in  both;  that  is,  either  the  size  or  the 
shape  of  the  conduit  can  be  varied  to  keep  Q  constant. 

There  is  no  way  of  expressing  a  general  relation  between  A 
and  r,  but  for  any  chosen  shape,  as,  for  example,  a  rectangle 
or  semi-circle,  the  area  is  proportional  to  the  square  of  any 
linear  dimension;   that  is, 

w- 

A  ^  ar"  =:  \vr  ^  — (6) 

a 

The  value  of  a,  of  course,  varies,  Ijut  for  usual  forms  the 
differences  are  not  great,  and  the  influence  of  changes  in  a 
on  the  economical  section  is  slight;  in  fact,  it  can  be  shown 
that  for  the  best  section 

A—a" " 
for  the   conditions   of   Equation    (Ta).     Table   I   gives   values 
of  a  for  the  usual  shapes.    For  preliminary  calculations  a  =  9 
may  be  used. 

The  cost  of  a  water  conduit  can  be  expressed  as  a  constant, 
representing  the  cost  of  a  large  part  of  the  preliminary  work 


9 
& 

7 

- 

'  ~^ 

e 
E 

= 

- 

^Y 

g 

% 

/ 
/ 

— 

"J^> 

/ 

'          1   i     i'^   'j'l  ■!  1 

^^V 

t    "t  iuJuith 

■* 

-"p 

- 

(Y) 

>'Z 

1                     I'll 

,> 

A^S'^ 

y 

^___.i.  -J-J-jj 

/ 

y 

i 

j    '     '  1 

^ 

y 

IT  1  n' 

/ 

y 

I             ■ ' '' 

/ 

^ 

j_        "^ 

i 

/ 

/ 

Ijl. 

•d 

— IS 

"""128 

^''-  '  ■'  ""yt\ 

-HrTfitth 

i-            oli' 

<vu     -• 

-SfSfgf 

^.ii 

'Le/JT  t 

(X) 

Fig.    2 — Logarithmic    Graph    of    Equation    18   for-   Values   of   Q    From 
100   to    10,000    Sec- Ft. 

and  plant,  plus  an  amount  depending  on  the  size  and  surface 
area.     In  general,  the  cost  per  foot  may  be  expressed  by 

D  =  k„4-  kA- (7) 

where  D  =  cost  per  foot,  dollars 

ko:=  constant  part  of  cost  per  foot 
kt^a  constant 

n  =  an  exponent  whose  value  lies  between  1  and  0.5. 
In  any  specific  case,  when   all   the  conditions   are  known, 
estimates  of  the  total  cost  per  foot  of  the  conduit  should  be 
made    for    three    or    more    different    croSs-sections;    plotting 
these  values  will  enable  both  k  and  n  to  be  determined. 

For  example,  let  Fig.  1  represent  the  cost  per  foot  for  a 
certain  conduit;  then  k„  is  given  at  once  by  the  curve,  and 
from 

D,  —  k„ 


(zJ 


D,  —  k„ 

n  is  determined.  Each  pair  of  points  should  be  used  and  the 
value  of  n  found.  The  values  of  n  and  kt,  being  known,  k 
may  be  obtained  from 

D,-k. 

k  = • 

A° 
Other  methods  could  be  used.     The  gist  of  the  matter  is 
that  the  accurate  way  is  to  make  detailed  estimates  for  sev- 
eral   cross-sections    and    determine    the    constants    from    an 
analysis  of  these  estimates. 

Two  extreme  cases  simplify  the  formula:  First,  when  the 
increment  cost  is  proportional  to  the  area,  as  in  a  heavy  rock 
cut,  then 

D  =  k<,  +  kA (7a) 

and,  second,  where  the  increment  cost  is  proportional  to  the 


surface,  or  the  wetted  perimeter,  as  for  a  flume,  then 

D=k„-f  kA"= (7b) 

These  are  considered  later. 

If  i  represents  the  total  rate  of  returns  expected  on  all  ex- 
penditures on  the  property,  including  interest,  amortization 
and  profit,  then 

l  =  ib  (k, +  kA° (8) 

gives  the  total  returns  from  this  investment,  and  a  change  ds 
in  s  calls  for  a  change  in  returns  of 

dA 

dI  =  niLkA"-'  ds (9) 

ds 
or,  from  Equation  (5), 

2niLkA" 

dl= ds (10) 

5s 
This  saving,  due  to  an  increase  in  s,  must  be  at  least  equal 
in  value  to  the  power  lost,  and  indeed  should  exceed  it  by 
some  margin;  this  margin  can  be  included  in  the  overall  rate 
of  return  i,  and  therefore 

dl  =  mdp (11) 

Substituting  in   (11)   from   (10)   and   (.3),  there  results 

5meQs  =:  2kniA° 
Substituting  further  from   (6)   and   (4),  namely, 

s^ = .  and  Q  ^  Av, 

C=r        C=(A/a)"  = 
gives  finally 

2.5mea"° 

A°-°  =  = v' (12) 

nikC= 
This  may  also  te  written 

2.5mea°  ° 

AC  -f  '■•)  = Q' ns) 

nikC- 
If 

2.5mea"'' 

N  = (14) 

nikC= 
then 

A(n  X  ")  =NQ= (15) 

The  best  way  to  handle  this  equation  for  engineers  is  by 
logarithmic  plotting.    From   (15) 

logN  3 

log  A  =  — ; 1 log  Q (16) 

(n  +  2.5)      (n  +  2.5) 
When  n  is  known,  this  can  b«  readily  plotted  for  any  rango 
of  Q  desired.     As  an  illustration,  assume: 

m  =  $10,  e  =  0.67  X  0.0S5  =  0.057 
i  — 0.15.     C  =  120 
then 

10  =  X  2 

N  = 

nk 
If,  further,  n  =  0.75  and  k  =  $0.10, 

n  =  10-'  X  2.67 
and 

log  10-=  X  2.67 

log  A  = h  0.f)25  log  Q 

3.25 

=  — 0.4S5  +  0.925  log  Q (1S> 

Fig  2  is  the  logarithmic  graph  of  Equation  (18)  for  values 
of  Q  from  100  to  10,000,  in  four  parts;  for  the  line  BC  the 
ordinates  are  to  be  multiplied  by  10  and  the  abscissae  by  100; 
for  CD,  by  100  and  100;  for  DE,  by  100  and  1000;  for  EF  by 
1000  and  1000 — all  as  indicated  by  the  figure.  From  this  fig- 
ure, Table  II  is  readily  computed. 

TABI>K    II— VAL.UE.=;    CO.MPrTKD    FROM    FIG.    2. 
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Two  special  cases  are  of  particular  interest:  First,  when 
n=:0.5  and  the  increment  cost  is  proportional  to  the  sur- 
face; this  would  approximate  the  case  of  a  flume  or  a  con- 
crete-lined canal  in  earth.     Here 

A'  =  NQ' 
and,  since  v^Q-'A, 
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yJ7i.*                                  "  •'>•'    I'lihlle   Works    Department   of   Hoslon.  and    Robert    Spiirr 

...         .,,        ...            .,77                II.             .1  Wi'Slon,  of  Weston  iSi  Sampson,  (.'onsuItlnK  Kncineers.  Boston 

Ca  cu  ale  A*'  iiiu    A  from   (211.  asuumlnn  values  for  v;    llion  ,                                   ,    i  i     ,    i                 i    .         ,,       ,,     I        '  ^■^""- 

n«d  Q.  «hU-h  en  be  plolled  to  A,  "    'V';','":"  •;>-^''^-""-';^  '">^'  •"'"»;'-■>■   be  ore  the  Boston  Society 

V,r...,non»    in    A    r'.ul.lnK    from   other    values   of   the    unl,  "       ivil  KnKlneers.  The  paper  is  printed  in  the  April  .Imirnal 

n   those  used  In  ploltInK   KIk.  2  can  be  easily   lake,.  "'  ""^  ^'"'''•'>-  "'""'  ^^■""•"  "'^  """"'■■  '""'"vmK  is  abstracted: 

am   without   replottlliK  these  curves.    J'ut  Experiments    of    Boston     and     Massachusetts     Institute    of 

\"  .^  f  X  lechnology.  -lOxperiiiients   condiicled    by    10.   S.    Dorr,   and    by 

Ihpn  '  ''"'■    i>lli<eis   of   the    Sewer    Division    of   the   city   of   Boston. 

lug  .\"  =r  log  f  +  lo|5  N  were  made  at  difterent  times  between  .June  20,  1911.  and  .Inne 

and  u  lenslh  equul  to  log  f,    tn  +  2.ii)   added  to  the  ordinate  -"'■    l'"<-      I"   »"■   ^levei)    runs   were   made   at   different   times 

of  the  curve  at  any  point  will  kIvc  the  value  of  V  for  N' =  fN.  <lu>'">K  the  four  years,  and  25.9Si;  gal.  of  sewage  were  treated. 

If  f  Is  U>M  than  unity  the  length  Is  to  be  subtracted.    For  ex  '''he    (luantities    of    products    recovered    per    l.Oiiii.OOu    gal.    of 

ample,  for  the  point  I'  of  Klg.  2.  Q  =  2500.  A  =450.  v  =  5.5t>.  Boston    sewage   during   tliose   experiments   were,   as   average. 

log  1.5        log  1.5  '•"■•'^  "'•  of  ''■'>'  sI"'lKe,  containing  21.7  per  cent,  or  4:!fi  lb.  of 

If  f=1.3.  then  I',  l8  the  point   where  PP,  = = .  grease,  and   1,361   lb.   of  fertilizer   base,   having  an   ammonia 

n  +  2.5         3.25  content  of  4.5  per  cent. 

If  f=  1/1.5.  P:  Is  the  point.    These  values  are  given  in  Table  'n    'i'l''    a    large-scale    experiment    was    conducted    by    the 

III                                          Tvni.i':  III  Massachusetts   Institute  of  Technology   at   the  joint   expense 

N,                            o           '  '             ..v,                         V.  of  the  city  of  Boston  and   the  Sanitary  Research  Laboratory 

IW^JS:                     S                       Vm                       ^56  "f   ""^   Institute.      In    the   Technology   experiments*   two   con- 

10»xliTS                    2500                      :i9,'.                      r,!32  liniious  runs  were  made,  one  of  seven  days  in  .hily.  and  one 

The  u.^efulness  o!  this  analysis  is  limited  by  the  accuracy  of  three  days  in  November.  1915:   and  the  volume  of  sewage 

of  the  determination  of  n.  and  this  in  turn  depends  uiion  the  treated     averaged     S.241     gal.    daily.      The    results    obtained 

definite  knowledse  of  construction  costs.  (hiring    the    city's    experiments    were    almost    duplicated,    as 

\i        t        4           C    A>i            ~»     ^I     o         A     l?'l  Tnlile    I    shows: 

.MothOUS    OI     Lileaning    sand     rllters    at  Experiments  at  Chicago.     During  the  summer  of  1914  1-ang- 

BrOOkline,   Mass.  don   Pearse.  division  engineer  of  the  sanitary  district  of  Chi- 

A   special    studv    was    made    by    the    Water   Department    of  < ''KO-  mmXe  experiments   to  learn  whether  acidincation  could 

Brookllne.    Mass..    to   determine    the    best    way    of   operating  increase  the  yield  of  fat  from  the  Center  Ave.  sewage,  Te.-ts 

its  nitration  plant.     This  plant  was  placed  in  service  in  1917  i"  barrels  and  in  a  tank  holding  about  1.500  gal.  were  made 

and  It  became  apparent  quite  early  that  the  best  results  could  under  his  direction.     A  :;-hour  period  of  subsidence  was  used, 

not  be  obtained  by  operating  in  exactly  the  same  manner  that  •'■"1   "'f  alkaline   sewage   required   about   :!,200  lb.   of  100  per 

similar  Alters  were  operated.     The  presence  of  more  or  less  <ent   H.SO,  per  1.000.000  gal.     Sulphur  dioxide  was  not  tried. 

organic  matter  and  other  substance.s.  in  addition  to  the  iron  Pearses    results    showed    that    acid    treatment    produced    a 

and    manganese,    requires   different    treatment   in    each    case.  hiiiher  recovery  of  fat,  namely  69  per  cent  of  that  in  the  sew- 

and  no  two  waters  are  alike  in  these  respects.     In  some  in-  "Se  as  compared  with  47  per  cent  obtained  by  plain  subsid- 

stances.  if  the  raw   water  is  aerated   too  much,   more  of  the  f'"<"P   f<"'  t'lree  hours.     The  sludge,  which  amounted  to  2,275 

Iron  is  liable  to  slip  through tthe  sand,  and   if  sufficient  oxy-  'b.  per  million  gal.  contained,  on  an  average.  93  per  cent  of 

gen  is  not  absorbed  by  aeration,  equally  unfavorable  results  moisture  and  25  per  cent  of  fats.     The  results  also  showed  a 

will   occur.      In   order   to   solve   these   many   problems    which  great   reduction  in  oxygen  demand— 170  per  cent  of  that  ob- 

come  up.   tests   of   the   effluent    were    made   twice   each   day.  fained  by  an  Enischer  tank.     They  also  showed  a  removal  of 

and   tabulated,  and   by  this   means  the  results  of  the   differ-  "1   P^^'  <"'""'  of  t'le  suspended  matter. 

ent  experiments  could  be  studied,  and  the  necessary  changes  "■'^^  ^^^  Haven  Experiments.-  Much  more  extensive  ex- 
in  operation  made.  perinients  have  been  <onducted  by  Prof.  C.-E.  A.  Winslow  of 
The  efficiency  of  the  filter  states  the  report  of  the  Depart-  "'^  ^"'^  Tniversity  Medical  School,  and  Dr.  F.  W.  Mohlman. 
raent  for  1918  is  now  as  complete  as  could  be  reasonably  """'  chemist  of  the  Connecticut  State  Department  of  Health. 
expected.  The  following  methods  were  found  most  desira-  The  experiments  were  conducted  at  New  Haven  under  the 
ble  for  removing  the  accumulations  of  iron  and  manganese.  auspices  of  a  special  committee,  and  consisted  of  four  long- 
etc.  from  the  tricklers  and  filters.  time  runs  with  the  sewage  from  the  East  St.  sewer,  and  one 
The  tricklers  are  cleaned  by  flushing  as  follows:  First.  ""^  ^if^  that  from  the  Boulevard  sewer,  the  former  runs 
the  outlet  and  inlet  gates  are  closed,  and  all  the  spraying  varying  from  24  to''  70  days,  the  latter  being  29  days"  dura- 
caps  removed.  Then  the  flushing  .gates  in  opposite  sides  of  *'""■  Alongside  the  experiments  with  the  Miles  acid  process. 
tricklers  are  opened,  which  allows  the  water  to  run  to  waste.  there  were  conducted  experiments  with  screens,  with  the 
The  second  step  is  to  turn  the  combined  flow  of  all  the  activated  sludge  process,  and  with  Imhoff  tanks  and  with 
tricklers  through  this  one,  which  so  increases  the  amount  Plain  subsiding  basins,  with  and  without  chlorine  disinfection. 
of  water  passing  through  the  coke,  that  in  the  course  of  '"  '^^  experiments  with  the  Miles  process,  the  sewage  was 
one-half  to  three-quarters  of  an  hour,  a  larger  part  of  the  acidified  with  sulphur-dioxide  gas.  and  a  four-hour  period  of 
various  accumulations  is  removed.     Each  trickier  is   flushed  ~77~  ^,     .                    ,    ,                     .     .,  ,,    ,,,- 

„,.„.,.    in 1-     ,  :~ee  KilLMlleerinf;   Miul   (  oiitraotiiv.;.   April    11.   l!tl,- 

every  lo  or  1.-)  days. \ 

The  sand  filters  are  cleaned  in  this  way.     After  the  water  tabt.f:  I  — compariso.v  op  .average  rbsi  lts  of  tukvt- 

is  drawn   from   the  bed  to  be  cleaned,  about   %   in    of  sand  '^'G   SEWAGE   WITH    srLPHi'Rors   acid,    as   shown    ix 

with    the   iron   deposit   is   carefully   scraped   off.   and   thrown  'v.sXHru^^ABn^^^Tar.? .  I'fl^^i^it  Axn'iJisl^Rlspr.x^TWELY: 

out   by  a   water  ejector  directly  into  a   washer.     As  fast  as  Experiments 

the  sand  is  washed,  it  is  returned  to  the  filter  again.  The  '■>'  ^'-  '■  ''"■ 
inn.,>v.  „t  t!~  c  ■  \.-  i  ■  ,  ,  E.xpTiments  San'tary  Re- 
length  of  time   for  scraping,  washing,  returning  and   placing  hv                search  T.ab- 

the   sand   in   the  bed   is   usuallv  one   day.   although   this  has  .               ,    ,     „         .               ,     .       ^-  ^-  ^'""''-            oratory. 

, ,           ■      ,.   ..                T-.      ,.    t    ,       .,,    „.            ,  Averas.-p  daily  How  of  sewase  durinp 

been  done  m  6  hours.     Each  bed  will  filter  about  50.000,000  experiments,  gallons 92.si4.647  103,498.049 

gal.   between   scrapings.  .\verai;e  amount  of  dry  sludere.  TX)unds 

Tu^  ei.            .   41.      *-            r  41-                  ,   ,      ,   ,            .  n**r    million    gallons    of    sewape    ...              1.7oS                       1.909 

1  ne  filters  at  the  time  of  the  report  had  been  in  operation  Average  percentage  of  arease  in  drv 

about  16  months.    The  tricklers  showed  no  signs  of  clogging  sludge    21.7  22.r.fi 

or.,1    jKn    ;-„«     1-  1         »                     »                .              ,                ,    .  .•\veraee    amount    of    srease    nrecipi- 

and   the   iron   did   not  appear  to  penetrate  the  sand   farther  tated    from    sewage,     pounds     per 

than    expected.     F.    E.    Forbes   is   Superintendent    of   Water-  million    gallons        ...........              4.'?6                    430.1 

wnrUo  .\verage    amount    of    sulnhur    dioxide 

"'''°-  used,  in  pounds  per  million 'gallons            *2.300                        1.963 

fllO) 
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subsidence  was  provided.  The  alkalinity  of  the  East  St. 
sewage  was  very  low,  so  that  it  was  necessary,  to  secure  an 
excess  of  acidity  of  50  p. p.m.,  to  add  only  700  lb.  of  gas  per 
million  gal.  of  sewage  treated.  With  the  Boulevard  sewage, 
1,130  lb.  of  acid  per  million  gal.  of  sewage  were  required  to 
secure  the  same  excess  acidity  i  computed  in  terms  of  cal- 
cium carbonate). 

The  treatment  removed  from  01  per  cent  to  66  per  cent  of 
the  total  suspended,  and  90  per  cent  of  the  settleable  solids. 
The  removal  of  bacteria  was  all  that  could  be  desired,  the 
two  last  experiments,  with  the  East  St.  and  Boulevard  sew- 
ages respectively,  indicating  removals  of  over  99  per  cent  of 
the  total  bacteria,  and  of  the  gas-forming  organisms. 

The  use  of  acid  accelerated  the  precipitation  of  the  sus- 
pended solids  by  about  50  per  cent,  only  40  per  cent  being 
removed  from  the  untreated  sewage  by  plain  subsidence  as 
compared  with  60  per  cent  when  the  .Miles  process  was  used. 
The  data  regarding  the  production  of  sludge  are  given  in 
Table  II. 

Opposed  to  these  very  favorable  results  is  the  presence  in 
the  grease  extracted  from  the  sludge  of  a  large  proportion 
of  nnsapcnifiable  material  (waxes,  mineral  oils  and  similar 
substances).  Substances  of  this  kind  are  practically  worth- 
less, and  their  removal  is  attended  with  a  great  deal  of  ex- 
pense. The  sludge  from  the  East  St.  sewers  contained  24 
per  cent  of  grease,  46  per  cent  of  tankage  and  2S  per  cent  of 
water.     The  grease  had  the  following  composition: 

Per  Cent. 

Jloisture    anf)    volatile    matter     11.0 

Unsaponiflahle   material    21.1 

Free   fatty   acids    40.2 

Xeutrai   grease    22. .3 

Insoluble    soaps    3.3 

Per  cent  of  resin   in  free  fatty  acids H.t 

The  degreased  sludge  had  the  following  composition: 

.\itimonia    S.ni   per  cent 

Pho.sphoric  acid,    P^Or,    O.Si6  per  cent 

Winslow  and  Mohlman  are  advised  by  experienced  users  of 
grease  that  it  would  be  necessary  to  distill  the  crude  ex- 
tracted product  in  order  to  produce  a  salable  grease.  This 
fact  has  been  recognized,  and,  on  the  basis  of  distillation  ex- 
periments, they  estimate  that  the  grease  in  the  East  St. 
sewage  would  be  worth  $5.00,  and  the  fertilizer  $2.09  per  mil- 
lion gal. — a  total  of  $7.09,  net, — while  the  grease  value  of  the 


TABLE     II.— PH.VRACTER    OF    MILES 
NEW    HAVEM. 
P^ast  Street 
Sewer. 

Length  of  run 25  days    '. 

Total  gallons  sewage 

treated     260,000 

Pounds    of    wet    sludge    per 

iril.    gals,    sewage     3.750 

Specific    gravity    1.067 

Per    cent    moisture 86.6 

Pounds  dry  sludge  per  mil. 

gals,    sewage    ."'OS 

Etlier  extract,  per  cent  dry 

sludge     23.7 

Etlier    extract,    pounds    per 

mil      gals llii 

Volatile     matter,     per     cent 

dry    sludge    47.2 

Xitro^en,     per       cent       dry 

sludge     1.6 


ACID     SLUDGE     AT 


4  days 

44  days 

Boulevard 

Se-wer. 

70  days    29  days 

239,400 

407. S20 

602.220 

145.500 

4.025 

1.04S 

.ss 

3.200 

1.054 

S6.3 

2.600 

1.061 

S5.7 

5.375 
"92.5 

4S3 

ri•^ 

36.S 

403 

24.0 

29 

32.6 

30.9 

116 

127 

120 

124 

51.2 

57.3 

63.  S 

7S.5 

l.fi 


2.0 


;.ii 


and  and 

Clilorination.  Chlorination. 


TABLE    III.— ESTIMATED    COST    OF    TREATMENT    OF    EAST 
STREET   SEWAGE.      DOLLARS   PER  MILLION  GALLONS. 

Initioff  Tanks  Fine  Screens 
Miles  Acid 
Process. 
Tank.*^  and  liviildings  (interest 

and     depreciation  (      $2.47 

Acid     treatment     6.93 

Drying   sludge    2.09 

Degreasing    sludge     1.78 

Redrying   sludge    17 

Sui)erintendence    1.06 

Labor   on   tanks   and    screens.     1.00 
Disposal  of  sludge   or  screen- 


.$5.28 


.46 
1.20 


$4.60 


.46 
1.42 


1.00 

4.05 

11.99 


.50 

4.05 

11.03 


Chlorination   

Gross   cost    15  50 

Revenue     6.57  

Net   cost    8.93  11.99 

TABLE   IV.— ESTIMATED   COST    OF  TREATMENT    OF   BOULE- 
VARD   SEWAGE.     DOLLARS    PER    MILLION    GALLONS. 

Inihoff  Tanks  Fine  .Screen- 
Miles  Acid.  and  ing  and 
Process.      Clilorination.  Chlorination. 

Tanks  and  buildings  (interest 

and    depreciation)     $2  47  $4.44 

Acid    treatment    10.74 

Drying   -sludge    2.04 

Degreasing  sludge    1.91 

Redrying    t.inkage     17 

Superintendence     2.65 

Lai'or  on    tanks   and    screens.     1.00 

Disposal  of  sludge  or  screen- 
ings      

Chlorination   «k'Ai 

Gro.ss   cost    20.98 

Revenue     ^''•^S 

Net   cost    10  32  12.14 


"I'is 

1.50 

1  00 

4  05 

12.14 

11.03 


$4.60 


1.15 
2.05 

.50 

4.05 

12.35 

i2'.35 


(1 


Boulevard  sewage  would  be  $,S.50,  and  the  fertilizer  value 
$2.SS  per  1,000,(100  gal.— a  total  of  $11.3ls,  net. 

Conditions  at  New  Haven  are  such  that  the  effluent  must 
be  clarified  and  disinfected,  but  not  necessarily  nitrified. 
These  conditions  are  favorable  to  the  Miles  process,  to  Im- 
boff  tanks  combined  with  chlorination.  and  to  fine  screening 
combined  with  chlorination,  respectively.  The  activated 
sludge  process  would  not  work  because  of  the  presence  of 
copper  salts  in  the  sewage. 

The  operation  costs  of  the  disposal  plant  are  estimated 
in  Tables  111  and  IV. 

Table  111. — Estimated  cost  of  treatment  of  East  St.  sewage. 
i3ollai-s  per  1,000,000  gal. 

The  results  of  these  experiments  have  warranted  the  New 
Haven  Committee  in  recommending  the  Miles  process  for 
adoption  by  the  city  of  New  Haven,  and  that  a  plant  be  built 
first  at  the  East  St.  sewer,  which  discharges  16,000,000  gal. 
daily,  and.  if  this  plant  be  successful,  the  sewage  from  the 
other  outfalls  should  be  treated. 

Deoxygenating  Effect  of  Effluent  from  Mills  Acid  Process. 
—  h".  W.  MohUuant  states  that  the  efflui.'nt  containing  as  it 
does  bisulphites  and  free  sulphur  dioxide,  has  the  power  of 
deox.xgenating  several  volumes  of  diluting  water,  and  appre- 
hends that  a  zone  of  deoxygenated  water  will  be  formed 
about  the  point  of  discharge  of  the  acid  effluent.  Although 
not  so  stated,  the  implication  is  that  such  a  zone  might  cause 
a  nuisance  or  be  injurious  to  fish  lite.  Otherwise  there  would 
be  no  need  for  considering  it  a  danger.  The  question  raised 
is  Avhether  or  not  effects  would  be  produced  which  would  call 
for  the  aeration  of  the  effluent.  Mohlman's  laboratory  ex- 
periments show  the  effect  upon  the  dissolved  oxygen  and 
sulphur  dioxide  contents  of  diluting  the  .Miles  process  effluent 
with  varying  volumes  of  New  Haven  harbor  water.  The  re- 
sults ai'e  given  in  Table  V. 

This  table  shows  that  in  a  dilution  of  2  of  harbor  water  to 
1  of  effluent,  the  oxygen  is  reduced  from  12  parts  to  1  part 
per  million,  and  the  sulphur  dioxide  from  ll.s  to  S  parts.  At 
a  dilution  of  4  to  1,  the  oxygen  is  decreased  five  times,  and 
the  sulphur  dioxide  has  disappeared.  At  a  dilution  of  9  to 
1.  the  oxygen  is  73  per  cent,  and  at  a  dilution  of  19  to  1, 
92  per  cent  restored. 

Polluted  waters  produce  nuisances  when  they  putrefy  and 
give  off  the  products  of  the  decomposition  of  organic  matter 
containing  sulphur.  They  putrefy  if  the  oxygen  is  exhausted 
before  the  organic  matter  is  oxidized.  In  other  w^ords,  the 
bacteria  will  oxidize  the  organic  matter  to  the  litnit  of  the 
oxygen,  and  if  any  organic  matter  remains,  the  bacteria  of 
putrefaction  will  attack  it  and  produce  the  well-known  con- 
ditions. 

The  Miles  acid  effluent  does  not  represent  the  same  condi- 
tions as  those  which  exist  in  a  deoxygenated,  polluted  water, 
because  in  the  case  of  the  effluent  the  deoxygenation  has 
been  produced  chemically,  not  biologically,  and  the  organic 
matter  present  has  been  practically  sterilized.  Furthermore, 
the  settleable  solids  which  might  form  sludge  banks  near  the 
point  of  discharge  have  been  largely  removed.  Before  a 
nuisance  can  occur,  bacteria  must  be  introduced  and  be  given 
a  chance  to  multiply.  Meanwhile  dispersion  and  dilution  are 
doing  their  work,  and  reaeration  is  taking  place.  Then  there 
exists  the  condition  of  a  warm,  practically  sterile  effluent, 
free  from  sludge-forming  suspended  matter,  being  discharged 
into  a  considerable  body  of  water,  to  the  surface  of  which  it 
will  tend  to  rise  and  spread  in  a  thin  layer,  thereby  becoming 
subject  to  the  reaerating  effect  of  the  wind,  currents,  passing 
craft,  etc. 

tSee  Engineering  and   Contracting  .Aug.    14.    1918. 

T.\BLE    v.  — MIXTURE    OP    H.VRBOR    W.ATER    AND    MILES 
EFFU'ENT. 

1  Eff.       1  Eff.         1  Kff.        1  Eff. 
Harbor     to  2  to  4  to  9  to  19 

Effluent.    Water.    Water.    Water.   Water.   Water. 
Dissolved     oxvgen       0.8  12.0  1.0  5,0  S.S  11.0 

Sulphnr     .lioxide  118  0  8  0  0  0 

TABLE   VI.— CONTINUOUS  .AER.ATION   OF  MILES   EFFt.UENT. 
Sulphur  Dioxide.   PPM.   Reduction.  .\ir  per  Gal. 
Dat..  Influent.       lOffluent.     Per  Cent.     <"u.  Ft. 

Marcli       6.    1918 99.1  4t9  54  n.lO 

March      7.    1918 70.4  14.4  79  0.10 

March      8,    1918 72.3  14.4  SO  0.11 

March      9.    1918 69.1  5.2  92  0.10 

Afarch    10.    1918 81.3  46.4  43  0.10 

March     11,     191S 80,9  36.1  55  0.06 

March    31.    1918 5:i,8  10.2  81  0.10 

-April     1.     1918 108.5  37.4  65  0.10 

April     2.     1918 90.9  26.5  71  0  10 

.April     3.     1918 710  19.8  72  0.10 

.April     4.     1918 92.2  4.5  95  0.10 

,\verage     78.1  23.6  70  0.097 

11) 
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Kntfiiiccriiiff  and  Conlractinii  for  Ma/i   II.   I!>i;). 


..  >  ,.  ...  showeJ  that  the  tsulphiir  tllo.xlile  imiy  bi-  romovod 
I.  tK>fort>  (llliitlon  will)  liiirhor  \viili«r,  uml  aftor  aorn- 

Hou  tn.-  .  .lluonl  will  not  Ucox.vKi'iiato  larRO  voliimos  of  illliit- 
iDR  water.  Th«>  uvorugo  n'sultji  of  various  ai<rallon  oxpoii- 
inents  iisliiK  oomprossi'il  air  atliiiltloil  throiiKh  a  ■Klltros" 
plat«>  Into  a  shallow  aonitliiK  tank  provUllnR  a  liotenllon 
porloil  of  J I    minutes  as  shown  In  Talilo  VI. 

Kr»>ni  the  results  of  these  oxperlments,  .Mohlnum  concludoa 
that  To  per  cent  of  the  free  sulphur  dloxiile  may  be  removed 
by  blowini;  the  ellluent  In  a  shallow  tank  with  97,000  cu.  ft. 
of  fr<«e  air  per  million  sal.  of  sewaRO.  This  degree  of  aein- 
(Ion  Is  about  one  twentieth  of  the  2  cu.  ft.  per  sal.  commonly 
used  In  connection  with  the  activated  sUuIkc  process. 

tU'sten.  also  «.  C.  and  M.  C  Whipple,  and  others,  have 
shown  that  the  aeration  of  water,  which  Is  in  this  case  the 
IntenhanRe  of  oxygen  and  sulphur  dioxide,  may  be  accom- 
plished more  economically  by  I  he  use  of  rifltos,  sprays  or 
cascades,  than  by  aenition  with  compressed  air.  The  latter 
method  Is  rar«>ly  if  ever  used  in  water-works  practice.  In 
the  case  of  the  Miles  eflluenl  we  believe  that  a  sufficient  de- 
itreo  of  ren^ration  could  be  secured  by  discharginR  the  edlu- 
ent  over  a  series  of  riffles,  or.  if  that  plan  wore  Impracticable, 
by  pumpinK  the  effluent  through  a  suitable  aerator,  in  the 
loiter  case  at  a  cost  of  less  than  $1.00  per  million  gal. 

KIsh  life  could  hardly  be  alTected.  for  the  only  place  where 
flsh  could  get  into  any  considerable  depth  of  deoxygenated 
water  would  be  close  to  the  outlet  Elsewhere  they  would 
not  be  affected  unless  they  swam  on  the  surface,  which  fish 
would  not  do  ordinarily. 

Tearse's  statement  in  connection  with  experiments  at  Chi- 
cago—namely, that  the  acid  effluent  has  a  lower  oxygen  re- 
quirement than  ordina^-y  tank  effluent — Is  evidence  that, 
while  the  effluent  contains  no  oxygen,  less  is  required  for  the 
oxidation  of  the  remaining  organic  matter  than  in  the  case  of 
settled  sewage. 

It  Is  therefore  our  opinion  that  under  ordinary  conditions  of 
discharge  into  rivers  or  harbors,  the  dispersion,  dilution  and 
reaeration  of  the  acid  effluent  \voul(\  be  much  more  rapid 
than  the  development  of  putrefaction  and  consequent  nuis- 
ance: and  in  rare  cases  where  aeration  might  be  necessary  it 
could  be  accomplished  at  a  cost  which  would  not  militate 
a^inst  the  usefulness  of  the  process. 

The  value  of  the  grease  from  the  Boulevard  sewage  is  esti- 
mated at  S..T  ct.  per  lb.  to  the  producer.  This  is  the  judg- 
ment of  the  Falk  Co.  of  Pittsburgh,  who  distilled  a  sample 
of  considerable  size.  This  is  about  one-half  the  current  price 
of  good,  saponifiable  grease,  containing  less  than  4  per  cent 
of  unsaponifiable  matter.  Evidently  the  value  which  has  been 
assigned  to  the  recovered  grease  in  previous  statements  re- 
garding the  economy  of  the  Miles  process  should  be  corre- 
spondingly reduced. 

Massachusetts  State  Experiments. — A  report  on  the  Miles 
process  wa?  made  by  Messrs.  Goodnough  and  Clark  of  the 
Massachusetts  State  Department  of  Health  to  a  commission 
appointed  by  the  legislature,  and  presented  by  that  commis- 
sion to  the  legislatuie  early  in  191S.  As  this  report  is  made 
by  a  Massachusetts  commission,  and  because  its  conclusions 
are  contrary  to  the  New  Haven  results,  we  believe  it  war- 
rants  discussion. 

The  experiments  of  Goodnough  and  Clark  were  made  with 
three  2-gal.  samples  made  up  of  aliquot  hourly  portions  col- 
lected one  day  each  week  for  several  weeks.  The  sampling 
was  apparently  fair,  but  on  account  of  the  infrequency  ot  the 
samples  could  not  have  been  as  truly  representative  as  the 
portions  of  sewage  used  during  the  tests  made  by  the  Massa- 
chusetts Institute  of  Technology,  amounting  to  100,000  gal.  of 
sewage.  The  small  samples  of  sewage  were  acidulated  with 
sulphur  dioxide  gas.  settled,  and  the  sludge  collected  and 
analyzed.  While  it  is  true  that  the  sewage  was  treated  with 
acid,  enough  departures  were  made  from  the  Miles  process  so 
that  it  can  hardly  be  called  a  test  ot  that  process. 

The  results  compared  with  the  Technology  experiments 
show  that  61  per  cent  as  much  acid  was  used  and  7.5  per  cent 
as  much  sludge:  and  79  per  cent  as  much  grease  was  re- 
covered. These  lower  results  may  have  been  due  either  to 
a  weaker  sewage  or  to  insufficient  acidification.  But  the 
most  radical  departure  from  the  Miles  process  was  in  the 
use  of  an  IS-hour  period  of  subsidence  in  place  of  the  4-hour 
period  used  in  the  Miles  process.  Using  the  longer  period  of 
subsidence,  the  state  authorities  came  to  the  conclusion  that 
there  was  not  enouah  difference  (2.5  per  cent)  between  the 
amounts  of  sludge  obtained  to  pay  for  the  acid  used.    In  this 
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conclusion  no  ;illcnlion  was  pLiid  to  oar  of  llio  canliual  points 
of  the  Miles  process,  namely,  that  acid  is  used  to  accclcialc 
precipitation:  therefore  it  was  hardly  fair  to  compare  it  with 
an  l,>i-liour  period  of  subsidence,  particularly  so  because  no 
engineer  would  ever  consider  the  use  ot  so  long  a  period  of 
plain  subsidence  for  the  treatment  of  sewage.  The  ])lan 
would  be  prohibited  by  the  initial  costs  of  the  work,  the  local 
nuisances  produced,  and  the  small  amount  of  purification 
effected  by  the  treatment.  Conditions  at  Moon  Island — 
where  sewage  is  stored  about  four  hours,  on  an  average — 
which  are  bad  enough,  only  approach  those  which  would 
exist  were  sewage  stored  IS  hours  before  discharge,  and  it  is 
abhorrent  to  contemplate  what  the  conditions  would  be  if 
the  sludge  from  these  tanks  could  not  be  discharged  with  the 
sewage,  hut  had  to  be  otherwise  disposed  ot.  These  were 
the  conditions  which  in  a  great  measure  prevented  the  suc- 
cess of  the  plant  at  Cassel,  Germany, 

Apparently  the  report  of  the  Massachusetts  commission  at- 
taches little  importance  to  the  sterilizing  effect  of  the  sulphur 
dioxide  and  the  absence  of  local  nuisance,  although  that  point 
was  brouglit  out  in  the  report  ot  the  experiments  conducted 
by  the  Massachusetts  Institute  ot  Technology.  Furthermore, 
Winslow  and  .Mohlman  state  that  "it  is  particularly  import- 
ant from  the  point  of  view  ot  the  practical  sewage-works 
operator  to  note  that  both  effluent  and  sliulge  were  so  affected 
by  the  acid  present  as  to  be  stable  for  considerable  periods, 
so  that  with  a  plant  of  this  type  no  local  nuisances  need  be 
anticipated.  During  the  whole  period  of  our  experience  there 
were  only  one  or  two  occasions  on  which  slight  signs  of 
septic  action  were  noticed  in  the  tank,  and  the  sludge  was 
stored  in  barrels  for  weeks  without  the  production  of  offen- 
sive odors."  They  also  state  that  "above  all,  however,  the 
thing  that  counts  most  heavily  in  favor  of  the  Miles  process 
under  the  conditions  obtaining  at  New  Haven  is  its  freedom 
from  nuisance." 

In  view  of  the  local  nuisance  produced  by  many  a  bac- 
terial tank  and  filter,  we  believe  the  stability  and  freedom 
from  nuisance  of  the  Miles  process  effluent  and  sludge  are 
worthy  of  all  the  consideration  which  previous  experimenters, 
with  the  exception  of  Messrs.  Goodnough  and  Clark,  have 
given  it. 

The  Practicability  of  the  Miles  Process  for  Boston  Sewage, 
— It  is  interesting  to  apply  the  New  Haven  estimates  of  cost 
to  the  results  of  the  experiments  with  Boston  sewage  which 
have  been  made  under  our  direction.  These  experiments 
showed  that  Boston  sewage  yielded  about  1,500  lb.  of  de- 
greased  tankage,  containin.g  4.53  per  cent  of  ammonia;  also 
about  400  lb.  of  recoverable  grease  per  million  gal.  With 
fertilizer  ammonia  at  $4.00  per  unit,  the  tankage  is  worth 
$18.12  per  ton,  or  $13.59  per  million  gal.  of  sewage.  Using 
S.5  ct.  as  the  price  per  pound  for  the  recovered  grease  (which 
seems  fair  because  this  was  the  estimated  value  of  the  New- 
Haven  Boulevard  sewage  which  contains  about  the  same  per- 
centage of  unsaponifiable  matter  as  the  Boston  sewage),  the 
grease  would  be  worth  $34  per  million  gal. 

Modifying  the  New  Haven  costs  to  correspond  with  the 
stronger  Boston  sewage,  we  have  determined  the  costs  as 
given  in  Table  VII,  which  also  shows  the  costs  of  treatment 
of  the  Boulevard  sewage  of  New  Haven.  We  have  not  used 
the  East  St.  sewage  for  comparison  because  it  is  not  repre- 
sentative: it  contains  an  unusual  amount  of  machine  oils  and 
wastes  from  the  metal  industries. 

In  applying  the  New  Haven  unit  costs  we  have  made  no 
subtraction  on  account  of  the  larger  plant  or  the  available 
tanks  at  Moon  Island.  Unit  costs  for  all  items  except  super- 
intendence and  labor  are  those  used  for  Boulevard  sewage: 
the  unit  costs  for  superintendence  and  labor  are  those  used 
for  East  St.  sewage. 

The  estimated  net  financial  result  of  operation  is  given 
in  Table  VIII. 

TABLR    Vir.— COST    PER    MILLION    GALLONS    OF    TREATING 

100.000.000  G.\LLCN.=!   OP  C.'^LP  PASTURE   SEWAGE  DAILY, 

APPLYING   THE   ITXIT    COSTS    ESTIALA.TED   BY  WINS- 

LOAV     AND     MOHLMAN    FOR    16.000.000     GALLONS 

OF    NEW    HAVEN    SEWAGE     DAILY. 

Calf  Pasture  Boulevard 
Sewa.?e.        Sewage. 

Tanks    and    buildings    $2.47  $2.47 

,^cici   treatment    18.65  10.74 

Drying    sludge     10.35  2.04 

Decreasing    .<iludge    9.12  1.91 

Redrying    tankage     10  .17 

■SuperlntendeTice     1.06  2.65 

Labor  on  tanks  and  screens   1.80  1.00 

Total    cost    per    million    gals $42.75  $20.98 
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lu  the  above  we  have  estimated  the  price  of  ammonia  at  Devices  for  producing  sulphur-dioxide  gas,  and  for  feeding 

$4  per  unit.    This  is  low  at  present.    When  ammonia  is  worth  niter  cake  or  other  forms  of  acid. 
$4.50  a  unit,  the  gross  revenue  would  be  $49,29,  and  the  profit  Subsiding  basins 

$6.54  per  million  gal.,  and  at  $4.75  per  unit,  the  gross  revenue  Sludge-handling  apparatus 

would  be  $50.14  and  the  profit  $7.39   per  million  gal.     While  Sludge   driers 

the  above  estimate  shows  a  profit  under  present  conditions.  Grease  e.xtractors 

it  is  probably  true  that  under  pre-war  conditions  the  process  Grease  stills, 

would  not  produce  a  revenue;  and  in  their  conclusion  Winslow  Tankage  driers  and  grinders 

and   Mohlman   state   that  "our   experience   with   New   Haven  tttui„  ,i      i-  *  ■     «        -in  ,  .  ,    , 

sewage  lends  no  color  to  the  hope  that  a  net  financial  profit  J^}"'}^  ^"^  ''^',!^    orm.dable  and  is  enough  to  rule  out  the 

can  be  obtained  by  the  use  of  the  Miles  acid  process,  unless  ^'°J!!'/°;  ''°^'     'f "  t  '°.  ^T..°- 1"'''  '"^.f   B°«to". 

.^.  ,.  f       11      ,  ■   ,  i     t         1    1  however,  the  cost  should  not  exceed  $15,000  per  ml  ion  gal., 

with    sewage    of   exceptionally   high    grease   content   and    low  fi„jiy  caoacltv 

alkalinity." 

„  .   .^,  ..■        ^-L.  ,  ^  1      •  Large    Scale     Experiments    Necessary. — While    all    of    the 

One   may   rightly   question   the    values   of   any   conclusions  ,.,^„„  i^„„,„  t„,„,       T ..  v,         u  •   ■  ■ 

.  ,  ,,  ,       .,  ...  large-scale  trials  of  the  process  have  been  giving  promising 

based  on  pre-war  prices,  because  the  present  evidences  indl-  „„„„,,.„    :»•».,     »i,   ^  ^u     j     •  ■,    ,  •  „     ,    , 

^     .,..,.■,  ....  -I,       i   V,     1  1    •  /!•  results.  It  IS  true  that  the  drying  and  degreasmg  of  sludge 

cate  that  the  prevailing  prices  will  not  be  lowered  immedi-  ,  .,^  „„ ,  ♦■  „j  ,  ,         . ,,  ^  ^i.         ?• 

.  ,  J  »i.  ,,  iu   ■  ,       1      m  •     •  "^s  never  been  practiced  on  a  large  scale.     All  of  the  esti- 

ately,  and  they  may  never  reach  their  pre-war  level.     This  is  „,„j„„  „„„  i,„  „j  „   ,,        ,     ;  •   ,  ,  ^x. 

:.     ,     ,     ^  ;,  .  T,-  u  •     .u         ■     •     1  f     t       ■     ,.,  mates  are  based  upon  small-scale  trials  and  the  opinions  of 

pai-ticularlv  true  of  labor,  which  is  the  principal  factor  m  the  „„„;„„„^     „,  i    „e   '         f     ,  ,       v,  u      j,    ,      .      , 

,      ^      '       .  ,        .^  ^  ■,  ■  I.       ■         .,.  -r  »i,  engineers   and   of   manufacturers    who   have   handled   similar 

costs  of  materials.     At  present  high  prices  it  seems  as  if  the  „,.,t„^,-.,,„      mT,„       •  .  ,    t,        .  .  ,  , 

,,.,  ,j  ,_  o,   u,       i  r,     i  J   ti,-     <.  materials.     There  is  great  need,  therefore,  for  a  large-scale 

Miles  process  would  be  profitable  at  Boston,  and  this  favor-  „,-„„.;„,„„.  ,„-n,  „   ,  *     j   t         •        .u         .      , 

,,      ,.  \.,  t       c  ••  11  experiment  with  normal  sewage  to  determine  the  actual  pos- 

able  condition  would  gradual  y  disappear  as  the  rate  of  tail  ,;h;i;n„„    •„    „„.„*■  „      mi,-  ■         *     i      i.j    v.  , 

,,         ,       /^  1,  .  ^     »  .•  sibilities   m   practice.     This   experiment  should   be   made   on 

in  prices  exceeding  the  rate  of  fall  in  cost  of  operation  comes  ^  ,„.,!„  i^,.  „  „„       v.  *     /i  *        •       k  j     h    i     i  *  .,,,  x 

■   .       ff     ^  a  scale  large  enough  to  determine  beyond  all  doubt  the  costs 

'"r^u^   ^'^  \     ■  ,  J       J  f     .-I-  ■  „   A    -t  "^  drying  and  degreasing  and  the  possibility  of  marketing  the 

The   materials   produced   are   fertilizer   and   grease,   and   it  „,.„j„„t„      ,t  ^i„,,.  „„„.  «En  ann 

,.,    ,     .,.    ,.  X,       ,  J      -,1    1  11  products.     It  might  cost  $50,000. 

does  not  seem  likely  that  the  demand  will  decrease  rapidly. 

The  materials  used  for  purification  are  sulphur,  pyrite,  niter  Adaptability  of  the  Process.— In  the  words  of  Winslow  and 

cake  and  the  sulphur  acids.    The  war  has  stimulated  the  pro-  Mohlman.— "For   communities   where   clarification    and   disin- 

duction   of   all  these   materials,   and  now   that   the  abnormal  fection  are  desirable.— where  screening  would  be  insufficient 

demand  had  ceased  they  should  be  cheap.  ^I'i  nitrification  unnecessary,— the  process  of  acid  treatment 

_.        ,               ,     1  XV,  *  •                             -x  •     1-1    1     xv,ot  fi,„  comes  fairly  into  competition  with  other  forms  of  tank  treat- 
Therefore  we  feel  that  in  many  cases  it  is  likely  that  the  ,„„„,.   „„  ,  x.  „.   ...,.,,         -t    ,  ^      ,     ,-  ,^^ 

-,.,  ■  ui.  I,  *    1     .         IV,*       „«/■>„„ „  nient     and  that  it  is  particularly  suited  to  dealing  with  sew- 

Miles  process  might  be  operated  at  a  slight  profit  tor  some  „,i,;„v.  „„*„■•/■*■  i  „      *  j  ,  •     i       i-*- 

=  ,     .  ,,  i    1     X  it.  ages  which  contain  industrial  wastes  and  for  use  m  localities 

time  to  come.   and.  m  any  event,  operated   at   a  cost  lower         , i  „.  •  „    „  *  u  •  i   j     »     n        ..         j      v, 

,.        ^,    ,.  ,  ,,  in        „„       >„^„  „(.  w'here  local  nuisances  must  be  avoided  at  all  costs  and  where 

than  that  for  any  other  process  producing  the  same  grade  or  ,_, ,. ,  ,,    ,  •,    ,    ,  i         ■,,     ,.„=     ,,     .. 

,     .„     ,.  j\,.  .   .     X-  sludge   disposal   could   be   provided   for  only   with   difficulty, 

clarification  and  disinfection.  tii,;„  „,   „       .i  „*   ■     nn  *     r  xv,  v.  i 

This  means  that  in  90  per  cent  of  the  cases  where  a  large 

Other  Advantages  of  the  Miles  Process.— In  addition  to  the  volume  of  strong  sewage  is  discharged,  the  Miles  process  is 

advantage   due   to   the   freedom   from   nuisance,   the   stability  worthy  of  consideration. 

of  effluent   and   sludge,   and   those   due   to   the   compensating  _       ,     .  „.  ,    ,     ..      f  ■,,  „  ■        ,  ,,,  ,, 

,  ,,  ,  ,      ,      ^,  ..,,     xi,         J        r  Conclusions. — We  conclude  the  following  from  the  results 

value  of  the  recovered  products,  there  are  still  other  advant-  „.  ,,  „  ,  ,   .„       „  „     • .       „j     *   j- 

,,,,,,,,         J      .^,  of  the  various  experiments  and  studies: 
ages  which  should  be  reckoned  with,  ,,,   _,      ,,.,  n  „     j  n  j-  •   »     *  j     « 

(1)  The  Miles  process  will  produce  a  well  disinfected  efflu- 

All  are  aware  that  modern  sanitary  engineers  are  design-  g^t  f,.oijj  ^^^^^^  f,o  pgj.  (.g„f  ^j  ^j^g  ggttleable  solids  have  been 

ing  sewage  disposal  works  to  purify  sewage  to  the  ^egree  to  removed. 

which  the  body  of  water  into  which  the  effluent  is  to  be  dls-  (o)     whereas    it   requires   for   its   accomplishment   devices 

charged  demands  and  as  the  financial  conditions  will  allow.  joj.  ^he  chemical  treatment  of  the  sewage  and  for  drying  and 

In  so  doing  they  often  sacrifice  a  desirable  degree  of  clan-  degreasing  the   sludge,  competent  supervision  is  necessary, 
fication.  as  when  only  subsiding  basins  or  screens  are  used;  (3)     Qn  account  of  the  nature  of  the  plant  and  the  rela- 

or  a  high  degree  of  nitrification,  as  when  high  rates  of  filtra-  (j^giy  jjjgjj  ^.^^^  ^f  operation  for  small  installations,  it  is  not 

tion   through    coarse    material   are    employed;    but   with   the  ^ell  adapted  for  the  purification  of  small  volumes  of  sewage. 
Miles  process  it  is  a  fundamental  necessity,  in  order  to  re-  (4)     ^^  operation  should  cause  no  local  nuisances, 

cover  the  valuable  products  upon  which  the  cheapness  of  the  (5,     ^  causes  the  removal  of  over  99  per  cent  of  the  bac- 

process  depends,  to  at  the  same  time  disinfect  the  effluent  terla 

and  attain  a  much  higher  de?ree  of  clarification  than  can  be  (g,     ^j^g  effluent  remains  stable  long  enough  for  the  neu- 

obtained  by  screening  or  plain  subsidence.     Therefore  there  tralizatlon  of  the  excess  acid,  and  the  oxidation  of  the  sulph- 

is  little  temptation  to  sacrifice  safety  for  cheapness.  ites  and  the  sulphates  by  dilution. 

The    sludge    from    the    Miles    process    contains    much    less  (7)     As  compared   with   the  activated   sludge   process,   the 

moisture  than  activated  sludge,  and  about  the  same  as  the  volume  of  sludge  is  very  small. 

subsiding  basin  sludge  an(f  the  Imhoff  tank  sludge,  as  Table  (8)     Compared   with   the   cost   of   the   oxidation  processes, 

IX  shows.  the  cost  of  installation   is  low;    it  is  somewhat  higher  than 

As  compared  with  activated  sludge,  the  advantage  of  han-  that  for  Imhoff  tanks  with  chlorination. 
dllng  less  than  one-seventh  of  the  volume  of  activated  sludge  (9)      The   products    recovered   are   valuable,   and   their   re- 
is  obvious.  covery  would   effect  a  conservation  of  natural   resources. 

Installation   Cost  for  Miles  Process.— The  devices  required  dO     Apparently  it  is  the  most  economical  process  for  pre- 
fer the  operation  of  the  Miles  process  are  the  following:  ducing  so  well  clarified  and  so  stable  an  effluent,  and  under 

present   conditions   it  seems  as  If  it  could   be  installed  and 

TABLE   VIIT— E.STIMATKD     FINANCIAL    RESULTS    OP    OF-  operated  at  a  profit  in  those  larger  cities  where  the  condi- 

ERATING  THE  MILES  ACID_  PROCESS  AT  THE  tions  are  favorable. 

Per  Million  Gallons.  flD      To    determine    the    costs    of    sludge    drying    and    de- 
Revenue:  greasing  more  accurately  than  is  possible  from  the  available 

Prom    tankage    $13.59  1    x  ,  ,  •„      »    •  n  j    j 

From  grease 34.00  data,  a  large-scale  experiment  is  urgently  needed. 

Total    grross    revenue    $47.59  

Expenses: 

Estimated  cost  of  treatment   42.75  Water  Consumption   at   New   Bedford,   Mass.,   in   1918. — The 

Profit  on  above  basis  ?Ts4  average    daily   water   consumption    in    191,S    of   New   Bedford. 

Mass.    (118,140    population    supplied),    was    3,759.405    gal.,  or 

TABLE  IX.  ^52  gfi]    pgj.  day  to  each  inhabitant,  or  621  gal.  per  tap.    The 

Volumes  consumption  is  83   per  cent  metered.   Of  the   total  consump- 

"^^centaEe  ^T'       c'pnfainfne  ^^°^  domestic  consumers  used   34%    per  cent,   and  manufac- 

Moisture  the  Same  turers  51   8/10   per  cent.     The  remaining  14  per  cent  is  un- 

Kind   of    Sludge.  ^^^n^  Arno^_ts^of  accounted    for.     The    cost    of    supplying    water    per    1,000,000 

Activated   sludge    98.5'  100  gal.  figured  on  total  maintenance  was  $48.73.     The  total  cost 

Mil?L'''prlce^''Sludge^f.. v. •..■.■.'. v. •.■.■.•.■.        90.0  \\  °^  supplying  water,  per  1.000.000  gal.  figured  on  total  main- 

Imhoft  tank  sludge   ..'.'...........'....        89.0  13.6  tenance  plus  interest  on  bonds,   was  $69.08. 
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Future    Public   Water  Supplies   in 
iowa* 

By   LAKAVKITK   IIU'.OINS. 
S-iiill«i>    KiiKliif.r  Sini.'    l>.-iv;irtm<iit   of   Hfiilth   of   knva, 
1.,  .1,..  I..1 .11,1  iiortlons  of  th>'  sliito  wIump  lukos  and  sireiims 
•    niul   wluTi'   Impiuiiullns   Is   piuollcnlly    Im- 

.inlilpHlllli's   imiHt    utUl    nmkf   use   of   dilUod 

wrlU  or  nibiilar  wi-lls   nuililpl>  tnK    the    inimlu'r  of  wolls  to 

..i.f  .i„    .„    .,1,  ,11  .!.■   supply   iiiid   iroiiUiiK   the   wnter   of  such 

.     to   rt'iiiovt'   exceaslvy   hardness   or   ex- 


In  «nv  locnllly  whoro  an  unfiillliiK.  niiturnl  stream  of  water 
nr  Idemble  cnpnclly  of  How  exists,  the  future  public 

V,  V    of    munlclpiilllles    located     In    reach     of     such 

sir.iiiii  may  be  satisfactorily  solved  by  maklntr  use  of  the 
wnter  of  8uch  stream.  It  may  be  thai  the  valley  of  such 
strvnm  contains  (sruvel  beds  sufllciently  free  from  silt  to  per- 
mit the  collection  of  the  water  supply  by  driven  wells. 
tubular  wells,  dui:  wells,  or  by  the  gallery  system.  It  is  a 
dlscoiiraRlni:  fact,  however,  that  very  few  of  the  gravel  beds 
Ivlnc  In  our  river  valleys  or  adjacent  to  the  streams  are 
suited  to  the  collection  of  water  by  means  of  driven  wells. 
A  somewhat  Inriser  number  will  afford  the  supply  by  means 
of  tubular  wells.  However,  not  many  of  such  locations  per- 
mit extensive  collection  of  wnter  by  means  of  dug  wells 
and  there  Is  only  an  occasional  location  where  the  gallery 
•ysteiu  can  prove  permanently  effective. 

Instances  of  the  failure  of  driven  wells  are  numerous,  al- 
though a  number  of  our  municipalities  are  still  depending 
upon  such  method  of  collection,  preferring  to  keep  up  a  con- 
tinual cleaning  and  replacement  of  wells  rather  than  to  re- 
sort to  more  modern  method?.  Instances  of  apparently  suc- 
cessful collection  by  means  of  shallow  tubular  wells  are  not 
infrequent.  Perhaps  the  largest  inland  supply  furnished 
by  such  means  of  collection  is  at  Newton.  la.,  where  tubular 
w"ells  from  6  In.  to  8  In.  in  diameter  and  about  50  ft.  in  depth. 
located  in  the  valley  of  the  Skunk  River,  about  6  miles  from 
the  city,  furnish  an  apparently  inexhaustible  supply  of  ex- 
cellent water.  In  this  particular  instance,  it  would  appear 
to  be  only  a  question  of  multiplying  the  number  of  wells 
and  increasing  the  supply  main  leading  to  the  city  in  order 
!o  furnish  an  unlimited  supply  for  the  use  of  the  city  of  New- 
ton, no  matter  how  large  the  city  may  become  in  the  future. 

However,  where  it  is  possible  to  economically  collect  a 
water  supply  from  a  river  valley  by  these  methods,  the  sup- 
ply should  be  so  collected  and  the  water  given  whatever  treat- 
ment may  be  necessary  to  make  it  safe  and  suitable  for  do- 
mestic use.  Such  treatment  may  consist  of  nothing  more 
than  chlorination  to  eliminate  pathogenic  germs,  but  it 
may  include,  and  must  necessarily  in  some  locations  include 
the  removal  of  the  iron  content  which  is  almost  always  pres- 
ent in  such  waters,  and  it  may  also  require  some  treatment 
to  reduce  the  hardness. 

Where  it  is  not  possible  to  economically  collect  the  pub- 
lic water  supply  of  a  river  valley  by  means  of  the  forego- 
ing methods,  the  final  chance  is  the  use  of  the  water  of  the 
river  itself.  It  is.  of  course,  understood  in  such  a  case  that 
modern  methods  of  purification  and  filtration  will  be  em- 
ployed, but  the  efficiency  of  such  methods  is  long  past  the 
experimental  stage  and  is  now  recognized  as  an  accomplished 
fact. 

Recent  instances  of  the  necessity  for  such  use  of  stream 
water  are  the  city  of  Clarinda.  which  In  times  past  has  de- 
pended upon  shallow  tubular  wells  and  which  now  contem- 
plates taking  the  stream  water  and  purifying  the  same  by 
means  of  a  modern  mechanical  filter  plant  and  the  city  of 
Ft.  Dodge,  which  is  now  contemplating  a  supply  taken  di- 
rectly from  the  Des  Moines  River  and  likewise  purifying  the 
same  by  means  of  a  modem,  mechanical  filter  plant. 

~"  re   history   of  the   public   water   supplies   in   Iowa 

V  :  :iny   such  instances  of  abandonment  of  the   pres- 

ent n.f-t.hod?  of  collection  of  public  water  supply  and  the  in- 
stitution of  direct  river  supplies. 

In  any  locality  where  neither  shallow  nor  deep  wells  are 
successful  and  where  an  adequate  river  or  lake  supply  is 
wanting,  apparently  the  only  source  of  public  water  supply 
will  be  the  catchment  area  and  the  impounding  reservoir. 


•Abstract  of  a  paper  presented   April  17  before  the   Iowa   Section 
tf  the  American  Waterworks  As.^ooiation. 


'Phis  proposition  dciniinds  at  once  a  consideration  of  the 
rainfall  :ind  the  ruii-ofl'.  the  topography,  the  clKuactcr  ol  the 
soil  ami   the  surface  pollution. 

It  is  common  to  place  the  annual  precipitation  in  the  state 
of  Iowa  at  approximately  ".0  in.  A  closer  examination  of 
data  reveals  that  the  annual  iiroclpilation  In  the  northwest 
corner  of  the  state  is  L'.'i  in.,  ami  ii\  llic  southeast  corner  of 
the  state   botwoen  ;!">   ami    lu   in. 

Lines  of  equal  precipitation  iilolird  \iiu)ii  llu'  iiKiii  wmilil 
show  the  J.'i-li..  line  runniiti;  through  the  center  of  Lyon 
t'ounty  near  Kock  Rapids  and  exlcniling  in  a  northeasterly 
i;nd  southwesterly  direction.  The  HOin.  line  enters  the  state 
at  I'ouncll  BIulTs  in  I'ottawattaniie  t'oiinty  runs  northeasterly 
to  Rockwell  City,  thence  to  Ft.  Dodge,  thence  to  Waverly, 
thence  in  a  more  northeasterly  direction  to  Decorah  and 
crosses  the  state  liite  within,  and  near  the  northwest  cor- 
ner of.  Allamakee  County.  The  ;i.")-in.  line  enters  the  state 
in  Ringgold  County,  thence  runs  northeasterly  to  Leon,  BI- 
don,  I'airliold,  Washington,  Tipton,  and  crosses  the  state 
line  and  the  Mississippi  Hiver  at  Dubuque,  thence  running 
almost  due  east  in  the  state  of  Illinois.  The  40-in.  line  is 
entirely  south  and  east  of  the  boundaries  of  the  state. 

The  foregoing  revievv  of  the  annual  precipitation  will  in- 
dicate that  those  localities  of  the  state  where  impounding 
must  be  employed  are,  generally  speaking,  the  portions  of 
the  state  where  the  heaviest  rainfall  occurs. 

A  study  of  the  topography  of  the  state  and  the  rainfall 
determines  that  in  certain  portions  of  the  state  perhaps  7.5 
per  cent  of  the  rainfall  enters  tlje  soil  and  25  per  cent  be- 
comes run-off,  while  in  other  portions  of  the  state  perhaps 
not  more  than  25  per  cent  of  the  rainfall  enters  the  soil 
and  75  per  cent  of  the  rainfall  is  run-off. 

Ordinarily  in  localities  where  impounding  must  be  em- 
ployed the  run-off  is  more  than  50  per  cent  of  the  rainfall. 
Barring  dry  periods  and  years  of  scant  precipitation,  the 
topography  of  the  state  and  the  character  of  the  soil  in  these 
localities  are  favorable  for  the  use  of  catchment  areas  and 
impounding  reservoirs. 

Instances  of  the  successful  collection  of  public  water  sup- 
plies by  such  method  are  Centerville  and  Chariton,  both  of 
which  cities  exhausted  all  possibility  of  obtaining  public 
water  supplies  by  means  of  deep  wells  and  have  now  suc- 
ceeded in  obtaining  satisfactory  supplies  by  the  method  of 
impounding  and  treating  water.  A  number  of  other  munici- 
palities in  Southern  Iowa  have  adopted  this  plan  more  or 
less  successfully  and  it  is  evident  that  in  Southern  Iowa  the 
future  public  w^ater  supplies  will  be  largely  impounded  where 
streams  are  not  available. 

Primarily  the  rainfall  furnishes  our  water  supplies  no  mat- 
ter what  the  method  of  collection.  It  is  true,  however,  that 
our  attention  is  directed  to  the  question  of  rainfall  more 
anxiot'.sly  in  the  case  of  impounded  supplies  because  such 
supplies  are  almost  wholly  made  up  of  run-off  water. 

A  few  mistakes  have  been  made  locally  in  estimating  the 
required  area  of  water  shed.  In  certain  localities  it  may 
not  be  wise  to  consider  that  more  than  6  in.  of  the  annual 
rainfall  may  be  available  after  allowing  for  rapid  run-off. 
evaporation  and  percolation.  In  other  localities  the  effective 
amount  may  be  ,S  In.  or  more.  By  computation  of  volume 
of  supply  based  upon  utilized  rainfall,  the  area  of  water  shed 
may  be  determined.  An  effective  recovery  of  6  in.  of  rain- 
fall per  square  mile  would  provide  for  a  daily  supply  of  ap- 
proximately 300.000  gal. 

We  may  therefore  summarize  the  probable  future  practice 
in  locating  and  installing  future  public  water  supplies  in 
Iowa  as  follows: 

1.  Supplies  from  rivers  and  lakes. 

2.  Supplies  from  catchment  areas  and  impounding  reser- 
voirs where  streams  and  lakes  are  not  available. 

:j.  Supplies  from  wells  in  localities  where  streams  and 
lakes  and  catchment  areas  are  not  available. 

It  would  appear  to  be  possible  to  collect  and  purify  the 
stream  and  lake  water  and  the  impounded  water  of  the  state 
at  a  cost  not  exceeding  $25  per  1,000,000  gal.,  except  dur- 
ing flood  times  or  times  when  silt  and  surface  pollution  are 
maximum.  This  would  mean  a  cost  of  2%  ct.  per  1,000  gal.: 
and  under  abnormal  prices  we  might  estimate  the  cost  of 
the  collection  and  purification  at  5  ct.  per  1,000  gal.  It 
would  appear,  therefore,  that  the  actual  cost  of  collection 
and  purification  is  one  of  the  minor  costs  of  a  safe,  sanitary 
and   satisfactory   public   water   supply. 
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Testing   Stations  for  Determining 
Critical  Factors  for  Water  Puri- 
fication Plant  Design* 

By    W.    T.    M'CLENAHAX   and   R.    S.    RAXKIN. 

Assistant     Knsineers.     Pearse    &    fJreeley.     iiydraiilio    and    .Sanitar.\ 
Knsineers,    i  'hira^o. 

Design  and  Construction  of  Testing  Stations. — The  size 
of  the  testing  station  which  it  is  advisable  to  build  depends 
on  the  nature  of  the  tests  and  the  funds  available.  In  gen- 
eral, a  testing  station  is  a  niinature  replica  of  a  complete 
purification  plant.  Sometimes,  however,  the  tests  are  run 
on  parts  of  a  completed  plant  prior  to  enlargement  or  a  por- 
tion of  one  of  the  component  parts  of  a  plant  is  built  in  ad- 
vance for  test  purposes.  This  method  deserves  attention 
and  is  to  be  tried  out  on  a  sewage  treatment  plant  at  De- 
catur. 111.  It  is  planned  to  build  two  small  sprinkling  filter 
units  and  to  use  them  as  a  testing  station.  These  units  will 
establish  rates  of  application  and  any  other  factors  neces- 
sary to  be  determined  before  the  time  when  full  sized  units 
for  all  the  city's  sewage  can  be  built.  When  this  is  done, 
these  two  sprinkling  filter  units  w'ill  become  a  part  of  the 
completed  plant. 

When  basic  engineering  principles  are  already  well  estab- 
lished and  it  is  necessary  to  determine  only  the  rates  and 
areas  required  to  make  these  principles  applicable  to  local 
conditions,  this  method  of  testing  would  seem  to  offer  great 
possibilities,  first,  because  full  sized  units  can  be  used  for 
the  tests,  and  second,  because  the  testing  station  can  very 
often  be  built  out  of  funds  already  appropriated  for  partial 
(ir  complete   treatment. 

When  a  small  testing  station  is  to  be  built,  the  purpose  of 
the  tests  should  be  kept  clearly  in  mind,  and  the  limitations 
of  a  small  station  should  be  considered.  A  test  nm  to  in- 
vestigate color  removal,  for  instance,  needs  only  prove  that 
it  is  possible  to  remove  color.  It  is  not  necessary  to  pro- 
duce absolutely  sterile  water  in  the  testing  station  itself 
for  experience  has  shown  that  it  is  much  more  difficult  to 
get  sterile  water  from  a  small  test  filter  than  from  the  larger 
units  used  in  regular  filtration  work.  As  long  as  the  test 
demonstrates  that  the  color  can  be  removed  and  shows  how 
it   is   to   be   donp   the   plant   has   accomplished    its   mission. 

A  testing  station  should  be  compact,  convenient,  and  easy 
of  access  to  all  parts  As  far  as  practicable  the  course  of  the 
water  through  the  plant  should  be  progressive.  Each  step  in 
the  treatment  process  should  be  in  logical  sequence  in  order 
Ihat  the  work  of  the  operator  may  be  simplified  and  that  it 
may  be  easier  lo  watch  and  understand.  This  is  particularly 
important  when  the  operator  is  a  non-technical  man.  .-Vn 
operating   platform   is   convenient    and    desirable. 

The  de.^igner  should  keep  in  mind  that  a  plant  of  this  kin<l 
is  often  subjected  to  quite  radical  changes.  The  baffling  and 
piping  arrangements  are  most  often  affected  and  the  chem- 
ical used  for  treating  purposes  may  have  to  be  changed  also. 
In  this  case,  a  change  in  the  method  of  applying  or  in  its 
point  of  applicatioTi  may  be  required. 

Because  of  the  temporary  character  of  a  testing  station, 
the  first  cost  is  relatively  verv  important,  while  durability  of 
material  and  cost  of  operation  are  not  so  important.  Wooden 
construction  therefore  is  quite  suitable,  sheet  iron  is  useful 
and  black  iron  pipe  is  often  satisfactory.  The  salvage  value 
after  the  plant  is  dismantled  may,  however,  call  for  better 
material  than  would  otherwise  be  used.  Obviously,  the  ma- 
terial and  construction  should  be  substantial  and  good  enough 
to  give  satisfactory  service  and  to  last  throughout  the  period 
of  test. 

Recently  the  firm  of  Pearse  &  Greeley  have  designed  and 
built  tw-o  small  testing  stations  to  study  unusual  problems 
in  water  purification.  One  of  these  was  installed  at  Wheel- 
ing. Ind.,  the  other  is  at  Midland,  Mich.  They  are  both  good 
examples  and  show  the  value  of  such  tests  when  little  lit- 
erature or  experience  is  available. 

The  Whiting  Testing  Station. — Whiting,  a  city  of  S.200  peo- 
ple, is  located  along  the  south  shore  of  Lake  Michigan  in  the 
heart  of  a  great  industrial  district.  Surrounding  it  are  (he 
cities  of  Indiana  Harbor.  East  Chicago  and  Hammond.  At 
present  all  the  sewage  from  this  great  manufacturing  region 
finds  it  way  into  Lake  Michigan,  but  the  Calumet  Sag  Canal 

•Abstract  of  a  paper  presented  before  the  HHnois  .Section  ni  the 
.\merican    \Aatvr\\oiks   A.ssoeiatloii. 
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promises  some  relief  in  the  near  future.  Some  of  the  indus- 
tries produce  large  quantities  of  troublesotne  wastes,  notably 
several  chemical  works,  a  glucose  factory,  and  the  great 
steel  mills.  The  most  troublesome  waste,  however,  is  that 
from  the  Standard  Oil  Refinery  located  in  Whiting  which  im- 
parts a  very  objectionable  ta.ste  and  odor  to  the  city  water 
The  amount  of  oil  actually  existing  in  the  water  is  exceed- 
ingly small  and  is  very  difficult  to  detect  by  any  chemical 
means.  Nevertheless  the  effect  is  quite  apparent  to  the 
consumer. 

Most  of  the  oil  is  said  to  come  from  the  agitators  where 
the  motor  spirits  are  clarified.  Soda  and  sulphuric  acid  are 
added  in  this  refining  process  and  the  resulting  sulphates  are 
washed  out  into  the  lake  and  form  what  is  called  "Soap"  or 
"White  Water."  This  white  water  carries  off  small  quantities 
of  oil  in  mechanical  suspension,  some  in  the  form  of  an 
emulsion  and  some  in  colloidal  solution.  Portions  of  the 
oil   are   volatile. 

The  city  water  supply  is  drawn  through  a  66-in.  brick  tun- 
nel extending  out  into  the  lake  about  24,iM)0  ft.  At  times  the 
white  water  described  above  discolors  the  lake  as  far  as  the 
intake  and   the   water  is   rarely   without  some  odor  or  taste. 

The  problem  for  design  was  this— given  a  citv  water  sup- 
ply contaminated  by  a  variety  of  unusual  was'tes  with  oil 
waste  predominating,  to  design  a  filter  plant  effective  in  re- 
moving odors  and  tastes  as  well  as  the  bacterial  content 
The  purpose  of  the  testing  station  was  to  studv  this  problem 
;/long  the   following  lines: 

(1)   The  effect  of  aeration  on  the  odor  and  taste. 

(2  1  Kind  and  amount  of  chemical  to  be  used  and  its  effect 
on   the  odor  and  taste. 

C!)  Period  of  sedimentation  and  the  time  of  contact  giving 
best   results. 

(4)  Any  peculiarities  that  might  develop  in  the  treatment 
of  water  contaminated  by  oil. 

The  following  is  summary  of  details  of  this  station: 
Aeration : 

.Size  ol'  collecting   ijlatforiii.   II   ft,    x   i:;    ft, 

.Vozzle   used.  >ro.  0   Spraco,   ma.l,-   by    .S|May   I-:]if;iiit-erin8   C„    of 

Boston.   .Mass. 
I'ressiire   at   ba.«e   of  nozzle,    S   ll>, 
AVater   rate,    SV,    gal.    per   minute. 
Chemical  Treatment: 

I'liemical   userl.   alum, 

.\iiniitlfd.   between  aerator  and  coaRUlation  basin, 
.strentith  of  stock  solution,  10  per  cent. 
.Strength  of  .solution  fed.   1 '4   per  i-ent. 
Method  of    Feeding: 

Thiouish  a  small   hole  drilled  in  side  of  ■'Ss   in.  brass  tube  stuck 
through   rubber  cork   in   bottom   of  wooden   bucket.     Head   on 
orifice    Tuaintained    by    means   of    fountain    similar    to    the    in- 
•••erted    water  liottle  often   found   in   offlocs. 
Amount  of  Chemical    Fed    in   Water: 

!;:iiised   from    .K  ,=  rain   to   I    ,s;rain   per  aal.    of   \vater  treated. 
Coagulation    Basins: 
.Vumlier   used.   2, 
Size  of  each   basin.  .5   ft.   (!  in.   x   s  ft.   x  2  ft.   !i   in.   deeji.   inside 

measurements. 
I  >epth  of  water.  ."Jl  in. 
■  'aijacily  each  basin,  S2."i  tjal. 

'•apacity  In  hours,  I  hr.  -10  min,  each  when  tanks  were  run  in 
series  c;  hr.  2n  min.  total)  or  :;  hr.  20  min.  each  when  run 
in  parallel. 
Xumber  of  baffles  in  eaeh  tank.  I  lenglhwise  at  first  with  2 
passageways:  later  chanfjed  to  have  :;  baffles  with  4  pas- 
sageways. 
\'elocit>-   of   Flow — 

^\'hen   run    in    parallel: 

With  single  baffle.    .071;   ft,    per  min. 
-     With  triple  bafRe,  .172  ft.   per  min, 
^A'hen    run    in    series: 

With  sing-le  baffle.   .I.S2   ft.  per  min. 
With    triple    baffle.    .:j4l    ft.    per   min. 
Filter: 

Xumber  of  filters.  1. 

.\rea.    t    sf|.    ft. 

r-'iltering  rate.   S   gal.    per  min, 

I'nderdrain  system  used,  H:trrisburg  type  with  pipe  grid. 

t>epth   of    gravel,    s    in. 

nepth  of  sand.   30   in. 

Wash,   hand  controlled  fiom  barrel  storage. 

P.ate  of  wash.   15  gal.   per  sq.   ft.  per  min. 

.Method    of    supplying    wash    water,    hand    i>umi>    liflint:    water 

from  fUtered  water  barrel  to  wash  water  ii.irrels, 
.Method   of  rate  control,    tbiat   valvi^   and   orifice. 

Results  of  Test  at  Whiting  Station. — The  results  of  aera- 
tion  showed  that  the  imiirovetnent   in  the  water  was  not  at 
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all  uniform.     Its  efllcucy  seonied  depoiulent   iiinin   the  ilirec-  irii-  ilrivon  roiilrifiignl   inmi|i,  aiul   liilivored   to  the  inlet  ori- 

tlon  and  velocity  of  tho  wind  whioh,  when  It  blew  uitoss  the  flee  box. 

plant  of  thi>  Stundiird  Oil  Co..  not  only  oiuistul  the  nlr  to  be-  The  toUowhis  suminary  ol"  ilio  (illli  rent  ilovii-es  furnished 

come  heavily  liideiv  with  oily  odors  but  also  drove  before  It  an  outline  of  the  essential  features  in   the  design  and  opcr- 

ii  sreat  deal  of  sand  and  einders  which  had  become  coated  atlon: 

with  oil.     rnd«r   such  conditions   the  spray   actually    washed  iii.-mUal  Ti.iiinuiii: 

oil  out   of  (he   atmospher«>   Instead  jif  .kIvIur   up   that    which  l..inif— 

It  ulrottdy  contained.     Nevertheless  the  aeration  seemed  help-  AilmlUt'il  «.s  lime  water. 

ful  lit  all  limes  for  the  water  required  a  smaller  amount  of  Quanilty  used,  aiiproxlmntely  8  Krnlns  per  gallon. 

chemical  to  accomplish  the  llnal  removal  In   the  coagulation  Method  of  feeding:,  by  dhertlnt,-  a  portion  of  Mow  (about  one- 

ha^lns  and   niters,  due   perh:tps   to  a   breaking  down  of  the  JCuLVarunu' wa"!T  •'""""'"'■  """""^  ''""  ""^  '''^•""'"'"k 

.a,   WM»-s  the  only   chemical   tried  an.l   i<    proved   success-  '  ,^'>'_,  ^^^  a,„.ll.a,lon.  between  two  coa^ulatlnK  bnslns. 
(ul      As  the  oil   which  ren.ained  in  the  water  after  aeration  j^,^„„„^,  ^^  f,,aing-a  20  liter  bottle  with  site  outlet  controlled 
was   probably    removed    by    absorpUon;    that    is.    by    sticking  ,,y  adjustable  screw  cock.    A  slass  tube  throuBh  a  cork  in 
to  the  Bocculent   precipitate  of  alum,  any  other  coagulant  of  ti,e  top  which  terminated  In  an  upturned  gooseneck  near  the 
the   same   general   character    would    doubtless    have    done   as  liottom  supplied  the  air  and  reKulated  the  head  on  the  out- 
well.     It  was  not  thought   worth  while  to  go  further  Into  the  let.     This  bottle  was  capable  of  very  nne  adju.stment. 
malt<-r.     A  fair  average  of  the  amount  of  alum  required  was  Lime  Saturator— 
about  .7  grains  per  gallon  of  water  treated.  size.   ir.  in.  in   diameter  at  the  top.   \   in.   in  diameter  at  the 

In   regnnl   to   sedimentation   and   the   period   of  contact.   It  bottom,  depth  30  In. 

<eemed   that    the  oil   reaulred   some   time   to   attach   itself   to  '"'""'  ""'"'"''•  ^°  "dnutes  to  1  hour. 

the  coagulant  and  when  the  floe  was  kept  in  suspension  for  a  ""'"frrel "above'"''  """■  ^'  "  '"  ""  ""'  """'  °'  '""'  """'" 

while   longer  than   the   common   practice,   a   smaller  amount  „ 

,     ,                 ,.  J       1                           1  .Mixing  Troughs — 

of  alum  could  do  the  same  work.  j^„,^^^^  „,  passages.  5. 

Among  the  peculiarities  which  developed  during  the   test.  ^^^^^  „.,^^^,^^.  .,  .^   ^^^^^^   3  .,,   ^^^^^  ^^^^^^  ^^^^  ^  ^^   ,^_^g 

the   most   Important  was   the   necessity  for  frequent  washing  Period  of  mixing,  approximately  3  minutes. 

to  maintain  the  normal  rate  of  Hltration.     The  lilter  acted  as  Each  pa.ssage  was  baffled  with  1  in.  cleats  spaced  3  in.  center 

though  It  were  air  bound.     This  was  probably  due  to  the  oily  and  had  a  slope  of  1  In.  from  end  to  end. 

floe  forming  a  water  tight  film  over  the  surface  of  the  sand.  Coagulating  Basins— 

for  It   was   discovered   that  by  lightly   raking  the   surface  of  Number  used,  2. 

the  sand  the  filtering  rate  was  restored  and  the  loss  of  head  size  and  rapacity,  the  same  as  those  used  at  Whiting. 

returned    to   nearly   normal.     Later   it   was    found    that    the  Period  of  now  u.sed  in  tests.  8  hr.  and  6  hr. 

same   result   was  obtained   by   'shaking"   the   filter.   1.   e.,   by  ^^'^'^"1, 

slniplv   opening   and   closing  the   wash    water  valve   without  '  ""^  '"^  "^       '''''^^' 

actuailr  washing  the  Alter.     In  this  way  the  period  of  serv-  A  small  laboratory  was  fitted  up  in  conjunction  with  the 

Ice    between    washings   was    increased    from    6    to    16   hours,  station.     Alkalinity  tests  on  the  raw  water,  lime  water,  coagu- 

with  a  consequent   reduction   in   the  amount  of  wash   water  'ated  water  and  filtered  water  were  run  at  frequent  intervals. 

used.  Anything  wrong  or  unusual  in  the  operation  was  apparent  to 

Pifiiculty  was  also  experienced  in  making  satisfactory  an-  ^^^  operator  at  once.     The  solutions  were  made  up  so  that  no 

alyses   of  the   samples.     Since   no   other   method    was   avail-  computations  had  to  be  made  to  interpret  the  results. 

able  for  detecting  oil  in  such  minute  quantities,  appeal  had  The    testing   station    itself   was    housed    in    and    old    pump 

to  be  made  to  the  senses  of  taste  and  smell.    Obviously,  these  house   heated   and   lighted.     This   w-as   a   distinct   advantage. 

senses   are   somewhat   unreliable.     However,   the   tests   were  The  tests  were  run  24  hours  of  the  day  and  thus  approached 

made  independently  by  thnpe  different  persons  so  that  the  re-  actual  working  conditions. 

suits  were  well  checked.  It  was  found  that  it  was  impossi-  Costs  of  Water  Testing  Stations.— The  accompanying  table 
ble  to  judge  odors  In  Whiting  because  of  the  atmospheric  of  costs  of  Water  Testing  Stations  will  doubtless  be  of  in- 
conditions  so  the  samples  were  brought  to  Chicago  for  judg-  terest  to  those  who  contemplate  such  tests.  The  table  was 
ing.  Conclusions  from  the  tests  were  that  the  taste  and  odor  taken  originally  from  "Sewage  Disposal"  by  George  W.  Fuller 
could  be  thoroughly  removed  when  the  modifications  of  filter  and  was  revised  bv  Langdon  Pearse  in  his  lecture,  "Experi- 
practice  noted  above  were  put  into  effect.  mental  Engineering,  Particularly  the  Construction  of  Test- 
Midland  Testing  Station.— Midland  is  a  town  of  about  10.-  jng  Stations  on  Water  and  Sewage  Problems,"  and  brought 
000  inhabitants,  and  is  approximately  25  miles  from  Saginaw,  yp  jq  (jate  by  the  writers: 
It  is  located  near  the  center  of  a  brine  well  district  and  is 

the  home  of  the  Dow  Chemical  Co.,  a  company  which  utilizes  "^^  op  SPECI.al  amkrican^INVESTIGATTO        ON  WATER 

this  brine  and  other  chemicals  In  solution  to  manufacture  a  Place.                       "       Date.                Work.                       Cost. 

large  number  of  chemical  products.  Lawrence.  Mass 1887-il  AVater  and  sewage    $195, nno 

"r^.^  _:    «—     i\,      r'\.:^^  j    .i.      T-i»    u  •»  Providence.   R.   1 1893-94  Water  5,000 

Two  rivers,  the  Chippewa  and  the  Tittabawassee,  unite  m       txiuisville.  Ky 1895-97  Water  47,SK 

Midland.     The  Chippewa  is  less  turbid  and  colored  than  the      Reading.  Pa 1897  Water  I'kob 

Tittabawassee.  but  has  a  drainage  area  more  thickly  settled  r^nci'^niu.' o^'. .' .' .' .V:.:.':.  \lll'-ll          wat'er                           4i:59S 

and.    consequentiv    much    more    polluted.     Both    waters    are      "West  Superior,  wis 1898-99  Water  2^000 

f„,>K.  horH  Washington.    D.    C 1899-1900  Water  8,000 

idirij    uara.  Richmond,  Va 1900  Water  2,000 

At  present.  Midland  obtains  its  suppiv  from  the  Chippewa      ^'<'w'  Orleans.  'Ua. 1900-01  Water  23.fiOB 

River  principally  because  of  its  clearness.     On  account  of  the  sprlngrteldi^Mass. ! ! . ! ! ! ! !  llm'is           wllZ                         "siM? 

rapid  growth  of  the  chemical  companv  during  war  time  and      Harrisburg,  Pa 1903-04  Water  25!ooo 

the  consequent  increase   in   population,  the   town  has   awak-  Saim^'cSif.' •.■.■.■.•.■.■..:: !  }907:o8           Wall?  ^""^  ^^^''^^     toS 

ened  to  the  necessitv  of  improving  its  water  suppiv.  Ontario,  Province  of 1909-15  Water  and   sewage      6l!900' 

The  problem  of  Midland  is  in  part  as  follows :     "  Sevei^nd',"^''- . ; ; ! : ; : ;  [  [  i ;  III!               ^^^llll                            IS 

1.  Determination   of  the   more   suitable   suppiv,    the   Chip-      Milwaukee.  Wis 1918  Water  40,000* 

npwa   nr  tho  TittnIi-)vr!>c:od  i^ttot  '  Whiting,   Ind 1917  Water  1,000 

pewa  or  ine   tittabawassee  nver.  includes  about   $14,000  for  field   work  in  province.     =Does  not 

2.  Determination  of  the  best  method  of  reducing  the  color  include  oneratina-  cost  of  $9,000  per  year.    ^Does  not  include  oper- 
of  the  Tittabawassee  river,  if  that  supply  is  selected.  "*'"^  ''°^*-    'Appropriation. 

Z.     Determination  of  the  best  method  for  reducing  the  alka-  .^-^t^'^.'^'^'-'^'^Kt-CTlON  costs  op  TESTING^^STATIONS.^^^^ 

linity  of  either  source.  Baltimore    Gravity             $5,000 

The  testing  station   as  constructed   consists  essentially  of  Cincinnati    Gravity             "-^Jj 

two   coagulating   basins,   a    filter,    and    a    filtered    water   sto-  Detroit  8'.000 

age    tank.     Supplementan-    to    these    are    an    inlet    orifice  ?ero';ife''p''ark ' Pumped            10,573^' 

box,    a    divided    orifice     (one    portion    of    a    flow)     passing  ^riiwaukee   ......'.■.'.■.'.".".■.■.'.■..'.'.■.'.'.■.'.'.'.'.'..'.    Puinped              8i282' 

through  a  lime  saturation  and  joining  the  other  portions,  a  Midland'  Mkh '    pUmpId                400 

mixing  trough,  wash  water  barrels  and  a  filter  rate  controller  ciea'eland ". . . .'.  .'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.^'.'.'.'.'.'.'.    Pumped              4.000 

of  the  adjustable  float  type  'Testing    devires.      ^Laboratorv    building    and    equipment.      'In- 

mi,               1      •■       >.!    ■      J  «  '        i,_        .           ,  eluding  eng1nee>-ine-  inspection.    *Low  bid.  exclusive  of  filter  wa.<!h- 

ine  supply  is  obtained  from  the  nver  through  a  small  elec-  ng  machine.    =E.xclusive  of  piping,  heating,  etc. 

(116) 
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Diagrammatic  Representation  of 

Public  Utility  Commission 

Decisions  on  Fire  Charges 

Curves  based  on  public  utility  decisions  have  been  found 
useful  by  Chester  &  Fleming,  Consulting  Engineers,  Pitts- 
burgh, as  a  guide  to  show  what  portion  of  water  charges 
should  be  allocated  to  fire  service.  The  diagrams  prepared 
by  the  above  mentioned  firm  are  reproduced  below.  Each 
curve  is  platted  from  24  decisions  for  plants  having  a  value 
above  $50,000  and  gross  revenues  from  $5,000  to  $100,000  per 
year.  The  decisions  from  which  these  curves  were  prepared 
are  shown  in  the  table,  each  division's  place  in  the  diagram 
being  indicated  by  its  number  given  in  the  table. 
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0      'mm    'am    'siodo    '4om    'xm    'eom    'lim    'mm 

Gross  Revenue  from  plant  Operation 
Fig.    1 — Annual    Charge    for    Fire    Service    by    Water   Works    Plant. 

The  diagrams  are  self  explanatory.  For  instance,  in  Fig.  1 
there  appears  at  the  bottom  the  gross  revenue  from  plant 
operation.  At  the  left  of  the  diagram  appears  the  annual 
revenue  from  fire  protection  in  dollars,  which  permits  the 
location  on  the  face  of  the  diagram  at  ito  proper  point  each 
decision  and  through  these  decisions  the  line  of  average  is 
drawn,  and  so  knowing  the  gross  revenue  from  plant  opera- 
tion one  may  readily  obtain  what  the  decisions  plotted  would 
indicate  would  be  the  fair  amount  of  the  gross  to  be  derived 
from   the   municipality   as   compensation   for   fire    protection. 

Figure  2  at  the  left  of  the  page,  instead  of  stating  the  an- 


FIRE     PROTECTION     CHARGES     MADE     AGAINST     THE 
NICIPALITT   BY   PUBLIC    UTILITY    COMMISSION. 
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nual  revenue  from  fire  protection  in  dollars,  tabulates  the 
percentage  of  gross  revenue. 

Figure  3  deals  with  the  value  of  the  plant  as  fixed  by  the 
Commission  in  its  relation  to  the  revenue  from  fire  protec- 
tion in  dollars. 

Figure  4  deals  with  the  value  of  the  plant  as  fixed  by  the 
Commission  with  relation  to  the  percentage  of  the  plant 
chargeable  to  fire  protection. 

By  plotting  the  curves  which  represent  the  average  of  the 
decisions,  the  average  result  may  be  found  within  the  limit 
of  these  decisions,  and  by  utilizing  the  line  of  average  ex- 
tended in  either  direction,  the  results  may  be  made  useful 
beyond  the  limits  embodied  in  the  decisions. 
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KiKihiftriit/i  (1)1(1  ('out  rait  hi  (I  for  Muif  II.  I<>i;r 


Cost    of    Punipinj^    Throiii^h    Pipe 
Lines' 

Uy  il    r.  HAHKKMKYKK.  .\.  ilim  c'hloi    Illinois  SCiito  Wutor 

Surve.v. 

In  chiXJHlni;  n  pli>«"  I'lu-  for  any  coriain  lustalliition  it  is  loiu- 
mon  to  oonsliliT  Ihe  oconomloal  velocity  of  flow  tliroiigli  tin" 
plp«^.  This  may  b««  of  oonsldorablo  atlvaiitaRP.  but  It  is  pi-ob- 
ablf>  ihot  only  on  nire  occasions  will  water  How  at  such 
velocity.  The  loss  of  pressure  In  various  sized  pipes  carrying 
water  «t  a  glvon  rate  of  l\o\v  Is  often  computed  and  the  extra 
cost  of  pumplnfT  In  the  smaller  pipes  balanced  against  the 
extra  Ilr>t  cost  of  the  lurger  pipes.  Oflkials  In  charge  of  the 
Innlnllntlon  of.  or  chnnges  In.  a  water  supply  would  do  well 
10  consider  the  entire  cost  of  puuipl"K  throuRh  the  pipe  line 
reduced  to  cents  per  thousand  Kal.  (or  other  unit  by  which 
water  Is  sold).  In  some  Installations,  knowing  the  conipara- 
llvely  low  cost,  more  consideration  would  be  jtiven  to  secur- 
InK  u  water  of  excellent  nuallly  at  some  distance,  possibly 
from  another  public  supply.  In  other  Instances  the  advanf- 
UKe  of  providing  reservoir  capacity  to  reduce  fluctualions  in 
rate  of  flow  or  of  provldlni;  Rood  service  with  large  sized 
pipe  could  be  more  readily   shown. 

The  life  of  a  pipe  lln?  carrying  water  such  as  is  in  general 
use  for  public  supplies  Is  not  generally  affected  by  the  velocity 
of  flow  within  ordinary  ranges.  Therefore,  to  double  the 
rate  of  How  divides  by  two  the  interest  and  depreciation 
change  per  gal.  However,  with  Increased  rate  of  flow  the 
friction  Increases,  and.  with  same  pipe  line,  same  cost  of 
pumping  1.000.1100  gal.  1  ft.  high,  and  not  including  interest 
and  depreciation  on  pipe  line,  increasing  the  flow  GO  per 
cent  multiplies  the  total  cost  of  pumping  by  three. 

A  pipe  line  built  without  regard  to  increased  demand  in  fu- 
ture may  result  in  very  high  pumping  costs  or  building  of 
another  line  in  the  near  future.  .\  line  built  to  give  eco- 
nomical cost  of  pumping  10  or  20  years  in  the  future  may  be 
very  expensive  on  account  of  high  interest  charged  on  the  in- 
vestment. Since  in  many  instances  it  is  necessary  to  vary 
the  rate  of  pumping  throughout  the  day.  the  size  of  pipes 
should  be  so  chosen  that  average  cost  will  be  economical.  It 
may  be  economical  in  some  cases  to  pump  at  a  definite  rate 
for  several  hours  each  day  until  sufficient  water  is  pumped 


to  mcol  ilic  douKiini  for  tliu  entire  d.i.N .  Interest  and  depre- 
ciation continue,  however,   when  line   is  not   in  use. 

Knowing  delinitely  the  cost  units.  Ihe  cost  may  be  shown 
best  by  curves,  but  I'or  a  basis  from  which  to  draw  curves 
for  any  cost  units,  values  are  best  showti  by  tables. 

The  following  table  is  prepared  to  show  cost  of  delivering 
water  at  uniform  rales  of  flow  through  pipe  lines.  The 
pumping  cost  is  taken  at  10  ct.  per  I.OOO.OOO  gal.  1  foot  high. 
l''rlction  Is  computed  by  the  formula  of  Flanumt  as  given  by 
diagram  in  •Public  Water  Supplies  by  Tunieaure  and  Rus- 
sell."  The  cost  of  pipe  is  taken  at  $30  per  ton  for  Class  H. 
cast-iron  pipe  :uid  Interest  plus  depreciation  on  the  pipe  line 
is  taken  at  (>  per  cent. 

When  pumping  costs  are  low.  pumping  a  little  above  the 
most  economical  rate  does  not  greatly  increa.se  the  total 
cost  per  1.000,000  gal.  However,  by  choosing  the  next  larger 
sized  pipe  the  cost  could,  in  many  cases,  be  greatly  de- 
creased. 

Costs  I'or  pumping  part  time  at  uniform  rate  may  be  com- 
puted from  the  table.  For  example,  pumping  through  a  lo- 
in, pipe  line  at  a  rate  of  1,000,000  gal.  a  day,  an  average  of  S 
hours  a  day,  the  cost  of  pipe  line  per  1,000,000  gal.  would  be 
three  times  that  given  in  the  table,  or  $:i.6:;.  Operation  if 
cost  is  10  ct.  per  I.OOO.OOO  gal.  1  ft.  high  would  be  ?2.1o  as 
given — total  $.5.';:!.  Pumping  for  8  hours  at  a  rate  of  500. ooo 
.gal.  a  day  and  for  16  hours  at  a  rate  of  1,000,000  gal.  a  day. 
the  cost  would  be  1/6  of  a  million  at  $2.84  =j  $0.47  plus  2  :! 
of  a  million  at  $:i.:il  =  $2.20;  a  total  of  ,S:!:!,000  gal.  at  a  cost 
of  $2.67  or  $:!.20  per  1,000,000  gal.  For  various  unit  costs 
of  pumping  corrections  may  readily  be  made.  For  cost  of 
pipe  delivered  to  station  within  one  or  two  miles  of  con- 
struction work  other  than  $:'.0  i)er  ton.  the  cost  may  be  closely 
approximated  by  varying  the  cost  on  the  pipe  line  and  the 
r>  per  cent  on  investment  proportionately,  as  the  cost  of  iron 
is  a  large  part  of  the  cost  and  generally  when  pipe  is  high 
labor  is  also  high.  Actual  cost  of  pipe  line  chosen  for 
table  may  readily  be  found  as  6  per  cent  of  the  cost  is  given. 


•Prom  a  paper  presented  ilarch  26  before  the  Illinois  section  of 
the  American  Water  Works  .Vssoriation. 


Ice  in  Water  Mains  in  May. — An  excellent  illustration  of  the 
severity  ot  the  cold  period  of  1917-18  in  New  England  is  niven 
in  the  last  annual  report  of  the  Water  Department  of  New- 
Bedford,  Mass.  On  May  28,  when  the  Department  remo'ed 
a  line  of  4-in.  main  for  the  purpose  of  replacing  it  with  pipe 
of  larger  size  an  S-ft.  section  of  the  4-in.  pipe  was  found  to 
be  filled  solid  with  ice. 


COST  OF 


DELIVERIXO  W.\Tt:R  .\T  CNIFORM  R.\TES  OF  FI^OW   THROFGH  PIPE  I.IXES. 

. Diameter    of    pipe 

6  inches.  8  inches.  10  inches.  12  inches. 

^  4)  0)  aj 


14  inches. 


100, 

150, 

200 

2S0, 

300, 

400 

500, 

•>00 

SOO, 

1.000 

1,200 

1.400 

1.600 

2.000, 

2.400 

2.800, 

3.200, 

3.600 


.000 
000 
.000 
000 
000 
,000 
.000 
.000 
000 
,000 
.000 
000 
000 
.000 
.000 
000 
.000 
000 


o 

$0.42 
.86 
1.4.'! 
2.11 
2.90 
4. SO 

■;.io 
a.-- 

16.15 


$6.92 
4.62 
3.47 
o  -- 

2'31 
1.73 
1.39 
1.15 

.86 


i- 

J7.3I 

5.4S 

4.90 

4.88 

5.21 

6.53 

8.49 

10.92 

17.01 


$0.11 

.22 

.36 

.53 

.73 

1.21 

1.78 

2.46 

4.06 

6.00 

S  26 


500.000  

600.00'1  

SOO  0011  

$0.07 

09 

15 

1.000.000   

23 

1.200.000   

1.400.000  

31 

41 

1.600.000  

52 

2.000.000  

76 

2  400.000  ...  . 

1  05 

2.S00.000  

3.200.000  

3  600.000  

■ 1.37 

1.74 

2.13 

4.000.000   

2.56 

3  000  000  

?.  so 

6  000  000  

8.000.000  

10.000.000  

12  000.000   

14  000  000     

16.000.000  

?  - 

$9"'l2 
6.08 
4.56 
3.64 
3.03 
2.27 
1.82 
1.52 
1.13 
.91 
.76 


$9.23 
6.30 
4.92 
4.17 
3.76 
3.48 
3.60 
3.38 
5.19 
6.91 
9.02 


so'.i.i 

$6.  OS 

$i;'.2i 

$0.C5 

$7..si 

$7!s6    :::::    :;;;:    ;;;!; 

.18 

4.84 

5.02 

08 

6.25 

6.33   

.26 
.42 
.62 

.86 
1.42 
2.10 
2.89 
3.78 
4.77 


4.04 
3.04 
2.42 
2  02 
1.52 
1.21 
l.OI 
.87 
.76 


4.30 
3.46 
2.84 
2.88 
2.94 
3.31 
3.90 
4.65 
5.53 


.11 

.18 

.27 

.36 

.60 

.89 

1.23 

l.PI 

2.04 

3.01 

4.13 


5.21 

3.90 

3.12 

2.60 

1.95 

1.56 

1.30 

1.11 

.97 

.78 

.65 


$0.05 

.09 

.13 

.18 

.2<1 

.43 

.59 

.78 

.98 

1.45 

1.99 

2.60 

3.29 

4.03 


$6.?2 

4.66 

3.72 

3.11 

2.33 

1.87 

1.55 

1.33 

1.16 

.94 

.77 

.66 

.58 

.52 


16  inches. 
$4.50       $4.57 


~r>ianieter    of    pipe- 


$6  •'7 
4.75 
3.85 
3.29 
2.62 
2.30 
2.14 
2.11 
2.14 
2.32 
2.76 
3.26 
3.87 
4.55 


20  inches. 


24  inches. 


30  inches. 


3.75 

3.84 

2.81 

2  P6 

$0.05 

$3.90 

$3.95 

2.25 

2.48 

.08 

3.12 

3.20 

1.88 

2.19 

.11 

2.60 

2.71 

$0.04 

$3.39 

$3.4?. 

1.61 

2.02 

.14 

2.23 

2.37 

.05 

2.90 

2.96 

1.40 

1.92 

.18 

1.95 

2.13 

.08 

2.54 

2.62 

1.13 

1.88 

.25 

1.56 

1.81 

.11 

2.04 

2.15 

$0.04 

$2  93 

$2.97 

.94 

1  99 

.■!6 

1.30 

1.66 

.15 

1.70 

1.85 

.05 

2.44 

2.49 

.80 

2,17 

.48 

1.11 

1.59 

.20 

1.45 

1.65 

.07 

2.09 

2.16 

.70 

2.44 

.60 

.98 

1.58 

.25 

1.27 

1.52 

.09 

1.83 

1  9'' 

.63 

2.76 

.74 

.87 

1.61 

.31 

1.13 

1.44 

.11 

1.63 

1.74 

.56 

3.12 

.89 

.78 

1.67 

.37 

1.02 

1.39 

.13 

1.46 

1.59 

.45 

4.25 

1.32 

.62 

1.94 

.55 

.82 

1.37 

.19 

1.17 

1.36 

1.81 

52 

2.33 

.76 

.68 

1.44 

.26 

.98 

1.24 

3.00 

.39 

3.39 

1.25 

.51 

1.76 

.43 

.73 

1.16 

1.86 

.41 

2.27 

.63 

.58 

1.21 

2.56 

.34 

2.90 

.87 
1.15 
1.45 

.49 
.42 

.37 

1.36 
1.56 
1.S2 
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Power  and  Pumping  Section 

This  section  of  the  Waterworks  and  Hydrauhc  Monthly  issue  of 
Engineering  and  Contracting  is  devoted  to  the  selection  of  power  and 
pumping  equipment  and  the  economic  management  of  its  operation. 


Principles  of  Boiler  Water  Treat- 
ment 

As  a  means  of  encouraging  tint  her  economy  in  the  use  of 
fuel  the  United  States  Fuel  Administration  has  issued  a  bul- 
letin on  the  subject  of  scale  forming  materials  in  boiler  water 
and  the  most  readily  available  means  for  counteracting  their 
effects.     The  notes  following  are  taken  from  the  bulletin. 

A  source  of  unnecessary  waste  of  fuel  originates  in  the 
use  in  boilers  of  so-called  "hard"  water.  This  leads  to  the 
deposition  upon  the  boiler  metal  of  insulating  material  con- 
tained in  the  water  which  retards  the  flow  of  heat  from  the 
furnace  to  the  water  to  such  an  e.xtent  that  the  amount  of 
heat  escaping  through  the  stack  is  materially  increased.  A 
steam  pipe  covered  with  asbestos,  magnesia  or  other  heat- 
insulating  material  keeps  the  heat  in  the  steam.  A  boiler 
tube  coated  with  scale  or  other  heat-insulating  material, 
keeps  the  heat  out  of  the  boiler  water,  and  sends  it  to  the 
stack.  By  lagging  pipes  fuel  is  easily  saved.  By  lining  tubes 
with  scale  it  is  wasted  continuously  and  needlessly. 

The  Nature  and  Origin  of  Scale  Forming  Material. — All 
natural  waters  contain  more  or  less  heat-insulating  material. 
partly  as  suspended  matter  (such  as  clay,  fine  sand,  insolu- 
ble forms  of  iron,  aluminum,  etc.).  partly  as  dissolved  mat- 
ter, such  as  compounds  of  calcium,  magnesium,  sodium,  potas- 
sium and  other  mineral  salts.  Much  of  the  suspended  matter, 
as  well  as  most  of  the  dissolved  matter,  may  form  scale. 
The  suspended  matter  may  generally  be  removed  by  filtration. 

Of  the  material  commonly  in  solution  in  boiler  waters,  the 
ijicarbonates  and  sulphates  of  calcium  and  magnesium  are 
the  most  important  scale  formers.  Natural  waters  contain- 
ing in  solution  bicarbonate  of  calcium  or  magnesium,  or  both. 
exhibit  what  is  called  -temporary"  or  "carbonate"  hardness; 
those  containing  dissolved  calcium  or  magnesium  sulphate  or 
both  possess  "permanent"  or  "sulphate"  hardness.  In  the 
case  of  the  sulphate  scale  the  temperature  required  to  sep- 
arate it  is  too  high  to  make  its  removal  by  heating  alone  a 
practical  means  of  treatment.  In  the  case  of  water  exhibit- 
ing carbonate  or  temporary  hardness  great  improvement  in 
its  properties  may  be  effected  by  the  use  of  open  heaters  of 
the  exhaust  steam  type.  As  a  rule  sulphate  scale  is  denser 
in  str\icture  with  a  higher  heat-insulatiug  value  than  carbonate 
scale,  but  the  conditions  of  formation  affect  this  considerably. 
Where  a  porous  structure  permits  water  to  penetrate  the 
scale  its  heat-insulating  effect  is  greatly  reduced. 

The  Effect  of  Scale.— In  many  respects  the  effect  of  an  in- 
creasing deposit  of  scale  on  the  passage  of  heat  through  the 
walls  of  a  boiler  tube  is  very  similar  to  the  effect  on  the 
passage  of  water  through  a  tube  of  continually  decreasing 
bore.  In  the  case  of  the  water  tube,  the  only  way  to  get  a 
imiform  volume  of  water  through  it  in  a  given  time,  in  spite 
of  its  diminishing  bore,  is  continually  to  increase  the  pres- 
ure  in  the  waier:  so  in  the  case  of  a  boiler  tube  covered 
with  a  dense  scale  the  only  way  to  maintain  a  constant  flow 
of  heat  from  the  furnace  to  the  boiler  water  is  to  increase 
the  "heat  pressure,"  so  to  speak:   that  is,  to  burn  more  fuel. 

Heat  Loss. — The  most  important  effect  of  scale  is  due  to 
the  fact  that  in  certain  forms  It  is  a  wonderful  heat  in- 
sulator Its  chemical  composition  seems  to  have  little  to 
do  with  its  heat-insulating  power,  the  big  question  being  the 
density  or  mechanical  structure  of  the  scale.  A  series  of 
experiments  by  Prof.  Schmidt,  of  the  University  of  Illinois, 
gave  the  following  results,  showing  decrease  in  heat-transfer 
efficiency  of  tubes  coated  with  scale  of  different  thickness 
and  composition: 
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Loss  of 
Character  of  .-.^falt-.        Thickness.     <?V>mposition.  dlfficiencv. 

Inch.  Percent. 

Hard   1/59  Mostly  carbonate    9 

.Soft   1/32  Mostly  carbonate"  7 

Hard    l/i2  Mostly  carbonate    S 

.Soft   1/25  Mostly  carbonate   8 

Hard     1/25  .Mostly    sulphate    li 

Do    1/20  Mostlv   sulphate    11 

Soft   1/16  Mostly   sulphate    1(1 

Do     1/16  Mostly  carbonate    11 

Do    1/16  Mostly   carbonate    12 

Hard     1/16  Mostlv  carbonate   .  : 12 

Soft    1/11  Mostly  carbonate   , 15 

Hard     1/9  Mostly   sulphate 16 

This  expressed  in  dollars  antl  cents  means  that  with  a  de- 
posit of  l/;i  in.  of  scale.  16  ct.  of  every  dollar  paid  for  coal 
is   lost. 

The  data  just  given  must  not  be  regarded,  however,  as  in- 
dicating that  the  decrease  in  the  heat-carrying  capacity  of 
scale  covered  tubes  can  always  be  calculated  with  the  ac- 
curacy that  these  figures  would  indicate.  The  important  facts 
are.  though,  that  the  loss  is  easily  prevented  and  that  the 
advantages  of  soft  water  abundantly  justify  all  expenditure 
necessary  to  secure  it. 

.Just  what  the  loss  is  in  any  particular  case  could  best  be 
determined  by  comparing  the  fuel  consumption  with  clean 
and  then  with  scale-covered  tubes,  other  operating  conditions 
being  kept   uniform. 

Means  of  Removing  Scale  Forming  Elements. — The  meth- 
ods employed  in  softening  water  may  be  divided  into  two 
main  classes,  (a I  those  in  which  the  scale-forming  property 
is  removed  before  the  water  enters  the  boiler,  (b)  those  in 
which  the  softening  is  effected  within  the  boiler  itself  by 
means  of  so-called  "boiler  compounds."  As  to  which  one  of 
the  two  classes  of  methods  should  be  employed  in  any  par- 
ticular case  would  depend  on  the  size  of  the  plant,  and  on 
the  character  of  the  water  to  be  softened.  In  the  case  of 
waters  of  abnormal  composition,  it  would  frequently  be  im- 
possible to  produce  a  satisfactory  water  by  either  method 
and  a  new  water  supply  would  be  necessary. 

It  can  not  be  too  strongly  emphasized  that  this  question  of 
water  treatment  is  one  in  which  the  employment  of  com- 
petent chemical  and  engineering  knowledge  is  both  abso- 
lutely necessary  and  highly  profitable,  and  it  would  be  far 
wiser  to  omit  all  forms  of  water  treatment  (involving  the 
use  of  chemicals)  rather  than  to  undertake  such  without 
knowing  accurately  the  composition  of  the  water  and  of  the 
material  used  to  soften  it.  It  is  most  important  to  remember 
that  the  quality  of  the  water,  even  when  secured  from  the 
same  source,  varies  widely  from  time  to  time.  These  varia- 
tions are  not  only  seasonal  and  monthly,  but  daily  and  even 
hourly.  A  condition  of  excessive  concentration  of  the  water 
after  a  protracted  drought  may  be  changed  within  an  hour 
to  a  correspondingly  excessive  dilution  by  a  summer  storm. 
The  result  would  be  to  decrease  enormously  the  percentage 
of  dissolved  matter  and  to  increase  probably  to  a  much 
greater  degree,  the  amount  of  suspended   matter. 

As  a  consequence,  a  prescribed  treatment  of  the  water 
based  on  its  analysis  at  any  particular  time  might  not  lead 
to  satisfactory  results  if  applied  at  some  other  period. 

As  an  instance  of  the  serious  danger  of  an  uninteilig'^nt 
"dosing"  of  boiler  waters  may  be  cited  the  results  of  a  long 
series  of  investigations  which  have,  apparently,  shown  that 
carbonate  of  soda  in  solution  produces  brittleness  in  boiler 
steel.  Carbonate  of  soda  (soda  ash)  is  used  in  most  water- 
treating  processes  and  its  unintelligent  use  may  readily  lead 
to  a  very  dangerous  condition  in  a  boiler. 

Boiler  Compounds. — Boiler  compounds  afford  a  very  useful 
means  of  boiler-water  treatment  in  plants  whose  size  or 
value  of  output  would  not  justify  the  use  of  a  more  exprm- 
sive  method.  This  would  be  true  of  a  large  percentage  of 
the  plants  of  the  country. 
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In  splto  of  a  Kreul  variety  of  tnulo  uanies  a  very  largo 
Ii.  of  nil   bolU'r  coiiipoiiiuls  consist   most   largely   of 

iM  soda,  to  which  caustic  aotla  Is  soinotlmos  ailiiod, 

lu  V   p|ios|)liulo  of  soila.     Starchy  materials,  aud 

tl  ,:   taiinlii  arc  froniiont   iiiKrcilloiits.     The  sup- 

j),  •    ut   those   last  two  materials   Is   to  coat   tho  par- 

ti, :('clpltated  liicrustliiK  material  and  prevent  Its  co- 

hcMon  into  compact  scale. 

The  chief  dlsadvnntiiKO  tnssumliiK  that  they  arc  used  lii- 
telllKcntly)  ig  tho  necessity  of  frcijnently  blowing  down  the 
bollor  to  prevent  the  ucciimiilation  of  "sludgo"  and  of  alka- 
line (sodium)  suits  in  the  water,  both  of  which  catisc  foaming. 
Furthermore,  this  blowing  down  must  bo  supplemented  by 
washlnc  out.  and  occasionally  closing  down  the  boiler  to 
complete  tho  removal  of  the  sludge  and  of  the  boiler  com- 
pound itself.  Whenever  competent  supervision  of  boiler  wa- 
ter treatment  Is  available  wilhin  the  plant  organization,  it  is 
prt-forablo  to  soften  the  water  before  It  enters  the  boiler, 
nnd  this  must  bo  done  when  the  percentage  of  scale-forming 
Ingredients  Is  high. 

Treating  the  Wafer  Before  It  Enters  the  Boiler.— The  re- 
moval of  scale  forming  components  from  water  by  chemical 
means,  whether  before  or  after  entering  the  boiler,  is  ac- 
complished by  converting  the  calcium  and  magnesium  com- 
pounds Into  practically  insoluble  forms,  causing  them  to  sep- 
arate from  the  water  and  allowing  the  material  to  be  re- 
moved by  blowing  down  Altering,  or  sometimes  by  settling. 
Ume  and  soda  ash  are  generally  used  for  this  purpose  when 
tho  softening  occurs  before  the  water  enters  the  boiler.  The 
lime  combines  with  the  carbon  dioxide  which  held  the  cal- 
cium and  magnesium  carbonates  in  solution:  these  are  no 
longer  soluble  In  the  water  after  removing  the  carbon  di- 
oxide, and  tJierefore,  separate  from  it.  In  a  similar  way  tho 
sulphate  scale  is  removed  by  its  conversion  to  insoluble  car- 
bonate by  the  soda  ash. 

The  Lrme-Soda  Process. — There  are  in  current  use  in  power 
plants  practically  only  one  lime-soda  process,  of  which  there 
are  two  varieties  differing  chiefly  in  the  temperature  of  the 
water  when  treated.  In  all  essential  respects  the  two  varie- 
ties are  similar.  The  treatment  consists  of  adding  to  the 
"raw"  water  softening  agents  in  carefully  controlled  amount 
(which  must  agree  with  the  composition  of  the  water),  mix- 
lug  these  thoroughly  within  the  water,  and  permitting  suffi- 
cient time  to  elapse  for  the  separation  of  the  "sludge"  be- 
fore the  water  is  fed  to  the  boiler. 

In  the  case  of  the  "hot-continuous"  process  this  separation 
is  effected  more  rapidly,  which  permits  of  less  storage  ca- 
pacity than  in  the  case  of  the  "cold  continuous."  In  all  cases, 
though,  it  is  of  the  utmost  importance  to  provide  sufficient 
storage  space  to  allow  the  sludge  to  be  completely  deposited 
before  the  water  is  fed  to  the  boiler;  otherwise  the  partially 
completed  softening  process  will  be  completed  within  the 
heater,  and  the  purpose  of  the  treatment  will  be  largely  de- 
feated. Another  advantage  of  the  hot  process  is  that  it  ex- 
pels the  air  from  the  water  and  so  reduces  the  corrosion. 

The  Zeolite  Process. — This  is  entirely  unlike  the  processes 
described  above  and  (unlike  them)  gives  a  water  of  zero 
hardness.  The  softening  agent  is  an  artificial  material  com- 
posed largely  of  sodium  compounds,  which  are  exchanged  for 
the  incrusUng  (scale  forming)  material  of  the  water;  that  is. 
the  water  dissolves  sodium  compounds  from  the  softener  and 
replaces  it  by  the  calcium  and  magnesium  which  had  caused 
the  hardness  of  the  water.  The  hard  water  simply  flows  over 
the  "permutit"  packed  in  a  cylinder  or  is  forced  up  through 
it  and  flows  from  it  with  all  scale-forming  material  removed. 
After  a  time  the  softener  must  be  regenerated  by  allowing  a 
solution  of  salt  to  flow  over  it.  restoring  its  original  compo- 
sition and  activity.  The  "permutit"  process  is  a  well  known 
efficient  variety  of  the  zeolite  treatment. 

The  construction  and  operation  of  this  softening  equipment 
is  extremely  simple,  and.  as  already  stated,  water  of  zero 
hardness  is  furnished.  On  the  other  hand,  in  the  case  of 
water  of  a  high  degree  of  temporary  or  carbonate  hardness 
there  is  a  correspondingly  large  amount  of  sodium  salts  in- 
troduced into  the  water,  so  that  foaming  is  liable  to  occur 
(as  is  liable  to  occur  when  softening  water  of  a  similar  com- 
position by  means  of  boiler  compounds).  In  such  cases  the 
following  modified  form  of  the  Zeolite  process  is  used. 

The  Lime  Zeolite  Process. — In  this  an  intermittent  or  con- 
tinuous tank  equipment,  as  described  already  under  the  lime- 
soda  process,  is  connected  through  a  filter  to  a  zeolite  soft- 
ener.    Only  lime  is  used  in  the  tank,  the  soda  compound  be- 
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Ing  secured  from  Ihe  zeolite.  The  lilter  is  placed  between 
the  lank  and  ihe  /.oolite  softener  to  avoid  any  sludge  coating 
tho  permutil  particles  and  so  impairing  its  efficiency. 

Filters.— No  process  of  water  softening  is  satisfactory  un- 
less Ihe  amount  of  suspended  mailer  is  reduced  to  a  mini- 
mum. In  the  case  of  very  finely  divided  matter  this  may  be 
done  by  adding  so-called  coagulants  alum,  for  example  but 
those  should  li"  used  with  extreme  caution  and  always  under 
expert  direclion.  Ordinarily,  though,  such  suspended  mat- 
ter is  removed  by  liltcrs,  of  which  the  sand  lillor  with  a  down 
How  of  tho  water  is  the  most  satisfactory  type.  They  are  not 
expensive,  either  in  original  or  maintenance  costs. 

Removing  Scale  Already  Formed. — The  purpose  of  the 
methods  described  above  is  to  prevent  the  formation  of  scale. 
There  is  another  class  of  water-treating  material  used  largely 
to  remove  scale  already  formed  and  to  some  extent  prevent 
the  formation  of  new  scale.  Graphite  and  kerosene  are  most 
often  used  for  those  purposes.  Their  action  seems  entirely 
mechanical.  Oiiinions  as  to  the  desirability  of  their  uso  vary 
from  enthusiastic  commendation  to  absolute  condemnation, 
though  their  use  seems  .generally  approved  by  practical  men. 
Neither  should  be  used,  however,  in  boilers  in  which  there  is 
already  a  heavy  deposit  of  scale,  as  tho  loosening  of  this  and 
its  accumulation  in  the  bottom  of  the  boiler  is  apt  to  lead 
to  blistered  and  bagged  boiler  metal.  Both  graphite  and 
kerosene  should  be  used  very  catitiously.  Kerosene,  if  used 
in  excessive  quantity,  is  apt  to  distill  over  and  attack  gas- 
kets. 

Economies  Effected  by  Softening  Water. — There  is  a  very 
direct  relation  between  softening  water  and  saving  fuel;  the 
following  are  a  few  cases  reported  of  such  economies; 

A  crucible  steel  company,  by  substituting  soft  for  hard  wa- 
ter, effected  a  saving  of  3,(J00  tons  of  coal  per  annum,  which 
based  on  current  prices  would  be  valued  at  about  $22,000. 

The  Chicago  &  Northwestern  Ry..  comparing  its  operating 
expenses  in  1902-:!  before  and  after  softening  its  water  sup- 
ply, effected  a  saving  of  $75,000  per  annum.  This  saving  was 
made  at  a  period  when  coal  cost  probably  less  than  one-half 
the  prices  charged  at  the  present  time. 

In  addition  to  these,  other  cases  have  been  reported  in 
which  the  profits  resulting  directly  from  the  substitution  of 
soft  for  hard  water  have  been  reported  as  varying  from  32 
per  cent  on  an  investment  of  $7,200,  to  71  per  cent  on  an  in- 
vestment of  $7,000.  These  profits  resulted  largely  from  the 
elimination  or  reduction  of  operating  costs,  such  as  cleaning 
heaters,  piping,  and  economizers,  cost  of  cleaning  instru- 
ments, interest,  and  depreciation  on  spare  or  idle  boiler,  etc. 

Furthermore,  it  has  been  estimated  that  the  use  of  hard 
water  in  a  great  number  of  the  locomotive  boilers  of  the  coun- 
try involves  the  consumption  of  15.000.000  tons  of  coal  more 
than  would  be  needed  were  soft  water  only  used. 

A  steel  company  whose  annual  output  is  50,000  tons,  reports 
a  saving  of  200  lb.  of  coal  per  ton  of  steel  resulting  from  the 
softening  of  its  boiler  water. 

The  above  are  convincing  evidences  of  the  opportunity  pre- 
sented to  power  plant  operators  for  saving  by  means  of  water 
softening,  a  very  considerable  proportion  of  the  coal  which 
will  be  mined  during  the  current  year.  The  United  States 
Fuel  Administration  feels  that  it  can  count  very  confidently 
on  the  adoption  by  all  power-plant  operators  of  this  simple 
and  effective  means  of  fuel  economy  which  is  of  such  espe- 
cially vital  concern  at  the  present  time. 


Cold  Weather  Precautions  at  Brookline,  Mass. — During 
the  coldest  weather  of  1917-1918,  the  Water  Department  of 
Brookline,  Mass.,  flushed  many  of  the  hydrants  on  the  dead 
ends.  The  flushing  was  done  every  two  or  three  days  to 
keep  up  the  circulation  of  the  water  in  those  mains,  as  the 
frozen  ground  in  many  streets  extended  down  to  the  pipes. 
The  last  annual  report  of  the  department  states  that  some 
of  the  mains  in  thinly  settled  parts  of  the  town  would  cer- 
tainly have  frozen  if  this  precaution  had  not  been  taken. 
The  practice  of  using  a  short  piece  of  lead  pipe  at  the  junc- 
tion of  the  service  pipes  with  the  mains,  and  thus  dropping 
the  service  immediately  6  in.  also  saved  many  service  pipes 
from  freezing.  No  hydrant  was  permanently  frozen,  but 
the  posts  of  11  of  these  were  broken  evidently  by  the  up- 
ward movement  of  the  ground  in  freezing — a  trouble  never 
before  experienced — although  all  hydrants  were  provided 
with  frost  jackets.  No  mains  were  frozen,  and  only  eight 
service  pipes.  The  frost  penetrated  the  ground  to  a  depth 
of  5  ft.  and  over. 
20) 
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New  Pumping  Units  for  Lynn 
Water  Supply 

By  REEVES  J.  NEWSOM. 
Commissioner  of  Water  Supply. 

A  contract  was  awarded  a  few  months  ago  by  the  Depart- 
ment of  Water  Supply  of  Lynn,  Mass.,  for  two  motor  driven 
centrifugal  pumping  installations  that  have  a  number  of  in- 
teresting features.  One  of  the  units  will  have  a  capacity  of 
16.4  million  gallons  per  day;  the  other  will  have  a  capacity 
of  20  million  gallons  per  day. 

One  unit  will  be  installed  in  the  Glen  Lewis  Station  to 
pump  water  from  Walden  Pond  Reservoir  to  Breeds  Pond 
Reservoir,  and  will  replace  a  motor-operated  centrifugal  unit 
which  was  installed  in  1912  and  which  is  badly  suited  to  its 
conditions  and  very  much  out  of  date  in  its  design.  This  unit 
pumps  14.3  million  gallons  per  day  against  a  20-ft.  head  at  an 
efficiency  of  only  42  per  Cent  and  requires  90  kw.  to  drive  it. 
The  new  unit  is  guaranteed  to  pump  16.4  million  gallons  per 
day  against  a  20-ft.  head  at  an  efficiency  of  72  per  cent  and 
will  require  60  kw.  to  drive  it.  This  new  unit  will  cut  the  cost 
of  pumping  from  $2.70  per  million  to  $1.60  per  million,  a  sav- 
ing of  $1.10  per  million  or  $;!,'iii0  for  the  average  year's  pump- 
ing of  3,000  million  gallons.  The  investment  in  this  installa- 
tion will  be  about  $10,000. 

The  other  unit  is  to  be  placed  in  a  new  pumping  station 
between  Hawkes  Pond  Reservoir  and  Walden  Pond  Reservoir. 
which  installation  will  take  the  place  of  the  Walden  Pond 
Station,  a  steam  station  built  in  1902.  As  a  result  of  the  new 
location  of  the  proposed  station  the  connection  between  the 
reservoirs  will  be  entirely  by  pipe  line  and  a  long  canal  on 
the  suction  side  of  the  old  pump  will  be  eliminated.  This 
will  cut  the  head  from  45  ft.  to  27  ft.  and  this  fact,  together 
with  the  reduction  of  labor  to  operate  the  pumps  and  screens 
from  12  men  in  24  hours  to  one  man  who  is  also  a  patrolman 
on  the  reservoir,  will  effect  a  great  saving  in  operation  costs. 
The  Walden  Pond  Station  pumps  22  million  gallons  per  day 
at  a  cost  of  $120  or  $5.45  per  million.  The  new  unit  will 
pump  20  million  gallons  per  day  against  a  27-ft.  head  at  an 
efficiency  of  74  per  cent,  requiring  96  kw.  to  drive  it.  This 
is  at  the  rate  of  $2.07  per  million,  a  saving  of  $3.38  per  mil- 
lion or  $S,800  for  the  average  year's  pumping  of  2,600  million 
gallons.  The  cost  of  this  installation,  including  pumps,  sta- 
tion and  pipe  line,  will  be  about  $40,000  with  a  credit  of  about 
$15,000  from  the  sale  of  the  station  and  equipment  to  be 
abandoned. 

The  net  amount  invested  in  these  two  installations  will 
be  $35,000  and  interest  at  4  per  cent  is  $1,400  per  year.  The 
saving  in  operating  costs  will  be  $12,100  per  year  or  a  net 
gain  of  $10,700  per  year,  which  is  a  return  of  about  30  per 
cent  on  the  investment. 

The  selection  of  the  size  of  pumps  and  the  decision  as  to 
the  average  head  against  which  they  were  to  be  designed  to 
operate  was  made  by  the  writer  ooily  after  a  careful  study  of 
the  conditions  which  might  be  expected  in  the  next  10  years. 
As  a  basis  for  the  study,  40  years'  records  of  runoff  of  the 
Sudbury  River  were  converted  and  applied  to  the  catchment 
areas  of  the  reservoirs,  the  Saugus  River  which  flows  into 
Hawkes  Pond  Reservoir  by  gravity,  and  the  Ipswich  River, 
water  from  which  is  pumped  into  Walden  Pond  Reservoir 
through  a  36  in.  cast  iron  pipe  line  6  miles  in  length,  by  a 
motor-operated  centrifugal  pump  in  our  Ipswich  River  Sta- 
tion of  15  million  gallons  per  day  capacity. 

Using  these  computed  runoff  records,  and  taking  into  con- 
sideration the  proper  handling  of  our  reservoirs  to  derive 
the  maximum  benefit  from  their  storage  capacity,  the  probable 
increase  in  the  consumption  of  water  in  the  next  10  years,  the 
comparative  costs  of  pumping  with  different  sized  units  through 
different  sized  pipe  lines  and  from  different  station  locations, 
the  writer  determined  upon  the  proper  size  of  the  proposed 
pumps  and  a  scheme  for  the  handling  of  the  two  rivers,  the 
three  reservoirs,  and  the  three  pumping  stations,  which  is  eco- 
nomical and  efficient  as  regards  purification.  This  method 
of  handling  the  water  was  then  combined  with  the  runoff  rec- 
ords for  the  40  years.  The  elevations  of  the  ponds  were 
computed  for  the  first  of  each  month  for  the  entire  period, 
and  by  comparing  the  heights  of  the  water  in  the  various 
ponds,  the  heads  against  which  the  pumps  will  operate  were 
computed  for  each  month. 

From  these  data  there  was  determined  the  probable  aver- 
age conditions  under  which  the  pumps  will  operate  and  the 
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limits  of  the  variation  of  head.  The  specifications  for  pumps  in- 
cluded a  diagram  giving  the  range  of  the  static  head  condi- 
tions superimposed  on  the  friction  curve  of  the  pipe  lines 
with  four  subdivisions  of  this  variation  and  the  percentage 
of  water  to  be  pumped  within  each  subdivision. 

The  contract  for  the  pumping  units  was  awarded  to  the 
Power  Equipment  Co.,  Boston,  Mass.,  which  will  supply  De 
Laval  Steam  Turbine  Co.  pumps  and  General  Electric  Co. 
motors. 


Handling  Coal  for  Power  Plant 
With  Bottomless  Power  Scrapers 

Bottomless  power  scrapers  are  employed  by  the  Pittsfleld 
Electric  Co.,  of  Pittsfield,  Mass.,  in  handling  coal  for  its 
power  house.  The  arrangement  is  shown  in  the  accompany- 
mg  sketch.  The  scraper  is  used  to  reclaim  coal  from  any 
part  of  the  coal  trestle  by  being  pulled  up  a  semi-circular  in- 
cline to  a  hopper.  This  hopper  is  fitted  with  a  gate  and  loads 
a  Yz  ton  industrial  dump  car  which  is  pulled  up  onto  a  trestle 
in  the  boiler  house  by  means  of  a  single  drum  hoist. 


Arrangement   for    Reclaiming    Coal    with    Scraper    Outfit. 

The  1/3  cu.  yd.  scraper  of  the  Sauerman  bottomless  type 
is  operated  by  a  double  drum  Mead-Morrison  hoist  and  25 
h.  p.  motor  and  supplies  sufficient  coal  to  keep  the  industrial 
car  amply  supplied  and  moving  at  the  rate  of  17  tons  per 
hour  delivered  in  the  boiler  room. 

During  last  fall  when  the  coal  shipments  were  irregular 
and  a  large  stock  was  needed  an  additional  bottomless  scraper 
was  put  at  work.  This  scraper  was  of  1/2  cu.  yd.  capacity 
and  was  operated  by  a  double  drum  hoist  housed  in  a  sep- 
arate shed.  It  was  used  to  handle  coal  from  the  trestle  into 
a  stock  pile  during  the  time  when  shipments  came  in  rapidly. 

The  coal  trestle  is  only  12  ft.  high,  but  by  means  of  the 
scraper  the  company  placed  over  10,000  tons  in  its  stock  pile 
by   scraping   coal   away   from   the   trestle,  a   distance   limited 


Scraper   Approaching   Top   of   Incline   with   Its   Load  of   Coal.   Which 

Will   Be  Automatically   Dumped   into  the   Hopper   Located 

Just   Front  of    Hoist  Shed. 

only  by  the  length  of  cable.  In  this  work  the  pull  back 
cable  is  merely  hooked  onto  the  trestle  at  any  point  by  means 
of  a  snatch  block. 

Mr.  W.  A.  Whittlesey,  Superintendent  of  the  Electric  Com- 
pany, states  that  they  have  not  had  a  fire  in  their  coal  pile 
since  the  scrapers  were  installed,  this  being  due  principally 
to  the  fact  that  a  low  height  of  pile  is  possible  and  also  be- 
cause it  is  very  easy  to  scrape  the  stock  pile  at  any  point 
that  seems  warm. 

1) 


t.utiiuci  I  nui  mill  I  i'litiuitiiui  jiir  Mi/i   If,   l!>l!). 


39  Engine  Room    Pointers 

Th«<   little  nole»  lliut   follow   i-utitaln   Idoas   thiit   will    he   of 

..r.i...    I.,   ..x.ri.iii..    iiiiorfMloil    In   power   pliiiit   fiiKliiooiliiK. 

i.ul  by  llic  Mlltors  of  Power  fioiii  the 


A  siiiiill  plmoii  roil  cim  In'  r<<iiio\oil  from  I  lie  crosslieiitl 

•  -.  orliiK  with  a  Stllldoii  wreiK-li  Im  usIuk  two  hardwood 

lowed  out  to  t\t  the  rod  and  bolted  to  It  by  means 

In    bolts.     A   plere  of  sandpaper  should   be  placed 

!ie  n>d  and  the  bloeks  wliieh,  when  clamped  to  the 

^,,.    ■ ;i  space  between  them.     The  blocks  afford  a  place 

to  put  n  wrench  and  turn  the  rod  o\it  of  the  crossliead. 

■?>  When  the  packiuR  sticks  In  the  stulllnK-box  of  an  en- 
remove  the  llanKe.  place  the  enslne  on  the  craiikend 
a... .reenter  and  admit  steam,  which  will  blow  the  packing 
out  on  ihp  rod. 

t3»  tlrnntlnic  of  an  enKlne  Is  frequently  caused  by  the  vibra- 
tion of  the  piston  rUms  when  they  have  a  trifle  too  much 
niny  between  the  bull  rings.  The  trouble  can  partly,  if  not 
A  holly,  be  remedied  by  putting  in  a  set  of  stiffer  piston  rintr 
springs. 

t1>  Adjust  the  catch  plates  on  a  Corliss  engine  so  as  to 
give  them  sullicient  surface  on  their  working  edges,  and  they 
will  wear  longer.  Also  see  that  the  working  edges  strike 
each  other  squarely.  If  the  springs  are  weak,  strengthen 
them  by  carefully  pressin,;;  the  ends  toward  each  other  in  a 
vise,  or  get  a  new  set  of  springs. 

(5)  In  changing  the  speed  of  a  Corliss  engine  the  governor 
xh'<'!ld  be  pulleyed  so  that  it  will  run  at  the  old  speed— the 
-.'.i  for  which  it  was  intended.  A  little  departure  from  this 
.■•Ix-fU  will  keep  it  against  one  or  the  other  of  its  stops. 

(fit  An  engine  runs  forward  or  over  when,  standing  at  the 
cylinder  and  looking  toward  the  flywheel,  the  wheel  revolves 
in  a  direction  away  from  you. 

(Tt  Babbitt  metal  should  not  be  used  over  and  over  again 
for  the  reason  that  every  time  babbitt  metal  is  melted  some 
of  the  tin  and  antimony  is  burned  out.  The  scum  that  ap- 
pears on  the  top  of  the  metal  when  it  is  heated  is  an  oxide 
formed  by  the  combination  of  the  metal  with  oxygen  from  the 
air. 

(SI  Connecting  rods  are  made  larger  at  the  crank  end  to 
overcome  the  resistance  due  to  friction,  which  acts  with  a 
greater  leverage  on  the  crankpin  than  on  the  crosshead  pin. 
the  latter  being  smaller  in  diameter  than  the  former.  The 
stresses  due  to  the  inertia  of  the  rod  also  call  for  a  larger 
section  of  the  rod  at  the  crankpin  end  than  at  the  crosshead 
pin. 

(91  The  addition  of  lap  will  generally  prevent  the  steam 
valve  from  opening  sufficiently  for  the  proper  admission  of 
steam,  hence  when  the  lap  is  increased  it  becomes  necessary 
10  increase  the  travel  in  order  to  provide  the  proper  port 
opening.  An  increased  travel  of  the  valve  also  opens  the 
port  more  rapidly,  which  is  an  important  consideration. 

(10)  A  crankpin  will  heat  if  it  is  not  large  enough  to  do 
the  work,  if  good  lubrication  is  not  provided,  if  dirt  gets  in- 
side the  brasses,  if  the  brasses  are  not  properly  fitted,  or  if 
the  brasses  or  pin  are  not  of  good  material  and  in  a  smooth 
condition.  Being  out  of  line  or  keyed  too  tightly  also  causes 
it  to  heat. 

(11)  The  length  of  a  connecting  rod  depends  much  on  the 
design  and  duty  of  the  engine.  For  large  stationary  engines 
the  length  of  the  rod  is  2'^  to  .">  times  the  stroke  of  the  pis- 
ton, if  space  permits:  on  smaller  engines  the  ratio  is  some- 
times reduced. 

(12)  Upon  taking  charge  of  a  new  plant,  do  not  begin  by 
making  promiscuous  adjustments.  It  is  better  to  w^ait  a  day 
or  two  until  the  apparatus  is  thoroughly  understood,  and  then 
changes  should  be  made  only  after  the  object  to  be  attained 
is  definitely  known. 

(131  In  condensing  it  is  usual  to  use  about  27  to  30  times 
as  much  injection  water  (by  weight)  as  the  steam  to  be  con- 
densed; the  temperature  o.f  the  hot  water  should  not  be 
above  120  deg. 

(14)  Burnt  oil  may  be  cleaned  from  the  cvlinder  head  of  an 
engine  by  using  strong  lye-water,  and  after  it  if  cleaned 
paraf^r  rubbed  over  the  surface  will  keep  it  bright. 

fl."  '  In  packing  a  flange  or  cylinder  with  a  rubber  gasket. 
all  on  and  grease  should  be  wiped  from  the  surface  of  the 
metal. 

( 16)  A  self-contained  engine  is  dependent  upon  its  own 
frame  to  hold  all  of  its  parts  together. 

(I 


(17)  .V  riglil-hand  engine  is  one  the  flywheel  of  which  is  to 
Ihe  right  when  looked  at   from  the  cylinder. 

(18)  The  advantage  of  running  an  engine  over  Is  that  the 
pressure  of  the  crosshead  is  alwa,\s  downward  upon  the 
guide.  If  the  engine  is  run  under,  the  thrust  of  (he  cross- 
head  would  be  upon  the  to])  guide  on  both  the  outward  and 
Inward  strokes,  and  unless  the  crosshead  is  properly  ad- 
justed. It  will  lift  when  subjected  to  thrust  and  fall  by  its 
own  weight  on  Ihe  center,  making  the  engine  pound. 

(1!))  An  automatic  cut-off  engine  regulates  Its  speed  by 
cutltng  ofl'  Ihe  steam  supply  according  to  the  load,  thus  using 
a  greater  degree  of  exi)ansion  than  when  as  in  the  throttling 
engine,  (he  cut-off  is  lute  enough  to  carry  the  maximum  load. 
The  slide-valve  throttling  engine  regulates  its  speed  by  throt- 
tling  the  steam   between   the  boiler  and  the  cylinder. 

(20)  The  cut-off  valve  on  the  lowjiressure  cylinder  is  used 
for  adjust iui;  and  ei|ualizing  the  work  performed  by  the  steam 
in  the  high  and  low-pressure  cylinders. 

(211  If  an  engine  is  pounding,  in  searching  for  the  cause  of 
the  trouble  do  not  attempt  to  remedy  it  too  soon.  It  it  is 
:ipi)aieiii  tliat  keying-up  is  required,  do  not  key  too  tightly 
and  try  to  do  it  all  at  once,  as  the  crankpin  or  crankshaft 
may  be  Hat  on  one  sidp  and  there  is  danger  of  getting  a  hot 
bearing  or  brasses. 

(22)  If  the  governor  belt  should  break,  will  your  engine 
stop?  If  you  do  not  know  this  to  be  the  case,  see  to  the  ad- 
justment of  the  safety  cams  on  the  Corliss  engine  and  to  the 
automatic  stops  on  other  types  of  engines,  and  make  sure 
that  they  are  adjusted  to  operate.  They  are  likely  to  get 
out  of  their  proper  position  and  should  be  examined  at  least 
once  a  week,  and  tested  to  see  if  they  will  control  the  engine. 

(2")  AVhen  the  length  of  a  connecting  rod  is  reduced  by 
constant  keying-up,  it  results  in  the  piston  traveling  much 
nearer  to  the  front  cylinder  head.  To  prevent  this  shims  are 
used  back  of  the  brass,  next  to  the  end  of  the  rod.  In  some 
types  of  connecting  rods  the  distance  between  the  crankpin 
and  the  wristpin  centers  is  lengthened  by  keying-up,  and  the 
shims  should  be  placed  between  the  brass  farthest  from  the 
rod:  that  is.  between  the  brass  and  strap. 

(  24)  An  ordinary  cross-compound  engine  can  be  started  with- 
out prying  on  the  flywheel  by  admitting  steam  to  the  low- 
pressure  piston  by  means  of  the  by-pass  valve  on  the  re- 
ceiver, in  case  the  high-pressure  crank  is  on  the  center. 

(25)  If  the  strikin.s^  points  of  the  piston  against  the  cylin- 
der head  are  not  known,  marks  should  be  placed  on  the  guide 
so  that  it  can  be  clearly  seen  at  any  time  that  the  piston  has 
sufficient  clearance  at  the  end  of  the  stroke,  which  should  be 
kept  equal  at  each  end. 

(26)  The  thinner  the  packing  between  a  cylinder  head  and 
the  cylinder,  the  better.  Thick  packing  is  more  likely  to 
blow  out.  and  the  additional  thickness  unnecessarily  in- 
creases the  clearance  in  the  cylinder. 

(27)  In  packing  valve  stems  or  piston  rods,  never  use  old 
packing  that  has  been  removed.  It  has  lost  its  elasticity, 
and  there  is  danger  of  its  scoring  the  rods. 

(2S)  Frequently  the  sight-feed  glass  of  a  lubricator  fills 
with  oil.  If  the  oil  is  removed  from  the  body  of  the  cup  and 
it  is  filled  with  water  and  started  up  in  the  usual  way,  the 
water  will  float  the  oil  out  of  the  glass  without  further 
trouble. 

(29)  In  placing  rubber  packing  joints  together,  use  either 
graphite  or  chalk  to  prevent  the  rubber  adhering  to  the  metal 
when  the  joint  is  to  be  broken. 

(:!0)  After  making  repairs  on  a  pipe  line  connecting  with 
an  engine,  it  should  be  blown  out,  the  steam  being  allowed 
to  flow  into  the  steam  chest,  the  ports  of  which  have  been 
either  plugged  or  covered  by  the  valve. 

(:jl)  Follower  bolts  lose  their  strength  by  crystallization, 
caused  by  alternate  cooling  and  heating,  and  are  likely  to 
fracture  when  comparatively  small  strains  are  brought  to 
bear.  To  be  on  the  safe  side  careful  engineers  make  a  prac- 
tice of  renewing  these  bolts  at  certain  intervals. 

(32)  The  dashpot  of  a  Corliss  engine  should  have  a  plenti- 
ful supply  of  machine  oil  or  oil  of  a  heavy  grade,  or  else 
glycerin.  The  temperature  of  the  engine  room  w'ill  dictate 
to  some  extent  the  heaviness  of  the  oil. 

(33)  If  it  is  suspected  that  an  engine  piston  is  leaking 
steam,  place  the  engine  on  the  crank-end  dead-center,  and 
after  removing  the  cylinder  head,  on  the  head  end.  admit 
steam  back  of  the  piston.     Any  leak  can  be  readily  detected^ 

(34)  Another  method  of  detecting  piston  leaks  is  to  place 
the  engine  on  either  center  and  open  the  indicator  cock  from 
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tlie  opposite  end  from  wliich  the  steam  is  being  admitted.     In 
this  test,  however,  the  steam  valves  must  be  tight. 

(oo)  To  keep  in  touch  with  the  operation  of  the  plant  to 
determine  if  it  is  working  at  the  highest  efficiency,  it  is  neces- 
sary that  a  correct  log  be  kept  of  all' departments.  This  log 
of  itself  has  no  value  unless  it  is  carefully  analyzed  from  day 
to  day  to  determine  whether  the  plant  did  maintain  the  high- 
est efficiency  on  each  particular  day  under  the  conditions  at 
which  it  was  necessary  to  operate. 

(36)  A  cylinder  oil  containing  acid  will  probably  cause  pit- 
ting of  the  cylinder  walls,  "hence  it  is  advisable  to  watch  the 
'■oiuiition  of  the  cylinders  after  changing  from  an  oil  that  is 
known  to  give  good  satisfaction  to  another  grade. 

(37)  In  changing  the  speed  of  an  engine,  care  should  be 
taken  to  adjust  the  governer  springs  so  that  the  sounds,  when 
they  are  tapped  with  a  hammer,  will  be  as  nearly  alike  as  it 
is  possible  to  get  them.  If  the  sounds  are  different  it  is  a 
case  of  unequal  tension,  which  will  result  in  unequal  strain 
and  may  cause  racing. 

(38)  Drains  for  steam  pipes  should  be  provided  at  all  points 
where  it  is  possible  for  water  to  accumulate.  Some  may  be 
for  use  only  when  putting  the  line  into  service,  but  are  nec- 
essary at  such  times.  Drains  from  points  where  there  is 
even  slight  difference  in  pressure  should  not  be  joined  to- 
gether or  to  the  same  trap,  as  the  difference  will  prevent  the 
proper  operation  of  the  one  of  lower  pressure.  If  a  still 
lower  pressure  or  constant  discharge  is  maintained  beyond 
the  point  of  junction,  as  in  the  HoUey  loop,  the  foregoing  does 
not  apply. 

(39)  Mechanical  efficiency  is  a  term  intended  to  express 
the  ratio  of  indicated  horsepower  to  that  available  for  doing 
work.  Brake  horsepower  divided  by  indicated  horsepower 
gives  the  mechanical  efficiency.  For  small  single-cylinder 
engines  the  mechanical  efficiency  may  be  as  high  as  94  per 
cent,  or  the  friction  6  per  cent  of  the  indicated  power.  For 
large  compound  engines  the  mechanical  efficiency  is  some- 
times as  low  as  SO  per  cent,  or  the  friction  20  per  cent  of  the 
indicated   power. 

(40)  Cement  of  specially  valuable  properties  for  steam 
pipes  and  for  filling  up  small  leaks  such  as  blow-holes  in  a 
casting,  without  the  necessity  of  removing  t:ie  injured  pieces, 
is  composed  of  5  lb.  paris  white.  5  lb.  yellow  ochre,  10  lb. 
litharge,  .5  lb.  red  lead,  and  4  lb.  black  oxide  manganese,  these 
various  materials  being  mixed  with  great  thoroughness,  a 
small  quantity  of  asbestos  and  boiled  oil  being  afterw-ard 
added.  The  composition,  as  thus  prepared,  will  set  hard  in 
from  two  to  five  hours  and  possesses  the  advantage  of  not 
being  subject  to  expansion  and  contraction  to  such  an  extent 
as  to  cause  leakage  afterw-ard,  and  its  efficiency  in  places 
difficult  of  access  is  of  special  importance. 

(41)  The  turbine  can  be  designed  to  operate  on  very  low 
terminal  pressures  with  comparatively  slight  increase  of 
cost;  its  action  as  a  heat  machine  is  such  that  a  greater  ex- 
pansion can  be  utilized  and  the  economy  is  greatly  improved 
by  any  increase  in  vacuum.  When  run  noncondensing  the 
turbine  is  less  economical  than  the  noncondensing  engine. 

(42)  One  of  the  large  heat  losses  incurred  in  the  steam 
engine  is  that  due  to  cylinder  condensation,  and  one  of  the 
common  methods  of  reducing  it  is  to  limit  the  range  of  tem- 
perature through  which  the  steam  is  allowed  to  work  in  a 
single  cylinder.  For  this  reason  simple  engines  are  better 
adapted  for  low  steam  pressures  while  compound-  and  triple- 
expansion  engines  are  advisable  for  high-pressure  and  high- 
temperature  ranges,  particularly  if  the  load  is  uniform. 

(43)  After  removing  loose  dirt  with  a  stiff  brush,  files  can 
he  cleaned  of  grease  by  boiling  them  for  about  4.5  min.  in  a 
solution  consisting  of  %  lb.  of  saleratus  to  a  quart  of  water. 
The  files  are  then  thoroughly  washed  in  clean  water  and 
dried  and  placed  on  end,  completely  submerged  in  a  solution 
consisting  of  %  lb.  of  sulphuric  acid  to  a  quart  of  water. 
After  remaining  in  the  acid  solution  for  about  12  hr.  the  files 
should  be  thoroughlv  washed  in  clean  water,  quickly  dried 
and  given  a  light  coating  of  kerosene  or  other  thin  oil  to  pre- 
vent rusting. 

(44  1  The  engine  as  a  rule  develops  mechanical  troubles 
with  high  superTieat.  especially  where  the  steam  valves  have 
much  travel  under  unbalanced  pressures.  The  consensus  of 
opinion  seems  to  be  that  for  slide-  or  gridiron-valve  gears  a 
temperature  of  400  to  42.5  deg.  F.  should  not  be  exceeded, 
while  the  best  point  for  the  Corliss-type  engine  will  be  found 
below  450  deg.  F.  Above  these  limits  lubrication  is  unsatis- 
factory and  distortion  of  the  parts  is  apt  to  give  trouble. 
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(45)  The  highly  economical  steam  turbine  must  necessa- 
rily be  operated  condensing,  but  there  are  many  cases  where 
high  steam  economy  is  not  the  most  important  and  the  non- 
condensing  turbine  often   finds   favor  over  the  steam  engine. 

(4(>/  The  advantages  of  small,  high-velocity  steam  piping 
are:  Lower  first  cost  for  pipe,  valves  and  covering,  etc., 
less  erecting  and  maintenance  cost;  less  weight;  less  radi- 
ation loss;  less  chance  for  water  to  accumulate  and  less  ditfi- 
cully  with  valves  of  smaller  size. 

(47)  In  plants  where  the  exhaust  is  atmospheric  and  can- 
not be  applied  to  any  useful  purpose,  the  engine  best  fills  the 
conditions,  provided  space  is  available,  and  the  speed  may  bp 
made  low  enough  to  insure  smooth,  quiet  running.  Such  an 
apiilication  is  found  in  direct-current  generator  sets  of  100 
kw.  capacity  and  larger,  in  hotels,  office  buildings  and  hos- 
pitals, where  the  exhaust  is  used  for  steam  heating  in  winter 
and  must  be  wasted  for  several  months  in  the  year. 

( 4S )  The  horsepower  constant  is  the  number  of  horsepower 
per  pound  of  mean  effective  pressure  developed  by  an  engine 
when  running  at  its  normal  speed.  It  will  be  different  for 
different  speeds.  Knowing  the  constant,  one  need  only  mul- 
tiply the  mean  effective  pressure  (obtained  from  an  indicator 
diagram)  by  this  constant  to  know  what  indicated  horsepower 
the  engine  is  developing:  Evidently  by  the  definition,  the 
horsepower  constant  is  all  of  the  "PLAN''  formula  except 
tht  P. 

(491  A  brass-polishing  paste,  said  to  give  satisfactory  re- 
sults, is  composed  of  camphor  gum,  1  oz.;  alcohol,  2  oz.;  spir- 
its of  ammonia,  2  oz.;  spirits  of  turpentine,  4  oz.;  candle 
paraflin,  1  lb.;  clean  tallow,  1  lb.:  tripoli,  1  lb.  For  compound- 
ing, first  dissolve  the  camphor  in  the  alcohol,  then  melt  down 
the  tallow  and  paraffin  and  stir  in  the  liquids  and  the  tripoli. 
Before  cooling,  the  paste  can  be  packed  in  boxes  of  sizes  con- 
venient for  use. 

(50)  Endplay  of  a  crankshaft  may  be  caused  by  the  crank- 
pin  brasses  being  out  of  line  and  bearing  alternately  on  op- 
posite ends  of  the  crankpin,  or  to  the  shaft  being  out  of  line, 
causing  a  wobbling  motion  of  the  flywheel,  or,  in  a  single- 
crank  engine,  by  lost  motion  in  the  crankshaft  bearings. 

(51)  Where  an  engine  foundation  rests  on  soil,  gravel  or 
loose  rock,  trouble  is  likely  to  arise  in  preserving  the  engine- 
shaft  alignment  unless  the  bed  and  outboard  bearing  of  the 
engine  are  supported  on  a  monolithic  foundation.  For  that 
purpose  concrete  foundation  beds  are  usually  made  L-shaped, 
having  the  main  foundation  bed  extended  under  the  flywheel 
pit  and  the  necessary  distance  beyond  it  for  receiving  the 
pier  for  the  outboard  bearing. 

(52)  ('racks  or  flaws  in  a  smooth  metallic  surface  are  ren- 
dered visible  by  thoroughly  moistening  the  surface  with  kero- 
sene and  then  rubbing  and  drying  it  with  a  clean  cloth  and 
subsequently  rubbing  over  the  surface  with  chalk.  The  loca- 
tion of  flaws  will  then  be  revealed  by  traces  of  the  kerosene 
coming  out  again  from  the  cracks  into  the  chalk  surfacing. 

(5:^)  Periodical  inspections  of  engine  cylinders  should  be 
made  to  ascertain  whether  the  piston  has  lost  its  proper 
alignment  by  wear  or  other  causes,  to  determine  if  the  cylin- 
der has  been  cut,  if  the  follower  bolts  are  secure  and  free 
from  fracture,  and  if  shoulders  have  been  formed  on  the  ends 
of  the  cylinder  from  improper  lining  of  the  connecting-rod. 

(541  Steam  separators  with  receivers  of  liberal  proportions 
should  be  used  near  engines,  to  provide  a  reservoir  of  steam 
near-by  and   to  minimize  pulsations  in  the  lines. 

(55)  Surface  condensers  are  allowed  from  1%  to  2%  sq. 
ft.  of  tube  surface  per  indicated  horsepower,  or,  better,  1  sq. 
ft.  tube  surface  for  8  to  12  lb.  of  steam  to  be  condensed  per 
hour.  • 

(50 1  Reducing  valves  that  are  too  large  for  the  amount  of 
steam  they  are  to  pass  are  usually  unsatisfactory.  Either 
they  will  open  and  close  continually  and  chatter  violently,  or 
will  stand  in  a  position  nearly  closed  and  become  steam-cut 
and  leaky.  It  is  more  satisfactory  to  use  two  small  valves 
in  parallel,  one  set  slightly  heavier  than  the  other,  so  that 
one  will  supply  steam  up  to  its  maximum  capacity  before  the 
other  opens.  .Another  way  is  to.  use  one  reducing  valve  equal 
to  about  one-half  the  maximum  demand,  and  a  bypass  of 
about  the  same  capacity  with  a  hand-operated  valve  in  it.  so 
that  vvhen  the  reducing  valve  reaches  its  capacity  the  bypass 
valve  may  be  opened  wide  and  the  reducing  valve  will  close 
down  and  simply  make  up  t!ie  shortage.  This  of  course  re- 
quires that  an  attendant  shall  observe  the  pressure  gage  oc- 
casionally. 

(57)  For  running  condensing  the  principal  change  required 
23) 
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Id  the  vnlvo  aettinK  woiiUI  bo  lo  soiiire  oniller  cloaliiR  o(  tho 
AXhaust  valvo.t  of  llio  lowpressuro  ojltmlor,  so  as  to  obtain 
the  sumo  cu«hloiilim  otTect  from  compression  of  .'xhiiiist 
steam  of  lowor  pressure. 

(5S)  A  governor  Is  siUtl  to  bo  stublo  when  It  nssiinios  a 
doflnite  position  for  each  particular  spood  anil  when  a  change 
of  spocil  is  necessary  for  a  chanRo  of  position,  while  a  gov- 
ernor which  Is  in  .Hiulllbrium  at  but  one  si)oeil  Is  said  to  be 
Isochronous.  Perfect  IsochronIsm  woulil  bo  impractical  as 
the  sllKhtest  Increase  In  speed  above  tho  normal  would  re- 
sult In  cutting  off  the  steam,  accompanied  by  a  sudden  de 
crease  of  speed,  following  which  the  steam  valve  would  open 
wide,  thus  giving  rise  to  extreme  tluctuatlons. 

ir.'.M  Tern\lnal  pressure  is  the  pressure  that  would  be  in 
the  cylinder  at  the  end  of  tho  stroke  of  tho  piston  It  the 
exhaust  valve  did  not  open  until  the  stroke  was  completed. 
On  a  steamonslneindicator  diasrani  tho  tenninal  pressure 
mnv  be  found  by  extending  the  expansion  curve  to  the  end 
of  the  diagram.  The  theoretical  terminal  pressure  is  found 
by  dividing  the  pressure  at  cutoff  by  the  ratio  of  expansion. 


Nlw  5-iii.   Booster  Pumps  for  Oi»«"cy,  111. 

The  city  of  Quincy.  111.,  has  just  put  into  oiieration,  two  5 
In.  centrifugal  pumps  as  boosters  for  the  Walton  Heights 
District.  The  pumps  draw  from  the  city  reservoir  near 
which  they  ore  placed -and  pump  into  a  tank  of  300,000  gal. 


Shop    Test    Characteristics    of    Pump. 

capacity.  When  the  tank  is  full  the  water  level  is  140  ft. 
above  the  reservoir  level,  and  maintains  an  average  pressure 
of  about  50  lb.  on  the  mains  in  this  district. 

The  pumps,  which  were  built  by  the  Dayton-Dowd  Co.,  of 
Quincy,  are  controlled  automatically  by  Sundh  Electric  Co. 
pressure  regulators  and  duplex  automatic  starting  panel  so 
arranged  that  the  pumps  will  work  individually  or  together. 
The  motors  are  each  5i)  h.  p.  AllisChalmers,  440-volt,  25-cycle. 
3-phase.  1,440  r.p.m. 

It  was  necessary'  to  load  the  motor  close  to  rated  capacity 
as  the  waterworks  commission  were  required  by  the  electric 
company  to  keep  the  power  factor  above  So  in  order  to  avoid 
being  penalized  for  current.  The  power  factor  of  the  motor 
varies  as  follows:     Full  load,  91.5;  •%  load,  S9.0;   %  load,  83.0. 

It  was  thus  necessary  to  so  design  the  pump  that  the 
power  would  not  fall  below  35  h.  p.  during  the  period  of  auto- 
matic operation. 

By  referring  to  the  shop  test  curve  shown  herewith  it  will 
be  noted  that  the  unit  cannot  use  less  than  40  h.  p.  nor  more 
than  50  h.  p.  when  working  automatically  with  an  elevation 
difference  of  12  ft.  This  was  accomplished  by  maintaining 
a  high  flat  pump  efficiency  curve  at  the  maximum  water 
quantity  tor  a  5  in.  pump. 

The  shop  test  was  verified  after  installation,  the  water  be- 
ing measured  by  a  venturi  meter,  which  records  a  daily 
charge  of  pumpage  and  water  consumption. 


Twelve  Methods  That  Saved  Coal 
in  Cuhan  Boiler  Plant 

Owing  to  the  cost  ol  coal  rising  lo  tlirei-  times  its  pre- 
war value  in  a  southern  t'ubau  nlaul,  the  coal  bill  became 
the  dominating  item  in  the  cost  of  operating  and  every  econ- 
omy had  to  bo  practiced.  All  of  the  hands  were  either  Cuban 
or  Spanish,  and  at  first  they  were  very  skeptical  as  to  in- 
novations. However,  a  study  of  the  operating  conditions 
i-howed  that  about  2'i  tons  of  coal  per  day  should  have  been 
sufficient  for  the  load,  the  actual  consumption  being  from 
30  tons  to  35  tons.  This  was  reduced  to  about  27  tons  per 
day  by  the  following  changes: 

1.  Tho  grate  bars  of  all  the  boilers  wero  changed  so  that 
they  had  about  %-in.  clearance  between  bars  instead  of  V^- 
in.  as  before,  thus  elimipating  many  holes  in  the  fire  due 
10  uneven  air  supply. 

2.  The  draft  was  reduced  from  about  0.70  in.  to  0.35  in.  by 
regulating  the  dampers. 

3.  All  of  the  settings  Wfere  calked  up  with  a  mixture  of 
lireclay  and  waste.  Between  boilers  where  there  was  not 
room  for  a  man  to  enter  iron  plates  were  used  to  inclose  the 
space  and  ashes  were  packed  into  the  tops  of  the  settings 
lo  prevent  air  from  entering. 

4.  The  firemen  were  required  to  level  the  fuel  beds  with  a 
tool  made  of  a  Tin.  pipe  with  a  "T"  20  in.  long  on  the  end. 
It  was  found  necessary  to  plug  the  handle  of  this  and  drill 
a  few  holes  midway  to  allow  the  escape  of  the  hot  air  inside, 

5.  The  soot  was  blown  off  the  tubes  by  hand  with  a  steam 
lance  once  in  each  eight-hour  shift. 

(i.  The  tubes  were  cleaned  inside,  when  they  were  found 
lo  have  3  32  in.  of  scale  in  the  lower  tubes. 

7.  The  feed  water  was  raised  from  150°  F.  to  about  180° 
F.  by  cleaning  the  heater  and  piping  and  changing  the  suc- 
tion pipe  from  3  in.  to  5  in.  This  was  later  brought  up  to 
above  200°  by  installing  an  economizer  in  the  breeching, 
which  had  been  made  large  to  allow  of  future  increase  in 
capacity 

S.  Draft  gages  were  installed  on  each  boiler  and  a  portable 
sas-analysis  set  was  purchased  and  a  great  many  tests  made 
to  establish  the  best  average  draft  to  use. 

9.  The  thickness  of  the  fuel  bed  was  specified,  and  the 
men  were   taught   to   estimate   it   with   some   accuracy. 

10.  The  ashpits  were  kept  wet  and  the  fires  were  cleaned 
once  on  each  shift,  especially  just  before  the  peak  came  on. 

11.  It  was  required  that  unnecessary  boilers  should  be  shut 
down  promptly  and  disconnected  from  the  steam  lines  at 
once. 

12.  The  condenser  of  the  turbine  was  cleaned  each  Mon- 
day, each  tube  being  scraped  out  to  insure  a  maximum  of 
heat  transfer,  as  the  circulating  water  was  of  tropical  tem- 
perature during  the  entire  year. 

13.  Along  the  bottom  of  the  intake  was  found  a  cement- 
like deposit,  several  inches  thick,  which  was  removed  at 
some  expense  with  small  bars  and  special  shovels.  It  was 
floated  out  in  small  boats  about  3  ft.  long  and  a  foot  or  so 
wide,  a  little  water  being  left  in  the  pipe  for  this  purpose. 
This  improved  the  vacuum  about  %  in.  The  bay  was  cleaned 
out  near  the  intake  by  hand  labor  so  as  to  allow  cooler  water 
to   flow   into  the  pipe. 

14.  Finally,  the  labor  question  was  solved  fairly  well  by 
requiring  the  shift  engineers  to  remain  habitually  in  the 
boiler-room,  superintending  the  firemen  and  making  periodi- 
cal visits  to  the  engine  room,  where  the  oilers  took  charge 
of  the  operating  routine.  One  extra  fireman  was  put  on  the 
peak-load  shift  and  wages  were  raised  from  10  to  15  per  cent 
all  around  as  soon  as  the  saving  in  coal  was  definite  enough 
to  justify  it.  after  which  there  was  no  tendency  to  object 
to  the  methods. 

The  total  saving  amounted  to  about  $20,000  per  year,  states 
Mr.  Henry  G.  Fenton  in  the  Electrical  World,  from  which 
this  note  is  taken. 


Rainfall  at  New  Bedford,  Mass.,  in  1918  Smallest  in  104 
Years.— The  total  rainfall  at  New  Bedford,  Mass.,  in  1918 
was  34.21  in.,  as  measured  at  the  gages  of  the  Acushnet 
Storage  Reservoir.  This  was  the  lowest  of  all  New  Bed- 
ford's records,  for  the  past  104  years.  The  next  lowest  was 
35.89   in.   in   1910. 
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Management  and  Office  System 

This  section  is  published  twice  a  month:  (1)  In  the  Waterworks  and 
Hydrauhc  Monthly  issue,  and  (2)  in  the  Railway  and  Excavation 
Monthly  issue.  It  covers  what  may  be  broadly  termed  "management 
engmeering"  as  applied  in  the  civil  engineering  and  construction  fields. 


A  Unique  Filing  System 

A  unique  system  ot  filing,  adapted  from  the  Dewey  decimal 
system,  is  employed  by  the  Southern  Sierras  Power  Co.,  of 
Los  Angeles,  Calif.  While  the  system  was  prepared  to  meet 
the  particular  needs  of  this  company  the  methods  neverthe- 
less will  be  of  interest  to  anyone  handling  engineering  sub- 
ject matter,  from  a  company  library  of  books  and  pamphlets 
to  correspondence.  The  system  is  described  by  Mr.  C.  C.  Hogan 
in  the  Journal  of  Electricity.  We  quote  from  the  article  as 
follows: 

Familiar  Filing  Systems  Unsatisfactory. — First,  the  bulk 
of  the  correspondence  was  between  a  limited  group  of  peo- 
ple, viz.,  our  officers  and  directors,  department  heads  and 
superintendents;  with  the  exception  of  letters  to  and  from 
our  bankers,  government  officials  and  customers  (in  the  ag- 
gregate a  small  percentage  of  the  whole),  practically  all  of 
our  correspondence  is  inter-office  or  inter-departmental.  Con- 
sequently, the  ordinary  alphabetic  system  would  not  suffice. 
For  instance,  correspondence  witli  our  secretary,  Mr.  Fisher, 
if  filed  alphabetically  under  "F"  would  soon  accumulate  into 
a  mass  of  miscellaneous  and  unclassified  papers  that  would 
render  the  location  of  particular  documents  difficult  if  not 
impossible.  This  objection  to  the  alphabetic  systems  applies 
to,  I  should  judge,  90  per  cent  of  our  files. 

Second,  it  was  not  possible  to  file  geographically,  that  is, 
by  office  or  stations,  for  the  same  reason.  If  all  correspond- 
ence with  the  El  Centro  office,  for  example,  was  filed  under 
El  Centro,  it  would  soon  resemble  a  paper  factory  hit  by  a 
German  shell. 

Third,  the  use  of  the  ordinary  numerical  system  by  which 
subjects  are  numbered  and  indexed  in  numerical  sequence  as 
they  arise,  while  perhaps  containing  many  advantages  over 
the  alphabetic  or  geographic  system,  nevertheless  presented 
these  objections:  The  duplication  of  subjects  could  not  be 
avoided,  as  the  same  subjects  would  be  designated  by  differ- 
ent names,  so  that  the  index  would  not  disclose  a  possible 
duplication;  and,  the  keeping  up  of  an  elaborate  index  would, 
in  itself,  require  labor  and  expertness  that  could  not  be  ex- 
pected of  the  ever-changing  force  of  clerks  employed  to  do 
this  work. 

The  Dewey  Decimal  System. — Having  eliminated  the  Alpha- 
betic, Geographic  and  Numerical-Subject  Index  system  of  fil- 
ing, we  did  not  thereby  conjure  away  the  pressing  problem 
before  us.  Our  business  was  grov/ing,  our  papers  were  ac- 
cumulating and  must  be  classified  and  filed  in  some  way. 
After  considerable  discussion  the  suggestion  floated  in  from 
somewhere  to  try  the  Dewey  decimal  system.  But  while  the 
Dewey  decimal  system  of  numbering  subjects  was  the  ideal 
one  for  subdividing,  there  was  apparently  no  classification  or 
compilation  of  subjects  which  covered  our  particular  line  ot 
business.  The  original  Dewey  decimal  system  was  applied  to 
library  work,  and  is  still  the  basis  of  the  Standard  library 
classification.  The  Bell  Telephone  System  also  had  worked 
out  a  telephone  subject  classification,  and  a  Mr.  Williams  had 
compiled  a  railroad  classification  on  the  decimal  plan.  About 
the  time  I  tackled  the  job  or  shortly  thereafter  the  Journal 
of  Electricity,  I  believe,  published  in  full  a  classification  de- 
signed for  the  electric  light  and  power  business,  but  a  careful 
study  of  all  classifications  then  available  disclosed  the  tact 
that  they  were  either  not  applicable  to  our  business  as  a 
whole,  or  else  were  rather  loosely  thrown  together  without 
an  orderly  and  uniform  segregation  of  subjects. 

I  became  thoroughly  convinced  that  the  decimal  system  of 
numbering  was  superior  to  any  other  arrangement,  for  two 
main  reasons,  i.  e.,  it  permitted  of  designating  subjects  by 
definite  numbers  which  could  be  forever  retained  in  a  fixed 
relation  to  all  other  subjects,  and  it  provided  a  means  of 
unlimited  subdivisions   without  destroying  the  fixed  relation 


of  the  primary  subjects.  It  follows  that  when  a  subject  was 
once  predetermined  its  name  and  number  would  always  re- 
main the  same,  and  the  repeated  use  of  the  subject,  nam.e  and 
number  would  add  immensely  to  its  mnemonic  value  and  avoid 
any  possibility  of  useless  duplications. 

The  problem  then  was  to  build  up  a  full-fieshed,  red-blooded 
subject  body  upon  the  decimal-numerical  skeleton,  and  this 
for  a  time  was  a  poser,  for  no  serious  attempt  had  theretofore 
been  made  to  designate  our  correspondence  by  subjects. 

My  task  was,  first,  to  collect  and  compile  a  list  of  every 
conceivable  subject  with  which  we  were  likely  to  deal;  sec- 
ond, to  group  such  subjects  in  uniform  and  orderly  relation 
to  each  other. 

Collection  and  Classification  of  Subjects. — To  accomplish 
the  first  task,  that  of  collecting  subject  names.  I  had  access 
to  all  the  companies'  files  since  we  commenced  business; 
current  correspondence  was  carefully  analyzed  and  a  circular 
letter  was  sent  to  all  department  heads  and  superintendents, 
requesting  them  to  submit  lists  of  subjects  with  which  they 
dealt.  No  attempt  was  made  to  suggest  names  for  their  sub- 
jects, as  it  was  thought  that  wliatever  names  they  might  hit 
upon  would  perhaps  indicate  the  terms  more  commonly  used. 
About  six  months  was  required  to  collect,  analyze  and  list 
the  subjects.  This  called  for  careful  work  to  avoid  duplica- 
tions and  to  determine  upon  subject  names  that  would  corre- 
spond to  subject-matter. 

After  the  list  of  subjects  was  compiled  in  this  manner,  the 
second  task,  that  of  segregation,  was  undertaken,  and  of  the 
two,  this  was  by  far  the  most  important.  It  is  easy  enough 
to  scramble  eggs,  but  not  so  easy  to  reverse  the  operation. 
The  difficulty  of  arranging  an  orderly  segregation  of  the  sub- 
jects is  illustrated  by  the  fact  that  our  present  classification 
is  the  result  of  four  revisions  in  the  arrangement  ot  primary 
subjects. 

First.  I  wanted  the  complete  classification  to  be  a  refiec- 
tion  of  our  business,  so  that  by  reference  to  it  we  would 
there  find  reproduced  by  appropriate  name,  every  act  or  thing 
which  goes  to  make  up  our  system  and  business.  I  pondered 
upon  this  deep  and  long,  for  to  make  my  automaton  function 
and  serve — to  make  tlie  classification  workable  and  useful, 
was  a  "consummation  devoutly  to  be  wished."  In  arranging 
the  position  of  my  subjects,  it  occurred  to  me  to  follow  in 
logical  sequence  our  own  business  growth.  If  the  classifica- 
tion was  to  be  a  true,  undistorted  reflection  of  our  business, 
why  not  begin  at  the  beginning,  that  is.  the  organization  and 
incorporation  of  our  companies,  and  then  arrange  the  sub- 
jects representing  our  various  stages  of  development  in  their 
logical  sequence? 

This,  in  short,  is  the  groundwork  plan  of  the  classifica- 
tion, for  eliminating  the  "General"  division,  the  main  divi- 
sions follow  our  development  in  regular  sequence.  Adminis- 
tration (including  organization-incorporation).  Engineering 
(construction).  Operating.  Finance  and  Accounts,  Properties. 
Public  Service.  It  is  intended  to  comprehend  every  activity 
connected  with  our  business  from  the  time  it  is  organized 
until  it  is  a  "going  concern."  Between  those  two  extremes 
is  found  a  suitable  place  for  every  subject  which  may  arise. 

Novel  Features  of  the  System. — An  original  feature  of  our 
system,  to  be  found.  I  believe,  in  no  other  classification,  is 
that  a  definite  function  or  scope  is  assigned  to  each  division. 
Administration,  as  the  word  itself  signifies,  comprehends  in 
addition  to  organization,  all  managerial  functions — the  divi- 
sion and  exercise  of  authority  from  the  stockholders  down 
to  the  humblest  employes. 

Likewise,  the  nest  division — Engineering,  embraces  definite 
functions — surveying,  construction,  maintenance,  dismantling. 

So  on.  down  through  the  remaining  divisions,  definite  duties 
are  assigned  to  each.  These  are  readily  distinguishable  in 
practice,  and   easily   memorized   so  that   in   filing  or  locating 
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with  "  in  short,  supply  a  vt>rb.     The  effect  of  this  Is 

I!  .  iii»:   a   subject   or  thUm   In   either  division   it   be- 

t.  lied    with    the    virtues    of    that    division-  -In    other 

uurdn,  the  paiticiilnr  activil.\  concerninK  the  subject  is  in- 
dicated. Kor  instance,  the  subject  of  water  wheels,  if  2:U..'110 
In  l-^nKlneerinK  division  would  mean  tliat  anything  concerning 
the  construction,  repair  or  dismantling  ol  a  water  wheel 
would  be  no  numbered,  if  In  :!.!!. :!10.  OpeiutInK  division,  it 
would  concern  the  openition  of  the  apparatus:  If  In  ri.!l.;ilii. 
It  would  concern  the  purchase,  rental  or  sale  of  a  water 
wheel.  By  this  automaiic  combiiialion  of  nouns  and  verbs  we 
nvold  unnecessary  duplication  of  subjects.  In  the  instance 
cited,  under  the  ordinary  method  a  separate  sub.iecl  would 
ha\e  to  be  ftiven' 

Construction  of  Water  Wheels. 
Kepairs  to  Water  Wheels. 
PismanlllnR   of   Water   Wheels. 
Operation  of  Water  Wheels. 
I'urchase   of   Water  Wheels. 
Kentnl  of  Water  Wheels. 
Sale  of  Water  Wheels. 

At  least  seven  separate  subjects,  whereas  our  plan  requires 
hut  three. 

The  Principle  of  Subdivision.— It  was  then  in  order  to  fill 
In  the  iiiterveninB  spaces — to  give  substance  and  contour  to  the 
body  that  it  may  be  both  pleasing  to  the  eye  and  useful  in 
service.  To  build  up  a  classification  from  the  materials  at 
hand  that  would  comprehend  every  class  of  business  involved 
and  every  phase  of  each  class. 

It  will  be  noticed  that  the  seven  main  divisions  were  as- 
signed the  hundred  series.  The  next  subdivision  is,  of  course, 
Che  tens.  With  few  e.xceptions.  which  it  is  unnecessary  to 
here  explain,  each  of  the  tens  was  assigned  a  class  or  kind 
of  business  in  which  we  are  engaged,  such  as  :iO.  Electric.  40. 
Railway,  ,iO.  Gas.  70.  Heating.  SO.  Water. 

-Xnother  unique  and  original  feature  of  the  classification  is 
the  uniformity  observed  in  assigning  identical  sub-numbers 
to  the  different  classes  of  business  in  each  of  the  main  divi- 
sions. This  is  a  great  aid  to  memory,  for  once  the  sub-num- 
ber is  memorized,  .vou  can  confidently  locate  it  in  any  appro- 
priate main  division  by  using  the  proper  "Hundred,"  The 
subject  "Substations"  (.'!7.)  is  237.  in  Engineering,  SZl.  in 
Operating.  537.  in  Properties.  This  uniformity  in  numbering 
is  maintained  throughout  the  entire  classification,  and  has 
proven  to  be  an  invaluable  aid  in  actual  practice. 

Having  segregated  our  business,  first,  into  seven  maiu  divi- 
sions or  groups,  second,  into  the  various  classes  of  business,  it 
remained  to  then  combine  within  each  class  all  the  subjects 
pertaining  thereto.  Each  class,  except  in  general  matters 
affecting  all  alike,  stands  on  its  own  bottom  and  is  complete 
in  itself.  Each  organ  of  our  imaginary  man  performs  its 
proper  function   and   occupies  its   predetermined   place. 

It  is  unnecessary  to  go  further  in  explanation  of  the  sub- 
ject grouping,  for  it  will  be  obvious,  having  followed  me  thus 
far,  that  minor  subjects  pertaining  to  each  class  are  simply 
subdivisions  of  that  class,  the  appending  of  the  required  num- 
ber of  decimal  figures  being  resorted  to  to  designate  each 
minor  subject  by  a  fixed  number  so  that  its  position  in  the 
classification  never  changes. 

I  may  say.  however,  that  in  arranging  the  minor  subjects, 
the  same  method  was  followed  in  grouping  them  in  their 
re.gular  and  logical  sequence.  For  instance,  in  the  electric 
group,  we  started  at  our  generating  plants,  then  placed  trans- 
mis.-^ion  lines,  distribution  lines,  sub-stations,  and  customers' 
installations,  each  in  regular  order.  This  same  treatment  of 
minor  subjects  is  followed  throughout  all  divisions  of  the 
classification,  so  that  in  locating  a  subject  the  habit  is  soon 
acquired  of  findin.s;  it  where  it  naturally  belongs  with  relation 
to  other  subjects. 

A  Self-indexing  Card  System.— The  third  original  feature 
and  the  one  most  important  and  useful  in  practice,  is  the 
self-indexing  card  system  worked  out  for  the  complete  classi- 
fication. The  self-indexing  feature  is  followed  out  to  some 
extent  by  the  use  of  tabs  in  the  condensed  classification 
booklet  for  the  use  of  local  offices.     This  scheme  of  self-in- 


dexing does  away  entirely  witli  the  ilaborale  alphabetic  in- 
dex to  subjects  commonly  used  with  llie  decimal  system,  and 
permits  of  llic  almost  instantaneous  localion  ol  a  given  sub- 
jest. 

Can  Be  Combined  with  Other  Systems. — 1  desire  also  to 
point  out  that  luil  withstanding  all  sul)ji>cts  are  given  a  defi- 
nite and  permanent  number,  this  docs  not  prevent  an  alpha- 
betic, geographic  or  other  special  sub-division  of  those  sub- 
jects when  lirciimstances  require.  This  is  a  purely  mechan 
leal  arrangement  in  no  way  detracting  from  the  original 
principle  of  our  filing  system.  II  makes  possible  a  combina- 
tion of  the  numerical,  alphabetic  and  geographic  systems. 
For  instance,  if  the  subject  ti.'iS..  Irrigation  Service,  becomes 
too  bulky,  an  A-Z  Folder  for  alphabetic  subdivision  is  used 
for  this  subject  so  that  correspondence  concerning  each  cus- 
tomer can  be  filed  alphabetically  but  will  always,  by  the  gov- 
erning number  638.,  be  kept  in  its  proper  position  in  the  files. 

Bonus  System  of  Denver  Tramway 
Co.  for  Power  House  Employes 

A  marked  reduction  in  coal  consumption  has  been  effected 
by  the  Denver  Tramway  system  through  the  operation  of  a 
bonus  system  for  its  power  house  employes.  Previous  to  in- 
troduction of  the  bonus  plan  a  new  turbine  of  sufficient  ca- 
pacity to  carry  the  maximum  load  of  the  system  was  in- 
stalled. The  saving  in  operating  expenses  resulting  from  this 
new  unit  and  from  the  bonus  system  amounts  to  about  $150.- 
0(10  per  year.  This  bonus  system  is  described  by  W.  E. 
Casey,  Superintendent  of  Power,  and  E.  Weber,  Mechanical 
Engineer  of  the  Tramway  Co.,  in  the  Electric  Railway  ,Iour- 
nal.  from  which  the  matter  following  is  abstracted: 

BO.Vr.S     .SVSTK.M.      Foil     l>0\VKU      HCUSIO      lO.MPi.DViOS. 

I.  Each  employe  on  tlie  power  house  payroll  shall  be  en- 
tilled  to  a  bonus,  depending  on  the  coal  consumption  per  kilowatt- 
hour.  The  method  of  calculating  this  hoinis  will  be  explained  in 
detail  in   the  foUowinu   paragraphs: 

-'.  The  coal  used  durins  each  month  sliall  he  figured  from  the 
mine  weisht.s.  The  amount.s  of  coal  on  hand  in  bins  .shall  be  es- 
timated by  the  superintendent  of  power  at  the  end  of  each  month. 

3.  The  kilowatt-liour  output  for  the  month  shall  he  the  entire 
;iinount  generated  for  the  month  and  shall  include  station  power 
and  li2;ht  The  amount  used  for  station  power  and  light  shall  not 
exceed  2.5  per  cent  of  the  total  amount  generated  if  No.  S  turbine 
is  in  service,  and  shall  not  exceed  4  per  cent  if  No.  8.  is  in  repair. 
Each  5.000  kw.-hr..  or  fraction  in  excess  of  this  amount,  shall  be 
figured  to  ini  rease  the  eoal  consuniirtion  by  O.OI  Ui.  per  kilowatt- 
hour. 

1.  .Steam  used  for  purposes  other  than  power-house  oijeration 
shall  be  credited  to  coal  consumption;  5  lb.  of  steam  used  .shall  be 
estimated  to  lie  equal  to  1  Ih.  of  coal,  or  if  such  steam  is  paid  for 
in  a  lump  .-ium.  then  each  dollar  shall  be  considered  equivalent 
to   1.000  11).  of  coal. 

5.  The  bonus  system  is  based  on  the  present  load  characteristic 
.UKl  load  factor:  if  either  one  or  bcth  shall  change  materially  it 
u  ill  constitute  a  cause  for  a   revision   of  the  bonus  scale. 

6.  If  the  coal  consuini>tion  in  succeedmg  months  varies  more 
than  0.1  U>.  of  coal  per  kilowatt-hour,  the  chief  en.ciineer  of  the 
company   shall  make  an   investigation   before  a  bonus  is  paid. 

7.  The  bonus  scale  is  based  on  lignite  coal  from  the  L.eyden 
n.ine  with  a  heat  value  of  9.500  b.  t.  u.  per  pound.  If  other  coal 
is  used  the  theoretical  amount  of  coal  used  shall  be  figured  to  be 
in  proportion  to  the  heating  value  of  the  coal  determined  by  a 
responsible  chemist. 

8.  The  amount  of  bonus  each  employe  shall  receive  will  be 
calculated  by  dividing  the  total  bonus  by  the  number  of  inen  on 
the  power  liouse  pay-roll.  In  determining  the  number  of  men  on 
the  power  house   pa.vroll,   the   following   rule   ajiall   govern: 

(a)  E:xtra  men  taking  the  jjlace  of  emialoyes  on  the  sick  list 
shall  not  be  figured  as  an  addition  to  the  number  of  power  house 
employes  unless  on  the  power  house  iiiayroll  for  a  full  month  or 
longer.  Employes  who  have  been  placed  on  the  sick  list  for  six 
days  or  longer  shall  not  be  entitled  to  a  bonus,  but  shall  be  in- 
cluded in  the  number  of  power  house  employes  as  long  as  they 
remain  on   the  power  house  payroll. 

tb)  Employes  taking  their  vacation  shall  be  included  in  the 
number  of  employes  on  the  payroll  and  shall  receive  tiieir  bonus, 
but  in  case  that  it  is  necessary  to  emijloy  extra  inen  to  take  the 
places  of  tnen  absent  on  ^•acation.  the  total  amount  of  w-ages  paid 
such  extra  men  shall  be  deducted  from  the  total  amount  con- 
sklered  in  calculating  the  bonuses.  These  extra  men  shall  be 
entitled  to  a  bonus  if  they  are  on  the  power  house  payroll  for  a 
full  month  or  longer:  but  shall  otherv.-ise  be  considered  as  extra 
men   as  outlined   above. 

S.  If  No.  S  turbine  has  to  he  taken  out  of  service  for  repairs 
and  the  operating  force  is  not  at  fault,  the  bonus  shall  be  calcu- 
lated  in   the   following  manner:     The   outinit   of  the   old   equipment 
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shall  be  taken  at  4  lb.  of  coal  per  kilowatt-hour  and  the  cor- 
responding amount  of  coal  deducted  from  the  total  monthly  con- 
sumption. The  resulting-  quantity  of  coal  which  will  be  found, 
divided  by  the  kilowatt-hour  output  of  No.  S  turbine,  shall  be 
used  to   determine  the   bonus. 

10.  If  Xo.  8  turbine  has  to  be  taken  out  of  service  for  repairs 
due  to  faulty  operation,  the  whole  engine  room  crew  shall  not 
be  entitled  to  a  bonus.  In  this  case  each  fraction  of  a  month 
needed  to  repair  No.  8  shall  be  considered  as  a   full  month. 

11.  Xo  power  house  employe  shall  be  entitled  to  a  bonus  if. 
through  his  fault,  damage  is  caused  to  the  power  house  or  any 
of  its  equipment,  and  if  inspection  of  any  equipment  damaged 
has  been  overlooked  by  the  foreman  to  whom  this  i^mploye  re- 
ports,  he  also  shall  not   be  entitled   to  a  bpnus.  ■ 

12.  In  case  of  power  interruption,  due  to  faulty  operation,  the 
bonus  will  be  figured  for  the'  total  number  of  power  house  em- 
ployes, but  the  particular  employes  at  fault  for  the  interruption 
or  bad  operation  shall  not  be  entitled  to  any  bonus. 

13.  Payment  of  the  bonus  shall  lie-  made  in  the  following 
mani:er:  HO  per  cent  of  the  total  bonu.-i  earned  will  be  paid  out 
as  outlined  above,  10  per  cent  will  be  retained,  and  this  sum  so 
retained  will  be  paid  out  semi-annually  to  all  men  who  have  been 
on  the  power  house  payroll  for  the  half  year  or  longer  just  pre- 
ceding the  date  at  which  this  last  amount  is  paid. 

14.  The  following  bonus  scale  shall  be  used  to  determine  the 
proper  amounts: 


Coal  per 
Ijilowatt-hour                  Total  bonus 
pounds.                         per  month. 
3.11   to  3.09 $     2 


3.09  to  3.07 

3.07  to  3.05. 

3.05  to  3.03. 

3.03  to  3.01. 

3.01  to  2.99. 

2.99  to  2.97. 

2.97  to  2.95. 

2.95  to  2.93. 

2.93  to  2.91. 

2  91  to  2.89. 

2.89  to  2.87. 

2.87  to  2.85. 

2.85  to  2.83. 

2.83  to  2.81. 

2. SI  to  2.77. 

2.79  to  2.77. 

2.77  to  2.75. 


4 

8 

14 

22 

32 

44 

58 

74 

92 

112 

134 

158 

184 

212 

242 

274 

30S 


Coal  per 

kilowatt-hour  Total  bonu.« 

"ounds                          per  month. 

2.75   to  2.73 $344 

2.73    to   2.71 382 

2.71    to    2.B9 422 

2.69    to    2.67 464 

2.67    to   2.65 508 

2.65   to   2.63 554 

2.63   to   2.61 602 

2.61   to   2.59 652 

2.59    to    2.57 704 

2.57   to   2.55 758 

2.55    to    2.53 814 

2.53    to   2.51 872 

2  51    to   2.49 932 

2.49    to   2.47 994 

2.47    to    2.45 1,058 

2.45    to    2.43 1.124 

2.43    to    2.41 1.192 

2.41    to   2.39 1,262 


15.  If  any  employe  of  the  power  house  should  find  the  bonus,  as 
figured  by  the  auditor,  not  to  be  correct,  they  can  appeal  to  the 
chief  engineer  of  the  company,  who.se  di'ri.«!ion  shall  be  final. 


The  Denver  Tramway  Company 
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LOAD  READ1NG9 


TIME                 ^  _  /^, 
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J/5 
88 

mo 

86 

88 

/di 
89 

Ut  Su^ 

46 

67 

44 

32 
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34 

32 

34 

Absolute 

,» 

f-' 

./ 

.6 

.6 

.6 

■7 

■7 

*•          Barometer 

Pump 

90 

90 

90 

90 

90 

90 

»? 

90 
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2S\  25 

7^ 

75 

75 

75 

7i 

75 

Hydraulic  Gear 
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90 

90 

.9(7 

•70 

Temperature  return  oil  Gen.  End 

^4  44 

45 

45 

45 

45 

45 

45 
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.58  ^8 

59 

60 

60 

60 
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67/ 
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?9 

:i9 

39 

40 

4(J 

40 

477 

47/ 

Oil  Supply 

■49 

49 

49 

49 

49 

49 

49 

49 

"          Ensine  Room 

/2? 

7f 

74 

74 

74 

74 

74 

74 

Air  in  Gen. 

/^ 

/^ 

24 

30 

34 

36 

36 

36 
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74 
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78 

78 

78 

78 

78 
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74 
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66 

70 
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33 

33 

33 

33 

3? 

33 

33 
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52 

52 
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5 

4 
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3 
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3 

3 
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7600 
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440 

400 

440 

460 
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90 

90 

90 

90 

90 
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Power-Factor 

99 

99 

98 

98 

98 

98 

98 

Speed 

'506 

/SOO 

\Aoo_ 
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the  boilers  made  it  probable  that  it  would  be  possible  to 
produce  a  kilowatt-hour  with  :!.!  lb.  of  coal  as  an  average 
for  a  month,  and  this  was  adopted  as  the  standard  of  fuel 
efficiency  upon  which  to  reckon  the  savings.  It  the  large 
turbine  is  out  of  order  and  it  is  necessary  to  fall  back  on 
the  auxiliary  equipment,  4  lb.  per  kilowatt-hour  is  used  as  a 
standard 

Checking   and   Economy  Devices    InstalletJ. — The  possibility 
of   earning   a   substantial    bonus    every    month    caused   every 


Fig.   1 — Record    Form   Used   in   Connection   With    Bonus   System. 

The  coal  used  is  a  Colorado  lignite  with  a  heat  value  of 
about  9. .500  B.  t.  u.  per  pound  as  fired,  as  indicated  in  the 
order.  The  load  on  the  power  plant  is  purely  an  electric 
railway  load,  of  familiar  characteristic  form.  The  guaran- 
tees  for  the  large  turbine  and  condenser  and  some  tests  on 
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Fig.    2 — At     Left,    Graphic     Presentation     of     Power     House     Bonus 

Scale.     At   Right,   Pounds   of   Coal   Per   K,   W.    H.   Consumed 

in    Denver   Power   House   Since   1913. 

man  lo  consider  the  losses  and  how  to  reduce  them.  The 
activity  in  the  boiler  room,  for  instance,  was  concentrated 
on  stopping  air  leaks  on  boiler  and  economizer  settings, 
while  the  engine-room  force  made  it  a  point  to  use  the  proper 
combinations  of  generating  equipment  in  service.  The  log- 
sheet  and  other  record  forms,  reproduced  herewith,  suggest 
some  of  the  checking  devices  installed  to  assist  in  the  cam- 
paign to  cut  down  the  coal  consumption  per  kilowatt-hour. 
In  addition  recording  economy  draft  gages,  thermometers, 
steam  flow-  meters,  and  CO^  recorders  are  in  use.  The  CO; 
recorder  is  used  as  a  portable  checking  device.  In  connection 
with  the  portable  draft  gage  it  gives  the  desired  information 
concerning  the  condition  of  the  boiler  setting,  fire,  etc.  Flue- 
gas  temperatures  are  taken  at  intervals.  In  the  boilers  the 
original  Stirling  arches  have  been  replaced  with  flat  arches, 
both  for  reasons  of  increased  economy  of  operation  and  be- 
cause it  w^as  believed  the  flat  arch  would  stand  up  better  and 
longer.  The  flat  arches  have  proved  to  be  superior  in  both 
ways. 

As  a  result  of  the  improvements  the  new  turbine-gener- 
.ttor  takes  care  of  all  demands  and  the  balance  of  the  gen- 
erating equipment  is  held  in  reserve.  Three  7.50-h.  p.  Stirling 
boilers,  together  with  their  equipment,  such  as  stokers,  econ- 
omizers, etc..  have  been  removed  and  sold  at  a  good  price. 
Two  more  boilers  of  the  same  size,  with  economizers  and 
chain  grates  and  extra  chain  grates,  are  for  sale  now,  and 
as  they  are  in  good  condition  they  will  probably  bring  a  good 
price. 

The  results  obtained  can  probably  be  best  illustrated  by 
the  chart  (Fig.  2),  showing  the  coal  consumption  per  kilo- 
watt-hour at  the  present  time  to  be  approximately  2.5  lb. 
I  in  December  actually  reduced  to  2.46  lb.)  which  represents 
a  saving  in  operating  cost  of  approximately  $1.50,000  per 
year.  These  results  are  due  partly  to  the  better  economy  of 
the  large  turbine  and  partly  to  some  other  less  costly  im- 
provements in  the  boiler  roor.i.  but  in  no  small  degree  to  the 
introduction  of  the  bonus  plan. 

Bonus   Hes   Amounted  to  About  $35  Per  Man   Per  Month.— 

A  few  words  concerning  the  adopted  bonus  system  may  be 
of  interest.  The  coal  consumption  per  kilowatt-hour  is  fig- 
ured for  the  gross  output  of  the  station  and  includes  all 
power  used  for  the  plant,  amounting  to  1.25  per  cent  of  the 
gross  output.  If  the  coal  consumption  for  net  kilowatt-hours 
is  desired  the  correction  should   be  made. 

One  of  the  principles  used  in  working  up  the  scheme  was 
so  to  arrange  the  bonus  scale  that  the  benefits  derived  from 
the  special  efforts  of  the  employes  would  be  divided  evenly 
between  the  men  and  the  company,  and  it  was  also  consid- 
ered better  and  simpler  to  pay  all  men  the  same  bonus. 
This  has  amounted  to  about  $::5  per  man  per  month  above 
the  regular  salary.  No  especial  competition  between  Wcatches 
has  been  encouraged,  but  as  the  amount  of  bonus  each  man 
receives  at  the  end  of  the  month  depends  upon  the  combined 
efforts  of  all,  no  man  is  permitted  by  his  companions  to  ■'lie 
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down  on  tho  Job."  The  tinlly  log  sheet,  together  with  the 
coal  book  kept  by  the  bollor-rooui  foreman,  gives  the  men 
all  the  ueveBsary  information  so  that  they  can  tell  where 
ihey  stand  to  date  on  the  bonns. 

It  has  been  found  thai  the  wording  of  the  bonus  system 
order  offers  snlJIclent  restnilnt  to  prevent  the  emplovos  be- 
.^crrealous  In  their  efforts,  at  the  expense  of  the 
t.  Thus,  in  accordance  with  the  order,  It  No.  8 
lurl'iiii'  iias  to  be  taken  out  of  service  for  repairs  duo  to 
faulty  operation,  no  bonus  Is  paid  that  month,  and  If  damage 
Is  caused  to  the  power  bouse  or  any  equipment  through  (he 
fault  of  an  employe,  he  Is  not  entitled  to  parlicipalion  in  the 
bonus. 

The  bonus  plan  has  now  been  In  operation  tor  a  little  more 
than  one  year  luid  no  dlfhculties  have  arisen.  This  Is  prob- 
ably due  to  the  fact  that  the  whole  matter  was  placed  bo- 
fore  the  men  and  discussed  at  meetings  prior  to  the  inaug- 
urntlon  of  the  plan,  as  It  was  considered  very  necessary 
that  each  man  should  understand  fully  the  method  of  cal- 
culating his  share.  One  point  of  interest  is  that  our  experi- 
ence Indicates  Uiat  It  is  not  good  practice  to  pay  the  bonus 
on  the  regular  pay  day.  for  in  spite  of  preaching  and  teach- 
ing some  of  the  men  form  an  idea  that  the  bonus  is  simply 
wages  and  not  an  extra  premium  for  increased  eiliciency. 
This  point,  as  a  matter  of  fact,  reveals  one  of  the  danger 
marks  of  the  whole  bonus  system. 

Due  to  the  Improvements  made  in  the  plant,  an  operating 
crew  of  twenty-flve  men  is  now  required,  as  compared  with 
fifly-nve  men  formerly.  Shifts  are  now  eight  hours  instead 
of  twelve,  and  a  two-week  vacation  with  pay  is  granted  every 
man  each  year.  Without  doubt  the  incentive  offered  by  a 
bonus  has  Increased  the  economies,  and  it  has  also  produced 
a  solidarity  and  co-operation  among  the  operating  force 
which  has  improved  the  quality  of  power  service.  Cleanli- 
ness at  the  plant  Is  now  considered  a  necessity.  Inspection 
of  all  parts  of  the  station  is  made  with  the  greatest  care,  it 
being  fully  understood  by  the  men  that  laxness  may  result 
not  only  In  a  pecunian,-  loss  but  als6  in  a  loss  in  reputation 
reflected  readily  in  a  decreased  amount  of  bonus  earned. 

A  great  deal  has  been  said  in  the  past  for  and  against 
bonus  systems  in  general,  and  it  is  clearly  understood  that 
the  same  system  is  not  suitable  for  every  plant.  Our  experi- 
ence, however,  with  the  scheme  adopted  has  worked  out  ex- 
ceptionally well  not  only  for  both  employes  and  employers, 
but  also  for  the  public  in  general,  through  a  better  utiliza- 
tion of  coal  and  other  materials,  and  an  increased  reliability 
in  the  power  supply. 


Rainfall  Records  for  Muscatine,  la.,  Cover 
73  Year  Period 

Data  on  rainfall  records  at  Muscatine,  la.,  covering  a  period 
of  73  years  were  given  by  Mr.  Wm.  Molis,  Superintendent  of 
the  Muscatine  waterworks,  in  a  paper  presented  April  16 
at  the  meeting  of  the  Iowa  Section  of  the  American  Water- 
works Association.  The  records  show  that  the  total  rain- 
fall and  melted  snow  for  the  73  years  amounted  to  2,702  in. 
or  an  average  of  about  37  in.  per  year.  The  minimum  for  this 
period  was  23.04  in.  in  1910  and  the  maximum  was  74.5  in. 
in  1851.     The  totals  and  averages  by  10-year  periods  are: 

Average. 

1846  to  1856  444  51  44.4.5 

1856  to  1866  389.50  38.95 

1866  to  1876  346.30  34.63 

1876  to  1886  425.54  42.55 

1886  to  J8»6  336.40  33.64 

1896  to  1906  344.40  34.44 

1906  to  1916  318.95  31.89 

1916  to  1919  96.30  32.10 

The  average  for  the  30  years  from  1846  to  1876  was  39.34 
in.  In  the  nest  period  of  30  years  the  average  was  36.88  in., 
only  2.46  difference.  In  the  period  from  1900  to  1919  there 
were  33  days  on  which  the  rainfall  of  Muscatine  was  over 
1.5  in.  in  24  hours.  The  greatest  rainfall  occurred  on  March 
16,  1919,  when  3%  in.  of  rain  fell.  On  Aug.  11,  1908,  the  rain- 
fall amounted  to  3.15  in. 


Personals 

L.  D.  Jeffries  h.-is  been  reappointed  city  engineer  of  Peoria.  III. 

F.  G.  Connelly  has  been  appointed  city  manager  of  Bsterville.  la. 

John   Sammons   has   been   appointed   city   engineer   of   Palestine. 
Tex. 

R.  W.   Reiser  ha.s  been  appointed  Borough  engineer  of  Metuchin. 
>i.  J. 

R.  T.   Campbell    has   been   appointed   citv   engineer   of  Brainerd. 
Minn. 


J.  O.  Endrls,  Jr.,  has  liien  appointed  superintendent  of  Water- 
works \\<r  New   .Mliany.  liul. 

M.  A.  Turner,  .^.iretary  of  the  Chamber  of  Commerce  of  Ranger. 
Tex.,  has  hccii   appointed  City  Manauer. 

E.  V.  Wlllnrd.  o(  i^i.  Paul,  has  liecri  appointed  state  commis- 
sioner of  diain.'iKi'  and   waterways  for  .Minnesota. 

George  W.  Bates,  deiuuy  city  enKiiieer  of  Ivlncoln,  Neb.,  has  been 
appointed  .Vi-tlnK  I'lty  Knglneer,  succeeding:  Adna  Dobson,  who 
died  May  4. 

Willis  E.  Ayres,  consulting  engineer,  and  fiarner  W.  Miller,  have 
hecome  associated  llluler  the  llrm  name  of  .Vyres  .<i-  .Miller  and  will 
specialize  In  road,  di-aliiane  ami  llcnui  piolection  eimlnei  rint;,  ulllces. 
r.l6.i;2»   Uaialolph    lUiiUUnt,'.   .Memphis,  Tenn. 

Francis  E.  D.nniels,  I'lirmcrly  Captain  in  the  Sanitary  Corp.s.  and 
Camp  .Sanitary  lOn^ineer  of  Camp  I^ee,  Vn.,  has  received  hla  dis- 
rhar^ie  frttm  the  Army  and  has  retiii-ncd  to  the  Engineering  Di- 
vision of  the  Pennsylvania  State  Department  of  Health  at  Harrls- 
hiirg.  Pa. 

Samuel  A.  Greeley,  Hydr.auUc  and  Sanitary  Knglneer.  announces 
ihal  hi'  ha.'i  movrd  into  new  olhces.  at  3!)  W.  .\datns  .St..  (Chicago. 
Kol.ert  .v.  .\llron.  Ma.ior.  1'.  .S.  Field  Artillery,  recently  discharged, 
has  resumed  hi.s  place  with  the  lirm.  Mr.  Greele.v  has  completed 
his  work   at   Camp  truster. 

Cipt.  C.  R.  Twios,  for  the  past  14  years  City  Engineer  of  Vicks- 
hurg.  Miss.,  has  resigned  and  has  accepted  .a  jiosition  with  the 
I.  K.  Packard  Construction  Co.  of  Chicago.  Capl.  Twiss  will  have 
his  otllce  in  l.,ittle  Kock.  Ark.,  and  will  have  charge  of  the  .\rkansas 
contrjicts  of  the  construction  company. 

Capt.  C.  R.  Twiss,  for  the  past  14  years  City  Engineer  of  Vlcks- 
struction  Plvision.  I'tilitles  Branch,  of  the  Arm.v.  and  has  returned 
to  the  Technical  Staff  of  Wallace  ,*c  Tiernan  CTo..  Inc..  to  resmne 
charge  of  the  Chicago  ofllce.  Capt.  .Jennings'  work  in  the  army 
covered  the  supervision,  operation  .arid  maintenance  of  w.ater  puri- 
fication   and    sfw.'ige    treatment    plants    in    various    camps. 

Morris  R.  Sherrerd,  for  21  years  engineer  and  chief  engineer  of 
Xewark.  has  been  named  chief  engineer  of  the  North  .lersey  Dis- 
trict Water  Supply  Connni.ssion.  his  ap[)olntment  to  hecome  effective 
July  1  at  a  salary  of  $10,000  a  year.  It  is  understood  that  Mr. 
Sherrerd  will  continue  his  work  for  tlie  city  In  the  caiiacily  of  con- 
sulting engineer,  the  position  he  holds  at  present  with  the  Water 
Sui>pl.v  Commission. 


Industrial  Notes 

Drusus  H.  Nichols  and  John  C.  Moore,  formerly  managing  di- 
rector and  assist.int  direclnr  of  the  Allied  Public'ity  Bureau,  have 
organized  the  Xirhols-.Moorir  Co..  general  advertising  agents,  with 
oifi<'e,s  at    1170.".  lieiroit  avenue,    Clcvel.uul.    ( ). 

The  American  Steam  Conveyor  Corporation,  Chicago,  announce 
the  appoiiitmiiit  of  N.  B.  Stewait  .i.'--  district  representative  in 
charge  of  tlu-  SI.  T.ouis  territory.  UfHces  have  been  opened  at 
70S  MercliaiiI.s-],;icU'iIe  building.  St.  I.ouis,  Mo. 

H.  M.  Davison,  who  for  the  jiast  fourteen  years  has  represented 
the  Hayward  Company  in  its  sales  organization,  has  severed  his 
connection  with  that  company  and  has  accepted  the  position  of 
sales   manager  for  the  Ohio  Locomotive  Crane  Co.   of  Bucyrus.  C. 

The  Bailey  Meter  Co.  has  moved  its  main  ofhce  and  works  from 
Boston  to  Cleveland,  O.  The  Boston  office,  with  H.  D.  Fisher  as 
manager,  is  retained  to  handle  sales  and  engineering  service  work 
in  the  New  England  District.  For  the  present  New  York  and 
Philadelphia  Districts  will  be  covered  from  Boston  and  all  other 
districts  will  be  covered  from  Cleveland. 

Judge  S.  E.  DeHaven,  of  LaGrange,  Kv..  an  attorney,  and  for 
the  past  fi  years  County  Judge  of  the  Fiscal  Court  of  Oldham 
County,  has  resigned  his  position  to  become  affiliated  with  The 
Canton  Culvert  &  Silo  Co.  of  Canton.  O..  as  traveling  salesman  in 
Kentuckv.  D.  W.  Hurley,  of  Dansing.  Micb..  a  corrugated  culvert 
salesman  of  experience,  has  also  accepted  a  position  with  The 
Canton  Culvert  &   Si'o  Co.  as  Michigan  culvert  salesman. 

The  Chicago  Bridge  &  Iron  Co.  has  moved  its  general  sales 
offices  from  the  works  and  they  are  now  located  in  the  same  space 
on  the  fifteenth  r'oor  of  the  Old  Colony  building.  Chicago,  that 
thev  occupied  before  the  w^r.  Lieut-Col.  Robert  H.  Murray. 
>'aior  Charles  R.  Pillsburv.  I-ieut.  J.  C.  Vosbursh.  Lieut.  George 
S.  Sangdahl  and  Lieut.  Ralph  Creen  of  this  company  are  still  over 
.seas  but  are  expected  to  return  within  the  next  few  months. 

The  Neptune  Meter  Co.  of  New  York  has  acnuired  a  building 
from  the  Russell  Motor  Car  Co.  of  Toronto.  Canada,  in  which  they 
intend  to  manuf.Tcture  TrMent  water  meters  for  Canadian  trade. 
The  president  of  the  comnanv  is  J.  Herbert  Ballantine  and  the 
manager  director  for  the  Canadian  branch  is  William  H.  Randall, 
formerly  superintendent  of  the  maintenance  and  distribution  de- 
nartment  of  th"  Toronto  vater  works.  The  new  plant  is  to  be 
known   as  the  Neptune  Meter  Co..   Ltd. 


News  Letter 

St.  Louis  Itemr. 

Tom  Newland   is  doing  some  road  work  near  Fulton,  Mo. 

Geo.  Reinke  is  bossing  a  job  for  FYuin  &  Conlon  m  the  western 
part  of  the   city.  „     .         ^i,      i-      «• 

Tom  Blyth  of  Blyth  Bros,  came  in  from  Farma.  111.,  huntmg  a 
team   job   for   their  "outfit.  »,       t       •   ■  c>*„..» 

Burke  Construction  Co.  have  started  on  the  Louisiana  btate 
highway   near  Wilr-iot.    .^rk.  ,    ,       *,      t>     i 

McCoy  Bros,  ar  ■  doing  some  bank  widenmg  work  for  the  Kock 
Island  r".  R.  in      entral  Kansas.  .         . 

A.  Waddell  is  moving  his  outfit  on  to  a  bank  widening  job  on 
the  Rock  Island  R.   R.   in  Iowa.  „.   ^     . 

P.  J.  JIurphy  is  finishing  up  some  old  work  on  the  Wabash 
R.  R.   between  jloberly  and  Kansas  City.  . 

A.  R  Gilliland  will  have  his  9-team  outfit  idle  in  a  tew  days 
Address  him   care  of  Koenig's  Labor  Agency.   Kansas  City.  Mo. 

Robert  Oliver.  4430  Chouteau  Ave.,  St.  Louis,  Mo.,  has  an  8- 
team  outfit  that  he  wants  to  place  on  some  work  in  this  neighbor- 
hood. ,  ,  ^     i-  * 

Cameron.  Joyce  &  Co.,  of  Keokuk.  la.,  have  a  lot  of  county 
road   work   near   Fairfield,   la.     Want   to   sublet   the   concrete   part 

C  F.  Fitts.  Bokoshe,  Okla..  reports  his  11-team  grading  outfit 
idle.  Wants  to  get  in  touch  with  some  work  in  his  part  of  the 
country.  .        _        _.  . 

R  E.  Gurlev  of  the  T.  W.  Snow  Construction  Co.,  Chicago. 
stopped  off  here  for  a  day  on  his  way  to  Texas  to  look  over  a  big 
job  there. 

Contractor.s  when  in  want  of  labor  or  work  for  their  outfits 
write  Koenig's  Labor  Agency.  612  Walnut  St.,  St.  Louis,  Mo.,  or 
503  Delaware  St.,  Kansas  City,  Mo. 
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Roads  and  Streets — Ist  Wednesday 

(a)    Roads  ic)    .Street    Cleaning 

(b>   Streets  ( ill    Municipal    Miscellanies 

Waterworks  and   Hydraulics — 2nd  Wednesday 

(a)    Waterworks  'c)    Irrigation    and     Drainage 

<b)   Sewers   and   Sanl-        (d)    Power   and   Pumping 
tatlon 

(e)    Management  and  Office 
System 


Railways   and    Excavation — 3rd   Wednesday 

(a)  Excavation   and  (c)   Quarries  and    Pits 

Dredging  (d)   Railways.    Steam    and 

(b)  Rivers   and   Canals  Electric 

(e)    Management  and  OiTlce 
.System 

Buildings  and   Structures^-4th   Wednesday 

(a)  Buildings  (c)    Harbor  Structures 

(b)  Bridges  (d)    Miscellaneous    Structure 

(e)    Properties   of   Materials 
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Let  Engineering  Societies  Become 
Postgraduate  Schools 

Bad  habits  and  ignorance  are  the  ball  and  chain  upon  the 
les  of  progress.  They  make  mental  prisoners  of  millions  of 
men.  Although  this  will  he  granted  with  reference  to  for- 
eign nations,  it  is  not  apt  to  receive  ready  sanction  as  aii- 
plied  to  -America.  Yet  It  applies  to  us  also,  even  if  less  ex- 
tensively: for  most  of  us  are  relatively  ignorant,  and  all  of 
us  have  habits  that  retard  our  progress. 

One  of  our  worst  habits  is  unsystematic  reading.  We 
spend  many  hours  every  week  gorging  ourselves  with  daily 
nevspaper  stuff,  pntirely  without  definite  purpose,  unless  the 
idle  gratification  of  curiosity  can  he  called  purposeful.  Even 
.vhen  we  read  scientific  articles  there  is  seldom  any  system- 
atic plan  to  guide  our  reading.  "Knowledge  is  power."  hut 
it  is  only  a  useful  power  when  well  assimilated  and  quickly 
available.  The  vast  stores 
of  technical  knowledge 
in  our  engineering  libra- 
ries are  akin  to  great 
subterrenean  beds  of 
coal.  They  are  immense 
reservoirs  of  power,  but 
of  no  use  to  humanity 
until  mined  and  convert- 
ed into  active  energy  foi' 
selected  purposes.  .The 
great  currents  of  period- 
ic engineering  literature 
are  not  unlike  -Niagara, 
flow'ing  ceaselessly,  cap- 
able of  extensive  use.  but 
largely  going  to  waste — 
and  why?  Because  most 
men  have  no  system  by 
which  to  avail  them- 
selves of  this  knowledge. 


28  Pages  =  40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting CO.  ^ain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


or,  having  a  system,  lack  the  habit  of  putting  it  into  effect. 
Fev\  men  will  contest  the  statement  that  every  one  should 
•'xercise  his  muscles  systematically  in  order  to  preserve 
health.  Yet  what  a  pitifully  small  percentage  do  exercise 
systematically.  Failure  to  have  acquired  proper  habits  of 
exercise  when  at  school  accounts  largely  for  subsequent  fail- 
uxe  to  preserve  health  by  exercise.  Since  good  health  is  so 
great  a  desideratum,  and  since  relatively,  few  men  exercise 
sy.^tematically,  it  can  hardly  be  expected  that  many  men  will 
do  systematically  anything  of  less  importance,  such  as  read- 
ing to  increase  one's  economic  efficiencv.  It  follows,  then, 
that  if  the  average  man  of  any  profession  or  business  is  to 
progress  intellectually,  he  must  put  himselt  in  the  hands  of 
teachers  and  trainers  whose  directions  he  will  obey. 

Very  few  of  us  have  the  will  power  to  acquire  a  new  habit 
unaided,  even  when  we  recognize  its  beneficent  effect.  We 
need  mental  trainers,  and  we  need  them  not  only  during  our 

school  and  college  years 
Init  throughout  life. 
Where  shall  the  engineer 
find  mental  trainers?  In 
most  cases,  if  .a  mental 
trainer  is  found  at  all,  it 
is  in  the  person  of  the 
man  under  whom  one 
works.  Good  as  training 
under  a  superior  often  is, 
it  seldom  is  adequate. 
Why  should  not  the  for- 
mation of  desirable  men- 
tal habits  be  the  leading 
function  of  technical  so- 
cieties? Why  should  not 
every  such  society  take 
a  lesson  from  the  recent 
war  and  organize  training 
schools  for  its  members? 
Military     training     has 


{'->:■<) 


530 


Eiif/ineeritni  mid  Contracting  for  Mai/  -'/,  /.'>/,''. 


for  Hi  objoois.  Ilrst.  the  ncqiilrlnR  "f  I'Oitnln  ilesiniblo  hiiblts 
of  bwly  and  iiilml.  sfi-onil.  the  iiociiimiliitlon  of  ctM-tiiln  iloslr- 
ablo  kHowK'clKO.  Xllllliiry  school  molliods  us  ilevolopod  diirliiK 
tho  rt-oenl  wur.  iimy  woll  bo  luloptoil  by  eiigliieiTliiK  soi-lctlos. 
partliiiliirly  wllb  u  vlow  to  ilovolopInK  better  moiiliil  habits 
ttiiioiii;  oimlm'rrs. 

lloi-auso  of  tho  Importance  iiml  success  of  eiiRinoers  in  the 
wor.  »o  urc  In  dnnRcr  of  patllng  ourselvos  too  much  on  the 
back.  In  public  let  us  pmlse  the  oncineer:  but  lunonK  our- 
fiplves  lot  us  bo  our  own  severest  critics.  I^et  us  admit  that 
what  the  nverajso  euKlneer  doesn't  know,  yet  should  know. 
\a!Hly  exceeds  what  he  knows.  Let  us  take  steps  to  improve 
tho  mental  habits  of  onKlneors.  with  n  view  to  enlarciiiK  their 
uaoful  knowledge  continuously  and  rapidly 

Why  Freight  Rates  Shoiikl  Be  In- 
creased Fully  15  Per  Cent 

Allhoush  freight  rales  are  ;'.5  per  cent  and  passenRcr  rates 
SO  piT  cent  higher  now  than  in  19Ui,  it  is  clear  to  students  of 
railway  transportation  that  another  freight  rate  increase  of 
fully  15  per  cent  is  In  sight.  Ouring  the  first  three  months 
of  1919  the  railways  failed  to  earn  the  amount  guaranteed  by 
the  Rovernnient.  the  deficit  being  ll.'^O. 000,000  or  at  the  rate 
of  1520.000,000  a  year.  During  the  same  period  the  gross 
earnings  were  at  the  rate  of  nearly  $4,482,000,000  a  year  while 
the  operating  expenses  (exclusive  of  taxes)  were  at  the  rate 
of  $4,148,000,000  a  year. 

Since  the  deficit  In  the  guaranteed  earnings  was  at  the  rate 
of  $51:0.000,000  a  year,  and  since  the  gross  earnings  were  at 
the  rate  of  $4.4S2.000.0iHl  a  year,  it  follows  that  the  gross 
earnings  would  have  to  be  increased  nearly  12  per  cent  in 
order  to  wipe  out  the  deficit. 

About  three-fourths  of  the  gross  earnings  come  from  freight; 
hence,  if  passenger  rates  are  allowed  to  remain  as  they  are, 
freight  rates  must  be  raised  15  per  cent  in  order  to  wipe  out 
the  deficit  in  the  return  guaranteed  to  the  owners.  That  this 
will  occur  is  almost  Inevitable.  The  wages  of  the  average 
railway  employe  are  now  S4  per  cent  higher  than  they  were 
before  the  war.  All  other  operating  expenses  are  up  in  pro- 
portion. An  average  increase  of  50  per  cent  in  freight  and 
passenger  rates  is  clearly  no  more  than  fair,  unless  the  rail- 
ways are  much  overcapitalized.  Experienced  railway  ap- 
praisers are  almost  unanimous  in  stating  that  there  is  no 
likelihood  that  the  Interstate  Commerce  Commission  ap- 
praisals will  disclose  overcapitalization,  taking  the  railways 
as  a  whole. 

Director  General  Hines  has  intimated  that  railway  trans- 
portation may  increase  sufficiently  to  make  it  unnecessary  to 
raise  rates,  but  he  has  given  no  data  in  support  of  such  a 
hope.  On  the  other  hand  the  available  data  point  in  the  op- 
posite direction.  Thus,  for  the  first  quarter  of  1916  the 
freight  of  the  railways  was  SO  billion  ton-miles  as  against  85 
billion  for  the  first  quarter  of  1919,  an  increase  of  6  per  cent. 
It  is  true  that  for  the  first  quarter  of  1919  the  ton-mileage 
was  10  per  cent  less  than  for  the  corresponding  quarters  of 
1917  and  191S,  but  those  were  years  made  abnormal  by  our 
great  efforts  to  win  the  war. 

Finally  (and  this  has  not  been  sufficiently  emphasized) 
American  railways  were  financially  starved  for  many  years 
prior  to  the  war.  They  should  have  been  allowed  to  earn 
enough  to  build  up  a  substantial  depreciation  fund,  which 
they  never  did.  Having  neither  a  depreciation  reserve  nor  a 
surplus  of  adequate  amount,  the  railways  have  lived  from 
hand  to  mouth.  They  have  lacked  both  the  capital  and  the 
incentive  to  make  improvements  in  the  art  of  transportation 
comparable  with  those  made  by  the  American  Telephone  and 
Telegraph  Co.  (the  Bell  system)  in  the  art  of  communication. 
Yet  no  experienced  engineer  doubts  that  railway  transporta- 
tion is  susceptible  of  being  enormously  improved  both  as  to 
speed  and  as  to  economy.  Read,  for  example,  in  this  issue 
the  editorial  on  A  Remarkable  Economic  Improvement  in 
Street  Car  Transportation,  and  bear  in  mind  that  similar  pos- 
sibilities exist  in  the  railway  field. 

Electrification  of  steam  railways  alone  offers  wonderful  op- 
portunities for  improvement,  but  the  penny  wise  policy  of 
our  rate  making  commissions  has  so  throttled  the  ambition  of 
railway  owners  and  managers  that  they  have  done  almost 
nothing  toward  electrifying  their  roads. 

A  liberal  policy  as  to  railway  rates  will  do  more  than  any- 


thing else  toward  ultinuite  reduction  in  rates.  The  greatest 
incentive  to  progress  is  a  liberal,  a  jtrincely  reward  for  eco- 
nomic success. 


A  Remarkable  Economic  Improve- 
ment in  Street  Car  Trans- 
portation 

The  most  noteworthy  advance  in  street  car  operation  dur- 
ing the  last  few  years  has  been  the  introduction  of  the  oue- 
man,  light-weight  car.  This  type  of  car  has  effected  a  saving 
in  operating  expenses  ranging  from  20  to  40  per  cent  on  the 
first  cost  of  the  car.  In  addition  it  has  Increased  the  patron- 
age of  car  lines,  because  of  the  greater  frequency  of  service. 
In  some  cases  the  combined  increase  in  revenue  and  de- 
crease in  operating  expenses  has  been  great  enough  to  pay 
for  the  new  cars  in  1.5  years!  These  are  data  given  out  by 
H.  G.  Uradlee,  president  of  Stone  &  Webster  Management 
Corp.,  a  company  that  manages  more  than  50  public  utility 
plants. 

Mr.  Hradlec  states  that  prior  to  undertaking  a  scientific 
study  of  street  car  design,  their  companies  were  operating 
cars  that  weighed  as  much  as  1,500  lbs.  per  passenger  seat. 
Within  a  few  years  they  were  able  to  jeduce  the  weight  to 
about  750  lbs.  per  seat  for  double  truck  cars  and  450  to  60O 
lbs.  per  seal  for  single  truck  cars.  Then,  finding  that  London 
motor  buses  weighed  only  300  to  350  lbs.  per  seat,  the  Stone 
&  Webster  Corp.  resolved  to  attain  a  similar  weight  for  their 
street  cars.  Their  Mr.  Birney  studied  automobile  design,  and 
secured  the  cooperation  of  car  manufacturers  and  of  two 
great  electric  manufacturing  companies,  the  Westingliouse 
and  the  General  Electric.  The  outcome  was  a  car  that  weighs 
13,000  lbs.  and  seats  35  people,  or  370  lbs.  per  seat,  as  con- 
trasted with  the  old  35,000-lb.  car  seating  40  people. 

As  an  example,  a  line  operating  2  heavy  two-man  cars  at 
30  min.  intervals,  is  changed  to  operate  3  light  one-man  cars 
at  15  min.  intervals,  resulting  in  a  saving  of  $3,500  a  year  in 
operating  expense,  exclusive  of  fixed  charges.  The  three 
light  cars  cost  $3,500  each,  at  prewar  prices.  A  50  per  cent 
increase  in  annual  car  mileage  lias  caused  more  than  a  25 
per  cent  increase  in  the  number  of  passengers  carried.  There 
is  not  only  a  60  per  cent  saving  in  power,  but  even  with  the 
increased  number  of  cars  there  is  a  reduction  of  30  per  cent 
in  the  peak  load  on  the  generating  station. 

The  light  one-man  car  has  given  excellent  satisfaction  in 
cities  of  all  sizes  up  to  300,000,  and  there  is  no  reason  why 
much  larger  cities  will  not  find  it  satisfactory  for  at  least 
three-fourths  of  the  traffic. 

Not  long  ago  Ford  criticized  the  steam  railways  for  not 
reducing  the  weight  of  their  rolling  stock.  That  his  criticism 
was  well  founded  seems  to  be  borne  out  by  the  pronounced 
success  of  the  light-weight  electric  passenger  car. 


A  Certain  Condescension  Among 
Engineers  Toward  Adver- 
tisements 

It  is  an  axiom  of  economics  that  every  fair  bargain  between 
a  seller  and  a  buyer  is  of  advantage  to  both.  If  so,  it  follows 
that  prospective  buyers  should  welcome  the  efforts  of  sales- 
men to  create  interest  in  their  wares;  and  by  a  parity  of 
reasoning,  prospective  buyers  should  gladly  give  time  to  the 
study  of  catalogs  and  advertisements  of  articles  that  they 
might  use.  Yet  it  is  unfortunately  a  fact  that  many  pros- 
pective buyers  are  inclined  to  repel  nearly  all  efforts  to 
arouse  their  interest  in  things  offered  for  sale.  Doubtless 
this  habit  is  consequent  upon  the  frequent  and  excessive  in- 
sistence of  salesmen;  but  it  is  well  to  realize,  nevertheless, 
that  it  is  a  bad  habit  to  be  perpetually  antagonistic  to  sales 
arguments  and  sales  literature. 

Among  professional  men  in  particular  there  is  an  excessive 
amount  of  resistance  to  salesmanship,  whether  it  takes  the 
form  of  the  printed  or  of  the  spoken  word.  There  is,  in  fact, 
a  tendency  to  look  down  upon  salesmanship  and  advertising. 
This  tendency  is  manifested  in  many  ways.  Thus,  an  engi- 
neer who  becomes  an  engineer-salesman  or  an  advertising 
writer,  loses  professional  caste  among  engineers;  and  this  oc- 


(96) 


Euft'incei  hifi  11)1(1  Cinifiactiuf/  fin-  May  :>1,  1919. 


531 


•curs  even  when  he  still  applies  engineering  skill  of  high  or- 
•der.  Or,  again,  it  Is  seen  in  the  complaints  often  made  by 
engineers  that  there  are  more  pages  of  advertising  than  of 
■articles  and  news  in  technical  magazines.  If  engineers  real- 
ized that  advertisements  are  either  educational  themselves  or 
•open  the  door  to  veritable  libraries  of  useful  knowledge — i.  e., 
catalogs,  etc. — they  would  welcome  an  abundance  of  adver- 
tising in  their  magazines.  Moreover,  they  would  make  it  a 
practice  to  send  for  catalogs  and  study  their  contents. 

There  are  scores  of  machines  and  devices  about  which 
most  engineers  are  either  largely  or  completely  ignorant,  in 
spite  of  the  fact  that  their  ignorance  is  costing  themselves  or 
their  employers  a  pretty  penny  every  year.  Let  us  give  an 
illustration  that  nearly  every  engineer  can  appreciate. 

Tracings  and  blue  prints  are  almost  invariably  filed  either 
in  rolls  or  horizontally  flat.  In  either  case  more  floor  space 
is  taken  up  than  when  they  are  filed  vertically  flat.  Ask 
:any  engineer  why  he  does  not  use  vertical  files,  and  his  an- 
swer almost  invariably  is  that  there  is  no  satisfactory  ver- 
tical file.  Yet  he  is  wrong.  In  spite  of  the  fact  that  there 
has  long  been  advertised  a  vertical  file  that  completely  over- 
■comes  all  objections,  he  is  either  ignorant  of  its  existence  or 
•does  not  know  the  principle  upon  which  it  depends  for  its 
■success.  Ask  yourself  whether  you  can  describe,  even  crudely, 
the  file  we  refer  to.  Tlien  verify  your  answer  by  reading  the 
description  of  it  in  our  section  on  management  and  office 
system. 

Putting  it  bluntly,  the  great  majority  of  us  are  startlingly 
Ignorant  of  devices  and  machines  that  we  should  be  using. 
•Our  ignorance  springs  largely  from  a  certain  condescension 
-with  which  most  us  look  down  upon  advertisements.  Few 
■of  us  have  ever  taken  the  pains  to  trace  the  cause  of  this 
•condescension  or  even  to  ask  whether  it  may  not  be  evidence 
•of  mental  smallness. 


output  of  the  same  number  of  employes  would  be  increased 
fully  50  per  cent,  provided  substantial  wage  increases  ac- 
companied an  increased  output. 

A  solitary  mountain  of  great  height  rarely  juts  up  from  a 
plain,  or  even  from  among  low  hills.  Pike's  Peak  is  but  one 
among  hundreds  of  surrounding  peaks  of  an  eminence  almost 
as  great  as  its  own.  So,  too,  where  the  average  level  of 
trained  intelligence  is  high,  there  will  usually  be  found  the 
greatest  number  of  geniuses.  Hence  it  is  inferable  that  if 
we  were  to  give  all  our  managers  and  workers  a  continuous 
education,  our  percentage  of  Edisons  and  Burbanks  would 
increase  steadily. 

Continuous  education — let  that  become  the  industrial  slogan 
of  America. 


An  Industrial  Slogan  for  America- 
Continuous   Education 

In  a  recent  advertisement  of  Swift  &  Co.  we  read: 

"At  the  general  oflice  in  Chicago,  every  boy  is  given  an 
hour's  schooling  daily  on  company  time,  such  work  being  ac- 
•credited  by  the  high  school  authorities,  in  securing  a  two-year 
■commercial  course  diploma." 

This  plan  of  continuing  the  education  of  company  employes 
at  company  expense  seems  likely  to  be  adopted  widely,  nor 
-will  it  be  limited  to  boys  of  high  school  age.  Every  argu- 
ment in  favor  of  having  boys  study  an  hour  daily  on  company 
time  is  equally  sound  when  applied  to  grown  men.  All  that 
interferes  with  general  appreciation  of  this  fact  is  prevailing 
false  ideas  as  to  education.  Most  men  not  only  speak  of 
their  education  in  the  past  tense  but  actually  cease  studying 
after  graduation.  Of  course  they  inevitably  acquire  addi- 
tional knowledge  after  graduation,  but  the  process  is  inci- 
■dental  rather  than  systematic. 

America  already  leads  all  other  nations  industrially,  but 
the  average  American  industrial  organization  is  far  behind 
the  best  of  its  kind.  The  same  holds  of  average  American 
individuals,  of  every  class,  whether  they  are  employers  or 
•employes,  managers  or  managees.  If  only  the  efficiency  of 
the  average  man  could  be  raised  to  the  level  of  the  best — ! 
Yet  such  an  ideal  is  not  purely  visionary;  it  is,  in  large  meas- 
ure, realizable.  But  how?  By  continuous  education  and 
training  of  all  manual  and  mental  workers. 

The  great  obstacle  to  the  execution  of  a  plan  of  universal 
training  is  mental  inertia,  or  aversion  to  a  change  of  habits. 
In  addition  there  is  to  be  taken  into  account  weariness  and 
staleness  that  follows  the  ordinary  day's  work.  This  last 
named  obstacle  would  be  completely  overcome  were  employes 
required  to  spend  a  portion  of  their  working  time  every  week 
learning  how  to  become  more  eflScient  producers  and  better 
members  of  society. 

It  would  be  an  interesting  experiment,  and  one  that  might 
"have  revolutionary  consequences,  were  some  company  to 
require  all  its  employes  to  cease  their  regular  routine  for  one 
hour  each  day  and  submit  themselves  to  a  course  of  study 
and  mental  discipline  under  competent  instructors.  It  is  our 
belief  that  within  a  short  time  the  employes  would  be  execut- 
ing more  work  in  seven  hours'  routine  than  had  formerly 
"been  accomplished  in  eight,  and  that  within  a  few  years  the 


The  Municipal  Railway^  System  of 
San  Francisco 

To  the  Editor:  My  attention  has  been  called  to  an  edito- 
rial appearing  in  the  issue  of  Engineering  and  Contracting 
of  Feb.  19  entitled  "San  Francisco's  Municipal  Railway  Is  No 
Cold  Mine." 

This  editorial  is  so  unfair  and  misleading,  due  to  the  tone 
and  the  suppression  of  part  of  the  report,  that  I  cannot  let 
it  pass  without  comment.  I  am  therefore  setting  forth  in 
this  letter  a  few  facts  relative  to  the  results  achieved  in  the 
operation  of  our  municipal  railway  system,  and  if  you  will 
publish  the  statement  it  will  permit  your  readers  to  know 
the  truth  and  enable  them  to  form  their  own  opinion  as  to 
whether  or  not  the  result  of  municipal  ownership  of  street 
railways  in  San  Francisco  is  as  disastrous  as  your  editorial 
would  make  them  believe. 

As  you  mention  in  the  body  of  the  statement,  the  railway 
pays  no  taxes,  but  its  charter  requires  such  charges  to  ap- 
pear in  the  report.  Without  these  charges  the  same  annual 
report  shows  a  net  profit  for  the  year  of  '.?31,0S4.  Further, 
while  the  published  report  includes  these  charges  for  the 
purpose  of  comparing  the  results  of  operation  with  privately 
owned  properties,  when  this  comparison  is  made  it  should 
be  pointed  out  that  the  ordinary  privately  owned  and  op- 
erated railway  system  does  not  provide  a  depreciation  re- 
serve of  14  per  cent  of  its  gross  receipts  in  addition  to  main- 
taining the  property  in  a  first  class  operating  condition.  In 
other  words,  there  is  $264,727  charged  into  operating  ex- 
penses in  the  municipal  railway  report  as  depreciation,  which 
is  in  reality  money  transferred  to  a  reserve  fund. 

Reviewing  the  results  of  municipal  ownership  and  opera- 
tion of  street  railways  during  the  past  6  years,  the  follow- 
ing facts  are  significant: 

For  the  construction  of  these  municipal  railways  San  Fran- 
cisco has  bonded  itself  for  ?.5,.500,000.  From  the  operating 
revenues  of  the  system,  in  addition  to  paying  all  operating 
expenses  and  maintenance  charges,  the  city  has  paid  the  in- 
terest on  the  bonds  and  has  redeemed  the  bonds  as  they  have 
matured  to  the  extent  of  .$404,000:  has  constructed  extensions 
to  the  system  at  a  cost  of  .$800,000.  and  has  created  a  reserve 
fund  for  depreciation  and  insurance  of  $1,000,000. 

The  above  data  may  serve  to  indicate  that  San  Francisco's 
municipal  railway  is  in  a  healthy  and  sound  financial  condi- 
tion. There  are  few  railroad  systems  under  private  owner- 
ship that  are  in  as  good  position  at  this  time  as  is  evidenced 
by  the  nationwide  agitation  for  public  recognition  of  the  fact 
that  the  5  ct.  fare  is  no  longer  commensurate  with  the  in- 
creased cost  of  giving  service. 

I  would  further  point  out  that  the  financial  benefits  to  the 
community  of  municipal  operation  of  the  street  railways  are 
not  all  reflected  in  the  railway  report,  for  in  addition  there 
are  material  gains  in  the  tax  yield  due  to  the  increase  in  the 
assessed  value  of  the  property  served  by  these  railways,  par- 
ticularly in  those  outlying  districts  which  were  either  with- 
out transportation  or  with  very  inadequate  service. 

In  addition  to  the  financial  benefits,  the  people  of  the  com- 
munity are  enjoying  a  higher  class  of  service  than  they  did 
prior  to  the  city's  going  into  the  transportation  business.  This 
is  true  not  only  on  the  municipal  system,  but  applies  equally 
to  the  privately  operated  system  who  have  likewise  improved 
their  service  owing  to  the  element  of  competition. 

M.   M.   O'SHAUGHNESSY, 
City  Engineer. 
San  Francisco,  Calif. 
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The  Causes  of  Railway  Curve  Re- 
sistance 

In  ii  Iniliiiiii  oi  ilii-  AI1UU..II1  IJiilhva.v  lOiiRliioorliiK  Assd- 
i-lutlnn.  Mr  Jolin  C.  Siilllviiii.  ConsnltiiiK  Kiiglneer  of  the  Cii- 
iiiulliin  riulllo  Ky..  Klves  an  analysis  of  tlip  probh^n  of  fuive 
rt>.-<islan««  anil  ili-scrlbes  sonio  oxpiTlnuMits  whicl;  throw 
Komi*  Itisht  on  a  subject  which  theorists  havo  be.ii  iinalil.-  to 
nt;r»<«>  upon. 

Various  theories  have  lieen  propomuleil  to  account  lor 
curve  resistance.  »y  some  writers  cenlrifunnl  force  is  as- 
sumed to  play  a  major  part.  Otliers  account  for  it  oi\  the 
littsis  of  obliquity  of  traction— the  tendency  of  a  train  pass- 
ing around  a  lurve  to  draw  Itself  straight.  Still  others  be- 
lieve thai  the  sklddins  of  the  wheels  incident  to  the  different 
distances  traveled  by  the  inner  nnd  outer  wheels  of  iin  iixlc 
U  the  rnusc. 

Mr.  Sullivan  discounts  the  centrifuKal  force  theory  be- 
cause with  proper  superelevation  of  the  outer  rail  the  ac- 
tion of  centrlfuKal  force  Is  simply  to  place  more  ot  the  weight 
of  the  car  body  on  the  outer  rail.  He  considers  the  obliquity 
ot  traction  theory  absurd  since  a  locomotive  will  push  pnu- 
tlcally  as  nianv  cars  around  a  curve  as  it  will  pull,  and  all 
experience  has  been  that  It  is  the  outer  rail  head  rather  Ihan 
the  inner  one  that  is  cut  away.  KeKarding  the  skidding  of 
the  wheels  along  the  rails.  Mr.  Sullivan  makes  the  point 
that,  even  assuming  a  coefticient  of  friction  of  22  per  cent. 
only  one-fourth  of  the  force  usually  assumed  to  represeni 
curve  resistance  would  be  accounted  for. 

His  own  theory  is  that  the  reason  that  the  outer  wheels 
'exert  a  pressure  asainst  the  outer  rail  on  a  curve  is  the 
fact  that  a  revolving  cylinder  tends  to  rotate  on  a  straight 
line  perpendicular  to  the  a\is  of  rotation";  in  other  words,  he 
attributes  the  attempt  of  the  outer  wheel  Hanges  to  climb 
the  rail  head  as  due  to  the  g>-roscopic  action  of  the  wheels. 
Mr.  Sullivan  quotes  several  statements  from  A.  M.  Wel- 
lington's "Economic  Theory  of  Railway  Location  "  and  shows 
how  some  of  the  conclusions  made  by  this  well-known  author 
do  not  fully  agree  with  modern  e.xperience. 

In  order  to  test  some  of  his  own  theories.  Mr.  SuUivai; 
had  a  long  S=  W  curve  carefully  measured.  He  then  calcu- 
lated what  the  diameter  of  the  inner  and  outer  wheels  would 
be  to  make  them  exactly  proportional  to  the  length  of  the 
inner  and  outer  rails  on  this  curve.  These  wheels  were  then 
turned  accordingly,  with  a  standard  flange  but  with  a  flat 
tread:  they  were  put  under  a  steel  Hat  car  36  ft.  10  in.  long 
with  a  tare  weight  of  31.200  lb.  and  a  live  load  ot  99,000  lb. 
ot  steel  rails.  The  first  experiments  made  with  this  car 
were  with  the  idea  of  testing  the  tractive  force  necessary  to 
move  it.  It  was  apparent  from  the  start  that  the  equip- 
ment ot  the  dynamometer  car  used  was  not  delicate  enough 
to  measure  small  pressures  accurately.  Mr.  Sullivan,  there- 
fore, abandoned  the  idea  of  attempting  to  get  a  definite 
figure  in  pounds  per  ton  with  this  machine,  but  the  results 
prove  conclusively  what  he  expected,  viz.,  that  the  resist- 
ance on  the  S"  10"  curve  was  only  '>o  to  00  per  cent 
of  the  resistance  on   straight  track. 

The  next  test  consisted  of  pulling  another  flat  car,  similar 
in  all  details  except  that  it  had  standard  tr\icks  which  were 
in  very  good  shape.  The  dynamometer  car  results  indicated, 
as  expected,  that  the  resistance  on  .straight  track  was  only 
40  to  50  per  cent  of  the  resistance  on  the  curve.  The  most 
important  feature  of  these  tests  was  the  fact  that  the  trucks 
with  the   special  wheels  never   pressed   against  the  head   of 


cither  llio  inner  or  outci-  rails  while  going  arounil  the  N 
10"  curve,  but  ran  exactly  as  true  as  the  ordinary  truck 
runs  on  a  straight  track  and  this  was  true  regardless  of 
speeds  from  .''i  to  2.%  miles  per  hour,  thus  proving,  appar- 
ently, that  the  rectangular  shape  of  the  wheelbase,  especially 
so  for  the  short  wlicelbase  of  a  freight  truck,  has  very  little 
or  nothing  to  do  with  causing  the  pressure  of  the  wheels 
against   the   outer   rail. 

Some  tests  were  made  with  a  \  ic\\  nl'  allenipdng  to  meas- 
'ire  the  amount  of  skidding  ol  ili.'  « lieels.  A  Mat  car  with 
a  gross  weight  of  129,lin»  lb,  was  run  a  distance  of  about 
lioo  ft,  in  both  directions  over  the  above  mentioned  S"  10" 
curve  at  a  speed  of  about  4  miles  an  hour.  The  revolutions 
on  all  the  wheels  were  counted  and  measurements  taken  to 
show  how  far  I  hey  would  have  to  go  to  complete  70  revolu- 
tions.    Table  1  gives  the  results  of  these  measurements. 

The  object  in  giving  this  matter  to  the  public  is  to  re- 
vive interest  in  this  subject,  bring  out  discussion,  and  if 
possible  get  more  information,  as  it  is  only  when  the  actual 
causes  of  trouble  are  i-eally  understood  that  the  i)roper  rem- 
edies can  be  applied.  The  second  reason  is  to  call  the  at- 
tention of  operating  olfleers  of  railways  to  the  fact  that  it  is 
a  waste  of  fuel  to  haul  cars  over  railways,  the  wheels  of 
which  are  not  running  true: 

.Mr.  Sullivan  is  convinced  that  the  greater  portion  of  the 
curve  resistance  is  caused  by  the  pressure  of  the  flange 
against  a  single  rail.  Therefore,  the  mating  of  wheels  or 
the  setting  up  of  trucks  not  properly  true  that  cause  the 
Mange  on  one  wheel  of  an  axle  to  wear  sharp  is  not  only 
shortening  the  life  of  the  wheel  but  is  costing  the  company 
considerably  more  money  to  acquire  this  undesirable  result. 

The  following  conclusions  are  drawn  by  Mr.  Sullivan  froni 
the  experiments: 

1.  All  outer  wheels  of  railway  etiuipment  exert  a  pressure 
against  the  outer  rail   when  rounding  a  curve. 

2.  The  cause  of  this -pressure  is  the  tendency  of  a  cylin- 
drical body  to  rotate  in  a  straight  line  at  right  angles  to  the 
axis  of  rotation. 

3.  There  is  never  any  skidding  of  either  wheel  of  the 
leading. axle  of  a  truck  unless  it  is  a  forward  skidding  of 
both  wheels  caused  by  the  resistance  to  rotation  being  great 
enough  to  cause  a  slight  retardation  to  rotation,  which  re- 
sults in  an  apparent  forward  skidding. 

4.  There  is  no  skidding  ot  the  outer  wheel  of  a  rear  axle: 
in  general,  any  skidding  that  does  take  place  is  on  the  inner 
wheel  of  the  rear  axle. 


Use  of  Pack  Mules  for  Carrying  Rock.—  Pack  mules,  ac- 
■^ording  to  a  note  in  Professional  Memoirs,  proved  of  great 
service  in  carrying  rock  in  connection  with  the  operations  of 
the  fi02d  Engineers  of  th-i  II.  S.  Army.  It  was  not  possible 
to  use  wagons  on  the  road  for  transporting  rock,  due  to  the 
fact  that  there  was  but  one  track  and  it  was  not  considered 
advisable  at  that  time  to  construct  a  turn  road  for  the  empty 
wagons,  which  were  unable  to  return  over  the  crowded  trail. 
The  boxes  which  had  been  made  tor  transporting  rock  on 
pack  mules  were  soon  discarded  and  sandbags  filled  with 
vock  were  substituted  tor  the  boxes.  The  method,  states  the 
note,  is  highly  recommended  for  use  on  all  congested  high- 
ways when  the  road  must  be  completed  under  the  wheels  of 
moving  vehicles.  It  is  believed  that  the  24  mules  used  on  the 
job  transported  more  rock  than  was  transported  by  300  ot 
the  Pioneer  Infantry.  Each  mule  carried  a  load  ot  4  sand- 
liags  full  of  rock.  Bags  of  rock  were  placed  on  the  upper  rail 
>r.(\  slung  with  a  Iyer  rope  only.  Mules  worked  individually 
with  one  man  to  lead  them,  and  moved  in  and  out  and  about 
tratflc.  and  were  easily  loaded  and  unloaded. 
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TABLE  I, 

Seventy  times 

circumference 

of  whe'^ls  in 

feet  taped  in  field 

close  to  flange. 


Difference 

between 

distance  tneasured 

on  rail  and  70 

times  circumference. 


Se\'enty  times  cir- 
cumference of  wheels 

in  feet  as  officially 
taped  after  test  1  in. 
from  base  of  flanpre. 


Difference 
between  distance 
measured  on  rail  and 
70  times  official  tap- 
ing of  circumference. 


Inner. 
601.6S 
601.39 
601.73 
601.27 

Outer. 
602.29 
605.21 
602  29 
603.02 

Inner. 
602.29 
605.21 
602.29 
603.02 

Outer. 

+  3.nH 
-4-0.37 
4-3.63 
-f-2.44 

Inner. 

—0.61 
— 3.S2 
—0.56 
—1.75 

Outer. 
601.01 
604.11 
601.38 
602.11 

Inner. 
600.83 
604.11 
601.01 
602.29 

Outer. 

4-4. 87 
4-1.47 
-f-4.54 
-H3.35 

Inner. 
4-0.85 
—2.72 
4-0.72 
—1.02 

600. 4S 
604. 6S 
':00.43 
6112.89 

602  29 
605.21 
602.29 
603.02 

602.29 
605.21 
602.29 
603.02 

4-2.38 
4-3.67 
4-2.34 
4-4.06 

— l.Sl 
—0.53 
—1.86 
—0.13 

601  01 
604.11 
601  38 
602.11 

600.83 
604.11 
601.01 
602.29 

4-3.66 
4-4.77 
-1-3.25 
-(-4.97 

—0.35 
4-0.57 
— 0.5S 
-f0.60 
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Draglines  Will   Handle  2,000,000 

Cu.   Yds.  of   Excavation  for 

Deepening  Miami  River 

In  (jonnection  with  the  liuod  coutrul  project  uf  the  Miami 
Conservancy  District,  worli  is  now  under  way  on  the  improve- 
ment of  the  Miami  River  through  Dayton.  O.  This  river  w'ork 
involves  the  deepening  of  the  channel,  the  raising  and  widen- 
ing  of   levees,   and    the   replacement    of   irresularities    in    the 
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Fjg.   1 — Typical  Cross  Section  of  IVliami   River   Improvement, 

course  by  smooth  curves.  The  improvement  will  extend  for 
.S%  miles  along  the  river  and  will  require  more  than  2,0(M).0(iO 
ou.  yd.  of  excavation,  about  one-half  of  which  will  be  used  in 
Improving  the  levees,  and  the  remainder  will  be  used  for  fill 
ing  in  certain  tracts  of  low  ground  behind  the  new  levees. 
The  methods  employed  in  carrying  out  this  river  improve- 
ment are  described  in  the  Mav  issue  of  the  Conservancy  Bui 
letin.  from  which  the  matter  following  is  abstracted: 

A  typical  cross  section  of  the  new  channel  is  shown  in  Fig. 
1.  It  gives  a  total  width  from  foot  of  levee  to  foot  of  levee  of 
6t)0  ft.,  and  a  total  height  from  the  river  bottom  to  the  top 
of  the  levee  of  2S  ft.  The  bottom  of  the  channel  is  level  for 
a  width  of  7.5  ft.  on  each  side  of  the  center  line,  then  rises  on 
very  flat  uniform  slopes  each  way  to  the  foot  of  the  levee. 
With  this  section  of  channel  a  flood   tii  per  cent  greater  than 


The  channel  bottom  next  the  outside  levee  in  the  bends  of 
the  river  will  be  protected  by  concrete  revetments.  These 
revetments  are  really  flexible  concrete  mattresses  so  con- 
structed that  if  the  i-iver  starts  to  undermine  them  at  the 
foot  of  the  slope,  the  mattresses  will  drop  into  the  excavation 
to  protect  the  threatened  locality.  This  flexibility  is  obtained 
by  making  the  revetment  of  concrete  blocks  5  in.  thick,  2  ft. 
long,  and  1  ft.  wide,  these  blocks  being  strung  on  steel  wire 
cables  so  as  to  present  a  smooth,  yet  flexible,  paving  for  the 
channel  slope  adjacent  to  the  levee.  The  levee  slope  it.self 
will  not  have  the  flexible  revetment,  but  will  be  paved  along 
its  lower  portion  with  continuous  concrete  pavement. 

New  walls  are  used  in  various  places  to  carry  up  the  old 
walls  to  a  higher  elevation,  to  top  out  the  upper  edge  of  the 
old  revetment,  or  to  top  out  and  reinforce  the  new  levee, 
that  type  of  construction  being  adopted  in  each  case,  which, 
consonant  with  safety,  will  effect  the  improvement  with  the 
greatest  economy. 

The  material  constituting  the  improved  channel  bed  and 
She  river  slopes  of  the  levees  is  excellent,  being  mainly  com- 
posed of  gravel,  which  fortunately  here  occurs  in  the  old  bed 
of  the  river. 

The  machines  used  for  the  river  excavation  are  two  Class 
17.5-B  Bucyrus  dragline  excavators  with  o'/i-cu.  yd.  buckets, 
and  booms  of  12.5-ft.  and  135-ft.  lengths  respectively.  The 
machines  weigh  over  175  tons  each  and  are  equipped  with 
electrical  machinery  developing  in  all  about  o50  h.p.  In  a 
river  the  size  of  the  Miami,  these  dragline  machines  can 
place  a  large  part  of  the  material  to  be  excavated  in  its  final 
resting  place  in  levee  or  bank  by  simply  swinging  the  ma- 
chine on  its  pivot  and  dumping  the  load.  Where  the  distance 
trom  the  point  of  excavation  to  the  levee  under  construction 
is  too  great  to  be  reached  by  simply  swinging  the  machine, 
the  difficulty  can  be  overcome  by  handling  the  same  material 
twice  with  the  dragline.  Thus  in  one  instance  the  dragline 
moved  down  the  river  parallel  to  and  east  of  the  center  line, 
excavating  the  middle  portion  of  the  river  channel  and  de- 
positing the  excavated  material  in  a  long  windrow  at  the 
east  limits  of  the  boom's  reach.  The  same  machine  later 
returned  along  a  course  parallel  to  and  east  of  this  windrow,  ' 
picked  the  material  up  again  and  dropped  it  into  its  final 
resting  place  in  the  new  east  levee  of  the  river.  By  such  a 
process  of  double  handling,  these  dragline  machines  can  drop 


Fig.  2 — steamer  and   Scow   Loaded 

Tin-  (Irasline  excavator  is  just  lieKinning  to  load  a  second  scow, 
.■ii  en  here,  and  dumped  Into  one  of  the  levees. 

that  of  1913  will  still  tall  3  ft.  short  of  the  tops  of  the  levees. 
The  river  channel  before  the  flood  of  1913  had  been  im- 
proved by  various  means,  including  levees,  stone  or  concrete 
walls,  and  stone  or  concrete  "revetments"  to  protect  the 
inner  slopes  of  the  levees  in  various  places.  Some  of  these 
old  improvements  had  been  so  carried  out  that  they  could 
well  be  made  part  of  the  new  plan,  and  this  was  done  wher- 
ever it  seemed  best,  in  order  to  reduce  expense. 


With   About  250  Cu.   Yd.   of 

Th-i-   material   is   unlo.iderl   b\ 


Earth. 

:i     S.   r,,THl 


tlrasliiie   similar   Ir)    Itie 


material   over  .".(in   ft.   from   the   point   of  original   excavation: 
by  triple  handling  between  600  and  SOO  ft. 

A  considerable  part  of  the  material,  however,  cannot  be 
thus  disposed  of  near  the  point  in  the  river  from  which  it 
was  excavated,  due  to  the  fact  that  through  the  main  part 
of  the  city  adjacent  buildings,  streets,  or  other  improvements 
do  not  leave  space  for  dumping  the  excavated  material.  This 
material    will    have    to    be    transported    along    the    river    and 
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dumped  on  Iho  U.w  Kiomul  bolil'ul  lUo  levees  at  oiu-  or  other 
of  sovfnil  places  whore  smh  Krouiul  occurs.  This  trniisportu- 
Uon  Is  being  carrtod  out  by  scows  «ud  «';•«>"]';»;  <;■'  ^^^i; 
river  To  do  the  work  three  scows  were  built.  40  ft.  by  1-0 
n  In  sire,  and  which  draw,  full-loaded.  5  ft.  of  water.  As 
the  river  at  an  onlinary  low  stage  does  not  provide  suinciont 
depth  for  these  boats,  a  temporary  dam  has  been  built  just 
above  the  n.ouih  of  Wolf  Creek,  which  raises  the  water  at 
that  point  about  4  ft.  .      ,     .  o 

To  tnmsiH.rt  the  scows,  a  stern  paddle  wheel  steamer  of 
the  ordl.iarv  Mississippi  Klver  type  was  built.  20  ft.  wide. 
TO  ft  long,  and  :;  ft.  deep.  Its  double  engines  have  Sin.  by 
Viin  cvlinders.  developing  about  12r.  h.p..  and  supplied  by  a 
b«.ller  carrying   175  lb.  pressure.     The  steamer  draws  21   In. 

"  \*n"addltlonal  scow  SO  ft.  by  (5S  ft.  in  size  Is  being  built,  on 
which  a  No.  9U  Bucyrus  dragline  excavator  will  be  mounted 
for  auxiliary  work  on  the  river. 

f\)r  most  of  the  excavation  above  Main  St.  at  Dayton,  now 
neiirlv  completed,  the  draglines  have  traveled  on  rails  laid 
upon'mats.  in  the  usual  manner,  the  mats  being  laid  along 
the  shore  Now  and  then  the  machines  have  had  to  cross 
the  river  which  thev  did  by  building  up  the  bed  into  a  mov- 
ing Island.  For  most  of  the  work  which  remains,  the  loading 
dragline  will  be  mounted  upon  an  additional  scow.  40  ft.  by 
SO  ft.  in  dimensions,  by  means  of  which  it  will  be  shifted 
along  the  river  as  the  work  proceeds. 

Tlie  total  amount  of  material  excavated  from  the  bed  of 
the  stream  to  date  in  the  Dayton  river  improvement  is  S40,000 
cu  yd  "3S.000  cu.  vd.  of  which  has  been  deposited  in  the 
levees  "and  spoil  banks.  ]92.!100  cu.  yd.  have  been  moved 
twice  bv  the  dragline  in  getting  it  to  its  final  place  in  the 
manner"  explained  above.  This  makes  the  total  materia! 
moved  by  the  draglines  532,000  yd. 

The  work  is  being  carried  on  by  C.  A.  Bock.  Division  En- 
gineer, and  E.  L.  Chnadler.  Assistant  Division  Engineer,  un- 
der the  general  supervision  of  .1.  H.  Kimball.  Construction 
Engineer. 


It  Isn't  Economical  to  Build  Cars  to  Last 
Forever 

In  visiting  different  railway  properties  in  this  country  one 
cannot  fail  to  be  impressed  by  the  large  number  of  old  cars 
and  antiquated  types  of  motors  and  equipment  still  in  serv- 
ice. With  some  types  of  electrical  apparatus,  as  for  instance 
incandescent  units,  engineers  have  long  since  worked  out 
curves  which  .show  that  it  is  cheaper  to  replace  them  with 
new  lamps  after  they  have  had  a  certain  life,  rather  than  con- 
tinue them  longer  in  service.  Manufacturing  engineers,  from 
time  to  time,  have  tried  to  impress  upon  electric  railway 
operating  officials  the  desirability  of  similar  treatment  for 
their  entire  equipment.  It  is  very  difficult,  however,  to  con- 
vince a  general  manager  that  any  equipment  which  will  still 
operate  should  be  scrapped  in  order  to  give  way  for  a  more 
modern  type. 

At  a  recent  meeting  of  a  committee  of  the  American  Elec- 
tric Railway  Engineering  Association  there  was  consider- 
able discussion  regarding  the  light  construction  which  is  being 
employed  in  certain  recent  types  of  cars.  This  suggests  that 
pel  haps  it  would  be  much  better  for  the  electric  railway  in- 
dustry it  the  equipment,  instead  of  being  built  to  last  20  or 
2.i  years,  was  built  to  last  only  half  as  long.  The  first  cost 
would  then  be  considerably  less  and  there  would  not  be  the 
temptation  to  continue  the  equipment  in  service  after  its 
period  of  usefulness  ha(\  ended.  The  automobile  business 
has  progressed  as  rapidly  as  it  has,  partly  at  least  because 
the  cars  wear  out  quickly  and  can  be  readily  scrapped  and 
new  apparatus  installed. 

In  this  connection  an  editorial  in  the  July  7,  1917,  Issue 
of  this  paper  entitled  "Are  City  Cars  Made  for  Collisions  or 
Passengers?"  is  apropos.  As  was  pointed  out  in  this  edi- 
torial, when  railways  learn  to  look  upon  their  cars  as  pro- 
duction units  then  they  will  put  less  money  into  dead  metal 
and  more  money  into  equipment  which  will  produce  high  ac- 
celeration, rapid  braking  and  economical  operation.  Operat- 
ing officials  shouW  learn  to  look  upon  their  car  equipment  as 
a  means  for  delivering  a  passenger-mile.  Any  method  of 
delivering  this  in  the  most  economical  and  attractive  man- 
ner is  the  best  for  their  railway  property. — Electric  Railw-ay 
Journal. 


Tie  and   Timber  Conservation  in 
Canada 

Mr.  11.  K.  Wickstead.  of  the  Canadian  National  Hallways, 
writing  in  The  Canadiiin  Engineer,  makes  some  observations 
on  the  future  of  Canada's  timber  supply.  The  following  Is. 
abstracted  from  his  article: 

For  a  decade  or  more,  the  question  of  a  future  tie  supply 
for  the  railways  has  been  a  serious  one  in  the  United  States, 
owing  to  the  rapid  depletion  of  the  forests,  and  within  the 
past  .')  years  the  anxiety  has  spread  to  Canada. 

Assuming  the  average  life  of  ties,  for  instance,  at  6  years. 
tho  Canadian  Northern  system  alone  will  need  over  4,000.000 
per  annum,  and  the  oilier  two  trunk  roads  something  more 
than  this,  or  say  from  12,000,000  to  1.5,000,000  in  all.  Our 
northern  forests  cannot  stand  this  drain  for  any  length  of 
time.  Much  less  can  we  hope  by  any  reasonable  efforts  in 
reforestation  to  keep  abreast  of  the  demand.  The  timbers 
used  are  slow-growing  ones,  with  the  exception  of  jack-pine, 
and  even  this  takes  30  to  40  years  to  attain  sufficient  size. 

There  are  two  means  by  which  we  can  stave  off  the  im- 
pending famine,  one  by  increasing  tho  life  of  the  timber  tie, 
and  the  other  by  using  some  other  material  altogether,  such 
as  steel  or  concrete.  Such  experiments  as  have  been  made 
in  the  latter  expedient  have  not  been  altogether  satisfactory 
from  the  point  of  view  of  economy,  even  where  they  were 
physically. 

The  first  expedient  is  the  only  one  which  has  come  into 
any  considerable  use  on  this  continent,  and  it  has  usually 
taken  the  form  of  injection  of  creosote  into  the  pores  of  the 
wood.  This  acts  as  an  antiseptic,  preventing  the  bacterial 
growth  which  results  in  decay  through  what  we  are  accus- 
tomed to  call  "rot." 

It  is  quite  conceivable.  I  think  we  may  say  probable,  that 
the  settler  in  New  Ontario,  Northern  Saskatchewan  or  Al- 
berta, will  find  it  profitable  to  conserve  the  forest  on  a  con- 
siderable portion  of  his  land,  cutting  from  year  to  year  only 
the  mature  timber  so  as  to  encourage  the  young  growth. 

Balsam  is  to  this  day  the  principal  cut  of  the  little  country 
mills  in  northern  Nova  Scotia  for  home  use,  and  is  an  ex- 
cellent material  for  inside  carpentry.  Spruce  is  probably  the 
finest  known  material  for  spars,  and  only  its  perishability 
prevents  it  from  making  a  cleaner,  straighter  and  stronger 
telegraph  pole  than  the  crooked,  twisted  cedars  we  are  now 
using.  Birch  is  already  coming  to  its  own  in  the  manufac- 
ture of  furniture. 

Our  northern  settler  has  been  in  the  habit  of  burning  up 
most  of  these  timbers  as  almost  worthless,  in  order  to  grow 
potatoes  in  their  stead.  A  century  ago,  the  settlers  in  south- 
western Ontario  thought  much  the  same  about  the  white  pine 
and  the  black  walnut,  and  some  of  the  wealthiest  residents 
in  that  portion  of  the  country  today  are  those  whose  fathers, 
either  by  accident  or  design,  left  some  of  the  original  forest 
standing. 

Even  before  the  war  and  the  recent  enormous  advance  in 
prices,  we  had  become  so  impressed  with  the  growing  scarcity 
and  increasing  cost  of  timber  ties  that  we  had  been  makinr 
all  kinds  of  experiments  with  metal  and  concrete  ties,  not  in 
order  to  cheapen  the  first  cost  but  to  lengthen  the  life  of  the- 
tie  and  so  make  its  annual  cost  less. 

It  we  go  into  concrete  at  all.  it  has  always  seemed  to  me- 
that  we  should  alter  our  whole  system  of  support  to  a  longi- 
tudinal instead  of  a  transverse  bearing,  and  this  again  would 
alter  the  most  economical  form  of  rail  to  be  used.  Pos- 
sibly, we  might,  with  a  long  stringer  of  concrete,  giving  us 
the  necessary  stifi'ness  and  rigidity,  dispense  with  enough 
steel  to  pay  for  part  of  the  increased  price  of  the  bearing, 
but  imagine  what  we  should  get  into  in  the  way  of  drainage- 
and  precautions  against  frost  heaving  in  our  climate! 

I  have  seen  reinforced  concrete  ties  doing  very  excellent 
work  in  the  tropics,  but  our  frost  conditions  alter  the  whole 
aspect  of  the  matter.  Shimming  upon  the  top  of  a  concrete 
tie  would  be  a  very  difficult  matter  from  drawing  the  spikes 
out  of  a  wooden  tie  and  putting  longer  ones  in.  or,  as  we 
have  to  do  sometimes,  putting  a  complete  new  tie  on  top  of" 
the  old  one. 

I  am  afraid  that  for  many  years  to  come  we  must  con- 
tinue to  use  wooden  ties — at  any  rate,  on  all  hut  the  most 
perfect  and  most  heavily  congested  parts  of  our  railways — 
.and  this  being  the  case,  and  the  supply  diminishing  while  the 
demand  increases,  it  behooves  us  to  make  them  as  long-lived' 
as  possible. 
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Methods  and  Costs  of  Stump  Re- 
moval in  Land  Clearing 

For  a  number  of  years  the  agricultural  experiment  station 
of  the  University  of  Wisconsin  has  lieen  making  investiga- 
tions of  land  clearing  methods.  In  connection  with  this  the 
station  has  carried  out  much  experimental  work  and  also  has 
given  many  land  clearing  demonstrations.  The  results  of 
this  work  are  summarized  in  a  recent  bulletin  of  the  station, 
compiled  by  F.  M.  White  and  E.  R.  Jones  from  notes  by  Carl 
Livingston,  L.  F.  Livingston.  Alfred  Matheson  and  Joseph 
Hussey.  The  matter  following  has  been  abstracted  from  the 
bulletin. 

Dynamite  in  Stump  Removal.— Investigational  work  has 
made  it  possible  to  separate  the  uses  of  dynamite  for  stump 
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Placing  the  Charge. 
t'p))Hr  left—Cap  and  fu.se  method  of  loading  under  a  solid,  firm, 
pvonlv  rooted  stump.  I'pper  right— Top-rotteil  or  hollow  stump 
with  roots  rotted  away  on  one  side.  Lower — Separated  roots  of  a 
top-rotted  stump.  Dotted  lines  show  the  direction  of  the  e-xplosive 
force.     Electric  cap  could  be  used  in  each  case. 

removal.  Under  general  conditions  the  amount  of  dynamite 
required  in  each  method  decreases  in  the  order  in  which  they 
are  listed: 

1.  Blowing  out  the  stump  completely. 

2.  Cracking  the  stump  to  pull  it  with  a  team  on  a  straight 
line. 

3.  Cracking  the  stump  to  pull  it  with  a  "block  and  line." 

4.  Cracking  the  stump  to  pull  it  with  a  stump  puller. 

7>.  Cracking  the  stump  after  it  is  pulled  with  a  stump  puller. 

Regardless  of  purpose,  success  depends  on  the  proper  han- 
dling and  use  of  the  explosives. 

To  blow  out  a  stump  completely,  the  stump,  the  soil,  the 
tools,  and  the  explosives  must  be  considered.  It  is  first  nec- 
essary to  know  the  stump — its  kind,  age,  and  condition:  the 
soil — its  character  and  moisture  content;  the  best  tools  and 
their  use;  and  the  lowest  priced  dynamite  that  will  do  effec- 
tive work. 

The  most  economical  results  in  stump  blasting  are  obtained 
with  a  firm,  dead,  lateral  rooted  stump  in  moist  clay,  with  all 
the  fibrous  and  smaller  roots  decayed.  A  charge  of  20  per 
cent  dynamite,  properly  placed  and  thoroughly  tamped  under 
such  a  stump,  will  throw  it  out  in  pieces  which  can  be  han- 
dled easily  and  burned.  As  the  character  of  the  stump  and 
soil  change,  methods  and  tools  vary. 

Methods  of  Loading  and  Firing. — A  charge  of  dynamite 
placed  under  a  stump  to  blow  it  completely  out  of  the  ground 
should  be  located  where  the  stump  is  tightest.  This  location 
is  not  necessarily  under  the  center  of  the  stump. 

A  single  charge  properly  placed  so  that  the  force  of  the 
explosion  will  be  applied  where  the  stump  is  tightest  is  to  be 
recommended  for  stumps  not  too  large,  and  without  widely 
spread  lateral  roots,  or  when  the  smaller  top-rotted  stumps 
have  their  lateral  roots  joined  at  the  crown.  The  firing  can 
be  done  with  an  ordinary  No.  G  cap  or  a  No.  6  electric  cap. 

The  electric  method  of  firing  is  recommended  generally  be- 
cause it  is  quicker  and  safer.  It  is  especially  recommended 
for  large  stumps  or  blind  stumps  (top-rotted)  because  it  per- 
mits firing  at  the  same  time  the  several  charges  distributed 
around  the  stump. 

Tools. — A  4-ft.  driving  iron  made  of  1%   in.  octagonal  tool 


steel  and  an  S-  or  10-lb.  double-faced  hammer  are  the  best  all 
around  tools  for  making  holes  under  stumps.  They  save 
time  and  will  make  a  hole  in  practicaly  all  soils. 

The  iron  is  easily  pulled  out  of  the  ground  by  battering  it 
on  the  sides  a  few  times.  It  it  should  stick,  a  pole  or  a  bar 
slipped  through  a  short  piece  of  chain  half  hitched  around  the 
iron  will  easily  pry  it  out. 

For  holes  deeper  than  4  ft.  the  earth  auger  is  best. 

Proper  loading  of  dynamite  in  bore  holes  is  of  vast  impor- 
tance. The  paper  cartridges  should  be  slit  with  a  sharp 
knife  from  end  to  end  three  or  four  times,  then  dropped  to 
the  bottom  of  the  hole  and  crushed  by  firmly  pressing  with  a 
wooden  tamping  stick.  The  cartridge  containing  the  cap 
should  not  be  slit  at  the  primed  end. 

Tamping  or  confining  the  loaded  charge  is  the  biggest  sin- 
gle factor  in  the  success  of  stump  blasting.  Improper  and 
careless  tamping  wastes  dynamite,  time,  and  money  Damp 
clay  is  the  best  material  for  tamping,  but  any  soil  used  should 
be  firmly  tamped  and  made  as  firm  as  the  surrounding  soil. 
All  pressure  from  the  explosion  escaping  through  an  improp- 
erly tamped  bore  hole  is  wasted.  About  4  in.  of  earth 
should  be  firmly  pressed  on  top  of  the  charge.  Crumbled 
soil  (not  lumps)  should  then  be  rammed  tightly  with  a 
wooden  tamping  stick  all  the  way  to  the  top  of  the  hole. 

The  amount  of  dynamite  required  depends  on  several  fac- 
tors: the  size,  age,  kind  and  condition  of  the  stump,  and  the 
character  and  moisture  of  the  soil.  Table  I  shows  the  amount* 
of  dynamite  used  to  blow  out  completely  white  pine  stumps 
under  the  conditions  given. 

Cracking  Before  or  After  Pulling. — To  crack  for  a  team 
pull,  dynamite  should  be  loaded  in  exactly  the  same  manner 
it  would  be  if  intended  to  blow  out  the  stump  completely,  and 
the  charge  should  be  reduced  from  three-quarters  to  two- 
thirds.  To  crack  for  a  "block  and  line"  the  loading  is  done 
in  the  same  way  and  the  charge  reduced  about  one-halt.  Ta 
crack  before  pulling  with  a  stump  puller,  the  loading  is  done 
in  the  same  way  and  the  charge  reduced  approximately  one- 
third  to  one-quarter  as  much  as  for  complete  removal;  to 
crack  after  pulling,  the  charge  should  be  reduced  to  about 
one-fifth  to  one-sixth  as  much  and  should  be  loaded  in  either 
a  natural  crotch  between  the  roots  at  the  side  of  the  stump  or 
in  the  butt  close  to  the  crown.  It  is  not  necessary  to  bore  in 
the  wood.  The  dynamite  should  be  placed  close  against  the 
wood  and  thoroughly  covered  with  plenty  of  mud. 
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Splitting    With    Dynamite   After    Blasting. 

\t  the  left  is  shown  the  placing  of  the  charge  in  the  butt  of  the 
stump— at  the  right,  in  a  crotch  at  the  side.  Plenty  of  mud  can  be 
used  for  a  cap.  Electric  blasting  cap  may  be  used  instead  of  the 
cap  and  fuse. 

Grades  of  Dynamite.— It  is  rarely  necessary  to  use  a  dyna- 
mite quicker  than  a  20  per  cent  grade.  Except  in  loose  sandy 
soil.  20  per  cent  dynamite  will  give  exactly  the  same  results 
as  40  per  cent  and  60  per  cent,  using  pound  for  pound. 
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AMOUNT    ( 
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NTS   GIVEN   IN    THIS    TABLE   I 

, .\t  Haugen > 

, At  W 

ashburn ^ 

40  >-ears 

old. 

:iO  years 

old. 

20  per  ce 

It  dynamite. 

20  per  cent  dynamite. 

Silt  loam 

soil. 

Superior 

red  clay. 

Ijiameter.     Load. 

Diameter,     Load. 

inches. 

pounds. 

inches. 

Dounds. 

1,5 

1 

10 

% 

24 

4 

1 1 

1 

24 

4 

14 

^4 

26 

6 

It; 

1 

26 

3  Mi 

10 

1 

<}- 

4 

IR 

ly* 

2S 

41/2 

18 

1 

2S 

2H 

20 

1 

:ifv 

2% 

20 

V'- 

so 

2 

22 

2 

34 

4 

22 

n& 

:'.4 

4y2 

26 

1'/= 

?s% 

5 

2S 

0 

40 

7 

2S 

\% 

40 

fiVa 

ISO 

ly^ 

44 

41/4 

30 

2 

4r. 

6Vs 

30 

1 

4.5 

3 

30 

vk 

30 

4 

33 

3 

OF    DYNAMITE:    THE 
DID    GOOD    WORK. 

, XX  Holcombe > 

27  years  old. 

40  per  cent  dynamite. 

Sandy  loam. 


Diameter,      Load, 
inches.       pounds. 


13 
14 

1.T 

15 
15 

IS 
20 
20 
21 
21 
24 
24 
24 


1  "4 

lya 
2 

2 'A 
t>i 


4 

4 
4U 

5 
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Capstan  Puller*.— Mo8t  of  tlu>  horso  powfr  sluinii  iiulli-rs 
oil  the  iimrkKt  niiike  iisi-  of  ii  vorlicnl  ilruiii.  A  swcoj)  from 
12  lo  T2  t\.  Ions  forms  Iho  oiipslaii  Imr.  Oiio  I'liil  of  a  win" 
i-abU<  wltuU  on  tho  ilriini  and  tlu<  oilier  oml  Is  iituu-hod  to  tlio 
Mtunip.  It  Is  i-alled  tlu>  pull  line.  (Irdlmuily  the  power  of 
thi>  l«>nm  Is  imilliplU'd  liy  -'>'.  or  ;!ii,  luil  by  iho  use  oi  power 
piille>s  the  piillliiK  power  is  multiplied  indeDnitoly. 

The  similler  the  drum  the  greater  the  power  with  the  same 
leniilh  of  sweep,  but  the  harder  It  Is  on  (he  eable  boeause  of 
the   sharpness   of  the   bend,     A   drum    is    full   when    il    has   a 


Trip   for   Dropping    Hammer. 

single  layer  wound  on  it  from  bottom  to  top.  This  is  usually 
from  10  to  15  rounds  or  from  30  to  60  ft.  of  cable.  To  wind 
more  than  one  layer  on  the  drum  cuts  tlio  cable. 

To  pull  stumps  near  the  puller  with  a  pull  line  l.jii  ft.  long 
and  a  drum  that  holds  only  50  ft.,  a  take-up  attached  to  the 
line  at  the  desired  point  gives  the  desired  length  of  line.  A 
15i>-ft.  pull  lino  is  an  advantage  because  a  bigger  area  can 
be  stumped  for  a  single  anchor.  An  extension  of  75  ft.  on  a 
loO-ft.  line  is  common.  The  anchor  cable  is  sometimes  ex- 
tended to  increase  the  radius  of  the  machine  or  to  get  a  bet- 
ter place  for  It  to  work.  A  solid  stump  must  be  used  for  an 
anchor  because  It  nmst  be  stronger  than  the  stump  to  be 
pulled. 

The  cable  is  attached  to  the  stump  with  a  solid  top  by 
means  of  a  choker  A  cluster  of  three  cables  makes  It  pos- 
sible for  the  men  to  put  a  choker  on  a  second  or  a  third  stump 
while  the  first  one  is  being  pulled.  Where  the  stumps  are 
small  the  three  stumps  may  be  pulled  at  the  same  time. 
Stumps  with  decayed  tops  can  be  gripped  only  by  a  root  hook. 

The  smallest  crew  to  use  with  a  stump  puller  is  three  men, 
one  to  drive  the  team  and  two  men  to  handle  the  chokers  or 
the  hook.     Two  extra  men,  one  to  help  the  driver  operate  the 


machine  and  the  ollur  lo  liaMilli>  one  of  (he  chokers  or  to 
prepare  stumps  for  (hi'  hook,  make  progress  somewhat  faster, 
hut   (he  pracdce  is  tiui'sdonable. 

ilood  slump  pullers  are  so  made  (1)  (hat  they  are  light  and 
strong,  and  easily  movable  from  place  to  place;  (2)  that  (hey 
lock  aulomadc.illy  against  (he  back  lash  of  (he  sweep  in  case 
something  breaks:  and  CD  (hat  (hey  have  a  drum  release  to 
relieve  (he  horses  of  pulling  while  crossing  (he  cable.  It  is 
convenient  bu(  not  necessary  lo  have  (he  machine  equipped 
wKh  a  (ruck. 

Here  Is  (he  eiiuipiiietit   iieedeii   lor  a  capstan  slump  puller: 

ir.O  ft.  of  '>,-ln.  oabli'. 
76  It.  of  "»-ln.  cable  for  cxton.sloii. 
:<2  ft.  of  'i-lii.  anchor  cal)le. 
22  ft.  of  m-ln.  cable  for  extending  anchor. 

2  jjowcr  pulleys. 

,'t  iiiiteniatlo  take-ups   (with   choker  on   each). 

1   root    hook. 

1   eliiHter  of  three  chokers. 

Tripod  Puller.-  The  tripod  ptiUer  has  been  very  popular  in 
many  cases,  particularly  where  the  roots  are  shallow  and 
spread  near  the  surface  of  the  ground.  It  has  plenty  of 
power  and  does  not  require  much  cable,  but  has  the  disad- 
vantage of  requiring  moving  for  every  stump.  The  machine 
costs  from  $17.''.  to  $250. 

One-man  Puller.-  The  one-man  stump  puller  develops  a 
great  pulling  force  at  the  sacrifice  of  speed.  The  machine  is 
easily  transported  from  place  to  place,  and  can  be  used  con- 
veniently in  marshy  places  where  a  team  could  not  operate. 
It  costs  from  $50  to  $200. 

The  Block  and  Line. — A  simple  pulley  attached  to  the 
stump  or  snag  (o  be  pulled  gives  a  team  on  a  chain  double 
power  where  the  other  end  of  the  chain  is  anchored  to  an- 
other stump  or  snag.  A  %-in.  chain  is  commonly  used.  This 
seems  to  be  the  simplest  power  team-hitch  on  a  stump  too 
strong  for  a  straight  pull.  It  is  commonly  called  the  "block 
and  line"  method  but  should  not  be  confused  with  the  more 
complicated  block  and  tackle  which  is  too  intricate  for  gen- 
eral practice. 

Piling  and  Burning. — It  is  possible  to  pull  large  pine  stumps 
whole,  but  in  clay  soils  a  great  deal  of  earth  clings  to  the 
roots.  This  leaves  a  large  hole.  The  earth  must  be  removed 
from  the  roots  either  by  hand  or  blasting  after  pulling. 
Stumps  shattered  by  dynamite  before  pulling  are  pulled  in 
separate  pieces  and  less  earth  sticks  to  the  roots  than  when 
pulled  whole.  Furthermore,  the  stumps  split  in  pieces  are 
ready  for  piling  and  burning. 

The  stumps  may  be  used  for  fuel  but  they  are  usually  piled 
and  burned  on  the  ground.  In  either  case  the  earth  must  be 
removed  from  the  roots.     It  belongs  back  in  the  stump  hole. 

The  high  narrow  pile  burns  better  than  one  more  spread 
out.  The  gin  pole  with  a  team,  line  and  pulley  is  a  simple, 
helptul  device.  Even  with  careful  piling  the  stumps  must  be 
replied  to  burn  completely.  Logs  and  stumps  burn  best  when 
piled  separately. 

Movable  pilers  of  various  types  are  in  use.  A  "home  made" 
piler  that  has  been  used  successfully  in  Wisconsin  is  known 
as  the  Conrath.  The  iron  parts  for  the  machine  can  be  pur- 
chased from  stump  puller  manufacturers  or  made  by  black- 
smiths for  about  $ii0.  This  includes  150  ft.  of  %-in.  and  100 
ft.  of  %-in.  cable.  The  owner  can  cut  the  timbers  for  the 
piler.  The  swinging  boom  is  about  .30  ft.  long  with  a  sheave 
at  the  end  of  it.  From  this  sheave  is  suspended  a  single 
block  to  give  a  team   double  power  in   lifting  the   stump  to 
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PIa'--e. 


Soil, 


Kind. 
. Wh.    jjine. 


-De.scription  of  stumps- 


-Dynamite   and    labor   per   acre- 


pine, 
pine, 
r/'ie. 
pine, 
pine, 
pine. 


Hines-    Redc'ay. 

Mines'   Red  c'.ay Wh. 

1 1  oleombe'    Sand  'oam Wh. 

Holeombe'   S.and  'oam Wh. 

I'hipps'    Sand  loam Wh. 

W.-ishburn'-   Red  c'ay Wh. 

Washburn'   Red  clay WTi. 

Washtnirn'   Red  clay Wh.    pine. 

Mtrreer- Sand  'oam N     pine... 

Rhint-lande'-   Sand  'oam Wli     pine.. 

Hansen'  "^ilt    Icam VCTn.    pine. 

Haugen'   .    Silt    loam Wh.    pine.. 

Kennan'    Silt   lo.am TT;i rd wood 

Kennan'   Silt   Icam Hardwood 

rhelps=    Clay  loam HardAvood 


Age.     Diam.,  No.  per 

years,   inches.   Heisht.  acre. 


25 
2Z 
30 
W 
(I 
30 
30 
30 
21 
25 
38 
38 
(I 
!l 
S 


14.3 
12.6 
16.5 
19.1 
22.0 
26.4 
24.7 
22.5 
9.6 
12. n 
36.1 
28.6 
12.9 
131 
13.0 


22 
22 
3S 
38 
2S 
28 
34 
28 

30 
44 
44 
18 
20 
20 


101 

53 

106 

104 

120 

69 

42 

76 

163 

81 

53 

39 

108 

116 

118 


Pounds. 

3N 

64 

45 

2S7 

17 

40 

44 

127 

9 

3 

6S 

Ml 

5 

139 

13 


Dynamite 

Per 


cent. 
20 
20 
40 
40 
30 
20 
20 
20 
20 
20 
20 
30 
20 
30 
20 


Blasting 
Caps,     hours. 


71 
59 
27 

172 
47 
42 
45 
95 
6 
3 
53 

114 
9 

144 
17 


20 


9 
58 


27 

Vi 
e 

55 

1 

4T 
1 


Pulling  hours.    Piling  hours. 
JMeTi.  Teams.  Men.  Teams. 


29 

32 

Z\ 
32 
30 

24 
12 
47 

29 


10 
12 


11 

s 


23 
16 

29 
50 
14 
28 

R 

26 

n 

6 

B 

17 
15 
26 
13 


14 
5 

13 

26 
6 

11 

11 
3 


'Cracked  with  dyp.'imite  before  pulling  with  a  capstan  puller.  =Pulled  whole  with  a  cai>stan  puller  and  then  cracked  with  dyna- 
mite. -'Cracked  with  dyna'nite  and  then  pulled  w-ith  a  one-man  puller.  ^Dynamite  used  a'one  to  remove  stutiip  cottipletely.  ^No  record. 
•^Included  under  miPing.  The  records  of  the  work  at  Joel.  Frederic  and  Laona  are  not  reported  in  this  table  because  they  are  incom- 
plete. At  Rhinelander  ?.7  per  eent  of  the  stumps  were  decayed  enough  to  be  pulled  without  a  hook  or  choker.  This  accounts  for  low 
cost. 
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the  end  of  the  boom.  The  pull  of  the  horses  then  swings  the 
boom  until  the  stump  is  over  the  pile  when  it  is  dropped.  A 
team  or  one  good  horse  can  usually  lift  the  stumps  as  fast  as 
two  teams  can  drag  them  to  the  piler.  Small  pieces  of 
stumps  may  be  hauled  on  a  stone  boat  and  thrown  on  the  pile 
by  hand.  For  the  smaller  hardwood  stumps  a  piler  is  less 
essential  than  for  the  larger  pine  stumps. 

Dropping  stumps  on  the  burning  pile  keeps  it  stirred  up  and 
aids  the  burning.  For  this  practice  a  particularly  long  booni 
is  necessary.  Even  then,  it  is  too  hot  for  men  to  work  with 
comfort  near  the  burning  pile  and  a  sudden  change  in  the 
direction  of  the  wind  places  the  piler  in  danger  of  burning. 

The  trip  for  dropping  the  stump  at  the  right  time  is  an  im- 
portant part  of  the  piler.  Such  a  trip  is  shown  in  the  cut 
22.  It  can  be  made  by  a  blacksmith  or  a  similar  one  can  be 
purchased  from  a  stump  puller  company  for  about  $5.  A 
hook  has  been  provided  at  the  end  of  the  cable  to  drop  the 
stump  by  releasing  the  horses  when  the  trip  refuses  to  work. 

The  trip  is  composed  of  six  parts.  B  is  the  body  of  the 
trip  and  parts  D,  E  and  C  are  held  into  place  by  three  bolts 
respectively.  D  is  the  lip  which  engages  the  trip  arm  C  and 
is  held  fast  by  the  spring  F.  A  is  a  swivel  eye  by  which  the 
trip  is  suspended  from  the  boom.  E  is  a  5/1 G  in.  chain  9/.j 
in.  long  with  a  large  ring  placed  10  in.  from  the  trip.  The 
operation  of  the  trip  is  as  follows:  That  part  of  the  chain 
which  extends  beyond  the  large  ring  lor  a  circular  hook  with 
a  narrow  opening)  is  placed  around  the  stump,  drawn  tightly, 
the  end  brought  through  the  large  ring  and  hooked  up  snugly 
into  the  lip,  D.  The  IS  in.  of  chain  between  the  ring,  and  the 
trip  is  called  the  tag  chain.  Its  purpose  is  merely  to  keep 
the  choker  chain  attached  to  the  trip  where  the  choker  chain 
is  not  engaged  in  the  lip.  Now  as  the  stump  is  hoisted  over 
the  pile  a  sharp  pull  on  the  rope  attached  to  the  end  of  the 
trip  arm  C  disengages  the  lip  D  which  in  turn  releases  the  end 
of  the  chain  and  the  stump  falls  on  the  pile.  A  30-ft.  trip 
rope  is  attached  to  the  arm  C  so  that  a  release  may  be  made 
at  any  time. 

Stumping. — The  stump  is  the  unit  of  cost.  The  cost  of 
stumping  can  be  estimated  intelligently  only  after  the  stumps 
on  a  test  acre  have  been  counted  and  examined.  The  condi- 
tion of  the  stump  and  the  nature  of  the  soil  are  factors. 
Wide  spreading,  shallow-rooted  pine  stumps  are  removed 
much  more  easily  than  the  deeper-rooted  stumps.  A  top- 
rotted  hardwood  stump  with  sprouts  is  frequently  harder  to 
remove  than  a  green  stump. 

The  data  given  in  Table  II  were  obtained  by  the  stumping 
crew  of  the  College  of  Agriculture  during  the  investigations 
and  demonstrations  of  1917.  One  man  of  the  crew  was  avail- 
able at  all  times  to  record  the  time  and  cost  of  each  oper- 
ation. 

The  average  diameter  of  white  pin  stumps  in  Wisconsin 
is  about  22  in.  This  was  the  average  diameter  of  the  120. 
stumps  on  an  acre  of  the  demonstration  plot  at  Phipps.  fSee 
Table  II).  The  120  stumps  were  cracked  in  the  ground  with 
47  pounds  of  dynamite.  It  required  .52  hours  of  man  labor 
and  17  hours  of  team  labor  to  crack  with  dynamite,  pull  with 
a  capstan  pullei',  and  pile  with  a  Coniath  piler.  Assuming 
that  the  stumping  added  $.")0  an  acre  to  the  value  of  the  land, 
the  returns  for  the  labor  expended  amounted  to  about  Co  ct. 
an  hour. 

To  illustrate  the  method  of  using  Table  II  the  cost  per 
stump  for  the  three  methods  used  at  Washburn  is  taken  tor 
an  example: 

Assuming  wholesale  prices  for  dynamite  and  20  ct.  an  hour 
for  the  cost  of  man  labor  and  the  same  for  team  labor,  the 
cost  per  stump  is:  Pulled  whole  with  a  capstan  puller  and 
then  cracked  with  dynamite — the  pulling  and  cracking  cost 
26  ct.  and  the  piling  cost  11  ct.,  total  37  ct.  per  26.4  in.  stump. 
Removed  completely  with  dynamite — the  removal  cost  42  ct. 
and  piling  ct.,  total  52  ct.  per  22.5  in.  stump.  No  record 
was  made  for  the  cost  of  piling  the  stumps  pulled  by  a  one- 
man  puller,  but  the  total  was  about  45  ct.  a  stump. 

These  results  tend  to  show  that  to  pull  with  a  horse  puller 
and  then  to  crack  with  dynamite  is  the  best  of  the  three  meth- 
ods tried.  Had  the  method  of  cracking  first  and  then  pulling 
with  a  capstan  puller  been  tried,  it  might  have  proved  more 
efficient  than  any  of  the  other  methods.  At  the  demonstra- 
tions it  was  impossible  to  try  this  method.  One  interesting 
fact  is  that  it  cost  35  ct.  a  stump  to  crack  with  dynamite  and 
pull  with  a  one-man  puller,  while  it  cost  but  26  ct.  a  stum]) 
to  pull  whole  with  a  horse  capstan  puller  and  to  crack  with 
dynamite,  the  stumps  averaging  about  the  same  diameter. 
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A  New  Method  of  Preserving  Rail- 
way Ties 

A  few  years  ago  Mr.  Geo.  W.  McMuUen  of  Pictou,  Out.,  in 
making  various  experiments  involving  modern  bacteriology 
and  practical  chemistry,  developed  an  entirely  new  process 
of  drying  tini!)er,  especially  with  reference  to  railway  ties. 
Mr.  H.  K.  Wicksteed,  chief  locating  engineer  of  the  Ca- 
nadian National  Railways  in  a  recent  article  in  The  Canadian 
Ens,in,^er,  describes  at  some  length  certain  of  these  experi- 
ment.'i  and  how  the  drying  ijrocess  is  used  with  a  subsequent 
waterproofing  io  greatly  lengthen  the  life  of  a  tie.  What 
follows  is  drawn  chiefly  from  this  article. 

Bacterial  growth  requires  moisture  and  oxygen  for  its 
'if velopment.  It  would  appear,  therefore,  that  if  we  thor- 
oughly dry  a  piece  of  timber,  and  keep  it  dry,  it  will  last 
indefinitely.  We  know  from  actual  experience  that  this  is 
so.  Everyone  has  used  or  seen  old  timber  in  the  form  of 
be-inis  and  .ioists  taken  from  buildings  two  or  three  centuries 
old  and  perfectly  sound.  In  these  cases  moisture  has  been 
excluded.  Again,  every  one  has  seen,  or  at  any  rate  read, 
of  piles  and  foundation  timber  many  centuries  old  in  a  per- 
fect state  of  preservation.  In  these  cases  oxygen  has  been 
excluded.  We  all  know  that  exposed  timber  will  generally 
last  longer  when  coated  with  paint  or  tar  or  some  water- 
proofing material.  The  exceptions  are  where  the  timber  has 
lieen  waterproofed  before  it  was  seasoned,  with  the  effect 
of  retaining  the  moisture  already  in  the  stick  and  prevent- 
ing its  evaiioration.  Timber,  even  when  air-dried  for  a  con- 
siderable length  of  time,  still  contains  15  per  cent  or  more 
of  moisture,  the  percentage  varying  with  the  nature  of  the 
material  and  the  size  of  the  stick. 

.\nother  point  not  so  well  recognized  or  understood  is  that 
seasoning  timber  increases  its  strength  by  as  much  as  80 
to  100  per  cent  in  some  cases  over  that  of  the  green  stick. 
It  will  be  seen  at  once  that,  consistent  with  reasonable  ex- 
pense any  loss  of  time,  it  is  well  worth  while  to  dry  not  only 
ties,  liut  timber  of  any  kind  used  as  a  beam  or  strut,  where 
strength  is  necessary.  If  we  increase  the  strength  by  even 
•io  pei-  cent,  we  require  only  62  per  cent  of  the  amount  of 
tuaterial,  and.  as  this  percentage  is  dry,  while  the  other  con- 
tains a  very  large  amount  of  moisture,  the  saving  in  freight 
is  very  much  more  than  the  apparent  3S  per  cent. 

It  lieing  granted  tliat  drying  or  seasoning  is  extremely  de- 
sirable, the  question  is  as  to  the  means.  In  the  case  of  or- 
dinary lumber,  air-drying  supplemented  by  a  few  hours  in 
M  kiln  is  fairly  satisfactory.  In  that  of  dimension  timber  this 
IS  not  so.  First,  because  the  air-drying  in  the  case  of  large 
sticks  takes  years  to  accomplish,  because  the  temperatures 
used  in  the  ordinary  kiln  are  so  high  as  to  injure  the  strength 
of  the  timber;  third,  because,  even  when  carried  on  with  the 
greatest  care  and  deliberation,  the  outside  laminae  dry  first 
and  slirink  before  the  heart  of  the  stick  has  any  chance,  and 
this  shrinkage  causes  checks  and  cracks  which,  for  many 
IHirposes,   render  the   stick   useless. 

In  early  English  practice  the  seasoning  of  large  sticks  was 
carried  on  by  immersion  in  sea  water  for  a  period  of  3  years, 
more  or  less,  the  saps  and  resins  were  dissolved  and  washed 
out,  and  the  pores  of  the  wood  left  open  and  filled  only  by 
water.  The  suljsequent  drying  was  then  easily,  quicldy  and 
uniformly  carried  on  throughout  the  stick,  and  the  result- 
ant deposit  of  salt  acted  as  antiseptics  just  as  the  creosote 
does  in  the  modern  process.  This  was  perhaps  the  most  per- 
fect  seasoning  possible,  or  ever  accomplished. 

In  experiments  made  in  the  last  2  years  involving  an  en- 
tirely new  process  of  drying  timber  an  effort  was  made  to 
use  the  same  process  that  nature  does,  and  dissolve,  neu- 
tralize or  wash  out  the  sa|i  and  other  liquids  or  semi-liquids 
which  obstruct  and  close  the  pores,  and  to  do  this  within  a 
reasonable  time,  much  faster  than  nature  unassisted  can  ac- 
complish the  w-ork.  Hot  water  is  more  effective  than  cold 
watei-.  and  hot  vapor  of  water  is,  in  some  cases,  still  more 
so.  In  the  new  process,  which  is  simplicity  itself  in  theory, 
although  the  best  form  of  mechanical  application  took  much 
time  and  thought  to  study  out,  warm  vapor,  or  in  other 
words,  warm  air,  saturated  with  moisture,  is  circulated 
among  the  ties.  The  liquid  components  of  the  saps  and 
resins  filling  the  vesicles  themselves,  expand  with  the  heat 
and  force  their  way  out,  to  be  diluted  and  carried  away  by 
the  warm  vapor.  After  some  hours  of  this  treatment,  the 
amount   of  moisture  is   reduced   by  verv   slow  degrees,   until. 
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at  ih.-  .-nd.  it  is  priuticiill)  Ury  ami  tlio  limber  Is  romovcil 
with  not  iiiorti  than  j  per  cent  of  uioisiiire  lert  In  It.  Tite 
raplilliv  with  whi.h  this  is  done  tlepends  upon  the  size  of 
the  sticks  »n««  the  nature  of  the  tinihor.  Just  as  It  does  In 
other  in.ihofls.  but  no  subject  has  yet  been  found  which  did 
not.  in  the  end.  yield  to  treatment.  Tare  is  taken  not  to  let 
the  terapeniture  of  the  kiln  set  above  16(r  K..  so  that  no  in 
Jury  ai«y  be  done  to  the  tiber  of  the  wood. 

K  Is  believed  that  timber  treated  In  this  way  Is  Indestriict 
Ible.  except  by  Hre.  so  Ions  as  It  Is  kept  dry.  and  even  with- 
out further  treatment  It  will  undoubtedly  long  outlast  un- 
seasoned material.  In  this  condition  It  is  of  course  well 
suited  to  receive  the  creosote  treatment,  bnt  instead  of  this 
expensive  treatment  a  waterproolluK  coating  costing  inuch 
les.i  Is  used. 

!n  the  experiments  conducted  a  heavy  oil  tar  was  found 
which  is  an  almost  worlhless  byproduct  of  rellneries.  The 
ties  were  merely  dipped  in  a  hot  bath  of  this  material  for 
n  few  minutes  and.  on  coming  out.  were  sanded  by  a  sand 
blast  to  absorb  any  sup»  rtluous  stickiness  and  make  them 
««»ler  to  handle. 

As  a  result  of  the  oxperimenls  with  these  ties  it  was  con- 
chidert  that  the  asphaltlc  walerproolincs  were  imperfect 
because,  under  a  strong  hot  sun.  they  melted  and  ran,  and 
also  when  abraded,  as  was  inevitable  in  the  case  of  ties,  the 
wnterprooflng  was  gone.  Some  of  the  more  tarry  or  pitchy 
products  which  penetrated  the  grain  of  the  wood  proved  to 
be  much  better. 

The  cost  of  this  process  is  estimated  to  be  about  30  ct. 
per  tie.  One  of  the  principal  items  of  cost  is  the  fuel  for 
dr.ving. 

The  ties  now  'inder  test  have  been  over  3  years  in  service. 
After  3  months  ties  examined  had  increased  in  weight  about 
■JH  per  Cent.  The  next  tie.  taken  out  after  14  months,  had 
he€n  treated  with  asphalt.  It  had  increased  13  per  cent, 
while  two  pitch-treated  ties  taken  out  at  the  same  (inie  had 
increased  1'^  per  cent  and  7  per  cent.  This  last  was  a 
spruce  tie.  When  in  for  two  years  two  pitch-treated  ties  had 
increased  l\i-  per  cent  and  2.9  per  cent,  while  a  couple  of 
asphalt-treated  ties  had  increased  14  per  cent  and  16  per 
cent,  showing  the  difference  in  the  two  treatments. 

In  November.  1917,  one  pitch-treated  tie  had  gone  up  7 
per  cent  and  another  17  per  cent,  but  in  this  last  case  there 
had  been  a  strip  of  bark  left  on  one  side  of  the  tie.  which 
allowed  it  to  become  exposed.  In  May,  191S,  one  had  in- 
creased 12  per  cent,  one  .t  per  cent  and  one  10  per  cent.  In 
our  kiln  dried  ties  the  moisture  is  down  to  5  to  8  per  cent, 
so  that  apparently  we  have,  up  to  the  present,  kept  most 
of  the  ties  down  below  I.t  per  cent  moisture,  which  we  figure 
is  required  to  even  start  bacterial  action. 

The  prospect  which  is  opened  up  by  this  process  is  some- 
thing more  than  merely  getting  the  equivalent  of  the  creo- 
soted  tie  at  a  less  cost.  It  is.  besides,  the  potentiality  of 
using  for  ties  timbers  which  are  now  useless  for  the  pur- 
pose, or  nearly  so.  The  northern  birch,  for  instance,  is  a 
strong  reliable  wood,  used  by  the  Indians  for  every  purpose 
requiring  a  hard  wood,  but  unavailable  for  ties  or  bridge 
timbers  en  account  of  its  superabundant  sap  and  its  conse- 
quent tendency  to  rot  rapidly.  The  poplar  and  balsam  are 
others  for  which  there  is  at  present  practically  no  demand. 
Those  timbers  are  particularly  interesting  to  us  just  now 
on  riccount  of  the  recent  opening  up  by  the  railways  of  thou- 
sands of  square  miles  of  northern  forests,  of  which,  with 
spruce  and  jack  pine,  these  are  the  main  constituents.  The 
use  of  these  woods  for  commercial  purposes  means  millions 
of  dollars  to  the  railways  in  reduced  cost  of  ties  and  in 
freight. 

The  treatment  of  birch  is  considered  as  of  special  eco- 
nomic value  because  in  Northern  Ontario  and  Quebec  it  is 
the  only  native  hardwood. 


Living  Costs  Increase  70  Per  Cent  in  4  Years.— Living 
costs  of  wage  earners  increased  approximately  70  per  cent  be- 
tween July,  1914.  and  November,  1918,  according  to  a  Re- 
search Report  of  the  National  Industrial  Conference  Board. 
The  average  advances  during  this  period  in  the  various 
items  of  the  family  budget  were:  Food,  S3  per  cent:  shel- 
ter, 20  per  cent:  clothing.  93  per  cent:  fuel,  heat  and  light, 
0.5  per  cent  and  sundries  55  per  cent. 


A  Motor  Truck  Is  Only    As  Effi- 
cient As  Its  Body* 

Two  years  ago  a  large  eastern  contractor  invested  $75,000 
In  motor  equipment  ;iii<I  pul  it  to  work  in  general  contract 
operations. 

Within  little  more  than  a  year  all  this  ei|uipnient  was 
worn  out.  Some  of  it  had  to  be  scrapped  and  the  rest  sold 
;it  Junk  lluures.  That  contractor  is  today  strongly  prejudiced 
against  motor  c(Uiipniont.  as  compared  with  oilier  machinery 
used  in  his  business.  He  rents  motor  (rucks,  but  will  not 
invest  in  further  equipment  of  his  own.  having  gone  l)iick  to 
horse  hauling. 

This  experience  led  to  an  investigation,  l)y  transportation 
engineers,  of  the  contracting  field. 

The  purpose  in  view  was  twofold: 

First,  to  learn  who  was  to  blame  for  such  unfavorable  re- 
sults  with   motor  equipment — contractor  or  nutnufacturer. 

Second,  to  secure  information  upon  which  to  more  closely 
develop  real  motor  transport  for  contract  conditions. 

It  was  found  that  both  the  contractor  and  the  motor  in- 
(ii!stry  were  to  blame. 

Motor  Equipment  Must  Be  Adapted  to  Particular  Condi- 
tions.—  Confract  liauling  presents  operating  conditions  which 
are  both  severe  and  diversified.  Nothing  but  the  very  best 
motor  equipment  must  be  adapted  to  the  particular  condi- 
tions, both  as  to  chassis  and  body. 

"Hustle!"  is  the  contractor's  succinct  motto.  His  projects 
must  be  completed  by  a  definite  date,  with  a  money  penalty 
for  delay.  So  he  pushes  his  organization  and  equipment  to 
the  limit.  This  usually  results  in  overloading  motor  trucks, 
as  well  as  working  them  too  many  hours  a  day,  with  inade- 
(luate  inspection  and  repair.  Speed  limits  are  often  exceeded, 
and  trucks  are  driven  over  soft  ground  and  rough  roads. 

But  the  motor  industry  has  really  helped  contractors  wear 
out  equipment  through  neglect  in  studying  conditions,  and 
providing  suitable  chassis  and  bodies.  Where  large  trucks 
of  .5  to  S  tons  capacity  can  be  used  upon  fairly  good  roads, 
there  is  decided  economy  over  smaller  trucks,  for  hauling 
costs  decrease  in  ratio  with  the  size  of  the  truck  drivers' 
wages.  Gasoline,  tires,  maintenance  and  repairs  are  not  much 
greater  tor  the  large  truck  as  compared  with  the  small,  and 
therefore  greatly  decrease  the  cost  per  ton-mile  of  material 
moved.  But  where  soft  ground  and  dirt  roads  have  to  be 
covered  in  contract  work,  the  smaller  truck  must  often  be 
specified. 

Bodies  and  Truck  Life. — Unsuitable  bodies  are  responsible 
for  short  truck  life,  and  hauling  difficulties.  In  some  cases 
the  motor  truck  industry  sells  the  contractor  a  chassis,  leav- 
ing him  to  supply  the  body.  This  frequently  results  in  his 
providing  a  body  capable  of  40  per  cent  overload,  which 
quickly  wears  out  the  equipment.  In  other  cases  where 
manufacturers  supply  the  body,  they  do  not  adapt  it  to  con- 
tracting conditions. 

One  very  common  type  of  body  provided  for  contract  serv- 
ices is  the  steel  dump  body,  capable  of  holding  several  tons 
of  dirt,  rock,  sand,  gravel,  coal,  cement  and  like  materials. 
The  dumping  is  accomplished  by  a  hydraulic  hoist,  operated 
by  pow-er  from  the  motor,  situated  between  the  body  and  the 
driver's  cab.  To  the  eye  of  the  designer  of  motor  equipment 
this  style  of  body  probably  seems  to  cover  a  wide  range  of 
services,  but  a  careful  investigation  of  motor  equipment  op- 
erating under  actual  contract  conditions  in  territory  around 
New  York  demonstrates  that  it  is  far  from  adequate,  lack- 
ing flexibility. 

For_  example,  contractors  often  find  it  necessary  to  haul 
bags  of  cement  and  like  material  which  cannot  be  convenient- 
ly loaded  on  the  dump  body.  The  latter  has  fixed  sides,  of 
inconvenient  shape  and  perhaps  too  shallow  for  the  piling 
of  a  full  load  of  bulky  material.  Therefore,  a  body  with  re- 
movable sides  facilitates  loading  and  unloading.  And  a  body 
of  this  type  must  be  more  strongly  constructed  than  one 
with  fixed  sides. 

The  contractor  often  uses  his  motor  equipment  to  haul 
snow,  ashes,  garbage,  and  other  bulky  material.  For  such 
work  the  hopper  body  does  not  give  suflScient  capacity,  and 
attachable  sides  of  extra  height  are  desirable. 

The  hopper  body  is  thoroughly  unsuited  to  hauling  lumber, 
reinforcing  rods,  and  similar  lengthy  building  material.     So 


-Copyritrht.    1919.    by    Transportation    Engineering    Department, 
Packard  Jtotor  Car  Co. 
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a  body  equipped  with  liinged  tail  gate,  dropping  down  flat, 
and  giving  an  extension  at  the  rear,  is  more  convenient. 
Such  a  tail  gate  hinged  at  the  bottom  permits  loading  long 
material,  while  hinged  at  the  top  it  is  a  convenient  auto- 
matic dumping  device  for  sand,  gravel,  coal.  etc. 

Accessory  Equipment  that  Facilitates  Motor  Truck  Opera- 
tion.—Contrortors'  motor  equipment  must  be  operated  in  all 
sorts  of  weather.  Therefore,  an  enclosed  driver's  cab  on  the 
lines  of  the  locomotive  cab.  instead  of  the  simple  seat  with 
na'-row  roof  and  only  the  protection  of  flimsy  curtains  at 
the  sides,  makes  the  driver's  work  more  efficient. 

Contractors'  trucks  must  often  be  hauled  out  of  excava- 
tions and  used  for  towing  trailers.  Strong  towing  hooks  in 
front,  with  a  guard  for  the  radiator,  do  away  with  the  neces- 
sity for  attaching  cables  and  ropes  to  axles,  consuming  time 
and  frequently  causing  damage,  while  a  trailer  drawbar  be- 
hind, of  army  type,  permits  the  attaching  of  trailers,  scrapers 
and  other  auxiliaries  with  least  loss  of  time  and  the  least 
possible  strain. 

Recently  a  transportation  en.eineering  study  was  made  of 
the  motor  equipment  used  by  a  large  coal  company  in  an 
etstern  city.  This  concern  had  trucks  of  three  different  ca- 
pacities, ranging  from  1  ton  to  6  tons,  with  about  halt  the 
units  of  2  and  3  tons  size.  Detailed  study  of  service  per- 
formed and  costs  during  a  week,  with  transportation  engi- 
neers riding  over  the  routes  on  the  trucks,  and  checking  up 
losses  of  time  in  loading  and  unloading,  demonstrated  that 
practically  all  the  trucks  of  2  and  3-ton  capacity  were  un- 
profitable. That  is.  this  coal  company  had  use  only  for  its 
lighte.-rt  and  heaviest  trucks,  to  take  caro  of  two  kinds  of  de- 
liveries, and  its  medium  weight  trucks  were  ill  adapted  for 
either  light  or  heavy  service,  and  therefore  unprofitable. 

Special  Truck  Bodies  for  Special  Service.— Motor  equip- 
ment is  most  profitable  when  actually  running  the  greatest 
number  of  hours  during  its  working  day.  Running  time  is 
eoverned  by  ease  and  quickness  of  loading  and  unloading. 
Loading  facilities  are  a  matter  of  closely  adapting  the  body 
to  the  particular  kind  of  materials  handled,  and  there  is  a 
very  wide  range  for  the  designing  of  special  bodies  for  special 
service.  In  too  many  cases  the  purchaser  of  motor  equip- 
ment has  been  left  to  select  a  type  of  body  that  seems,  to 
him.  adapted  to  his  business.  Very  often  his  selection  has 
been  based  on  previous  experience  with  horse  equipment. 
and.  therefore,  failed  to  take  into  account  the  greater  ca- 
pacity of  motor  trucks  over  horse  vehicles.  Again,  his  selec- 
tion has  been  made  from  the  comparatively  narrow  view- 
point of  his  own  hauling  conditions,  whereas  a  wide  survey  • 
of  conditions  in  his  line  of  business,  covering  many  concerns 
and  localities,  would  have  suggested  improvements  in  body 
design  which  he  could  not  have  specified  himself. 

As  an  illustration  of  this,  talce  a  recent  improved  motor 
truck  body  for  general  service  in  interstate  freight  hauling. 
Freight  and  express  service  by  motor  truck  came  as  a  sud- 
den war  demand.  Equipment  of  every  conceivable  type  was 
hurried  into  use  for  the  transport  of  merchandise,  machin- 
ery, materials  and  farm  products.  In  some  cases  bulky  loads 
could  be  hauled  unbroken  from  receiving  point  to  destina- 
tion. In  other  cases  many  diversified  shipments  had  to  be 
loaded  and  unloaded  along  the  route.  Sometimes  the  truck 
could  be  backed  up  to  a  loading  platform  and  goods  handled 
in  the  rear,  but  in  other  localities  side-door  loading  would 
he  more  convenient.  Shipments  loaded  in  the  front  of  the 
truck  might  be  buried  under  shipments  put  in  later  at  the 
rear,  and  were,  therefore  got  at  only  with  difficulty  and 
loss  of  time. 

To  provide  a  special  body  with  doors  for  loading  at  the 
sides  as  well  as  the  rear  seemed  a  very  logical  and  natural 
adaptation  of  the  motor  truck  body  to  such  special  needs. 
Yet  this  has  only  been  done  lately,  and  is  an  example  of  the 
need  for  intelligent  adaptation  of  the  motor  truck  body  to 
0   particular  service. 

Broader  Field  for  Motor  Truck  Haulage  Requires  New 
Concepts. — -The  first  railway  carriages  in  England  were  fam- 
ily horse  coaches  fitted  with  flanged  wheels,  each  embody- 
ing its  owner's  conception  of  traveling  comfort.  Within  a 
very  short  period,  of  course,  the  greatest  speed,  power  and 
capacity  of  the  railway  locomotive,  as  contrasted  with 
horses,  led  to  the  building  of  larger  coaches  on  standard 
lines  to  utilize  the  railroad's  better  facilities. 

.Some  of  the  first  railways  in  the  United  States  were  con- 
structed in  the  belief  that  they  would  be  used  like  highways. 
and    any    citizen    who    wished    to    fit    a    freight    wagon   with 


Hanged  wheels  and  put  it  on  the  rails,  hauling  by  horses 
or  mules,  had  that  privilege.  But,  again,  the  broader  view- 
brought  by  greater  transportation  facilities,  quickly  devel- 
oped the  freight  car  with  its   larger  capacity. 

Practically  the  same  transformation  is  again  taking  place 
with  motor  equipment  for  highway  hauling.  The  greater 
speed,  length  of  haul,  and  capacity  made  possible  by  motor 
trucks,  necessitates  entirely  new  concepts  and  designs.  In 
one  line  of  business  there  will  be  demand  for  equipment  to 
haul  bulky  loads  of  large  capacity  without  stops,  while  in 
another  line  the  requirements  are  tor  light  loads  and  fre- 
quent stops  and  flexibility.  Thus  far  the  tendency  has  been 
to  merely  supply  motor  trucks  in  various  sizes  and  bodies, 
neither  the  manufacturer  nor  the  purchaser  having  a  clear 
conception  of  the  service,  conditions,  or  the  lines  of  growth 
alcng  which  service  would  develop.  But  today  broad  knowl- 
edge of  service  requirements  in  different  lines  is  becoming 
available,  and  real  motor  transportation  begins  to  supplant 
the  motor  truck. 
A  motor  truck  is  only  as  efficient  as  its  body. 
Motor  manufacturers  naturally  centered  most  of  their  at- 
tention upon  the  chassis  during  the  development  of  the  in- 
dustry. The  problems  of  power,  strength,  weight,  cost,  tires 
and  like  factors  were  concentrated  in  the  chassis,  which  had 
to  be  dealt  with  before  there  could  be  motor  trucks  at  all. 
Having  met  his  customer's  demands  for  capacity  and  price, 
the  motor  truck  manufacturer  often  left  the  matter  of  body 
to  the  customer's  own  views.  Frequently  the  chassis  was 
sold  without  body.  In  other  cases  general  service  bodies 
were  added  to  the  vehicle,  modeled  on  types  which  had  been 
found  suitable  with  horse  equipment.  Where  special  bodies 
were  designed,  sincere  efforts  were  made  to  meet  the  re- 
quirements, as  with  the  steel  hopper  type  for  contract  haifl- 
ing,  but  such  special  bodies  were  usually  designed  without 
broad  transportation  engineering  investigation  of  the  work 
to  be  performed. 

Tr  is  now  clearly  recognized  that  a  wide  field  of  develop- 
ment lies  in  the  design  of  standard  bodies  tor  different  in- 
dustries and  purposes.  Purchasers  of  motor  equipment  in 
a  given  field  are  seldom  in  position  to  design  bodies  adapted 
to  their  own  requirements,  much  less  to  profit  by  knowl- 
oldge  of  other  concerns  in  other  fields,  or  to  get  the  national 
view  of  what  is  best  for  their  purpose.  This  is  properly 
the  function  of  the  motor  car  manufacturer,  and  the  prob- 
lems must  be  solved  by  broad  studies  made  by  transporta- 
tion engineers. 


Cost  Plus  Contracts  in  Railway  Con- 
struction 

The  "cost-plus"  form  of  contract  was  in  many  ways  a  de- 
sirable instrument  for  the  award  of  railway  construction 
work  under  the  uncertainties  of  war  times.  Inability  to  pre- 
dict basic  costs  even  a  short  time  in  advance  made  the  unit 
price  or  lump  sum  contract  undesirable,  since  the  bidders 
had  to  make  their  tenders  high  enough  to  cover  the  maxi- 
mum unfavorable  conditions  and  the  highest  possible  cost 
of  materials  and  labor.  Now,  during  the  period  of  readjust- 
ment, conditions  are  subject  to  nearly  as  much  uncertainty 
as  during  the  war.  Owing  to  the  apparent  failure  of  the 
price  stabilizing  plans  and  the  fact  that  the  prices  of  cer- 
tain classes  of  labor  are  still  subject  to  the  laws  of  supply 
and  demand,  no  one  can  predict  with  any  accuracy  what 
work  will  cost  two  months  hence.  Therefore,  the  form  of 
agreement  which  will  protect  the  contractor  against  rising 
costs,  yet  will  allow  the  owner  to  take  advantage  of  any  re- 
ductions in  the  prices  of  materials  and  labor,  would  seem 
highly  desirable  from  many  aspects.  The  one  basic  objec- 
lion  to  this  arrangement  lies  in  the  lack  of  incentive  for 
efficiency  under  the  cost-plus  contract.  One  contractor  do- 
ing work  on  a  unit  price  basis  is  now  paying  as  low  as  30 
ct.  for  comnion  labor,  thus  obtaining  a  neat  margin  over  a 
bid  made  last  fall  under  much  less  favorable  circumstances. 
The  question  arises  whether  he  would  have  taken  the  trouble 
to  secure  labor  at  this  low  rate  if  it  had  not  been  to  his 
pecuniary  advantage  to  do  so.  However,  even  this  objection 
would  not  seem  to  justify  the  use  of  the  unit  price  or  lump 
sum  forms  of  contract  under  present  conditions  for  any  ex- 
cept the  small  jobs  to  be  undertaken  immediately  and  com- 
pleted within  a  few  weeks'  time.  Work  of  this  kind  does 
not  involve  the  uncertainties  inherent  in  the  larger  projects 
of  railway  construction. — Railway  Age. 
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ComP'ict  (Jravol  Washing  mu\  Con- 
crete Mixinji  Plant  of  Miami 
Conservancy  District 

ronoivto  iiiixiiit;  i>luiiis  iiiii'Ki;*!  »i'li  "'>'  i;nivel  washint; 
anil  «tn>fiilnK  plHiUs.  urt«  eiiiplo.v.u\  liy  llu-  Miami  I'onsi-rv 
uncy  Plslrlct  in  llio  oonsiructlon  ot  dams  for  iho  dlstrU-t. 
The  urranKt'mi'nl  of  this  oominu-t  ami  rffoi-tivo  oombiiiatitiii 
U  shown  III  th.>  aoooiiiloiiiyliiK  skotrh.  ropioiliKod  from  I  ho 
Mliiml  I'onsorvaiu-y   Itullotin. 

I'.ravol  Id  hrouKhi  from  the  stock  pllo  by  n  constnulioii 
inilii  and  dumped  Into  a  hoppor.  The  material  travels  from 
ihe  bottom  of  the  hopper  on  a  bell  conveyor  np  the  inelliie. 
At  tho  top  of  the  Incline,  the  Kruvel  falls  Into  n  feedliiK  hop- 
pt«r.  and  passes  thence  successively  throuRh  the  screens. 
Those  .'(croons,  three  In  number,  are  of  •%.  I  >;6  and  :Mn.  mesh, 
the  coarsest  beini:  at  the  lop.  Stones  greater  than  3  in.  In 
slie  are  carried  by  a  chute  to  a  car  on  the  other  side  ot  the 
washlnR  plant.  The  I'-a-in.  to  :!in.  gravel  goes  to  the  coarse 
(cravel  bin.  The  =S,ln.  to  IVa-in.  gravel  goes  to  the  fine 
gravel  hln      Ntaterlal  less  than  %  In.  in  si/e  goes  to  the  sand 


Some   Observations  on    Rail    Fail- 
ures 

l)r.  I'  II  Dudley,  Consulting  Kngincer,  Now  York  t'oiitral 
Mnes,  the  well-known  expert  on  rail,  has  contributed  a  dis- 
cussion of  the  jiaper  on  this  subjocl  by  Mr.  Geo.  V.  Com- 
stock,  which  was  presented  at  the  February  meeting  of  the 
American   Institute  of   Mining  and   .Metallurgical   Kiigineers. 

The  subject  of  rail  failures,  their  causes,  and  tlie  intluence 
of  minor  changes  in  the  process  of  manul'acture.  liave  for 
some  years  received  the  most  careful  investigation  by  Dr. 
Dudley  and  other  experts  and  the  railroads  are  beginning  to 
reap  the  benelits  of  these  painstaking  studies.  From  the 
April  bullelln  of  the  above  organi/.alioii  we  have  abstracted 
the   following  from   l>r.   Dudley's  discussion: 

When  the  mills  for  the  manufacture  of  Bessemer  steel  rails 
were  first  installed  in  the  United  Suites,  the  blooms  were 
reheated  before  the  rails  were  rolled.  .lohn  Frilz  and  Alex- 
ander Holly  always  constructed  furnaces  for  reheating  the 
blooms  in  the  mills.  They  knew  by  intuition  and  experi- 
ence that  the  steel  rails  would  have  greater  ductility  to 
withstand    breakages    in    service.      They   tested    the    steel    of 
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Gravel   Washing   and   Screening   and    Concrete    Mix 

bin.  Strong  jets  of  water  wash  dirt  and  other  impurities 
from  the  gravel  as  it  passes  through  the  screens.  The  waste 
water  and  dirt  are  carried  away  down  a  discharge  trough  to 
one  side.  The  concrete  mixer  is  .lust  below  the  sand  bin. 
Chutes  carry  the  material  from  the  fine  and  coarse  gravel 
and  sand  bins  to  the  mixer,  measuring  boxes  being  built  into 
the  chutes,  enabling  correct  proportions  to  be  obtained. 
These  measuring  boxes  permit  adjustment  for  variable  pro- 
portions. The  cement  is  wheeled  from  the  cement  house  up 
a  slight  incline  to  the  mixer.  The  mixer  discharges  into 
H4-yd.  steel  concrete  dump  cars,  which  are  hauled  by  a 
:5-ton.   3-ft   gage,  gasoline   dinkey. 

The  plant  has  a  maximum  capacity  of  300  cu.  yd.  of  con- 
crete. The  total  length  of  the  cement  house  is  100  ft.:  of  the 
gravel  washer,  including  the  gravel  hopper,  215  ft.  The  total 
height  of  the  structure,  to  the  top.  is  64  ft.  The  length  of 
the  20-in.  conveyor  belt  is  360  ft.  The  gravel  plants  were  de- 
signed by  Raymond  W.  Dull. 


Railroads  of  the  Future. — At  a  recent  meeting  of  the  com- 
mittee appointed  by  the  Investment  Bankers'  Association  to 
draw  up  a  plan  for  the  return  of  the  railroads  to  private 
management,  the  suggestion  was  made  that  the  various 
lines  be  amalgamated  into  a  few  large  systems.  It  was 
held  that  by  such  a  consolidation  the  benefits  of  centralized 
control  could  be  obtained  without  destroying  the  kind  of 
competition  that  would  be  of  advantage  to  both  the  rail- 
roads and  the  public.  It  was  also  held  that  the  Government 
ought  to  guarantee  a  return  upon  the  capital  invested  in  the 
railroads  until  the  readjustment  to  the  new  conditions  has 
been  accomplished.  The  consolidations  proposed  under  this 
plan  differ  from  others  that  have  been  suggested  in  that 
they  would  follow-  natural  rather  than  arbitrary  lines.  They 
take  cognizance  of  the  historical  development  of  the  present 
systems,  which  has  been  continental  rather  than  regional. 
The  plan  contemplates  the  continuance  of  Goveniment  su- 
pervision of  r9t<5s  and  service. 


ing    Plant   of   the    Miami    Conservancy    District. 

each  Bessemer  heat  by  the  simple  method  of  bending,  to 
fracture  around  the  horn  ot  an-  anvil,  a  forged  or  rolled  bar 
%  by  %  in.,  from  the  test  ingot.  The  texture  of  the  frac- 
ture of  the  steel  bar  was  examined  with  the  same  scrutiny 
and  care  as  crucible  tool  steel,  tor  at  the  inception  of  the 
manufacture  of  Bessemer  steel  rails,  they  did  not  have 
chemists  to  make  an  analysis  of  the  steel.  The  first  man- 
ufacturers, therefore,  were  obliged  to  judge  the  requisite 
properties  of  the  steel  for  rails  by  the  bending  tests,  frac- 
tures of  the  small  bars,  and  small  test  ingots.  Drop  tests  on 
the  rails  were  installed  in  a  few  years  after  the  construc- 
tion of  the  mills. 

All  of  the  early  Bessemer  steel-rail  manufacturers  retained 
the  practice  of  reheating  the  blooms.  One  Bessemer  mill 
was  constructed,  when  the  output  of  this  grade  of  steel  was 
less  than  the  demand,  without  this  furnace,  in  order  to  re- 
duce the  time  and  cost  of  manufacture.  The  reheating  fur- 
nace was  also  omitted  in  some  subsequent  mills,  but  these 
reheating  furnaces  would  not  have  been  omitted  in  the  de- 
signs of  the  plants  had  the  constructing  officials  understood 
that  the  quality  of  the  output  would  be  affected  in  an  oc- 
casional rail-head.  Their  value  is  now  being  recognized  and 
reheating  furnaces  will  doubtless  be  installed,  in  a  short 
time,  in  all  basic  open-hearth  mills  that  did  not  include  them 
in   their  original  construction. 

The  service  records  of  8  heavy-traffic  railroads  show  that 
of  882,237  tons  of  rails  that  failed  from  interior  transverse 
fissures  ."..59.644  tons  were  rolled  direct,  developing  1.0.54  in- 
terior transverse  fissures.  Ot  322.593  tons  from  reheated 
blooms,  only  59  developed  interior  transverse  fissures  and 
nearly  one-half  of  these  failures  were  from  rails  rolled  when 
the  mill  was  being  equipped  for  reheating  the  blooms.  Sowe 
of  the  other  failures  were  from  rolling  of  rails  wb«>n  reheat- 
ing of  the  blooms  was  under  difficulties  not  cbmmon  to  the 
regular  mill  practice  for  such  work.  These  rails  were  rolled 
at  11  different  mills  in  and  between  the  years  1909  and  1915. 
while  the  record  of  failures  includes  those  that  developed 
up  to  Oct.  1,  1918. 
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One  mill  that  reheats  the  blooms  has  produced,  in  the  past 
12  years  or  more,  a  large  output  of  basic  open-hearth  rails 
in  which  up  to  Jan.  1,  1919,  Dr.  Dudley  had  not  been  able 
to  find,  from  the  different  railroad  companies  using  the  rails, 
that  a  single  interior  transverse  fissure  has  occurred  in  the 
rail-heads.  Another  mill,  with  not  as  large  an  output,  has 
the  record  of  only  one  interior  transverse  fissure. 

Dr.  Dudley's  investigations  show  that  interior  transverse 
fissures  in  rail-heads  are  induced  by  a  combination  of  two 
or  more  exceptional  conditions  of  manufacture  in  an  oc- 
casional rail-head  principally  by  direct  rolling,  which  can  be 
practically   eliminated    by   reheating  the   blooms. 

The  first  contributory  cause  may  be  the  segregation  of  the 
setting  ingots,  delayed  transformations  of  the  steel  near 
the  center  of  the  head,  chemical  and  mechanical  defects. 
The  first  effect  is  induced  loss  of  strength,  initial  stresses. 
a  non-ductile  core  of  physically  heterogeneous  metal  in  the 
interior  of  the  head,  with  an  occasional  zone  of  enlarged 
grain   growth. 

The  second  contributory  cause  may  be  mechanical  in.iury 
to  the  physically  heterogeneous  metal.  Either  the  nucleus 
in  the  rail-head  is  checked  transversely  by  the  gag.  when  it 
is  applied  on  the  base  of  a  low  rail  or  the  imprint  of  the 
gag  is  checked  longitudinally  when  applied. 

The  third  effect  is  that  the  broken  area  of  interior  metal 
in  either  type  is  no  longer  able  to  restrict  either  the  pres- 
sure or  the  stresses  of  the  wheel  loads,  as  the  case  may  be. 
within  the  usual  range  of  elastic  limits  of  the  stef'l.  as  in 
sound  metal,  which  is  homogeneous. 

The  service  records  of  Bessemer  or  basic  open-hearth  steel 
rails  show  that  interior  transverse  fissures  have  not  occurred 
in  the  countless  thousands  of  rail-heads  of  physically 
homogeneous  metal  under  the  same  wheel  loads.  The  reason 
for  their  non-occurrence  is  that  the  rail-heads  did  not  con- 
tain the  conditions  of  the  first  contributory  cause,  conse- 
quently, while  the  metal  is  lengthened  or  shortened  by  the 
gag  It  was  not  checked.  Three  interior  transverse  fissures 
only  have  developed  to  date  in  basic  open-hearth  rails  from 
the  chemical  composition  prescribed  by  the  New  York  Cen- 
tral Lines,  specifications  and  rolled  from  reheated  blooms. 

It  is  a  frequent  occurrence  in  the  mill  that  too  heavy  a 
blow  is  given  by  the  gag  on  the  head,  and  then  the  rail  is 
turned  base  up  for  a  light  blow  to  correct  the  effect  of  the 
excessive  blow  on  the  head.  When  too  heavy  a  blow  of  the 
gag  is  applied  to  the  base  of  a  low  rail,  it  must  be  turned 
head  up  and  given  a  light  blow  to  reduce  a  part  of  the  sel 
of  the  heavy  blow.  Rails  are  sometimes  completely  frac- 
tured in  the  straightening  press  by  the  application  of  the 
blow  from  the  gag.  An  interior  core  of  brittle  metal  is  the 
initial  point  of  fracture  in  nearly  every  instance,  and  is  found 
in  the  general  location  of  the  nuclei  of  interior  transverse  fis- 
sures. 

Occasionally  rails  are  heard  to  snap  under  the  straighten- 
ing press,  in  which  case  the  interior  non-ductile  core  of  brii 
tie  metal  is  checked  and  broken,  while  the  surrounding  en- 
velope of  more  ductile  metal  is  elongated,  or  shortened  as 
required,  without  injury,  unless  the  applied  blow  is  suffi- 
cient to  rupture  the  entire  rail  section.  Such  rails  would 
only  be  noticed  and  rejected  by  either  the  railroad  or  mill 
inspector  v,-hpn  near  the  straightening  press  as  the  sound 
would  be  the  only  thing  that  would  attract  his  attention. 

Dr.  Dudley  refers  to  the  disagreement  between  the  Govern- 
ment investigators  and  the  railroad  experts  and  explains 
that  the  careful  service  records  kept  by  the  railroads  dis- 
prove the  theory  advanced  by  the  Government  men  that  the 
interior  transverse  fissures  are  caused  b\  fatigue  fracture 
of  the  metal. 

The  Government  investigators  do  not  explain  the  origin. 
time,  and  place  of  occurrence  of  the  nuclei,  nor  their  varia- 
tions in  size  from  0.062.5  to  0.37.5  in.  in  diameter  of  the  type 
of  interior  transverse  fissures  classified  by  me  as  intergran- 
ular.  All  fractures  of  this  type  show  nuclei  of  considerabb^ 
area,  and  not  points,  which  is  the  common  type  in  fatigue 
fractures.  These  areas,  constituting  the  nuclei  ruptures  as 
units  and  not  by  slow  detail,  show  positively  and  conclusively 
that  fracture  was  caused  by  the  application  of  a  rapidly  ap- 
plied blow  of  a  pressure  beyond  the  elastic  limit,  or  even 
ultimate  strength,  of  this  interior  core  of  inferior  metal. 

The  figures  collected  from  the  service  records  prove  that 
rails  rolled  from  reheated  blooms  rarely  develop  nny  in- 
terior transverse  fissures,  while  they  are  abundant  in  rails 
that  are  rolled  direct.  One  mill  has  introduced  reheating 
furnaces  for  its  output  and  since  then  there  has  been  a  rad- 
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ical  reduction  of  failures  of  this  type.  The  mills  are  now 
giving  more  attention  to  the  hot-bed  treatment  and  regularity 
of  practice  than  was  the  case  in  the  early  days  of  the  man- 
ufacture of  basic  open-hearth  rails.  Several  of  the  plants 
have  introduced  straightening  presses  with  60-in.  supports, 
which  reduces  the  pressure  upon  the  105-lb.  rail  sections  by 
50,000  lb.  to  put  a  permanent  set  in  the  metal  to  straighten 
the  rail,  as  compared  to  the  pressure  required  in  straighten- 
ing this  section  on  42-in.  supports. 

The  following   conclusions   are  offered   by   Dr.   Dudley: 

The  service  records  show  that  reheated  blooms  coupled 
with  proper  chemical  composition  and  mill  practice  will 
practically  eliminate  interior  transverse  fissures  in  rail-heads 
of  the  occasional  rail. 

The  service  records  show  that  investigations  of  the  years 
past  indicated  the  proper  design  and  composition  for  the 
manufacture  of  rail  sections  in  Bessemer  and  open-hearth 
steel,  that  have  permitted  on  the  same  roadbed  the  driv- 
ing wheels  and  their  loads  to  be  trebled  and  the  car  wheels 
and  their  loads  to  be  quadrupled  with  large  factors  of  safety 
in  operation. 

The  service  records  show,  by  the  general  practice  of 
the  railroads,  that  the  tensile  stresses  in  the  spacing  of  the 
wheel  loads  are  so  far  below  the  elastic  limits  of  the  steel 
that  the  alternate  stresses  do  not  approximate  those  neces- 
sary for  fatigue  fractures  of  metal  in  the  interior  of  the  rail- 
heads. 

The  contours  of  the  wheel  treads  should  return  to  those  in 
use  when  the  designs  of  the  rail  sections  were  made  which 
enabled  the  increase  in  wheel  loads.  This  is  required  to  dis- 
triliute  the  wheel  contact  pressure  and  loads  to  a  sufficient 
width  metal  in  the  bearing  surface  of  the  rail-head  to  hold 
the  average  intensity  of  pressure,  practically  constant  in 
rail-heads  of  3-in.  width. 

The  law-  of  the  service  records  under  the  daily  observation 
of  the  railroad  officials  is  more  reliable  proof  of  the  safety 
in  transportation  than  an  opinion  that  does  not  take  cogni- 
zance of  the  facts. 

Some   Possibilities  of  Steam  Rail- 
road  Electrification 

I'l  -1  re^'ent  paiier.  Mr.  Calvert  Towuley.  assistant  to  the 
pr-jsident  of  the  Westinghouse  Electric  &  Manufacturing  Co., 
mnkes  some  observations  on  the  possibilities  of  steam  rail- 
road electrification  as  affecting  future  policies,  which  should 
prove  of  interest  to  railway  engineers  and  operating  officials. 
Some  of  the  financial  and  economical  phases  of  the  electrifi- 
cation )irobIem  are  very  clearly  stated  by  Mi.  Townley  as 
follow  s: 

Electricity  now  performs  every  railroad  service  previously 
rendered  exclusively  by  steam  locomotives  and  in  every  case 
does  it  better  than  it  was  done  before.  But  in  order  to  use 
electricity  a  large  investment  in  equipment  and  installation 
must  be  made  and  electrification  has  proceeded  slowly  be- 
cause railroad  executives  were  not  convinced  that  the  ad- 
vantages to  he  gained  are  always  worth  the  cost. 

Electricity  fills  every  requirement  of  railroad  service,  but 
as  it  involves  a  large  investment,  electrification  has  pro- 
ceeded slowly.  Electrification  has  also  been  retarded  be- 
cause the  problem  has  been  largely  considered  one  of  re- 
placing the  steam  locomotive  by  the  electric  locomotive 
whereas  in  reality  the  problem  is  much  broader.  It  really 
offers  a  fundamentally  different  method  of  train  propulsion 
because  the  limitations  of  the  steam  locomotive  disappear 
aufl  the  strictly  limited  motive  power  is  replaced  by  one  that 
is  practically  unlimited,  thereby  opening  up  many  possibili- 
ties in  the  methods  of  railroad  operation.  While  there  are 
a  number  of  different  systems  of  electric  traction  all  of  the 
systems  have  many  features  in  common  and  the  possibility 
of  unlimited  power  is  a  characteristic  of  them  all. 

Existing  electrifications  have  lieen  operated  for  a  suffi- 
cient length  of  time  so  that  operating  statistics  are  now 
available,  and  any  proposed  undertaking  may,  therefore,  be 
predicated  on  established  facts.  While  electrification  will 
greatly  increase  track  capacity,  there  is  a  large  railroad  mile- 
age which  already  has  more  than  sufficient  capacity,  in  which 
case  electrification  would  not  be  justified  On  the  other  hand, 
there  are  so  many  cases  where  its  advantages  are  so  clear 
and  conclusive  that  when  the  railroads  are  able  to  finance 
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thoir  requiml  elocirltknuiou   il   « ill  test   tho  .aimoltv   of  the 
.-li-ctrlc  fuclories  of  the  country  to  serve  them. 

The  el.H-lrin.«tlon  of  n  r.illroail  Is  not  simply  the  substi- 
tution of  one  kln.l  of  looon.otive  for  another.  It  Is  f»>;^>"<"-^ 
ban  that  It  Is  the  ndoptlon  of  n  fundnmentnlly  .llfferent 
method  of  trnin  propuIslcMi.  It  Is  conservntivo  to  s.iy  that. 
wlihin  the  bounds  of  ordinary  practice,  electricity  can  fur- 
nish everv  train  with  all  the  pulling  power  that  can  be  used. 
The  Ilmltntlons  of  the  steam  Uuomotivo  in  this  respect  dls- 
uppenr  and  rullnR  grades  rule  no  longer.  A  strictly  motive 
power  Is  rt'placed  by  one  that  is  practically  unlimited. 

\  steam  locomotive  Is  n  comi-lete  Independent  unit  which 
no't  onlv  generates  but  also  utilizes  its  power.  The  electric 
Imomotlve  generates  no  power  at  all.  It  Is  only  a  translating 
doxice  receivlnB  energy  (rom  an  outside  and  a  remote 
source  The  electric  power  house  always  having  much 
gnater  capacltv  than  any  one  locomotive,  can  supply  aniple 
power  for  the' heaviest  train  on  the  steepest  grade.  The 
Htenm  locomotive  which  carries  its  own  power  house  wi  h  it 
Is  limited  to  the  capacity  of  Its  one  boiler.  By  the  multiple 
unit  principle,  as  many  electric  locomotives  as  may  bo 
needed  can  be  coupled  together  and  operated  in  syncronism 
hv  one  crew  from  any  cab.  Any  required  tractive  effort  can 
thus  be  exerted  without  slipping  the  wheels,  without  impos- 
ing undue  strains  on  the  rails  or  bridges  and  without  in- 
creasing the  number  of  engine  crews.  j   ,  .   u 

rnlimited  motive  power  permits  longer  trains  and  higher 
schedule  speeds.  On  the  Elkhorn  grade  of  the  Norfolk  & 
Western  R  R.  the  schedule  speed  was  doubled.  It  cuts  the 
operating  cost'  bv  hauling  more  cars  with  the  same  or  a 
smaller  crew.  The  Norfolk  &  Western  R.  R.  uses  two  elec- 
trics to  do  the  work  of  three  Mallets. 

The  trafllc  possibilities  must  be  studied  from  a  new  angle 
•,nd  advantage  taken  of  every  facility.  It  is  a  new  thought 
to  realize  that  train  length  is  limited  not  by  motive  power 
but  bv  the  vard  tracks  and  length  of  sidings,  or  that  all  the 
trailing  tonnage  that  the  drawbars  will  stand  can  be  hauled. 
Nor  are  these  new  limits  fundamental.  Sidings  can  be  ex- 
tended, drawbars  can  be  made  stronger,  if  it  pays  to  do  it. 
In  a  word,  electrification  opens  up  tremendous  possibilities 
of  increasing  the  freight  capacity  of  a  road  and  without  U 
being  necessary  to  build  additional  tracks. 

While  not  as  important  as  freight,  passenger  traffic  like- 
wise comes  in  for  its  share  in  the  widened  horizon  and  the 
vanishing  tradition.  Vnliinited  power  of  course  is  available 
but  the  absence  of  combustion  is  another  basic  advantage. 
Smoke  and  cinders  disappear.  Tunnel  operation  loses  its 
terrors.  Unnbscured  signals  permit  normal  speeds  with  un- 
diminished safety.  Projects  like  the  Pennsylvania  terminal 
in  New  York  depending  entirely  on  submarine  tunnel  opera- 
tion and  previously  impracticable,  become  immediately  pos- 
sible. Railroads  owning  valuable  realty  in  cities  can  erect 
buildings  thereon,  where  before  smoky  locomotives  made 
any  structure  above  the  ground  level  impracticable. 

The  service  performed  on  the  electrified  sections  com- 
prised practically  every  kind  of  railroad  transportation.  The 
Bluefield  division  of  the  Norfolk  &  Western  R.  R.  in  West 
Virginia  is  an  example  of  an  important  coal  road  operating 
through  the  mountains  The  Chicago.  Milwaukee  &  St.  Paul 
^JQmile  main  line,  through  Idaho  and  Montana,  demon- 
st'ntes  what  can  be  done  by  a  transcontinental  carrier  on  a 
large  scale  with  through  traffic,  both  freight  and  passenger. 
The  New  York.  New  Haven  &  Hartford  R.  R.  7.3-mile  stretch 
between  New  York  and  New  Haven  shows  how  through 
freight  and  a  heavy  passenger  traffic  can  be  taken  care  of  on 
the  most  congested  four-track  section  of  an  important  east- 
em  carrier  and  what  is  possible  for  complicated  freight  yard 
operation,  while  the  New-  York  Central  R.  R.  and  the  Penn- 
sylvania R.  R.  out  of  New  York  City  are  splendid  examples 
of  our  greatest  modem  passenger  terminal  electrifications. 
There  are  of  course  many  other  electrifications,  but  even  if 
there  were  not.  those  named  are  of  a  character  to  command 
the  respect  and  attention  of  the  railroad  world.  Every  one 
of  these  projects  has  been  successful.  Every  one  has  jus- 
tified itself. 

No  general  rule  for  electrification  can  be  given.  Generali- 
ties are  sure  to  be  misleading,  but  electrification  is  now 
firmly  intrenched  and  successful.  It  is  recognized  by  rail- 
roads generally  as  an  effective  agency  with  great  possibili- 
ties and  one  which  is  particularly  valuable  for  certain  spe- 
cific purposes.     Time  alone  will  tell  how  broad  its  applica- 


The   Blow  of  the  Drill  Bit,  Sharp 
or  Dull 

The  cutting  action  of  dull  and  sharp  drill  steel  is  explained 
by  Mr.  Frank  Richards  in  an  excellent  article  in  the  Engi- 
neering and  .Milling  .Touriuil.  In  his  article,  which  is  reprinted 
below.  Mr.  Itidiards  points  out  that  the  limit  of  permitted 
wear  of  drill  bits  sliould  be  sharply  defined,  and  that  the  sys- 
tematic maintenance  of  sharp  bits  is  the  most  profitable  in- 
vestment possible  in  connection  with  rock  cutting  operations. 

It  is  usually  a  source  of  satisfaction  to  bring  theory  and 
practice  Into  coordination  and  to  find  them  reciprocally  con- 
firming and  strengthening  each  other.  The  method  of  com- 
puting the  force  of  impact  of  a  falling  weight  or  of  the  blow 
struck  by  the  ram  of  a  steam  liamiiier.  is  essentially  simple, 
but  the  practical  application  is  generally  far  from  satisfac- 
tory, on  account  of  the  indeterminate  value  of  one  of  the 
essential  factors.  The  final  result  in  each  case  indicates  that 
the  force  of  the  blow  struck  may  be  great  or  little,  according 
to  the  suddenness  with  which  the  propelled  mass  is  arrested. 
It   is   possible,  however,   willuml    making  the  final  particular 
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tion  is  to  be. 
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Sketch    Representing    Blow   of   Drill    Bit. 

specific,   to   reach   a    practical    determination   which    may    be 
most  convincing. 

A  letter  which  has  recently  come  into  my  hands  seems  to 
afford  an  excellent  opportunity  for  a  practical  application  of 
the  principle  involved  in  this  line  of  investigation.  The 
writer  says:  "At  a  drill  test  which  is  being  carried  out  at 
a  mine  near  here,  and  in  which  I  am  particularly  interested, 
it  has  been  stated  that  though  the  drill  is  effective,  it  is  at 
the  same  time  hard  on  the  steels.  I  was,  in  fact,  shown  ten 
pieces  of  steel  that  had  been  broken  in  a  day's  run.  I  am  not 
a  steel  expert,  and  in  this  case  I  did  not  need  to  be,  for  at  a 
glance  I  noted  that  every  piece  of  stpel  that  had  been  broken 
had  been  used  in  the  test  entirely  too  long;  that  it  had  been 
used,  in  fact,  after  it  had  lost  its  cutting  power.  On  some 
of  the  pieces  the  bit  end  was  entirely  flattened,  and  no  cut- 
ting edge  at  all  was  left.  Noticing  this  was  entirely  by  acci- 
dent on  my  part,  but  it  worked  out  all  right  in  the  next  day's 
drilling.  As  soon  as  the  cuttings  ceased  to  drop  out  of  the 
hole,  the  steel  was  changed,  and  we  never  broke  a  single 
piece  of  steel.  On  one  of  the  drills  we  used  a  dull  piece  of 
steel,  and  in  less  than  two  minutes  the  steel  broke." 

If  the  theory  of  the  hammer  blow  be  applied  to  this  case,  a 
sufficient  explanation  is  obvious.  The  drill  steels  did  pre- 
cisely as  they  ought  to  have  done  under  the  circumstances; 
the  dull  steels  "went  on  a  strike"  against  any  more  work 
when  in  that  condition. 

The  method  of  computing  the  force  of  the  blow  of  a  rock 
drill  may  perhaps  be  more  simply  and  clearly  illustrated  in 
the  case  of  a  reciprocating  piston  drill,  although  the  results 
noted,  under  the  same  conditions,  would  be  identical  in  the 
case  of  a  hammer  drill,  which  is  now  more  generally  used. 
The  unit  usually  assumed  in  stating  or  in  computing  the 
force  of  a  blow  is  the  footpound.  Supposing  the  operation 
to  be  conducted  with  a  rock  drill  with  a  piston  3  in.  in  diam- 
eter and  a  stroke  of  6  in.,  and  that  in  the  working  stroke  of 
the  piston  it  is  driven  the  entire  distance  by  an  effective  air 
pressure  of  50  lb.  per  square  inch.  The  area  of  the  piston  is 
almost  7  sq.  in.,  and  it  the  stroke  of  the  piston  were  1  ft.  the 
accumulated  force  at  the  end  of  the  stroke  would  be  repre- 
sented by  7X50X1  =  350  foot-pounds.  As  the  assumed 
stroke  of  piston  is  %  ft.,  the  resulting  force  would  be  only 
T)ne-half  of  this,  or  7  X  50  X  Va  =  175  foot-pounds.  This  num- 
ber of  foot-pounds  of  energy  might  have  resulted  from  vari- 
ous other  combinations  of  stroke  and  pressure,  as,  for  in- 
stance, with  a  stroke  of  1  ft.  and  a  pressure  of  25  lb.,  7  X 
25X1  =  175  foot-pounds,  or.   with   a  stroke  of  3  in.    (%  ft.) 
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and  a  pressure  of  100  lb..  7  X  100  X  %  =  175  foot-pounds.  It 
is  essential  to  get  this  fact  clearly  in  mind,  because  in  bring- 
ing the  piston  to  rest,  or  in  the  striking  of  the  blow,  an  op- 
posing force  or  resistance  is  required  precisely  equal  to  the 
active  force  that  was  employed  to  produce  the  motion. 

The  resistance  will,  of  course,  be  greater  in  proportion  as 
the  distance  which  the  force  is  applied  is  shorter.  Thus  50 
lb.  of  resistance  effective  through  6  in.  of  stroke  would  be 
required  to  overcome  the  175  foot-pounds  of  imparted  energy, 
and  6  times  this  or  1,050  lb.  would  be  required  if  stoppage 
was  done  within  a  distance  of  1  in.  For  convenience  this 
last  figure  may  be  called  1,000  lb.  Then  4,000  lb.  of  resistance 
would  be  required  to  stop  the  movement  within  %  if-  and 
16,000  lb.  or  8  tons,  if  the  stoppage  was  done  with  1/16  in. 

This  brings  the  computation  to  what  may  be  assumed 
to  be,  approximately,  rock-drill  cutting  conditions.  If  the 
drill  but  penetrates  the  rock,  say,  1/16  in.  at  each  blow. 
then  8  tons  is  applied,  and,  alternately,  is  stopped  entirely, 
several  hundred  times  a  minute,  and  theoretical  calcula- 
tion here  requires  a  constant  or  mean  resistance  of  8  tons 
for  the  entire  1/16  in.  of  penetration  of  the  rock.  The  fact 
undoubtedly  must  be  that  the  resistance  will  be  much  greater 
than  this  at  the  beginning  of  the  penetration  and  that  it  will 
diminish  to  nothing  at  the  instant  the  penetration  ceases.  If 
the  penetration  of  the  drill  bit  was  only  one-half  of  this,  or 
1/32  in.,  that  is,  if  the  bit  was  stopped  within  this  distance, 
then  the  force  of  the  blow  struck  by  the  bit  would  be  double 
that  noted,  or  16  tons. 

The  bit  strikes  the  rock  with  the  same  force  as  that  with 
which  the  rock  strikes  the  bit — the  force  must  be  precisely 
equal  in  each  direction  from  the  point  of  contact — and  the 
greater  the  force  at  any  instant  with  which  the  bit  strikes 
the  rock,  the  greater  also  must  be  the  reacting  force  against 
the  body  of  the  bit. 

The  accompanying  sketch,  which  represents,  with  perhaps 
slight  exaggeration,  the  action  of  one  wing  of  a  sharp  drill 
bit,  and  then  in  several  stages  of  wear,  may  help  to  a  clever 
understanding  of  the  matter.  At  A,  with  the  bit  perfectly 
sharp,  it  is  to  be  observed  that  it  makes  its  deepest  pene- 
tration into  the  rock.  After  coming  in  contact  with  the  rock 
surface,  it  penetrates  the  rock  a  certain  distance,  during 
which  penetration  its  force  is  expended  upon  the  rock  in  one 
direction  and  backward  into  the  body  of  the  bit  equally  in 
the  other  direction. 

It  is  here  assumed,  of  course,  that  the  drill  bit  receives  at 
each  stroke  an  equal  impulse  from  the  air  which  drives  the 
drill.  Note  at  B  that  the  bit  has  been  considerably  worn  or 
blunted,  and  that  although  it  has  the  same  force  behind  it 
which  it  had  at  A,  when  it  first  touches  the  rock,  it  does  not 
penetrate  the  rock  to  the  same  depth,  but  is  stopped  within  a 
shorter  period  of  travel,  and,  consequently,  the  force  involved 
in  the  stoppage  must  be  greater  for  the  shorter  period,  both 
upon  the  rock  and  back  into  the  drill  bit. 

No  computations  could  assist  in  realization  of  the  evident 
fact  that  the  force  of  the  blow  upon  the  rock,  and  reactively 
back  into  the  body  of  the  steel,  is  successively  greater  when 
the  bit  is  worn,  as  seen  at  C  and  D.  At  D  the  penetration  of 
the  rock  must  be  extremely  minute  and  the  shock  upon  the 
drill  bit  incalculably  great.  What  could  be  expected  of  the 
steel  under  such  conditions,  or  approaching  such  conditions, 
than  that  it  should  "give  up  the  .job"  and  break?  The  tact 
that  breakage  occurs  when  the  bits  are  too  much  worn  is  an 
endorsement  of  the  efficiency  of  the  drill  which  applies  the 
power,  and  demands  an  appreciation  of  the  drill,  instead  of 
condemnation.  A  drill  which  does  not  break  its  bits  when, 
on  account  of  dullness,  they  ought  to  break,  must  be  defective 
in  some  particular. 

From  the  preceding  it  will  be  noted  that  the  action  of  the 
drill  bit  when  it  wears  presents  a  paradox.  The  bit  is  least 
effective,  has  the  least  penetrative  results,  blow  for  blow, 
when  it  strikes  the  rock  the  hardest  and  feels  the  shock  the 
most.  It  is  the  sharp  bit  that  does  the  work;  the  dull  bit  is 
the  inefficient  victim  of  mistaken  or  neglectful  practice. 
Drills  must  wear,  but  the  limit  of  permitted  wear  should  be 
sharply  defined,  and  the  systematic  maintenance  of  sharp  bits 
should  be  recognized  as  the  most  profitable  investment  pos- 
sible in  connection  with  rock-cutting  operations.  Especially 
is  the  power-drill  sharpener  to  be  commended,  not  only  for 
its  incomparably  greater  efficiency,  as  compared  with  hand 
sharpening,  but  also  for  its  promotion  and  maintenance  of 
the  sharp-drill  habit  of  thought  and  practice. 


Increasing  Strength  of  Concrete  by 
Rodding 

Recent  experiments  conducted  by  the  engineering  division 
of  the  Bureau  of  Economic  Geology  and  Technology  of  the 
University  of  Texas  have  resulted  in  the  discovery  that  by 
the  simple  process  of  "rodding"  the  strength  of  concrete 
may  be  greatly  increased.  The  following  information  regarding 
the  experiments  has  been  furnished  by  Mr.  F.  E.  Giesseche, 
Head  Division  of  Engineering,  School  of  Architecture,  Uni- 
versity of  Texas: 

The  term  "rodding''  signifies  pushing  a  pointed  iron  rod 
into  the  soft  concrete  and  working  it  up  and  down  in  order 
to  compress  the  concrete  and  allow  the  "excess"  water  and 
the  entrapped  air  in  the  concrete  to  escape  upward. 

The  best  results  due  to  rodding  were  secured  in  the  lab- 
oratory when  the  concrete  was  rodded  at  intervals  of  about 
-30  minutes  until  the  concrete  was  too  hard  to  permit  further 
rodding;  in  one  case  this  required  about  7%  hours.  Each 
specimen  was  worked  only  about  10  to  15  seconds  at  these 
intervals. 

The  idea  of  working  the  excess  water  out  of  concrete  in 
order  to  increase  the  strength  occurred  to  Mr.  G.  A.  Park- 
inson, Assistant  Testing  Engineer,  during  the  fall  of  1917. 
A  few  tests  were  made  at  that  time  and  gave  very  favorable 
results. 

In  June,  1918,  a  definite  series  of  tests  was  begun  which 
confirmed  the  earlier  tests.  The  object  of  this  series  was 
to  see  how  much  the  strength  of  "G-sack''  wet  concrete  could 
be  increased  by  rodding,  how  the  increase  of  strength  varied 
with  the  age  of  the  concrete,  what  particular  type  of  rodding 
was  best,  and  if  it  was  possible  to  overdue  the  rodding  and 
injure  the  concrete  thereby. 

Forty-eight  cylinders,  6  in.  x  12  in.,  were  prepared  and 
tested  at  ages  varying  from  7  days  to  3  months.  The  general 
conclusions  from  this  series  were  that  the  strength  of  "6- 
sack"  concrete  mixed  with  10  per  cent  of  water,  can  be  in- 
creased about  100  per  cent  by  rodding.  In  these  tests,  the 
increase  amounted  at  an  age  of  7  days  to  about  80  per  cent 
(from  1,465  lb.  to  2,690  lb.) ;  at  an  age  of  28  days,  to  about 
120  per  cent  (from  1,962  lb.  to  4.348  lb.);  and,  at  an  age  of 
3  months,  to  about  93  per  cent  (from  2,385  lb.  to  4.612  lb.). 

The  effect  of  the  rodding  seems  to  depend  on  the  number 
of  times  the  specimens  were  rodded;  in  two  cases  the  speci- 
mens were  rodded  about  12  times;  in  one  case  about  every 
30  minutes  and  in  the  other  about  every  20  minutes;  the 
final  strengths  were  about  the  same  in  both  cases.  In  a  third 
case  the  specimens  were  rodded  every  30  minutes  15  times, 
and  the  final  strength  was  about  10  per  cent  greater  than 
in  the  two  former  cases. 

It  was  not  possible  to  overdo  the  rodding  and  injure  the 
concrete  thereby;  in  two  of  the  cases  cited  above  the  con- 
crete was  rodded  until  it  had  set  so  firm  that  the  rod  would 
no  longer  penetrate  it  sufficiently  to  continue  rodding.  In  the 
rase  where  the  greatest  strength  was  secured  (4.644  lb.  at  28 
days  and  4,961  lb.  at  3  months),  the  specimens  were  rodded 
every  30  minutes  for  7%  hours. 

In  February,  1919,  a  second  series  of  tests  was  begun  in 
which  concrete  containing  about  4,  6  and  8  sacks  of  cement 
per  cubic  yard  of  concrete  was  used,  and  in  which  the  pro- 
portion of  water  varied  from  7  to  10%  per  cent;  the  mini- 
mum value  was  about  as  little  as  was  practicable  to  Tise, 
and  the  maximum  value  was  more  than  should  ever  be  used 
in  regular  work  where  any  attempt  is  made  to  secure  good 
results. 

The  object  of  this  series  was  to  determine  how  the  in- 
crease in  strength  due  to  rodding  varies  with  the  relative 
quantities  of  cement  and  the  relative  quantity  of  water. 

One  hundred  and  forty-four  specimens  were  prepared,  one- 
third  of  3.S-sack  concrete,  one-third  of  5.86-sack  concrete, 
and  one-third  of  8.45-sack  concrete;  In  each  of  the  three 
types  of  concrete,  one-fourth  was  mixed  with  7  per  cent, 
one-fourth  with  8  per  cent,  one-fourth  with  9  per  cent,  and 
one-fourth  with  10  per  cent  of  water,  except  for  the  8.45  sack 
concrete,  in  which  the  percentage  of  water  was  increased 
one-half  per  cent. 

One-half  of  the  specimens  were  rodded  a  little  and  the 
other  half  were  rodded  12  times,  once  every  20  to  30  minutes; 
each  rodding  required  from  10  to  15  seconds  for  each  sped- 
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The  '.'S-iluy  li»»t«  of  iho  o.Ssark  specimens  shows  Ihal  tho 
rmlillnK  iniroasoil  Iho  stionKth  from  nbout  2,000  to  about 
:i.l'iN>  lb.  (ler  siiuure  Inch.  This  shows  an  increase  of  only 
about  So  per  cent,  which  Is  partly  due  to  the  fad  that  tlie 
mile  roddhiK  which  the  weak  specimens  received  broushl 
their  strciiBlhs  u\>  to  about  L'.tMIO  lb.,  which  is  very  high  for 
concrete  containiii):  only  ;'..S  sacks  of  cement  per  cubic  yard 
of  concrete.  Such  concrete  corresponds  apimixiniutely  to  a 
l:3:(i  mix:  for  these  proportions  the  Special  Committee  on 
I'oncrete  iind  Heinforced  Concrete  of  the  Americiin  Society 
of  Civil  EuKineers  suRsest  assuming  an  ultimate  strength  of 
1,300  lb.  at  2S  days. 

The  followluK  table  shows  the  results  of  the  tests  In  de- 
tail: 


S4ck!i 

cement.  l*er  coal 

ru.  vd.  wilier.  Date  of  te.sta. 

3.»  7  Feb.    27.  tS'tl) 

S.$  S  Mar.     S.  191!) 

S.8  9  Mnr.     T.  1«>1!> 

3.S  10  Miir      n.  r.'l;i 


I'lill  stri'iiKth. 

Pliiln.  lloddt-d.  Percent 

U».  U».  increase. 

■:.2\C,  3.110  40.3 

::.22S  3.313  48.7 

2.1  ;S  3.1SS  46.1 

l.i;2:.  2.SI3  75.0 


Experience    of    Santa    Fe    System 
With  Treated  Ties 

Ever  since  the  railways  in  .Vniorica  began  to  take  notice 
of  the  incrcaains;  shortage  of  sood  lies,  and  looked  to  Europe 
for  information  regarding  timber  treatment  in  order  to  pro- 
long their  life,  it  has  become  increasingly  evident  that,  in 
<pite  of  the  sreatly  differing  conditions  on  the  two  continents, 
it  undoubtedly  pays  to  subject  the  cheaper,  softer  woods  to 
a  preservative  treatment  here  in  the  United  States. 

It  is  one  thing,  how-ever.  to  be  quite  sure  that  a  given  thing 
or  process  is  economical,  and  quite  another  to  be  able  to  say 
just  how  much  the  saving  is:  and  in  the  matter  of  tie  serv- 
ice in  the  track,  the  difliculty  of  getting  reliable  records  kept 
was  early  recognized  by  the  railway  officials,  because  these 
re.  ords  necessarily  must  originate  with  track  foremen  who 
do  not  always  have  the  time  or  the  ability  to  keep  records 
properly.  Indeed  it  has  been  a  complaint  of  the  section  fore- 
man frequently  that  too  much  of  his  time  was  taken  up  with 
clerical  work. 

Various  schemes  have  been  tried  to  check  up  the  records 
kept,  and  with  varying  success.  The  excellent  showing  made 
by  the  Santa  Fe  system  on  its  lines  east  of  Albuquerque, 
N.  Mex..  and  north  of  Purcell,  Okla.,  is  summarized  in  a  re- 
cent issue  of  the  "Railway  Maintenance  Engineer,"  from 
which  the  following  is  abstracted: 

For  the  ,"i-year  period  ending  with  1901,  the  average  num- 
ber of  ties  inserted  annually  per  mile  of  track  was  259;  and 
for  the  .1-year  period  ending  with  1916.  the  number  was  199. 
a  decrease  of  23  per  cent.  This  is  equivalent  to  a  saving  of 
.^70,000  ties  annually. 

Since  equivalent  reductions  have  beeii  effected  on  the  Gulf 
and  Coast  lines  of  the  system  the  total  annual  reduction  in 
tie  consumption  on  the  entire  system  as  a  result  of  treat- 
ment and  other  protection  of  the  timber  will  aggregate  1,000,- 
000  ties  annually. 

This  unusually  long  life  is  the  result  of  close  attention  to 
all  forms  of  timber  protection,  including  treatment.  The 
Santa  Fe  has  been  the  pioneer  in  the  treatment  of  ties  in 
this  country.  Over  SO  per  cent  of  the  ties  in  the  parent  lines 
and  over  6.t  per  cent  of  those  on  the  entire  system  today  are 
treated  ties.  The  system  has  also  been  a  pioneer  in  the  use 
of  screw  spikes. 

The  most  recent  step  to  be  taken  in  an  effort  to  secure 
the  maximum  possible  life  from  ties  and  other  treated  tim- 
ber has  been  the  systematic  inspection  by  the  treating  de- 
paitnient  of  the  ties  taken  out  of  tracks.  Beginning  on  May 
1.5.  191S,  timber  inspectors  on  the  staff  of  the  manager  of 
treating  plants  for  the  systeir.  were  sent  out  to  inspect  ties 
taken  out  of  tracks  by  the  track  forces.  The  latter  are  not 
required  to  hold  these  ties  indefinitely,  but  the  inspectors 
are  instruc'.ed  to  examine  all  such  old  ties  as  they  find  along 
the  right-of-way  at  the  time  of  their  visits. 

Several  objects  are  obtained  by  these  inspections,  although 
the  fundamental  one  is  to  secure  the  maximum  possible 
service  from  the  treated  ties.  Therefore,  the  primary  duty 
of  the  inspector  is  to  ascertain  if  any  ties  are  being  removed 
from  the  track  sooner  than  is  necessary.  Another  object  is 
to  determine  the  ultimate  cause  of  removal.     This  informa- 


tion has  not  been  oblainod  salislaclorily  in  (lie  past  because 
of  the  habit  of  section  foremen  of  reporting  the  cause  in  al- 
most .ill  cases  as  decay.  Thus  it  is  expected  that  the  work 
of  th.  iusi)cclors  will  aftord  valuable  information  on  the  de- 
terioration of  ties  llirou.th  delects  in  the  treatment,  me- 
chanic.U  wear,  improper  handling  or  any  other  causes. 

The  inspectors  were  instructed  from  the  start  that  this 
work  was  not  to  be  conducted  simply  as  a  check  on  the  main- 
tenance forces,  btit  ratlier  in  a  spirit  of  cooperation  or  as- 
sistance, it  being  the  idea  that  Ihe  full  benefit  of  this  system 
of  inspection  cannot  be  obtained  unless  hearty  cooperation 
Is  obtained  from  tlii>  division  forces.  To  this  end  the  motor 
car.s  used  by  the  inspectors  are  provided  with  an  extra  seat 
so  that  the  roadmaster  may  make  the  trip  over  his  sub- 
division with  the  inspector. 

The  roadmaster  is  advised  in  advance  when  to  expect  the 
Inspector  so  that  he  may  readily  arrange  to  accompany  him. 
With  the  r(^admaster  present  the  inspector  can  reach  a  bet- 
rer  understanding  regarding  the  ties  inspected.  Funda- 
meulally  this  affords  an  intimate  contact  lietween  the  road- 
masters  and  the  timlier-treating  department.  wherel)y  the 
difficulties  of  each  c:in  be  discussed. 

A  similar  spirit  of  co-operation  is  maintained  with  respect 
to  the  division  superintendents.  Each  superintendent  is 
sent  a  copy  of  the  inspector's  daily  report  on  his  division, 
and  he  also  receives  copies  of  the  monthly  summaries  of 
Die  daily  reports  of  the  work  on  his  division,  the  monthly 
reports  al.'-o  bring  sent  to  the  chief  engineer,  general  sujier- 
infendent  and  general  manager.  It  is  the  nlna  to  have  these 
inspectois  cover  the  entire  system,  working  continuously. 
The  inspections  cover  all  timber  bridge  materials,  both 
treated   and   untreated,   as   well   as   the  track   work. 

In  190(!  the  Santa  Fe  commenced  treating  its  ties  with 
creosote  by  the  Rueping  process  and  continued  this  practice 
until  compelled  to  return  to  zinc  treatment  in  1914,  on  ac- 
count of  war  conditions,  which  made  it  impossible  to  secure 
creosote  in  sufficient  quantities  so  that  it  could  be  used  in 
treatment  of  ties. 


Successful  Track  Standards  on  Chi- 
cago Street  Railways 

In  l!i07  a  city  ordinance  was  passed  in  Chicago  creating 
a  board  of  supervising  engineers  in  connection  with  the  re- 
habilitati(m  of  the  street  railways.  This  board,  composed  of 
competent  engineers,  at  once  began  the  study  of  improved 
standards  for  track  construction,  realizing  that  this  subject 
was  of  the  utmost  imi)ortance.  Many  large  cities  were  visited 
ana  studies  made  of  various  types  of  construction,  and  as  a 
result  five  standard  types  were  adopted,  and  since  then  have 
been  built  in  varying  amounts.  These  five  types  of  construc- 
tion are  shown  .below.  Early  in  the  investigations  it  was 
discovered  that  a  wood  tie  in  good  condition  is  greatly  pre- 
served when  incased  in  concrete,  and  at  the  present  time  no 
wood  ties  for  the  Chicago  railways  are  treated  in  any  other 
way.  The  zinc-chloride  process  was  tried  but  found  to  be 
unsatisfactory  on  account  of  the  chemical  galvanic  action 
which  very  rapidly  corroded  and  ate  up  the  rail  spikes. 

As  will  be  noticed  in  the  illustration  the  granite  block 
paving  between  the  rails  is  generally  standard.  After  some 
experimenting  it  has  been  found  best  to  lay  these  blocks 
on  a  bed  of  dry  mortar  consisting  of  1  part  of  Portland 
cement  and  .3  parts  of  torpedo  sand,  spread  to  a  depth  of 
1%  in.,  then  filling  the  joints  with  a  wet  grout.  Enough 
water  from  this  grout  passes  through  to  the  cushion  of  dry 
mortar  so  that  the  latter  sets  up  and  holds  firmly  the  pav- 
ing blocks.  This  practice  is  in  accord  with  modern  prac- 
tice in  ordinary  granite  l:lock  sheet  paving,  and  is  consid- 
ered the  best  means  of  providing  a  waterproof  pavemerit. 

As  far  as  can  be  determined  at  present  these  types  of 
track  construction  promise  to  give  long  life  and  good  service, 
and  in  the  11  years  since  adoption  no  changes  have  been 
found  necessary. 

A  recent  issue  of  the  "Electric  Railway  Journal,"  from 
which  the  illustrations  and  data  in  this  article  were  largely 
taken,  states  that  92  per  cent  of  the  track  in  Chicago  is  of 
this  standard  construction,  about  58  per  cent  being  Type  2A, 
and  about  27  per  cent  being  Type  3. 
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nania^o  to  Rail  by   Flat  Spots  on 
Freight  Car  Wheels 

A  »lecld«><l  ilitlcii'Ui  I'  ni  niiiiiioii  lias  iliniMopoil  reooiitly  be- 
twi'on  ll:e  Truck  I'omiiiitlfi'  of  the  Ameriran  Railway  Kngi- 
n»'oriiiK  AssDi-talion  and  ihe  Master  Car  liulliiers'  Association 
as  to  th.-  ailvisnblllty  ol  roiluiing  the  allowable  length  of 
lint  upots  on  lur  whcfls  The  track  coM\nilttee  presents  its 
sldo  of  the  mutter  as  follows: 

Forty  years  ago.  In  ISTS.  when  the  average  freight  car 
wheel  load  was  but  S.L'.">ii  lbs.,  tho  Master  Car  Duilders'  As- 
sociation IlNed  the  allowable  limit  of  Hat  spots  at  i;^  in., 
nod  althoiiKh  wheel  loads  have  increased  to  IS.T.'jO  lb.  (100,- 
00Mb.  capacity  car)  and  as  high  as  ;!O,iH)0  lb.,  and  the  speed 
of  trains  Is  now  much  meater.  the  present  Master  Car  Build- 
ers' nilP'?  retain  the  allowable  limit  at  2%  in. 

The  impact  from  a  flat  spot  under  the  modern  heavy  car 
is  many  times  greater  than  the  impact  from  the  car  of  18TS. 
when  the  present  -^-in.  limit  was  lixed.  due  to  much  higher 
speeds  and  the  fact  that  the  maxinuim  wheel  load  is  now 
nearly  four  times  heavier  than  In  1S78.  Actual  tests  have  in- 
dicated tliat  a  2U-in.  flat  spot  delivers  a  serious  blow  to  the 
mil. 

Sixteen  railroads  a^gregating  ol.OOO  miles  of  line  reported 
to  the  committee  as  favoring  a  decrease  in  the  present  of 
•.'V4  in.;  this  included  three  roads  which  reported  several 
hundred  rail  failures  d'-.e  wholly  to  2»A  in.  flat  spots  on 
wheels.     Commenting  on  this  subject  the  committee  reports: 

It  is  a  fact  that  rails  are  broken  by  flat  spots,  though  spe- 
clHc  cases  have  been  difficult  to  cite,  because  often  the  rail, 
while  badly  danviged.  may  not  break  until  some  time  after 
the  passage  of  the  flat  wheel. 

The  reduction  from  2^2  in.  to  IVi  in.  would  not  be  very  ex- 
pensive, for  the  reason  that  very  few  additional  car  miles  can 
be  obtained  before  a  1%  in.  flat  has  become  2%  in.,  and, 
further,  the  greatest  damage  to  the  track  occurs  while  the 
wheel  is  making  these  last  fev.-  miles. 

Ordinarily,  wheels  having  2%  in.  flat  spots  are  removed 
from  the  axle  and  scrapped,  ■whereas  if  the  limit  were  fixed 
at  11.2  in.,  it  would  be  possible  to  reclaim  such  wheels  and 
replace  them  in  service  by  grinding  out  flat  spots  without 
removing  wheels  from  the  axle  and  at  a  cost  of  about  J0.60 
per  pair.  Grinding  is  being  done  with  excellent  results  on 
a  number  of  roads  and  is  recognized  by  authorities  as  good 
practice,  provided,  of  course,  that  the  wheel  has  not  been 
burned  during  the  process  of  flattening.  Therefore,  a  re- 
duction of  the  allowable  limit  from  2%  in.  to  Wz  in.  would 
not  only  lessen  the  impact  and  damage  to  the  rail,  but  should 
prove  economical  from  the  standpoint  of  service  in  life  of 
wheels. 

While  it  is  true  that  the  strength  and  stiffness  of  rails  has 
more  than  doubled  (if  we  assume  GO  lb.  and  100  lb.  A.  S.  C.  E. 
section  as  the  standards  of  1878  and  1917  respectively)  and 
as  contended  by  tiie  Master  Car  Builders'  Association  has 
almost  kept  pace  with  increasing  wheel  loads,  it  is  a  fact 
that  this  added  stiffness  of  the  rail  and  track  structure 
actually  augments  the  impact  from  a  flat  wheel,  and  this  is 
especially  true  in  winter.  Recent  tests  on  the  Pennsylvania 
R.  R.  show  that  the  average  load  from  a  flat  wheel  recorded 
on  frozen  roadbed  was  from  15  to  25  per  cent  greater  than  in 
warm  weather  tests. 

Increasing  the  rigidity  of  the  track  structure  reduces  the 
distance  in  which  a  rail  may  deflect  and  absorb  the  energy 
of  a  blow  from  a  flat  wheel  and  consequently  increases  the 
impact. 

There  seems  to  be  a  misconception  as  to  the  meaning  of 
the  term  "impact."     For  example: 

A  given  blow  from  a  hammer  will  not  affect  a  nut  placed 
on  a  soft  rubber  mat,  but  will  crack  a  nut  placed  on  an  anvil, 
yet  the  striking  blow  is  the  same  in  both  cases. 

In  other  words,  "impact"  is  something  more  than  a  "sud- 
denly applied  load"  and  must  take  into  account  the  inertia  of 
the  resisting  mass,  deformation,  etc. 

The  track  committee  has  been  informed  by  the  executive 
committee  of  the  Master  Car  Builders'  Association  that  it 
■was  unanimously  of  the  opinion  that — 

(a)  Although  maximum  oiir  capacity  has  greatly  increased, 
there  has  been  a  corresponding  increase  in  the  strength  and 
durability   of   cars   and    rails,   so    that   relatively   the    2''^-xti..' 
limit  remains  quite  safe. 

(1 


(111  The  corners  of  a  'J'.oin.  tlm  spot  soon  become  rounded 
so  thill  the  actual  impact  therefrom  is  much  less  than  the  the- 
oretical; also  the  force  of  the  blow  is  greatly  diminished  by 
the  elasticity  of  car  springs  and  roadbed. 

(c)  The  reduction  of  the  limit  would  mean  tremendous 
expense  tor  changing  and  scrapping  flat  wheels,  and  for  these 
reasons  the  Master  Car  Builders'  Association  has  steadfastly 
refused  to  consider  suggestions  from  the  American  Railway 
Kngineoring  Association  that  the  allowable  limit  be  reduced. 


Methods  of    Making  Primers  with 
Electric  Blasting  Caps 

Primers  slmuld  lie  careluUy  made:  To  insure  the  com- 
plete detonation  of  the  explosive;  to  keep  the  detonator 
from  pulling  out  of  the  explosive;  to  guard  against  moisture; 
to  permit  easy  and  sate  loading  of  bore  holes.  The  follow- 
ing methods  of  making  primers,  reprinted  from  a  recent 
circular  of  the  du  Pont  Co.,  have  proved  to  be  safe  and  re- 
liable; 

Priming  in  the  Side  of  Cartridges. — For  priming  a  car- 
tridge in  the  side,  a  hole  is  punched  about  1  in.  or  1%  in. 
from  one  end  of  the  cartridge,  and  pushed  in  and  toward  the 
other  end,  so  that  when  Ihe  electric  blasting  cap  is  inserted 
it  will  be  as  nearly  parallel  as  possible  to  the  sides  of  the 
cartridge.  It  should  never  be  punched  straight  through  the 
cartridge,  as  such  a  hole  would  not  place  the  electric  blast- 


Three  Safe  and  Reliable  IVIethods  of  Making  Primers. 

ing  cap  in  the  proper  position  for  detonating  the  explosive. 
A  cap  placed  in  such  a  hole  could  be  easily  displaced  or  in- 
.iured  in  loading.  The  correct  location  and  angle  is  shown 
in  Fig.  1  The  hole  should  be  deep  enough  to  receive  the 
entire  copper  shell  of  the  electric  blasting  cap.  The  cap  is 
then  slipped  into  the  hole  and  securely  fastened  by  means 
of  a  cord  tied  around  both  the  wires  and  the  cartridge,  as 
indicated  in  Figs.  2  and  S.  This  method  of  priming  in  the 
side  has  the  advantage  of  leaving  more  space  for  placing 
the  tamping  stick  on  the  primer,  but  it  cannot  be  used  in 
such  small  holes  as  can  the  end  primers  on  account  of  the 
■wires  lying  alongside  the  cartridge,  and  thereby  increasing 
the  total  diameter.  It  does  not  place  the  detonator  in  quite 
so  good  a  position  as  priming  in  the  end. 

Priming  in  the  End  of  Cartridges. — Punch  a  hole  straight 
into  the  end  of  the  cartridge  to  a  sufficient  depth  to  receive 
all  of  the  copper  shell  of  the  blasting  cap  and  fasten  it  there 
by  means  of  a  cord  tied  first  around  the  cartridge  and  then 
around  the  wires,  as  shown  in  Figs.  5.  6  and  7.  This  is  an 
easily  made  and  highly  satisfactory  primer.  Priming  in  the 
end  has  the  advantage  of  placing  the  electric  blasting  cap 
in  the  best  possible  position  for  detonating  the  explosive 
used;  but  it  sometimes  has  the  disadvantage,  especially 
when  the  bore  holes  are  small,  of  not  leaving  sufficient  room 
to  place  the  tamping  stick  on  the  primer  to  slip  it  into  place 
in  the  bore  hole. 

An  Excellent  Method  of  Making  Primers. — Punch  a  hole 
from  the  center  of  the  end  of  the  cartridge  in  a  slanting  di- 
rection so  that  it  will  come  out  at  the  side  2  or  3  in.  from 
the  end.  Insert  the  end  of  the  double-over  wires  of  the  elec- 
tric blasting  cap  and  loop  these  around  the  cartridge.  Punch 
another  hole  in  the  top.  a  little  to  one  side  of  the  first  hole 
and  straight  down.  The  capsule  is  inserted  in  this  last  hole 
as  far  as  possible  and  the  slack  taken  up  on  the  wires.  The 
result  is  a  primer  where  the  wires  do  not  cross  each  other 
at  any  point,  and  the  capsule  is  lying  nearly  along  the  cen- 
ter line  of  the  cartridge,  and  the  primer  hangs  vertically,  so 

■    that  it  is  possible  to  load  it  in  the  bore  hole  without  its  lodg- 
ing against  the  sides. 
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Electrification  of  Steam  Railroads  Street    Railway    Tracks    Without 

The  following  tabulation   is   taken  from  the  report  of  the  1  ICS 

Committee  on  Electricity  of  the  American  Railway  Engineers'  The   practice   of   British   engineers   in   the   construction   of 

Association,  submitted  at  the  recent  convention  of  the  asso-  street   railway    track   is   considerably   different  from   that   in 

elation:                                    .  the  United  States.    As  an  instance  of  this  the  city  track  con- 

lor.ECTRIFIED    RAILWAYS  IN    THE    UNITED    STATES. 

1917.  miles  Kind  of  ser-                                          Kv.h  .  1917,  at      Reasons  for  not 

Line.                                                                            electric              Trolley  vice,  passenger             Power               pow^r  house             usinfr  water 

track,                voltage.  and  freight,                from,                  for  trains.                    power, 

Pennsylvania  R,   ft,.  New  York 97                      650  DC  Pa.'senger                   ^oal                    64,290.stO            None  available' 

Long  Island  R,  R.,  New  York 208                      650  DC  Passenger                    Coal                    97,382,970             None  available 

Pennsvlvania  R,  R.,  Philadelphia 35                 ll.OOO  AC  Passenger                    Coal                    23,100.360             None  available 

W,  J,  &  Seashore 150                      650  DC  Passenger                    Coal                    32,825,600            None  available 

Grand  Trunk  Ry 12                   3.300  AC  Pass,  and  F,               Coal                     3,913,300            None  available 

Northern  &  Western  Rv 30                 11,000  AC  Freight                          Coal                    56.651,700            Coal  cheaper 

New  York  Central 253                      650  DC  Passenger                    Coal                  102,585,000             None  available 

N.  Y.,  N,  H.  &  H,  R,  R 530                 11.000  AC  Pass,  and  F.               Coal                    90,500,000             Some  water  pr. 

Michigan  Central  R,   R.,   Detroit 25                     650  DC  Passenger                   Coal                    7,431,000            None  available 

Hoosac   Tunnel    21                 11,000  AC  Pass,  and  F.              Both                     7,727,000 

Baltimore  &  Ohio,  Baltimore S                     650  DC  Pass,  and  F.              Water                  6,200,230 

Chicago,  Milwaukee  &  St.  Paul  R,  R 600                   3,000  DC  Pass,  and  F.              Water              124,600,000 

B,,   A    &   Pacific 90                  2,400  DC  Freight                         Water                2.'!  408,270 

Erie   (Rochester  Division)    38                11.000  AC  Passenger                    Water                  1,894,860 

Great    Northern    10                   6,600  AC  Pass,  and  F.              Water                  4,080.000 

Southern  Pacific   138                   1,200  DC  Passenger                    Water                27,844,000 

Total    2.365  675,000,000 

The  committee  calls  attention  to  the  following  facts  and  struction  at  Leeds  is  taken  as  a  typical  example,  and  some 
statements  of  record:  details    originated    by   Mr.   R.   B.    Holt,   until   recently   Engi- 
Direct   Saving   of  Fuel    by   Electric   Operation. — A  concrete  ueer  of  Highways  and  Permanent  Way  in  that  city,  are  de- 
example   of   fuel   saving   by   the    substitution   of   electric   for  scribed  in  a  recent  issue  of  the  Electric  Railway  Journal, 
steam   operation    where   comparable    statistics    are   available  The   track  construction  consists   of   concrete   laid   tor   the 

.     ^.        ,     »  .„     ..          ~  .,      ,",v,-            HIM        1 o    ot    T3.;.,i  i'lill  \\idth   of  the  track  for  locations   where   the   subsoil   is 

is  the  e  ectnfication  ot   the  Chicago,  Milwaukee  &   St,  Paul  a  \      ^  ^     a     ■        mv,-                *•         -lo.-         a 

clayev  and  hard  to  drain.  This  concrete  is  a  1:2:4  mix  and 
R.  R.  between  Avery,  Idaho,  and  Harlowton,  Mont,,  a  dis-  jg  g  in.  thick  except  at  the  rail  anchorages  (1.5  ft,  apart) 
tance  of  440  miles  and  comnrising  an  electrification  of  GOO  .jvhere  it  is  12  in,  in  thickness.  Except  at  these  anchorages 
miles  of  track.  During  1917.  124,000,000  K.W.H,  (equivalent  .j^^  ^^^y  l,aj,„s  ^^.^  embedded  in  a  granite  chip  packing  grout- 
to  approximately  3.900,000,000  ton  miles)  were  generated  by  ^f,  ^yjtj,  ^^^^^  ^^  g^^g  patented  compound.  Between  the  con- 
water  power  for  the  operation  of  trains.  Eased  upon  actual  ^rete  sub-base  mentioned  above  and  the  paving  bed  there 
records  taken  prior  to  electrification,  220,000  tons  of  coal  jg  ^,3^^  ^  moist  mortar  laver  2V,  in.  thick  of  a  1:4  mix.  The 
and  4,-.3,000  bbis,  of  oil  (equivalent  to  a  total  of  350,000  tons  y,.i„  paving  bed  for  the  granite  block  paving  is  also  of  this 
of  coal)  were  burned  under  locomotives  for  an  equivalent  „,r.ist  mortar,  which  when  once  it  has  set.  tends  to  prevent 
steam  service.  In  1917  there  were  2.3G5  miles  of  steam  rail-  ,^..,pr  from  getting  under  the  loosened  rails  or  paving. 
road  under  electric  operation  in  the  United  States  and  it  has  r^^^  y.j^  105.1^.  rail  used  in  Leeds  in  a  special  design  reg- 
been  reported  to  the  committee  that  during  the  year  there  igtered  by  Mr.  Holt.  Its  web  is  llrt  in.  thicker  than  the  web 
were  075,000,000  K.W.H.  generated  for  the  operation  of  trams  ^f  t,,g  British  standard  rail  ot  equal  weight  and  is  directly 
over  these  electrified  tracks.  Applying  the  figures  obtained  beneath  the  center  of  the  rail  tread.  The  tread  is  convex 
from  steam  and  electric  operation  ot  the  Chicago,  Milwau-  3,^^  jg  inclined  toward  the  groove,  the  convexity  and  inclina- 
kee  &  St,  Paul  R,  R,  to  all  of  the  roads  electrified,  would  ,j^„  arrived  at  being  the  result  of  hundreds  of  gagings  of 
result  in  a  saving  of  1,890,000  tons  of  coal  per  annum,  had  it  partlv-worn  rail  and  wheel  tire  sections.  In  this  form  of  the 
been  possible  to  produce  all  of  this  electrical  energy  by  water  „.„afi.  Mr.  Holt  anticipated  the  design  ordered  by  the  Brook- 
power,  ]y„  Rapid  Transit  Co,  in  1915,  although  his  reason  for  want- 

A  concrete  example  of  fuel  saving,  where  coal  is  used  to  j^g  ^  ppjjgj  tj.ea(i  is  not  the  same.     It  will  be  recalled  that 

generate  electric  power,  is  furnished  by  the  Norfolk  &  West-  0^^   Brooklyn  section   was  changed  in  order  to  reduce  such 

ern  electrification  of  about  90  miles  of  track  between  Blue-  corrugation   as    seemed   due   to    over-stressing   the   metal   in 

field  and  Vivian,     During  the  year  1917  there  was  generated  ^^e   rail    tread    because   of   insufl^icient   areas   of   contact   be- 

56,652,000   K.W,H,   for   the   operation   ot   trains,  using   87,100  tween  wheel  and  rail.    In  Leeds,  the  change  was  made  to  in- 

tons   of   coal   at   the   power  house.     Based   upon   records    of  g„,.p  longer  life  and  better  traction  qiute  regardless  of  any 

coal   consumption   on   steam   locomotives   on   the   Norfolk   &  o^p  factor  of  destruction.     It  is  not  asserted  in  Leeds  that 

Western,   147,600   tons   of   coal   would     be     required   for   an  ff,„  particular  curvature  used  there  should  be  universal,  be- 

equivalent  steam  service.     Applying  a  similar  saving  to  the  ^.a^gg   differences  in   rolling  stock,  bi-ake  rigging  and  brake- 

2,365  miles  of  electrified  steam  railroads  would  show  a  sav-  shoes,  characteristics  of  rail  and  wheel  metal,  etc.,  must  all 

ing  of  720,000  tons  of  coal  per  annum  if  all  electric  energy  i.iave  some  ititluence  in  the  determination  of  the  most  efficient 

had  been  generated  by  steam  power  plants.  curvature  or  tread-to-tread  contact  on  a  .given  railway.    More 

Amount  of  Water   Power   Available. — The   total   developed  than  7.000  English  tons  of  this  section  have  been  laid  since 

water  power  of  the  United  States  is  reported  by  the  Secre-  January.  1910,  at  Leeds.     No  extrusion  of  metal  has  been  ob- 

tary   of  Agriculture   in   1916   as   6.500,000   IIP.    The   undevel-  served  to  date  although  as  many  as  2.000.000  cars  averaging 

oped  water  power  is  reported  in  Senate  Document  31G,  dated  11  English  tons  each  empty  and  15  loaded  have  passed  over 

1916,   as   53,900.000    HP,,   of   which   39,200,000    HP,   is   within  one  route  so  equipped, 

the  limits  of  the  Rocky  Mountains  and  Pacific  Coast  States,  The  rails  are  helped  to  stay  to  gage  by  means  of  3-in,  x 

Calvert   Townley    in   a   statement   to   a   committee   of   the  l^t-in    tie  bars  or  rods  spaced  3  ft.  6  in.     The  standard  rail 

United  States  Chamber  of  Commerce,  Jan,  14,  1918,  made  in  connection   is   the   theimit   weld,   some   20,000   welds   having 

behalf    of    the    Engineering    Council,    calls    attention    to    the  been  made  in  I>eeds  since  1902.    In  fact,  Eeeds  was  the  first 

fact  that  the  Federal  Government  still  retains  as  proprietor  big  undertaking  to  apply  thermit  for  the  elimination  of  the 

more   than  two-thirds   of  the  total   area   of  the   13   Western  joint,  and  it  has  adopted  every  improvement  which  seemed 

states  in  which  the  bulk  of  the  undeveloped  water  power  is  depirable  as  found  by  its  own  experience  or  the  experience 

located.     If  any  parts  of  the   public   lands    are    needed   for  of  others, 

reservoirs,   dams,   transmission   lines,   etc,   a    permit   of   the  The  Leeds  system  is  one  of  the  first  users  of  the  Sandberg 

Secretary  of  the  Interior  is  required,  which  is  recoverable  at  "Sorbitic"  process  of  hardening  the  head  of  a  rail  in  place, 

any  time,  without  cause.     Other  water  powers  are  on  naviga-  The   first   installation    was   2,400   ft.   in   length.     In   the   two 

ble  streams  and  require  an  act  of  Congress  for  their  devel-  years  elapsing  since  then,  more  than  250,000  cars  have  run 

opment,     A  revision  of  the  laws  is  under  consideration.    Out-  over  the  hardened   rail,  yet  Mr.  Holt  found   no  evidence  of 

side   of  the   western   water   power   states   and   the   territory  wear.    Better  still,   the  incipient  corrugations  in  the  rail   at 

tributary  to  Niagara,  water  power  generally  should  be  de-  the  time  the  hardening  process  was  applied  have  since  dis- 

veloped  with  auxiliary  steam  power.  appeared. 
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Management  and  Office  System 

This  section  is  published  twice  a  month:  ( 1 )  In  the  Waterworks  and 
I  lydrauhc  Monthly  issue,  and  (2)  in  the  Railway  and  Excavation 
Monthly  issue.  It  covers  what  may  be  broadly  termed  "management 
engineering"  as  applied  in  the  civil  engineering  and  construction  fields. 


The   Cost   Accounting    System   of 

Construction  Division, 

U.  S.  Amiy 

By  C.  W.  riNKKRTON. 
Fi'rmcrly  tVst  KiikIiuht  t':imi>  HoiiurcKHiil.  Iji. 

Tilt  bnsis  or  the  cost  ucroiintii\g  system  usi-d  by  tho  Con- 
slruction  Division  of  the  United  States  Army  ilurinK  the  re- 
cent period  of  rapid  buildins  of  cantonments,  depots,  hos- 
pitals, termini.ls.  etc.,  is  the  forfmun's  daily  report  blank, 
KiK.  1.  The  foreman  tills  out  only  the  left  half  of  the  card, 
which  Is  nsed  for  all  labor  and  team  service. 

When  this  report  reaches  the  oflice  it  Koes  first  to  the  pay- 
roll clerk,  wiio  makes  his  entries  therefrom  preparatory  to 
making  up  the  payroll.  The  report  then  goes  to  tlie  cost  de- 
partment. After  it  has  been  passed  by  the  payroll  clerk  to 
the  cost  department,  no  change  can  be  made  on  the  payroll 

without  having  a  corresponding  change  on  the  

foreman's   report   involved. 

The  cost  department  examines  the  report  to 
see  Uiat  all  needed  information  is  given  there- 
on. Reports  having  insufficient  details  are  sent 
back  to  the  foremen  for  correction. 

FYom  the  details  furnished  by  the  foremen. 
the  cost  clerks  make  the  extensions  on  the 
right  half  of  the  card  and  carry  the  totals  to 
their  own  books.  The  form  of  these  books  is 
left  to  the  Cost  Engineer  on  each  job  to  design 
for  himself,  and  as  the  writer  has  seen  none 
which  he  does  not  consider  too  cumbersome 
none  is  reproduced  herewith.  A  simple  reca- 
pitulation sheet  in  a  loose  leaf  binder  will  serve 
the  purpo.se. 

Only  one  job  can  be  reported  on  one  card 
and  each  foreman  is  required  to  fill  out  as 
many  cards  as  the  number  of  jobs  on  which  he 
works  during  the  day. 

At  the  same  time  the  building  inspector  turn.s 
in  daily  the  form  reproduced  as  Fig.  2,  slinw- 
ing  the  percentage  of  work  done  on  various 
items  in  the  buildings  under  his  charge.  The 
card  provides  places  in  which  he  may  check 
progress  under  columns  headed  Vi.  Vz.  %,  4  4; 
or  instead  of  checking  these  he  may  give  the 
percentage  done  in  figures.  Only  one  kind  of 
building  may  be  reported  on  one  card. 

Quantities  are  determined  by  the  engineers 
on  the  job.  The  quantity  of  work  accomplished 
or  completed  during  the  current  week  and  the 
total  to  date  may  be  obtained  by  two  methods: 
(a)  the  determination  of  the  total  quaiitities  to 
dale  and  the  subtraction  therefrom  of  the  quan- 
tities reported  to  date  as  of  the  close  of  the  previous  week; 
and  (b)  the  determination  of  the  quantities  of  work  from  the 
point  or  line  of  completion  as  of  the  close  of  the  previous  week 
and  the  addition  thereto  of  the  quantities  previously  reported. 
The  first  method  is  generally  preferable  as  it  serves  as  a 
check  against  the  reporting  of  excess  quantities. 

L'pon  the  completion  of  a  project  the  engineers  prepare  a 
report  showing  the  special  conditions  of  labor,  weather  and 
all  particular  difliculties  enco\intered.  In  reporting  labor  unit 
costs,  any  which  are  particularly  low  or  high  are  commented 
upon. 

Prom  the  summaries  of  data  obtained  the  foremen's  re- 
ports together  wirh  the  estimates  and  the  progress  reports  of 
the  building  inspectors,  the  cost  engineer  prepares  on  the 
form  shown  as  Fig.  :j  his  weekly  report  of  labor  unit  costs. 

(1 


Till'  forms  (Figs.  1!  and  .i)  are  used  for  all  typical  canton- 
inenl  i)uildin,^s.  Two  similar  forms  are  used  for  general  con- 
struct iiui  work  in  addition  to  the  above  and  are  provided  with 
tho  classilicalion  shown  in  the  center  of  the  right  half  of  the 
lornier  (Fig.  1).  These  last  cards  are  used  only  where  large 
quantities  of  the  work  described  by  the  classifications  thereon 
are  involved. 

An  effort  was  made  to  adopt  a  system  which  would  not  |JUt 
a  burden  on  the  Held  forces  and  which  would  not  require 
great  expense  for  an  organization.  It  was  felt  that  on  each 
project  the  field  forces  should  consist  of  a  cost  engineer,  a 
quantity  estimator,  and  a  cost  clerk.  The  duties  of  the  cost 
engineer  w-ere  to: 

(al  Have  general  oversight  of  the  field  and  of  the  unit 
labor  cost  program, 

(b)  Instruct  the  foreman  in  the  filling  out  of  form  1901, 

(c)  Analyze  the  unit  labor  costs, 

(d)  Determine  the  causes  for  excessive  costs,  and 

(e)  Recommend  to  the  Construction  Quartermaster  the  rem- 
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Fig.    1 — Foreman's   Daily    Report    Blark. 
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edy  therefor. 

In  addition  to  this,  the  cost  engineer  was  given  a  certain 
authority  over  time  keepers,  mateiial  checkers,  invoice  clerks 
and  )uirchasing  department  employes  to  see  that  the  data 
needed  by  him  were  promptly  and  accurately  furnished.  He 
was  allowed  to  use  the  time  keepers  and  time  checkers  for  the 
IHirpose  of  returning  for  correction  any  reports  on  which  an 
insufficient  or  questionable  description  of  work  appears. 

The  classification  of  buildings  worked  out  by  the  Cost  Ac- 
counting Division  for  comparison  of  costs  of  buildings  of  the 
same  type  is  being  adopted  by  a  number  of  contractors  who 
have  seen  it.  with,  of  course,  such  changes  as  bring  it  within 
the  needs  of  each  contractor.  This  classification  consists  of 
a  series  of  primary  numbers  and  another  series  of  secondary 
numbers. 
14) 
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The  primary  classification,  series  200  and  upwards,  is  used 
to  show  the  item  of  construction  on  which  it  is  desired  to 
keep  costs.  Each  primary  account  number  represents  the 
same  item  of  work  or  subdivision  of  the  project,  wherever 
used,  regardless  of  appropriation,  location,  or  contract. 

The  second  classification,  series  1  to  150  inclusive,  is 
used  to  show  the  various  kinds  of  work  done  under  the  items 
of  the  primary  classification.  Each  secondary  account  num- 
ber represents  fhe  same  kind  or  character  ot  work  regardless 
of  otiier  details. 

The  primary  classification  must  always  be  used  in  connec- 
necfion  with  the  secondary  classification.  For  example,  if  the 
building  b<iing  constructed  carries  the  primary  classification 
account  No.  201  and  it  is  desired  to  charge  plumbing  (second- 
ary classific.iion  No.  IS)  against  that  building,  the  cost  dis- 
tribution would  be  201-18. 

The  classification  follows: 


niit    includh^    rciiiforciiiK    l<'i' 


b — Sprinkler  system. 

c — Fire  alarm  sj'steni. 
41     Miscellaneous    iron    work    (doe 

concrete). 
65b  Poors,   steel  or  tire  door.s. 
69     Kountlation.s  lor  machinery    (cost    to   be   collected   under   this 

account    only    when    extra    foundations    are    placed    to    ac- 

cointnodate    machinery    and    should    not    be    confused    with 

7a  and  7h). 
Sfia  Tanks,  steel  (to  be  used  foi-  t^asoline  pump  station). 

The  weekly  total  cost  report  is  prepared  on  the  form  illus- 
trated as  Fig.  4.  In  this  form,  under  column  for  accounts  is 
typewritten  the  list  of  needed  account  numbers  in  accordance 
with  the  classification.  Opposite  the  nfimber  the  description 
of  the  work  and  the  numhei-  of  buildings  with  dimensions 
sh'iuld  be  placed,  as 

"702 — Two   Story   Frame   Hospitals    (0|    — "x— "— " — " 


Primary 
Acct. 
No. 

2ni 

202 

203 

204 

206 

207 

208 

20n 

210 

211 

212 

213 

214 

215 

216 

217 

21S 

21!) 

220 

221 

222 

223 

224 

225 

226 

227 

228 

231 

232 

233 

234 

235 

23G 

237 

239 

246 

401 

402 

403 

404 

405 

502 

701 

703 

704 

705 

816 
1035 
1506 


Type  or  Class  of  Construction. 
66    men   barracks.    30  ft.  x  60  ft. 
Two-story  buildings.  20  ft.  wide. 
Two-story  buildmgs.  30  ft.  wide. 
Two-story  buildings.  43  ft.  wide. 
Types  G.  &  H.  offlcers'  quarters. 
Lavatories. 
Latrines. 
Showers. 
Post  office. 
Detention  buts. 
Assembly  halls. 
Store-houses,  60  ft.  wide. 
Two-story  warehouse,  72  ft.  x  116  ft. 
Magazines. 
Shop.'!.  36  ft.  wide. 
Blacksmiths  shops. 
Closed  stables.  24  ft.   wide. 
Cijen  stables.  24  ft.  wide; 
Open  sheds,  29  ft.  wide. 
Hay    sheds. 
Watering  troughs. 
Feed   troughs. 
Hay  racks. 
Lioading  platforms. 
Dipping  tanks. 
Fences   and    gates 
Flooring  and  framing  for  tettts. 
65  ft.  wide  garages. 
Fire  stations. 
Grain   storage  elevator. 

Motor  and  service  station  and  repair  -shops. 
Repair  shops,  60  ft.  wide, 
lecture   halls.   120  ft.  x  167  ft. 
Drill  balls.  200  ft.  x  300  ft. 
Coffee'  roasting  i>lant. 
Delousing  plant. 
Ice  an-i  cold   storage  plants. 
I.aundry  buildings. 
Bakery  buildings. 
Incinerators. 
Reser\'<'\tion  fences. 
Library  theater. 

Ho.-ipital  building  (one  story  frame). 
.\II  two-story  masonry  and  frame. 
All  other  buildings 
<'onnerting  ''orridors. 
Well  houses. 
Power  house. 
Co.aI    trestle. 
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2 — Form   Used   by    Inspector  for  Reporting   on   Work   Done 
on   Various   Items  in   Building   Under  His  Charge. 

.\c-tiial   si/.e   <-)f    form:     iV2  in-  x  >^^^2  in. 


Secondary  Classification  to  cover  details  of  con- 
struction   used    in   connection    with   the    Primary 
Classification. 
Secondary  ' 

Acct.  Fig. 

No.  Details. 

3     Kxcavation  and  backfill. 
7a  Foun<lati<ms,  masonry,  and 

7b  Foundations,  steel  (these  accounts  to  be  used  only  if  building 
is  very  large  or  will  house  heavy  machinery  and  equiji- 
ment). 
9  Concrete  (can  he  used  for  concrete  piers,  floors,  etc..  or 
when  large  quantities  of  concrete  are  poured.  State  why 
account  is  used.  i.  e.:  Concrete  pier.s,  and  Hoors,  concrete 
walls,  etc.). 
15     Carpentry. 

a — Foundation  posts  (wood). 

b — Framing  and  erecting  luinber  (2  in.  thi<'k  and  over). 
c — .Sheathing  (including  siding,  flooring,  roof  sheath). 
d — Setting  frames  for  doors  and  windows, 
e — Setting  doors, 
f — Setting  sa,sh. 
g — Interior  trim. 
37     Screening. 
.53     Wallhoard. 
42     Hoofing  (state  kind). 
17     I'ainting. 
)8     Plumbing. 

19  Ranges  and  kitchen  equipment. 

20  Heating,  stoves. 
23     Sheet   metal   work. 

25     I'.lastic  lighting,  interior. 

33  Tile  (used  for  walls,  partitions,  etc.) 

34  .St met uraL  steel    (used    only    in    larf 
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39 


.Structural    slet 

structi'on). 
Permanent  machinery  or  etiuipment. 

a — Pumps  and  piping. 

h — Engines. 

d— Boiler  l;ouse  equipment. 

f— Switchboard. 

k — Miscellaneous  equiprnent  or  maciiinery 
Fire  protection. 

a — Fire  apparatus 


structural    steel    con- 


3 — Forr^i    for    Weekly    Report    of    Cost    Engineer   on    Labor 
Unit  Costs. 

Actual   size   of    form:     4^2  in.  x  8^^^  in. 

Below    this   line    the    proper   sub-heading   or   secondary    num- 
bers, as 

3     Excavation. 

15b  Framin,'C. 

15c  Sheathing. 

Lie  Settmg  doors. 

53     Wallboard. 

IS     Plumbing,  etc. 

Transfer  the  distribution  of  payrolls  under  labor  column, 
and  materials  and  supplies  under  material  and  supplies  col- 
umn on  the  cost  forms.  The  five  totals  as  shown  at  end  ot 
cost  accounting  classification  schedule  as  furnished  by  the 
cost  department  are  self-explanatory. 

A.  Total  direct  co.st  is  totals  of  form   ( F'ig.  4). 

B.  Total  indirect  cost  is  totals  of  form  (Fig.  5)   transferred. 

C.  Total  cost   is  totals  of  direct   and  indirect  cost. 

L>.  L'npaid  wages.  This  shall  Vie  deducted  from  labor  .and  total 
columns. 

E.  And  the  balance  shall  rtiunl  K.  or  total  vouchers  paid.  This 
must  check  with  total  disbursement.s  as  of  pay  roll  clos- 
ing date. 

The  material  entries  are  for  totals  paid  during  the  week. 
not  for  the  value  of  the  materials  used  in  connection  with 
the  labor  entries. 

The  revised  estimate  when  properly  kept  up  on  the  basis 
of  costs  to  date  is  oric  of  the  most  valuable  features  of  the 
system.     Immediately    U))on    receiving    an    authorization    foi- 
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new  work  tho  l•on^t^Ul•llll^  iiiiiiitormasU'r  liiis  an  estlmato  of 
work  nmilf  i»m'  currloil  out  in  this  column  in  llio  ilotnll  re- 
ijulrod  for  cost  Jlstributlon,  showlnK  quanliHes  and  unit  estl- 
niutiJ  costs.  h>irtluT.  as  the  work  prosressos,  and  tlio  coat 
of  till'  work  has  not  been  nnlL-lpatoil,  a  revised  estimate 
■hould  be  made  to  suppliint  the  original.  In  this  way,  know- 
Ins  the  percentage  of  completion,  the  constructing  qunrter- 
niMter  has  before  hiiu  a  detulled  statement  of  his  estimates. 
No  unit  costs  arc   ■ ■■•''  to  be  given  weekly  on  small 


at  the  site  of  the  Job.  arc  chargid  to  tho  overhead  account 
and  not  to  tho  job  on  which  the  luatcrial  is  to  be  used.  Any 
oxpeuso  incurred  in  coniieclion  witli  the  distribution  of  plant 
and  materials  after  delivery  has  been  made  to  the  site  of  the 
job  on  which  they  are  to  bo  used  is  charged  direclly  to  the 
operation  for  which  the  nuUeriuls  are  intended.  An  example 
of  this  is  the  carrying  of  wallboard  into  a  building  from  the 
place  where  It  was  unloaded  from  wagon  or  truck  at  tlio  door, 
which  is  charged  to  placing  wallboard  in  that  building.     The 
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Form   tor   Weekly   Total    Cost    Report.        Actual   sl/e  of  form:     15  in.  x  21%  in. 

costs  of  l)uildings,  tlierefore,  do  not,  until  the  overhead  has 
been  added  to  the  other  costs,  include  the  item  which  con- 
tractors ordinarily  call  teaming. 

On  the  otlicr  band  all  expense  of  unloading  and  hauling 
materials  re(iuired  for  the  construction  of  pipe  lines,  pole 
lines,  railroads,  roads  and  like  facilities  is  not  charged  as 
above,  but  is  charged  directly  to  the  construction  of  the  facil- 
ity for  which  the  material  is  handled. 

Unless  one  realizes  the  large  number  of  items  included  un- 
der overhead  by  the  government,  the  high  percentage  of  the 
overhead  charge  in  government  cost  reports  is  likely  to  be 
surprising.  This  teaming  item  alone  involves  large  expendi- 
tures. At  Camp  Beauregard,  La.,  the  overhead  was  so  high 
as  to  cause  4S  per  cent  to  be  added  to  the  cost  of  each  piece 
of  work  done.  This  was  not  because  of  extravagance  or 
carelessness,  but  simply  because  of  the  breadth  of  the  classi- 
fication. 

A  complete  list  of  the  items  included  under  overhead,  pro- 
rate and  indirect  charges  appears  on  the  form  Fig.  5.  Ac- 
counts 152,  153,  155,  196  and  197  on  this  form  consist  only  of 
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qunntilies  such  as  concrete  for  foundations  of  frame  struc- 
tures, nor  on  overhead,  prorate  and  Indirect  charges.  Labor 
unit  costs  are  required  on  those  items  of  direct  classifica- 
Uon  which  are  listed  on  the  form  (Fig.  4),  and  which  items 
have  quantities  sumdently  large  to  justify  the  work  Involved. 
No  labor  unit  costs  are  shown  on  such  items  as  plumbing, 
lighting  or  heating  while  the  job  is  in  progress. 

Chief  among  the  unusual  features  of  the  system  is  the  great 
number  of  itei7is  Included  under  overhead,  prorate  and  in- 
direct charges,  among  which  may  be  mentioned  the  unloading, 
loading  and  hauling  of  practically  all  materials  and  the  cost  of 
all  teini>orary  buildings,  structures  and  roads,  even  when  such 
temporary  construction  could  be  directly  charged  to  one  item 
of  the  work. 

For  example:  .\  car  load  of  material  is  received,  unloaded 
and  piled  temporarily  at  the  unloading  plant;  later  it  is 
hauled  to  a  central  storage  yard;  a  part  of  it  is  then  trans- 
ferred to  another  storage  yard  or  sub-depot  from  which  point 
It  is  hauled  to  the  proRosed  site  of  the  job  on  which  it  is  to 
be  used.     All  expenses  herein  incurred,  including  the  delivery 
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Fig.  E— Form  for  Listing  Overhead,  Prorate  and   Indirect  Charges. 
Actual  size  of  form:    l.=>  in.  x  21%  in. 


that  proportion  of  the  expenses  included  therein,  if  any, 
which  cannot  be  directly  charged  to  accounts  under  direct 
construction  cost. 

Tn  reference  to  some  of  these  items  the  Cost  Accounting 
Manual  says: 

The  theoretically  correct  method  (but  which  method  will  not 
be  used)  of  handling  all  charges  in  connection  with  use  of  equip- 
ment, which  includes  operation,  rental,  ordinary  repairs  and  general 
repairs,   is  as  follows: 

All  charges  for  operation,  rental  and  ordinary  repairs  should  be 
charged  to  accounts  set  up  to  cover  these  expenses.  General  over- 
hauling and  repairs  should  be  charged  to  an  account  "Repairs  to 
Equipment."  debited  with  the  rate  per  hour  or  day,  which  will 
ab.sorb  and  prorate  these  repairs  over  the  entire  work.  The  total 
charges  to  these  equipment  accounts  should  then  be  prorated  to 
the  items  directly  benefitted  on  the  basis  of  the  actual  service 
hours  as  shown  by  the  daily  equipment  reports.  However,  this 
method  is  not  considered  warranted  under  present  construction 
conditions  and  charges  shall  be  handled  as  indicated  below. 

The  operation,  ordinary  repairs  (excluding-  trucks)  and  rental 
(excluding  trucks)  shall  be  charged  directly  against  the  specific 
item  or  items  of  work  benefited  thereby. 

Major  repairs  and  general  overhauling  shall  be  charged  to  items 
of  work  based  en  the  probable  tot.il  use  of  the  equipment  re- 
paired. 

Against  the  account  197.  "Team  Service,"  there  shall  also  be 
charged  the  hire,  feed  and  care  of  horses  used  on  the  job  and 
which  expenses  cannot  be  charged  against  direct  Item  of  the  work. 

Trucks  are  hired  on  the  various  .iobs  under  varying  conditions, 
such  as  witli  or  without  driver  and  with  or  without  gasoline, 
lubricants,  and  repair  parts  being  supplied  by  the  Constructing 
Quartermaster.  It  is  therefore  necessary  to  include  operation  and 
rental  of  trucks  under  on  account. 

The  maintenance  and  repairs  to  trucks  shall  be  charged  to  ac- 
count  196,  as  trucks  are  used  on  a  variety  of  work  and  it  will  be 
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difficult  to  charge  these  expenses  against  the  specific  items  of  work 
on  a  correct  basis. 

166 — Cleaning  Up  After  Completion  of  Work:  To  this  account 
there  shall  be  charged  all  expenses  incurred  in  connection  with 
the  cleaning  up  and  disposing:  of  refuse,  waste  mterial,  etc..  after 
the  construction  work  is  completed. 

Any  expense  of  this  nature  incurred  during  the  progress  of  the 
work  shall  be  charged  directly  to  the  secondary  account  number 
responsible  for  the  accumulation  of  such  waste 

No  charge  shall  be  made  to  this  account  tor  work  done  in  any 
building  until  all  the  construction  work  in  that  building  is  finished. 

To  this  account  there  shall  also  he  charged  all  expenses  in- 
curred in  connection  with  the  disposal  of  waste  material  and  the 
ing  construction. 

Many  of  the  cost  engineers  and  contractors  working  for  the 
government  objected  to  this  classification,  the  cost  engineers 
because  it  did  not  follow  the  usual  practice  and  the  contrac- 
tors because  it  makes  the  overhead  percentage  seem  so  high. 
The  further  objection  was  raised  that  since  the  total  overhead 
Is  eventually  to  be  divided  among  all  jobs  worked  on  at  the 
place  where  the  overhead  was  incurred,  certain  items  will 
bear  a  very  unfair  percentage 

But  the  Cost  Keeping  Department  felt  that  because  of  the 
many  varying  conditions  met  at  the  various  projects  it  was 
Impracticable  to  establish  any  exact  basis  of  comparison  of 
these  expenses,  and  that  it  was  essential  that  these  expenses 
be  kept  as  directed.  A  letter  from  the  Chief  of  the  Construc- 
tion Division  to  all  Constructing  Quartermasters  said: 

Uniform  results  are  the  only  results  which  will  be  of  benefit 
to  the  Construction  Division  as  a  whole,  and  all  units  and  all 
methods  of  obtaining  costs  should  be  the  same;  therefore,  even 
though  the  costs  submitted  from  a  camp  or  project  are  excellent 
in  thtTnselves,  if  they  do  not  conform  to  other  projects  they  will 
not  render  the  .service  expected.  For  this  reason  the  cards  sent 
you.  the  units  suggested,  and  the  methods  outlined  should  be  fol- 
lowed ihroughout,  in  order  that  all  results  may  be  uniform. 

Equipment  rental  is  carried  on  the  payroll.  The  equipment 
is  checked  every  day  and  a  proper  record  made  of  the  work 
the  different  pieces  of  equipment  are  engaged  on.  The  rentals 
are  charged  against  the  accounts  in  the  same  manner  as  other 
payroll  items  but  idle  or  non-productive  time  of  the  equip- 
ment is  charged  to  account  number  155,  idle  equipment  ac- 
count. 

It  will  be  noticed  that  practically  all  of  the  details  of  this 
system  relate  only  to  labor  costs.  It  was  felt  that,  while 
one  superintendent  as  compared  with  another  or  one  project 
as  compared  with  another  project  might  make  more  or  less 
saving  in  material,  yet  the  difficulties  of  carrying  the  ma- 
terials through  stock  accounts  under  existing  conditions  were 
too  great  to  justify  the  work.  The  efficiency  of  construction 
work  from  the  administrative  viewpoint  is  determined  by  the 
labor  unit  costs. 

While  the  materia!  is  not  carried  into  the  unit  costs  during 
the  progress  of  the  work  yet  strict  account  of  it  is  supposed 
to  be  kept. 

The  material  purchase  order  as  placed  is  the  basis  for  the 
distribution  of  material  costs  except  where  the  material  is 
not  used  as  specified  on  the  original  purchase  order.  Excep- 
tions to  this  rule  may  be  the  result  of  the  following: 

1,  The  placing  of  purchase  orders  for  material  in  excess 
or  the  amount  required  in  the  construction  of  the  project. 

2.  A  change  in  plans,  reducing  the  size  of  the  project  as 
a  whole  or  the  elimination  of  or  reduction  in  size  of  certain 
parts. 

Transfers  of  material  are  handled  in  the  usual  debit  and 
■credit  manner. 

I'nder  ordinary  conditions  it  is  believed  that  carrying  the 
material  through  the  usual  stock  accounts  is  much  more  sat- 
isfactory than  the  method  above  outlined. 

On  most  construction  projects  more  than  the  regular  num- 
ber of  working  hours  per  day  were  being  worked.  For  the 
additional  time  worked  or  overtime  the  rate  of  pay  was  gen- 
erally more  than  straight  time.  This  means  that  a  certain 
number  of  hours  and  a  certain  amount  of  money  were  being 
paid  in  addition  to  the  actual  number  of  hours  worked.  Bonus 
Hours  were  defined  by  the  Cost  Accounting  Manual  as  "the 
number  of  hours  paid  for  in  excess  of  the  actual  number  of 
iours  worked,  or  as  that  number  of  extra  hours  given  to 
workmen  as  additional  compensation  for  work  performed  on 
other  than  regular  working  days  or  during  nours  other  than 
those  which  constitute  the  regular  working  day." 

Two  examples  are  given  below: 

(1 


If  the  standard  working  day  consists  of  8  hours  and  time 
and  a  half  is  allowed  for  overtime  and  10  hours  are  actually 
worked,  the  workman  would  receive  pay  for  11  hours  or  a 
bonus  of  one  hour.  If  a  workman  works  S  hours  on  Sunday 
and  time  and  a  half  is  allowed  for  all  Sunday  work,  the  work- 
man will  receive  pay  for  12  hours  or  a  bonus  of  four  hours. 

In  all  projects  a  record  of  bonus  hours  and  bonus  money  is 
kept  under  each  employment,  that  is,  trade  or  class  of  labor 
and  rate  of  pay,  showing  the  following  data  tor  both  the  cur- 
rent week  and  the  total  to  date: 

Rate   per  hour. 

Total  hours  paid. 

Total  amount  paid. 

Total    hours  paid    without    i)0nus. 

Total  amount  paid  without  bonus. 

Total  hours  paid  bonus. 

Total  amount  paid  bonus. 

Percentage  of  pay  roll. 

Percentage  of  pay  roll  less  bonu.?. 

The  items  "Percentage  of  Payroll"  and  "Percentage  of 
Payroll  less  Bonus"  refer  to  the  bonus,  w'hich  shall  be  com- 
puted on  the  basis  of  hours  as  the  money  bears  the  same  re- 
lation as  the  hours,  and  the  hours  will  be  smaller  figures  to 
use  in  computation. 

The  changed  attitude  toward  the  value  of  cost  keeping  is 
shown  in  the  following  paragraphs  introductory  to  the  cost 
manual: 

Tl-.e  importance  of  the  keeping  of  cost  analyses  and  unit  costs 
has  never  been  as  generally  recognized  as  at  the  present  time. 
Never  in  the  history  of  this  Government  has  construction  work 
been  carried  on  under  such  conditions  as  exist  today:  Never  has 
such  a  va.st  building  prog'-am  been  undertaken  as  is  now  going  on 
under  the  present  extraordinary  economic  conditions. 

The  prodigious  increase  in  the  cost  of  building  materials  and 
the  existing  unprecedented  labor  conditions  emphasize  the  im- 
portance of  cost  analysis  and  the  value  of  unit   costs 

Cost  reports  are  essential  for  the  following  purposes: 

lal  To  intelligently  forecast  tlie  ultimate  cost  of  the  project 
during  the  process  of  the  work. 

I). I     To  aid  in  the  making  of  estimates  on  future  work. 

I  c )  To  make  possible  such  comparisons  as  may  be  desired  on 
units,   buildings  or  projects  of  like  nature. 

(d)  To  show  unit  labor  costs  during  the  progress  of  work  and 
for  the  completed  project;  also  to  show  total  unit  costs  tor  all  ex- 
penditures which  include  material  and  other  charges  in  addition 
to  labor,  when  project  is  completed. 

(e)  To  enable  this  Division  to  compile  such  reports  with 
reference  to  costs  as  may  be  desired  or  required  by  the  Secretary 
of  War,  any  Appropriation  Committee  or  for  the  permanent  records 
of  the  Construction  Division. 


Cost  of  Driving  a  Mining  Tunnel  at  Park 
City,  Utah 

To  eliminate  shaft-sinking,  hoisting,  water  difiiculties,  and 
the  surface  transformation  of  ore  and  supplies,  also  to  de- 
velop its  property,  the  Silver  King  Consolidated  Co.  is  driv- 
ing the  Spiro  tunnel  at  Park  City,  Utah.  The  size  of  the 
tunnel  is  8  by  8  ft.,  with  a  ditch  3  by  4  ft.  The  advance  dur- 
ing I'-'IS  was  4,001  ft,  making  a  total  of  9,001  ft.  The  pres- 
ent depth  from  the  surface  is  1,300  ft.  The  daily  rate  was 
10.9  ft  The  greater  part  of  the  distance  has  been  in  "Wood- 
side"  shale,  but  in  October  last  year  this  formation  gave 
place  to  limestone,  alternated  by  bands  of  shale.  In  the 
4,001  ft.  driven  during  1918,  timbering  was  required  in  1,960 
ft.,  also  temporary  stuUing  after  each  blast  before  the  broken 
rock  could  be  removed.  At  one  point,  for  300  ft.,  the  ground 
required  10-in.  timbers  set  at  4-ft.  centers,  instead  of  8-in. 
timbers  at  .5-ft.  centers.  The  lower  stratum  of  the  red  shale 
was  tough  and  springy.  It  drilled  easily,  but  required  22  to 
24  holes,  heavily  loaded,  to  break  to  the  bottom  of  the  holes. 
The  cost  of  the  work,  according  to  the  Mining  and  Scientific 
Press,  was  as  follows: 

191S.  1917.  Total  length, 

4. not  ft.        5.000  ft.         9,001  ft. 

Uabor  cost,  per  ft $18.63  $13.52  $15.74 

Material  cost,  per  ft 11.86  8.10  9.i. 

Total    $30.49  $21.62  $25.51 


$500,000  Wanted  for  Topographic  Mapping.— The  Engi- 
neering Council  has  asked  the  Secretary  of  the  Interior  to 
recommend  to  the  fifith  Congress  the  importance  of  increas- 
ing the  appropriation  for  the  topographic  mapping  of  the 
country  from  $3.50,000  to  $500,000. 
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Accountinj^  as  Applied  to  the  C.en- 
eral  Contractor* 

Uy  U  A.  WKAl'llKKW  AX. 
Of  Hmrli-kaon  *  Co..  liu-  .  IVnliiutom,   Si-imlo.  Wash. 

I  vontiire  to  siiv  thiit  of  tho  contnutois  presont  no  two 
hnvo  Iho  Slime  niothotl  of  account ing:  one  man  has  «  very 
pretty  double  entry  system  thiit  nobody  can  understand  ex- 
cept the  man  who  keeps  the  books,  while  the  next  man  has 
his  books  on  the  back  of  an  envelope  In  his  inside  pocket: 
the  thin!  man  doesnt  keep  books  at  all.  This  wide  diverpence 
In  the  matter  of  accountlnK.  together  with  a  similar  lack 
of  coordination  in  the  matter  of  estimating  and  cosl-ke-^p- 
ing.  Is  responsible,  in  gre-it  measure,  for  the  wide  diverpence 
noted  at  almost  every  opening  of  bids.  11  Is  partially  re- 
sponsible for  the  feeling  of  distrust  engendered  in  the  minds 
of  the  banker  and  bondsman— the  very  people  without  whom 
wp  cannot  do  business;  be  it  large  or  small— when  we  go  to 
them  for  a  legitimate  business  loan  or  require  a  bond. 

A  wide  diff«>rence  in  the  method  or  rather  lack  of  method 
in  accounting,  estimating  and  cost-keeping  is  again  responsi- 
ble for  the  feeling  in  the  mind  of  the  general  public  that  the 
ex'remely  low  bid  is  the  correct  bid  and  :ill  the  other  bid- 
ders are  robbers.  We  must  also  combat  the  idea  In  the  pub- 
lic mind  that  was  originally  conceived  in  the  mind  of  the 
cartoonist,  that  of  the  contractor  with  his  pockets  stuffed 
full  of  juicy  contracts,  a  wide  expanse  of  vest,  big,  fat,  jolly, 
rolling  in  opulence.  We  are  distrusted  by  everybody.  Our 
bankt-r  thinks  we  are  gambling.  Our  bondsman  thinks  we 
are  padding  our  assets,  and  the  architect  and  owner  think  wo 
are  combined  to  take  excessive  profits  from  our  work,  when 
as  a  general  rule  when  we  go  to  our  banker  for  a  loan,  it  is 
in  most  cases  a  legitimate  requirement  of  our  business. 

For  our  own  good  as  well  as  a  means  of  raising  us  in  the 
estimation  ol  our  fellow  citizens  let  us  devise  some  general 
scheme  of  accounting  which  will  at  once  be  capable  of  ex- 
pansifin  to  care  for  the  needs  of  the  largest  operator  as  well 
.IS  for  the  man  whose  limited  capita!  necessitates  the  accept- 
ing of  smaller  contracts.  With  two  or  three  exceptions  we 
are  all  operating  on  a  capital  invested  of  not  to  exceed  $100,- 
000  and  it  should  not  be  a  serious  matter  to  devise  some 
standard  gu'de  by  which  we  could  all  work,  varying  details 
•o  suit  our  individual  requirements  and  the  time  is  not  far 
distant  when  either  we  shall  have  to  take  steps  tow'ards  some 
such  standard  form  of  accounting  or  our  Government  will  do 
it  for  us. 

Do  you  know  that  the  lumbermen  spent  some  hundreds  of 
thousands  of  dollars  in  an  effort  to  standardize  their  ac- 
counting and  cost  records  so  that  they  could  "account"  to 
the  Government  for  every  item  entering  into  the  manufac- 
ture of  lumber  of  all  grades  and  thus  convince  the  Govern- 
ment that  they  were  not  profiteering.  You  have  noted  that 
lumber  prices  have  been  pretty  much  the  same  as  between 
different  mills.  It  is  not  because  they  have  gotten  together 
and  said  that  such  and  such  a  price  shall  be  cliarged.  but  pri- 
marily because  they  have  a  standard  system  of  cost-keeping 
and  accounting  which  shows  them  that  it  is  costing  them 
approximately  the  same  to  manufacture  and  market  their 
product — allowing  of  course  for  rail  facilities,  stock  on  hand, 
etc.  They  have  found  that  some  such  system  was  absolutely 
necessary  in  order  that  they  might  put  themselves  right  witli 
the  public:  and  some  such  system  is  just  as  urgently  needed 
by  the  contractor  for  his  business. 

Tlien  again  we  are  harassed  periodically  by  the  state  in 
the  collection  and  reporting  of  contributions  to  the  industrial 
insurance  and  medical  aid  funds,  while  in  states  having  no 
su'jh  laws  we  are  forced  to  carry  liability  insurance,  our  pay- 
rolls subject  at  stated  intervals  to  audit  by  state  or  private 
ofTicials.  A  five  minutes'  talk  with  one  of  the  auditors  for 
the  state  industrial  insurance  commission  would  convince 
vo'.i  that  the  contractor  generally  speaking  has  very  little 
idea  of  accounting.  The  very  provisions  of  the  laws  as  re- 
gards the  percentage  of  contribution  are  supposedly  based 
upon  the  percentage  of  accident  in  the  different  trades  em- 
ployed in,  the  construction  of  a  building,  consequently  we  are 
required  to  make  at  least  some  segregation  of  our  payrolls, 

■^■.Xbstr.Tit  of  a  paper  presented  Feb.  20  before  Northwest  Master 
Euikier.=;'  Convention. 
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at  least  as  between  laborers,  carpenters,  roofers,  painters, 
etc.,  each  of  whom  have  dilYerenl  accident  ratios,  conse- 
quently diff'  rent  premium  rates  per  dollar, 

r.nme  of  \is  have  a  daily  report  system,  very  complete  and 
al^o  very  costlv,  kept  by  the  foreman  who  In  the  rush  on 
the  Job  generally  forgets  all  about  the  report  until  night. 
then  puts  down  something  to  satisfy  the  olllce — soinotiines 
correct,  but  ofttimes  not.  On  large  operations  justifying  the 
employment  of  time  clerk  and  cost  clerk  comtiined  the 
tendency  Is  to  go  into  too  much  detail  and  swamp  the  "ac- 
counting" odlco  with  H  mass  of  detail  and  costs  which  are 
carefully  worked  u|)  and  then  foi-gotten. 

Periodically  we  are  asked  by  Dun  or  Bradstreot  to  furnish 
them  with  a  statement  of  our  assets  and  liabilities,  fAcneraliy 
accompanying  Iho  request  with  one  of  their  printed  forms 
which  those  of  you  who  liave  had  tliat  experience  will  know 
is  adapted  to  the  ordinary  manufacturer,  merchant — any  busi- 
ness but  that  of  the  general  contractor.  Wo  wrestle  with 
their  form  and  linally  give  them  somclhing  to  satisfy  them, 
either  on  their  form  or  one  we  have  i)ouuded  out  in  !iaste  for 
ourselves.  The  result  is  generally  not  very  illuminating 
either  to  them  or  to  us  and  leads  us  into  a  false  sense  of 
financial  values. 

The  same  is  true  of  many  banks.  When  a  customer  goes 
to  his  lianker  for  a  loan,  unless  he  has  adeqmitc  collateral, 
the  first  thing  requested  of  him  is  a  i)rerequisite  to  any  con- 
sideration of  ills  application  for  acciunmodation  is  a  finan- 
cial statement  showing  in  tabulated  form  his  net  worth.  All 
of  us  use  or  should  use  our  bank  as  our  financial  adviser  and 
counsellor,  and  in  the  line  of  credit  allowed  us  by  our  bank 
we  find  an  answer  to  what  our  bank  thinks  of  us  as  financial 
risks.  We  all  know  that  banks  generally  are  not  overly 
anxious  for  the  contractor's  business  for  several  reasons. 
The  average  contractor  by  the  very  nature  of  his  business 
cannot  keep  large  average  balances.  He  makes  relatively 
few  deposits  and  writes  hundreds  of  checks,  making  work 
for  the  banii's  bookkeepers.  On  top  of  this  the  very  nature 
of  his  business  again  tends  toward  unconscious  inflation  of 
his  net  worth,  especially  where  several  operations  dovetail 
one  into  the  other.  We  must  make  our  banker  our  confi- 
dant, must  instill  a  feeling  of  confidence  in  him,  and  one 
of  the  first  ways  of  establishing  such  relations  is  by  means 
of  a  monthlv  balance  sheet,  using  care  to  see  that  for  com- 
parative purposes  it  is  always  on  the  same  form.  For  the 
betterment  of  the  profession  as  a  whole,  why  is  it  not  logical 
to  devise  a  standard  form  of  balance  sheet  for  the  use  of  all 
contractors?  Such  a  form  could  easily  be  prepared  when  the 
monthly  trial  balance  is  taken,  and.  should  the  contractors 
as  a  class  voluntarily  on  the  first  of  each  month  mail  to  their 
i>ank  and  to  their  bondsmati  a  copy  of  their  balance  sheet, 
it  would  go  a  long  way  towards  procuring  for  us  as  a  whole 
the  good  will  and  confidence  of  the  very  people  we  must  con- 
ciliate, to  say  nothing  of  the  great  good  to  our  credit  among 
supply  houses  who  universally  use  the  services  of  Dun  and 
Hradstreet  in  an  effort  to  keep  a  line  on  the  financial  responsi- 
bility of  the  general  contractor. 

Let  us  as  members  of  an  association  comprising  the  North- 
western states,  devise  a  standard  payroll  sheet,  preferably 
loose  leaf,  which  will  provide  for  medical  aid  and  insurance 
tabulations  as  well  as  private  cost  records,  band  reconcile- 
ments, etc.  Let  us  devise  a  check  register  for  handling  our 
general  account,  which  will  enable  us  to  segregate  our  pay- 
ments to  the  different  operations  without  the  necessity  of 
first  running  all  accounts  through  a  bulky  journal.  Let  us 
devise  a  uniform  balance  sheet  to  be  used  for  the  informa- 
tion of  those  entitled  to  have  such  information.  Then  let 
us  all  use  them,  go  to  our  bank  and  our  bondsman  and  say: 
Hereafter  you  will  receive  a  copy  of  our  balance  sheet  each 
month  on  this  form  that  you  may  know  as  well  as  we  just 
what  our  business  is  doing. 

I  cannot  hammer  home  too  strongly  the  fact  that  as  a 
class  we  are  considered  shaky  financially.  If  we  are  to  make 
these  people  know  that  we  are  substantial  we  must  take 
steps  to  convince  them  that  we  are  going  to  do  business 
along  proper  lines,  and  what  better  way  than  to  be  able  to 
say  that  we.  too,  have  had  our  "house  cleaning."'  that  we 
too.  by  our  very  determination,  are  going  to  demand  t'nat 
we  be  considered  as  business  men.  and  then  back  up  our 
assertion  with  vital  information  in  the  proper  place.  In  this 
way  will  we  pave  the  way  for  better  business,  better  credit 
and  better  associations  with  those  upon  whom  we  are  de- 
pendent. 
18) 
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Cost  Accounting  as  Applied  to  Sand 
and  Stone  Production* 

By   TOM   P.   iM'GKATH, 

Cf  McCrath   Land  ami  liravrl  Co..    l-incnln,    111. 

My  purpose  will  be  to  show  that  the  accounting  depart- 
ment of  the  present-day  sand  and  gravel  business  can  be 
made  as  valuable  an  essential  to  the  l)usiness  as  the  produc- 
in£,  or  selling  departments. 

.lust  what  part  the  accountant  plays  in  makin.g  the  s;>nd 
and  gravel  husiness.  or  any  business  in  lacc,  profltal)le.  I  am 
going  to  explain  as  1  see  it.  after  14  years'  experience  in  ac- 
counting. 

In  the  first  place,  to  speak  correctly,  there  is  no  such  per- 
son as  an  expert  accountant.  We  often  hear  men  called  ex- 
pert accountants,  but  at  the  most,  they  are  only  specialized 
accountants,  for  accounting  is  too  broad  a  field  for  a  person 
to  become  an  expert  in  all  its  branches.  Cost  accounting,  for 
any  particular  business,  can  only  be  intelligently  applied  after 
an  exhaustive  study  of  all  conditions  that  govern  that  par- 
ticular business. 

I  will  enumerate  just  a  few  of  the  things  that  every  ac- 
countant in  the  sand  and  gravel  business  should  look  out  for. 

Liability  Insurance.  Present  statement  to  your  insurance 
agent  of  losses  sustained  during  the  years  of  operation,  and 
if  losses  are  low  and  the  rate  is  high,  keei)  on  the  sub.iect 
iinlil  an  experience  rating  is  given. 

Fire  Insurance. — The  same  thing  applies  here.  If  ail  the 
operators  have  this  mafter  up.  we  will  have  more  success  in 
getting  a  reduction  in  rates. 

New  Accounts. — Immediately  upon  the  opening  of  a  new 
account,  get  a  rating  and  preserve  it. 

Collections. —  Use  a  good  follow-up  system.  Be  able  to 
write  a  good  letter,  and  not  one  of  the  rubber  stamp  kind. 
A  good  letter  is  short  and  direct,  diplomatic  and  at  the  same 
time,  convincing. 

Bookkeeping. — Trial  balance  system,  statements  of  assets 
nnd  liabilities,  and  trading  profit  and  loss,  as  often  as  neces- 
sary to  keep  in  touch  with  the  condition  of  the  company,  at 
;east  once  a  month. 

Operation. — Watch  the  daily  tonnage  rei  ort.  If  not  up  to 
standard,  notify  the  manager  of  operations,  and  then  it  is  up 
to  him  to  correct  the  fault. 

Banking.— Watch  your  bank  account  and  never  overdraw 
it.     It  is  a  bad  habit  and  destroys  credit. 

Stripping. — The  cost  of  stripping,  or  overburden,  should  be 
placed  in  Miscellaneous  Assets,  and  monthly  charges  made 
against  this  account  in  accordance  with  the  amount  of 
stripped  surface  consumed. 

Bad  Accounts. — When  every  means  to  collect  an  account 
has  failed,  charge  it  off.  Then  if  later  on  the  account  is  col- 
lected, apply  it  to  earnings  of  the  current  year. 

Taxes. — The  accountant  should  familiarize  himself,  with 
the  norma!  income,  excess  and  war  profit  tax  exemptions, 
allowances  and  deductions  as  they  affect  his  own  line  of 
business. 

Depreciation. — The  rate  of  depreciation  should  be  arrived 
at  in  the  same  way  as  an  experience  insurance  rate  is  figured. 
namely,  if  the  average  lile  of  your  plants  in  the  past  has 
been  10  years,  the  depreciation  should  be  charged  at  10  per 
cent  of  the  original  cost.  A  replacement  reserve  account 
should  be  opened  and  credited  with  the  amount  charged  to 
depreciation.  If  the  replacement  reserve  becomes  equal  to 
the  original  cost  of  the  plant,  no  further  charge. 

Obsolescence. — In  case  the  plant  becomes  obsolete  before 
the  replacement  reserve  has  become  equal  to  the  original 
cost  of  the  plant,  the  difference  between  the  replacement  re- 
serve and  the  original  cost,  minus  the  salvage  value,  should 
be  charged  to  obsolescence. 

If  you  are  operating  a  plant  whose  normal  lite  is  10  years. 
on  property  tm  which  you  have  a  lease  for  only  five  years, 
without  privilege  of  extension,  then  a  yearly  charge  of  10 
per  cent  for  depreciation  and  an  additional  10  per  cent  for 
obsolescence,  making  a  "20  per  cent  charge  against  the 
original  cost,  should  be  made. 

Repairs  and  Supplies. — When  repairs  and  supplies  are 
brought  to  maintain  the  plant  in  operation,  they  should  be 
charged  against  expense,  and  not  entered  under  assets  which 
would  show  an  increased  valuation  of  your  plant. 

*.\listract  of  a  papei-  prvpared  for  a  iiieetiiii?  of  the  Accniintants 
ut    till'   Tlljjioi.'^  Sand  and   'Iravel    I'rodncMTs"    .\s.-;ofiation. 
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Depletion.-   The   depletion   charge   allowed   by   the   Govern- 

laont  in  fompnting  taxes,  is  based  upon  the  cost  of  the  gravel 

property,  plus  the  cost  ol'  that  ]iarl  of  the  property  that  the 

plant,  equipment  and  switch  tracks  occupy,  from  under  which 

the  sand  and  gravel  cannot  be  excavated. 

OKDIXAKY    ITKMS    OF    KXFKNSK    OF    A    SAND   AX1>    GKAVI-:i. 

CCMPAXY. 
Administrative — 

Had   accounts. 

Taxe>^. 

Depreciation  of  oltirc  fi.niiiti.irc  aiui   lixtures. 

(U'lieral    expense. 

Inlerest   and   e.xfhani^e. 

ManaKci's    expense. 

Oftire    rent. 

<  Mfioe    supi)lit'S. 
Postage. 
Manager's   sa!ar.\ 

<  ifRce   salaries. 
Insurance. 

Teleijliouf   and   tclt.-nra]jli. 
S.-IHtil;— 

Salesmen's    salaries. 

TraveUns  expenses. 

Auto. 

1  'onimissions. 
( )pt-iating — 

Lai  JO  r. 

Pi^epairs  and   supi>lies. 

Coal. 

Freight. 

Power 

Drayaye. 

Switching. 

Liability.    lire,   tornado  and   hniler  insurance. 

Koyalty  oi-  de^:)letion. 

I »(.  niurrage. 

Stripping. 

<  leiieral  expense. 

I 'epreciation  of  i)Iants  ami  eMUil>nTent. 
(  disdles'^ence. 


Schedules    That    Aid    in    Getting 
Out  Work  on  Time 

To  keep  work  up  to  date  some  kind  of  a  schedule  is  almost 
always  necessary.  The  kind  of  schedule  used  may  vary  with 
the  type  of  work  to  be  followed.  But  the  principles  for  mak- 
ing effective  schedules — schedules  that  serve  as  accurate  re- 
minders and  succeed  in  getting  the  work  done  on  time — are 
fairly   simple,  states  Arthur    Van   Vlissingen,  .Ir.,  in  System. 

Analysis  of  a  large  number  of  schedules  used  to  keep  track 
of   various   kinds   of   work    seems   to   indicate   that   there   are 
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Fig.    1 — Charts    Used    by    Executives    in    Three    Lines    of    Work. 
The  upper  sheet   supplies   ;i  purchasing   agent  with  a  follow-up 
on  rleliveries;   the  left-hand   Kra))h   locates  delays  for  a  contractoi-. 
and  the  ri;jht-hand  list  helps  a  niana.eer  keep  his  appointments. 

about  five  basic  methods  of  scheduling;  to  each  kind  of  work 
one  of  these  methods,  or  some  variation  of  it,  is  usually  found 
to  be  best  adapted: 

1.  The  tickler — daily,  weekly,  oi-  monthly. 

2.  The  follow-up  sheet. 

''..  The  plan   board  or  sheet. 

4.  The   list   of   tasks,    when    time   set. 

U.  The  progress  chart. 

There  are  many  varieties  of  ticklers,  each  suited  to  its  own 
class  of  work,  from  the  card  index,  with  a  card  for  every  day 
and  month,  and  which  an  executive  may  keep  in  a  desk 
drawer,  to  the  "memory  file"  that  is  similarly  arranged  and 
may  serve  to  remind  all  the  members  of  an  office  force  of  the 
duties  ahead  of  them. 
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The  si-con.i  KCiuTiil  kind  of  schclul.-  Is  the  follow  up  sheet. 
\  follow-up  sheet  that  Is  more  than  ordliiiirlly  successful  Is  In 
u«o  bv  the  purchiisluK  "Rent  of  n  concern  which  buys  u  good 
dc«l  of  printing  When  he  first  devised  the  method  this  pur- 
chusluK  agent  used  It  only  for  prlntluR.  Ho  Is  graduiilly  ex- 
tendlns  Ks  "»»'  '*'  other  lines  of  buyln^,  however.. 

He  keeps  on  his  desk  n  form  like  that  In  FIk.  1.  As  he 
platen  those  onlers  that  need  to  be  carefully  followed  up,  he 
writes  In  the  name  of  the  printer,  the  quantity  and  form  num- 
ber, nnd  the  order  number.  Then  he  places  a  check  in  this 
horUontnl  column,  beneath  the  date  on  which  delivery  is 
promised. 

Kvery  morning  his  stenographer  telephones  each  printer 
who  Is  delinquent  with  an  order.  She  gets  promises  from 
the  printers,  and  reports  them  to  the  purchasing  agent.  If 
he  Is  satisfied  with  the  revised  delivery  date,  ho  makes  an- 
other check  under  thai  date.  If  he  needs  delivery  sooner  he 
call.-i  up  the  printer  himself  and  makes  the  arrangements. 

When  n  Job  is  delivered  he  checks  the  date  in  red  and 
crosses  out  the  whole  horizontal  column.  Every  day  tlie  ste- 
noKrnpher  recoples  the  sheet,  thus  bringing  it  up  to  date. 

He  keeps  the  sheeu  for  a  month  or  more,  clipping  them  on 
a  lionrd.  When  he  needs  any  reasons  to  show  a  printer  why 
he  should  speed  up  delivery,  he  can  usually  get  a  forcible 
argument  by  consulting  the  sheaf. 

Kor  work  which  Involves  repetition  of  the  same  operations 
time  after  time,  and  which  comes  in  regular  cycles  of  weeks, 
months,  quarters,  and  longer  periods,  a  plan  board  or  plan 
sheet  Is  often  found  to  be  a  successful  means  of  scheduling. 

In  n  New  York  concern  a  number  of  plans  enable  one  of 
the  executives  to  get  his  work  out  on  time.  In  the  first  place, 
he  divides  his  work  into  routine  and  creative.  Experience 
has  shown  him  that  he  usually  thinks  to  best  advantage  in 
the  afternoon.  So  his  mornings  are  devoted  to  routine — dic- 
tation, conferences  with  his  assistant,  and  some  of  the  offi- 
cers of  the  company  whose  -work  is  along  the  lines  of  his 
routine.  Afternoons  are  given  over  to  creative  work,  in  which 
he  Includes  meeting  callers,  and  conferences  with  the  presi- 
dent of  the  company  on  questions  of  future  policy. 

But  merely  saying  "mornings  tor  routine"  and  "afternoons 
for  creative  work"  did  not  entirely  solve  his  problem,  he 
found.  And  so  he  went  into  the  situation  in  detail  with  his 
secretary;  he  explained  just  what  he  wanted  to  handle  In 
each  classification.  Now  she  guards  him  from  any  unwel- 
come intrusion  during  the  hours  which  he  has  set  aside  for 
creative  work. 

Each  morning  he  finds  under  his  glass  desk  pad  a  list  of 
tasks  for  the  morning  and  tasks  for  the  afternoon,  made  out 
by  his  secretary.  He  checks  these  over  as  soon  as  he  gets  to 
the  office  and  then  tries  to  follow  the  plan  all  day. 

This  man,  with  the  other  high  executives  of  his  concern, 
uses  a  "silence  room"  on  occasion.  Placed  in  a  remote  cor- 
ner of  the  office,  it  is  regarded  by  the  whole  organization  as 
"out  of  town."  When  this  man  wants  to  do  some  creative 
work  or  creative  thinking  undisturbed,  he  goes  to  the  silence 
room.  He  may  find  one  or  two  other  executives  there.  But 
no  greetings  are  exchanged.  The  silence  of  the  room  must 
be  respected  by  every  one  all  the  time. 

A  caller  who  asks  for  this  executive  while  he  is  in  the 
silence  room  is  told  that  Mr.  Jasper  cannot  be  disturbed. 
Only  in  an  emergency  does  his  secretary  attempt  to  reach 
him  in  the  silence  room. 

Thus  by  dividing  his  day,  listing  his  tasks,  and  retreating 
on  occasion  to  the  silence  room,  this  executive  carries  a  load 
— up  to  date  all  the  time — that  might  well  swamp  a  man  who 
worked  less  methodically. 

Still  another  plan  for  getting  work  finished  on  time  is  used 
by  a  Chicago  business  men.  Every  morning  he  transfers  all 
notes  about  appointments  from  his  calendar  pad  to  this  sheet. 
During  the  day.  as  "things  to  do"  occur  to  him  and  crop  up  in 
his  work,  he  jots  them  down  for  the  hours  best  suited  to  his 
convenience.  As  a  task  is  completed  or  postponed  he  crosses 
it  off  or  notes  it  farther  down  the  sheet. 

He  keeps  this  sheet  under  his  glass  desk  pad.  just  beside  his 
left  hand.  He  makes  a  point  of  glancing  at  the  sheet  when- 
ever he  notices  the  time  on  his  desk  clock.  In  consequence 
he  has  gained  among  his  associates  an  enviable  reputation 
for  punctuality. 

An  unusually  effective  production  chart  is  used  by  the  gen- 
eral manager  of  an  engineering  firm  to  make  sure  that  all 
work  will  be  completed  within  the  stipulated  period.  A  sam- 
ple chart  for  one  month  is  shown  in  Fig.  1. 


.\t  the  beginning  or  llie  iiioiiili  a  blueprint  showing  the  work 
thai  has  to  be  done  goes  to  the  general  manager,  to  the  su- 
perintendent of  tlie  job,  and  to  each  of  the  assistant  superin- 
tendents who  have  charge  of  the  individual  operations. 

The  percentage  of  each  operation  which  is  to  be  com- 
pleted by  the  end  of  the  month  is  shown  by  a  double  line. 
As  the  work  progresses  the  executives  plot  a  single  line  up- 
ward. At  the  beginning  of  the  next  month  a  new  blueprint 
goes  out,  projecting  the  job  ahead  ;!0  days. 

Such  a  delay  as  that  shown  here  in  the  delivery  of  stone, 
calls  for  an  explanation  from  the  purchasing  agent.  That 
delay,  of  course,  was  responsible  for  retarding  the  opera- 
lions  that   followed. 

This  chart,  like  all  the  other  plans  described  here,  makes 
a  delay  proniinont.  And  that,  after  all,  is  the  most  that  any 
inanimate  method  can  be  expected  lo  do.  A  schedule  will 
not  do  Ihe  work.     The  man  on  the  job  has  to  do  that. 


How  the  Problem  of  Filing  Draw- 
ings Vertically  Has  Been  Solved 

.Many  attempts  have  been  made  to  devise  a  satisfactory 
vertical  file  foi  tracings  and  blueprints.  But  to  hold  flex- 
ible sheets  perfectly  flat,  to  remove  and  replace  them  with- 
out crumpling  in  a  vertical  file,  proved  a  much  more  difficult 
feat  than  was  anticipated.    However,  the  problem  has  been: 


Vertical  File  for  Tracings  and  Blueprints. 
Fig.  1 — Sectional  view  of  Planfile  showing  how  .^^prinj^s  j^rovide 
compression.  Fig.  2 — Showing  principle  of  compression,  nine 
springs  lielng  represented  by  nine  pairs  of  hands.  Fig.  3 — Cross 
section  of  Planfile  pocket  and  folders  on  line  AA.  showing  folders 
containing  tracings,  held  in  vertical  po.sition  by  springs. 

solved  in  a  simple  but  ingenious  manner  by  C.  B.  Ulrich,  as 
shown   in  the   .iccompanying   illustration. 

The  Springs  Act  Like  Hands. — If  a  large  tracing  were 
placed  in  a  stiff  paper  folder,  and  if  nine  pairs  of  hands  were 
to  press  on  opposite  sides  of  the  folder  (Fig.  2),  it  is  evi- 
dent that  the  tracing  would  be  held  perfectly  flat  and  would 
not  crumple  when  raised  or  lowered  vertically.  If  nine  pairs 
of  coiled  springs  were  substituted  for  the  hands  (Fig.  3),  the 
effect  would  be  the  same,  reasoned  Mr.  Ulrich,  and  upon 
testing  his  theory  he  found  it  to  be  correct.  So  he  designed 
a  vertical  file  case,  as  shown  in  Fig.  1.  based  on  the  con- 
tinuous pressure  principle  just   described. 

A  vertical  filing  case  44  in.  high,  52  in.  long  and  30  in. 
thick  holds  6.000  tracings.  To  accommodate  the  same  num- 
ber of  tracings  in  drawers  would  require  a  stack  of  30 
drawers  rising  to  a  height  of  9%  ft.,  or  to  the  ceiling  of  an 
ordinary  room.  Since  it  is  very  inconvenient  to  have  a  fil- 
ing case  of  such  a  height,  it  is  customary  to  have  one  about 
4  to  5  ft.  high;  thus  occupying  twice  as  much  floor  space 
as  with  the  Ulrich  vertical  file. 

The  manufacturer  gives  the  following  15  reasons  in  favor 
of  using  Ulrich  vertical  files: 

1.  Saving  of  33' j  per  cent  to  50  per  cent  fioor  space. 

2.  Costs  from  65  per  cent  to  95  per  cent  less  than  plan 
drawers   subdivided. 

3.  Greater  protection  against  fire  than  any  other  case  on 
the  market. 

4.  Absolute  protection   against   water  in  case  of  fire. 

5.  Better  classification  of  drawings  by  use  of  folder. 

6.  Drawings  easily  and   quickly  located. 

7.  No  climbing  or  stooping,  as  operator  always  stands  on- 
the   floor. 

S.  Better  light  and  ventilation  in  filing  room  on  account 
of  less  cubical  space  occupied. 
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0.  Weight  on  floor  is  50  per  cent  less  than  if  steel  plan 
drawers  are  used. 

10.  Drawings  kept  perfectly  Hat  and  smooth.  No  jamming 
or  crushing. 

11.  Twenty-four-inch  space  is  all  that  is  required  to  op- 
erate the  Planfile.  Plan  drawers  require  from  30  to  40  in. 
for  aisle   space   for  drawings   4SxoG. 

12.  Index  always  in  sight  when  file  is  being  operated. 

13.  Does  not  require  a  mechanic  to  move  cases  when  you 
desire  to  rearrange  file  room.     Planfiles  roll  on  casters. 

14.  Spring  compression  holds  drawings  vertically  and  pre- 
vents wear  on  tracings,  as  they  are  handled  in  large  folders 
same  as   letters. 

15.  Locking  of  one  Planfile  protects  from  4,500  to  5,000 
drawings  Necessary  to  lock  2.5  drawers  to  accomplish  same 
result. 

These  filing  cases  are  made  in  several  sizes  by  the  Ulricli 
Planfiling    Equipment    Co.,    Jamestown,    N.    Y. 


Removing  the  Distrust  of  Piece 
Work* 

F.  A.  CARLISLE, 
JIanager.  Fredlander-Firacly  Knitting  Mills.  Chicago. 
Three  Causes  of  Distrust. — That  straight  piece  work,  or 
for  that  matter  any  other  system  of  wage  payment  differing 
from  the  method  in  use,  is  immediately  looked  upon  with 
suspicion  by  the  worker  as  a  means  of  his  exploitation,  is 
attributable  to  at  least  three  primal  causes: 

1.  We  are  creatures  of  habit  and  disi:l;e  intensely  to  be 
disturbed  from  present  practioes,  bad  though  they  may  be. 
There  is  also  the  undefined  but  natural  lear  which  we  all 
feel  of  that  which  is  new  and  not  thoroughly  understood. 

2.  It  is  entirely  possible  that  the  operator  or  some  of  his 
close  friends  have  suffered  at  some  time  from  rates  that 
were  carelessly  set  and  mercilessly  cut  when  their  glaring 
inconsistency  was  demonstrated.  It  is  little  wonder  that 
confidence  is  hesitatingly  given. 

3.  There  exists  a  widespread  and  insistent  propagamla. 
emanating  from  certain  labor  organizations  and  socialistic 
sources,  that  capital  is  inherently  criminal  and  exists  only 
for  the  oppression  of  the  worker;  that  any  move  of  manage- 
ment is  only  to  further  this  end  and  must  be  fought  whether 
understood  or  not. 

There  may  be  other  causes,  but  these  are  enough  to  show- 
that  complete  and  lasting  success  is  more  apt  to  be  attained 
if  the  worker  is  as  carefully  considered  as  his  machine,  and 
if  effort  is  made  to  secure  his  co-operation  and  approval. 

What  Is  Necessary. — It  is  the  opinion  of  some  that  the 
operator  is,  technically  at  least,  a  partner  in  production  and 
that  between  partners  there  should  be  no  secrets  or  sharp 
practices.  It  is  not  imagined  that  all  operators  will  be  won 
over  at  once,  but  that  a  certain  number  can  be  reached 
through  their  reason. 

Their  approval  should  be  gained  to  at  least  three  essential 
propositions: 

1.  That  a  man  is  entitled  to  reward  commen'surate  with  his 
skill;  that  the  careless  and  the  indolent  should  not  penalize 
the  efficient. 

2.  That  his  interests  and  his  employer's  interests  are  iden- 
tical;  that  which  injures  the  one  will  injure  the  other. 

3.  That  he  will  discuss  all  misunderstandings  frankly  with 
the  management  or  its  representative  before  passing  judg- 
ment on  decisions  relating  to  him. 

These  views  may  be  taken  up  with  somo  known  leaders  of 
the  workers,  or  better  still,  in  smaller  organizations  by  mass 
meetings,  or  in  larger  plants  through  the  medium  of  house 
organs. 

It  must  be  shown — 

That  the  company  will  profit  by  stabilized  costs. 

That  the  operator  will  profit  by  increased  earnings  com- 
mensurate with  his  skill  .and  effort. 

In  concerns  or  departments  where  piece  work  is  to  be  in- 
troduced the  methods  to  be  employed  in  computing  rates 
should  be  explained  to  the  operators  and  the  work  started 
with  a  few  simple  rates  which  will  demon.strate  just  what  is 
contemplated  and  just   what   earnings   will   be   possible. 

Once  it  is  demonstrated  that  justice  and  fair  dealing  are 
to  be  rigidly  practiced  ar.d  that  higher  earnings  are  possible 
without  additional   effort   on   the   part  of  the   indu.<;trious,  the 


opposition  of  those  who  cannot  or  will  not  be  influenced  by 
reason  will  gradually  recede. 

Confidence  is  the  foundation  of  successful  piece  work  prac- 
tice, upon  which  must  be  built  continuously  justice,  co-opera- 
tion, skill  and  accuracy. 

Without  these  piece  work  practice  will  have  a  deservedly 
hard   road   to  travel. 


SmalJ  Air  Compressors  of  3  to  45 
Cu.  Ft.  Capacity 

When,  in  the  emergency  at  the  outbreak  of  the  war,  there 
was  a  sudden  tall  for  a  large  number  of  small  air  compres- 
sors for  service  where  reliability  was  imperative,  the  In- 
gersoll-Rand  Co.'s  offer  to  produce  for  immediate  use  the 
Imperial   Type   14  compressors   which   it  had   just   completed 


Type     i4    Compressor — 214x3    Air    Cooled:    3' 2  x  4    Water    Coolef  ; 
41  2  X  5   Water  Cooled;   6x6   Water   Cooled   Group. 

testing  out  and  had  adopted  as  its  new  standard  small  com- 
pressor type,  was  accepted.  The  field  performance  of  these 
built-on-hurry-order  machines  was  watched  with  critical  eye, 
but  after  a  year's  service  their  record  was  clear.  They  had 
proven  tliemselves  efficient,  reliable,  and  inexpensive  to 
operate. 

These  little  machines  have  now  been  placed  on  the  gen- 
eral market.  There  are  four  sizes  and  the  capacity  range 
runs  from  3  to  45  cu.  ft.  per  minute  at  pressures  to.  100  lb. 
per  square  inch.  The  small  compressors  can.  however,  be 
used  for  pressure  requirements  up  to  200  lb.  per  square 
inch,  the  horsepower  needed  being,  of  course,  slightly  in- 
creased. They  are  single  acting  machines  of  the  vertical 
type    built    for    belt    drive.      Where    driven    from    line    shaft. 


•From   100%   Magazine. 


Section  of  Imperial  Type  14  Compressor. 

tight  and  loose  pulleys  are  supplied:  where  the  use  of  inde- 
pendent motor  is  planned  they  are  ordinarily  furnished  as 
a  unit  complete  with  motor,  endless  belt  and  short  drive 
attachment.  In  the  latter  case  a  hardwood  base  plate  is  in- 
cluded  with  the  standard  equipments, 

The  machines  are  so  well  balanced  as  to  operate  satis- 
factorily if  bolted  to  any  solid  flooring,  but  where  perma- 
nency of  installation  is  desired  the  building  of  a  concrete 
foundation    is    advocated.      The    smallest    size    is    built    with 
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ribbed  cylinitor  Tor  air  cooMiik  when'  the  service  Is  Inter- 
iiilttent  and  with  water  cooled  cylinder  of  the  reservoir  type 
for  continuous  operation.  l.arKer  machines  arc  water  cooled 
only,  employini;  the  reservoir  Jacket  system  except  that,  in 
the  case  of  the  lartjest  size,  a  Closed  jacket  for  connection 
to  pressure  system  is  optional.  In  this  connection  it  is 
worth  noting  that  the  reservoir  cylinder  design  affords  un- 
usually ample  water  capacity  and  that  both  cylinder  barrel 
and  head  are  cooled.  The  manufacturer  slates  that  a  sIukIc 
lilllni;  of  water  sphce  will  suffice  for  a  10-hour  day's  run. 

CUittini*    Old    Miiu'    I  iinherinj^  witli 
Jiukhanier 

In  sinking  a  shaft  thiiuinh  oKl.  c:i\ed.  snuareset  slopes  at 
the  Kendall,  mine,  Ki'ndall.  .\lonl..  considerable  timber  was 
encountered.  The  work  of  choppiuK  this  out  with  an  ax,  in 
addition  to  the  blastiiii;  that  was  necessary,  impeded  prog- 
ress, but  the  delay  was  overcome  by  the  use  of  a  ,Iackhamer 
drill  and  a  special  chisel  bit.  The  methods  employed  in  the 
work  are  described  m  the  ICnpineering  and  Mining  Journal 
by  Mr.  Frank  H.  Bryant.  A  piece  of  jnckhamer  steel  IS  In. 
in  length  was  ilrawn  and  llattened  at  one  end  to  the  shape 
of  an  ordinary  wood  chisel.  The  bit  was  2  in.  wide  at  the 
cutting  edge,  which  tapered  back  to  a  thickness  of  %  in. 
at  about  1  in.  from  the  edge.  The  shank  of  the  bit  was 
ground  round  so  that  the  chuck  would  not  grip  it:  therefore, 
there  was  no  rotation  of  the  bit.  This  was  used  in  cutting 
off  lagging,  plank,  and  ends  of  timber,  and  by  chipping,  after 
the  manner  in  which  an  ax  is  used,  it  was  possible  to  cut 
thiough  1  l-in.  timbers  in  a  short  lime. 


Railro?d  Deficit  of  Nearly  $133,000,000  for  First  3  Months 
of  1919,— .\  deficit  of  about  $1:!:;. i.mMi  in  (iovernmeni  op- 
eration of  the  railroads  during  first  three  months  of  the 
year  is  indicated  by  the  March  reports  to  the  Interstate 
Commerce  Commission.  The  .January  deficit  was  $37,830.- 
000:  that  for  February.  $37.S2S,000:  and  that  for  March, 
$57.::2T,000.  Freight  traffic  during  March  fell  23.2  per  cent 
be-low  a  year  ago,  a."  compared  with  a  decline  of  13.5  per 
cent  in  February,  and  a  10  per  cent  gain  in  January.  East- 
ern roads  failed  in  March  to  earn  any  net  operating  income. 
Their  deficit  was  $1,283,000.  The  Southern  roads  earned 
$4,480,000  and  the  Western  roads  $7,719,000.  The  three 
months"  net  operating  income  for  Class  1  roads,  including 
switching  and  terminal  companies,  was  $39,813,000.  as  com- 
pared with  an  average  of  $172,708,000  during  the  three  years 
prior  to  the  assumption  of  Ciovernment  management.  Direc- 
tor General  Hines  has  figured  the  aggregate  deficit  during 
the  first  three  months  at  $176.1CG.06.">.  He  urges  thai  any 
change  rates  to  remedy  this  situation  be  deferred  until 
more  stable  conditions  prevail.  He  looks  for  a  resumption 
of  business  later  in  the  year -as  an  alleviating  circumstance. 


Breaking  Ud  of  Concrete  in  Track  Foundations  with  Dyna- 
mite.—The  Harrisl)urg  Rys.  Co.,  Harrisburt.  Pa.,  on  several 
occasions  has  used  dynamite  for  breaking  up  concrete  in 
the  foundations  of  street  railway  tracks.  The  method  of 
doin?  this  is  described  in  Aera  by  Mr.  D.  B.  Moist.  Engi- 
neer of  the  company.  . 

The  concrete  was  about  12  in.  thick,  and  of  such  a  quality 
that  it  was  almost  impossible  'to  break  it  up  by  means  of 
Pledges  and  iiins.  Five  l-in.  holes  were  drilled  across  the 
track  parallel  to  and  betv.een  .the  ties,  to  a  depth  of  about 
8  in.  The  drilling  was  done  with  a  jackhamer  type  air  drill. 
After  a  length  of  about  l.'j  ft.  of  track  had  been  drilled,  the 
holes  were  loaded  with  about  %  stick  of  dynamite  and  an 
electric  exploder.  The  holes  were  then  covered  with  a  rope 
mat  and  exploded.  The  concrete  could  then  be  asily  re- 
moved by  pick  and  shovel  methods.  No  cost  data  of  this 
method  are  available,  but  Mr.  Moist  believes  the  method  is 
justifiable  where  the  concrete  to  be  removed  is  hard  and 
the  size  of  the  job  is  not  suflicient  to  justify  a  more  elab- 
orate outfit. 


News  Letter 

St.  Louis  Items . 

\Vard  Bro<;  1257  E  125th  St..  Cleveland,  Ohio,  have  40.000  yd. 
of  fH'acling  at  Akron, '  O.,  to  sublet.  Will  furnish  machine  and 
enjrine  if  necessary. 

("  A  Samuelson,  557  W.  29th  St..  Indianapolis.  Ind.,  came  in  the 
other  dav  looking  for  work  for  Johnny  Mclnerney's  outfit  which 
consists  of  14  teams,  machine,  wagons  and  wheelers. 


Wo  nrp  In  receipt  of  nn  ofllrlal  circular  nnnounclng  the  nnioval 
of  the  bi'iid<nuir(t<r.M  of  the  Sleiun  .Shovel  mid  HredKe  .Imiiiial  rioin 
ChU'iiKo  to  WnslilUKlDn,  I  >.  r.  F.  !■;.  l^iiiKdim  continues  ;is  editor 
and    nianiiKer. 

1'.  K  lliL'^UIiiH  of  the  C  I!.  Cnniniins  Co.  was  with  us  a  couple 
of  iliiys  luHl  week,  llosklns  Hiiys  the  I'.  It.  Cummins  Co,  have  ii 
couple  uf  t-raeUiTJiieU  steam  slmvel  ontlits  Idle  at  the  present  time 
that  ehe>'  call' place  on  work  linrneill:il<-l.\',  .\ddross  them  I^eader 
.N'ew'.i  HUIk..  Cleveland,  ().,  or  write  Uosklns,  1',  O.  Box  223,  Tcrre 
llnutu,  Ind. 

Jan.  C,  Dunn  of  llunn  &  McCartliy  nnirowly  escaped  serious 
Injtirv  In  an  automobile  accident  here  on  May  8th  when  a  niaehhie 
tn  wnleli  be  wa.s  riding  was  hit  b.v  another  that  was  just  turning 
ii  corner  on  t'nloii  ^Vve.  and  Natural  Itridue  road.  .Mtlumuh  Itoth 
ears  weru  Kidly  dama^'ed  Dunn  sustalmd  oaly  a  bruised  sliouldcr 
as  a  nienu>n(o  <it  the  aceldeiit.  l>unn  i-nnai'ked  after  the  accident 
that  it  was  Juhi  hiek  that  kept  hini  Irotu  helnn  the  main  at- 
traction In  a  funeral  procession.  The  wrllei-  hopes  for  his  early 
recovery  and  hopes  lo  lie  able  to  spend  a  lew  more  pleasant  years 
Willi  Ills  old  trieial  bifoio  any  procession  starts. 


Personals 

Karl  R.  Kennlson  has  been  Iranslerred  from  the  Middle  Allaiitlc 
I'Islriel  lo  Im'  assistant  "dlstrlet  plant  engineer  on  the  Southern 
I'Islrlri.   i;rnir>;eno,v  Fleet  ("oriioratlon.  with  olllce  In  New  Orleans. 

Oliver  G.  Shafer  and  Robert  W.  Hanson  have  entered  into  a 
part iiei  ship  under  the  iirm  name  of  Shafer  &  Hanson  and  will 
eiiKnKe  In  a  Keiieral  eontractlny  business  with  oHlecs  at  Caldwell, 
Ohio. 

Lieut.  Wllll.-im  H.  Collins  of  neeatur.  111.,  has  Iwen  appointed 
civil  eiiKMiei-r  III  till'  olll<e  of  the  Illinois  t'ublie  I'tilitles  Commis- 
sion. I'rloi-  to  hi.s  er.llstinent  l^ieut.  Collins  Wiis  assistant  elt.\'  en- 
Klncer  of  Decatur. 

J,  O,  Walker,  division  engineer  of  the  Atlantic  Division  of  llio 
N.C.  it  St.  1<.  Ity..  after  33  yeais'  continuous  service,  28  ot  which 
were  siieni  with  the  Nashville,  Chattanooga  &  St.  Louis  liy.  and 
leased  lines,  has  been  retired.  He  will  make  his  future  borne  in 
.\tlanla. 

D.  C.  Fenstermaker,  assistant  engineer  in  charge  of  construc- 
tion on  tile  Chi  •as:o.  -Milwaukee  ti  St.  Paul  Ry.,  has  been  pro- 
moted lo  district  engint-'er,  with  lieadMuarlers  at  Chicago,  In  charge 
of  the  Iowa,  iliu  Des  Moines,  the  Kansa.s  CIt.v,  the  Sioux  CAiy  and 
Dakota  and  Dubuque  divisions,  .succeeding  \V.  E.  Wood,  assigned 
to   other   iluties. 

■  W.  R.  Armstrong,  heretofore  engineer  maintenance  of  way  of 
the  fnioii  l':u  Ilic  Ji.  It.,  has  been  appointed  assistant  chief  erc;!- 
neer  of  the  Oregon  Short  Line  to  succeed  the  late  Carl  Stradley. 
Mr.  .\ri  1 1st  long's  place  on  the  Cnioii  I^aclfic  will  be  taken  liy  K.  B. 
Koliliisoii.  engineer  in  charge  of  right  of  wa.v  nialnteiiaiice  on 
the  ( iregon  .Short  Line. 

E,  W,  Hammond,  division  engineer  of  the  Buffalo,  liochester 
&  Pittsburgh  K.  H.,  with  office  at  T>ii  Bois.  Pa.,  has  Ijeen  promoted 
to  acting  engineer  maintenance  of  way.  with  headquarters  at  Roch- 
ester. N.  Y.,  vice  G.  C.  Cleaver,  granted  leave  of  al>sence,  and  J.  E. 
Oatnian,  roadniaster.  at  THi  Hols,  has  been  promoted  to  acting 
division   engineer,  with  lieadquarters  at  Dn   Bols. 

Z.  A,  Woods,  divisional  superintendent  of  the  New  Orleans  & 
Xortheastern  li.  R..  has  been  aiipointed  chief  engineer  of  the 
Southern  K.  R.  System  to  fill  the  vacancy  caused  by  the  death  of 
Curtis  i>.aughert>'.  Mr.  Woods  has  been  connected  with  the  Soutli- 
ern  railroad  in  tin*  engineering  and  traffic  departments  since  he 
was  a  i'o,\'  an<l  for  tlie  Last  three  v'ears  was  divisional  superintend- 
ent with  headquarters  in  New  Orleans.  Shortly  after  the  govern- 
ment assumerl  charge  of  railroads  the  headquarters  of  ttiis  division 
of  the  Southern  was  removed  to  Hattiesburg.  Mr.  Woods  will 
hereafter  maintain  his  office  in  Cincinnati. 

R.  W.  Spofford  has  been  tiiiiiointed  local  general  manager  of  the 
Manila  l-^le<-tric  Railroad  i.^  I.iight  Co..  Manila.  Philippine  Islands, 
by  The  .1.  (!.  White  Management  Corporation,  New  York,  N.  Y'., 
the  operating  managers  of  that  company.  Mr.  Spofford  was  grad- 
uated from  the  United  States  Naval  Academy  at  .Vnnapolls  and 
spent  alKiiit  5  years  in  the  navy.  He  was  retired  in  1911.  Shortly 
thereafter  he  was  eng.aged  l>y  The  J.  G.  White  Management  Cor- 
poration and  was  at^signed  to  the  staff  of  the  Augusta-Aiken -Rail- 
way tt  Kleetric  Corpoiation.  .\ugusta,  Ga..  and  later  was  made 
general  ni.'inager  of  that  eompaio  .  When  the  United  States  entered 
the  wcjrld  war  Mr.  Spofford.  as  a  nav-al  reserve  officer,  was  called 
to  the  colors  for"seivice.  With  the  signing  of  the  armistice  he  was 
again  itlaeed  on  the  retired  list  of  the  navy  with  the  grade  of 
lieutenant -com man<ler. 


Industrial  Notes 

The  McMyler.  Interstate  Co..  I'.i  clfi>ril.  c  i..  has  opened  an  office 
ill  the  Hoiie  Plilg..  Seattle.  Wash..  lo  rover  Washington.  Oregon 
and  tin-  norti.crn  jiart  of  Idaho.     \V.  R    Hendr.v  is  in  cliarge. 

The  Bell  Locomotive  Works,  Inc.,  11  I'Ine  St..  New  York  City, 
announeeK  that  its  foriper  sales  manager,  J.  Stanley  MeCormack, 
will  reto:-ii  to  resume  his  old  tioseition  as  sogn  as  he  receives  his 
discharge  from  the  Naval  Aviation  Corps.  Mr.  MeCormack  enlisted 
at  the  oiithriak  of  the  war.  received  his  commission,  training  as 
a  naval  aviator,  and  has  Ix en  detaih-d  lo  "special  experimental 
a'.'iation  development.     His  discliarge  i.s  e.\])ected  by  June  1. 

George  A.  Harter  has  lieen  elected  iiresident  of  the  Central 
Foundry  Co,  and  Its  subsidiary  companies.  Mr.  Harter  is  presi- 
dent of  the  Kssex  Foundry  Co.  of  Newark.  N,  J.,  and  has  long  been 
an  important  factor  in  the  steam  and  drainage  fittings  industries. 
He  is  the  son  of  Victor  A.  Harter.  deceased,  wlio  controlled  for 
many  years  the  Monitor  Iron  Works  of  Newark,  which  for  some 
20  years  has  been  *  ne  of  the  units  of  the  Central  Foundry  Co. 
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The  Equipment  Corporation  of  America,  Lumber  Exchange  Bid 
Chicago,  has  mov.-d  ils  fittsburgh  office  to  larger  quarters  in  t 
Kmpire  Hld^:.  with  H  c.rant  Leonard  .as  district  manager,  a,^ 
siste<l  tiy  -f-  L.  .Shields.  ^Ir  Leonard  was  with  the  Enierge'ncy 
Fleet  Corporation  up  to  Maj'  1.  In  the  shipyard  construction  de- 
partment. Prior  to  the  war  Mr.  Leonard  was  for  10  years  asso- 
ciated with  the  Leschin  Rope  Co.  in  the  Pittsburgh  district.  The 
Philadelphia  bi-acch  is  now  located  in  I^and  Title  Bldg.  and  Dis- 
trict Manager  \Thitehead  has  increased  his  office  and  sales  organ- 
ization. .Mfred  Rennolds,  associated  w-ith  Mr.  Capron  for  the  past 
8  years  as  Held  salesman  in  the  Chicago  district,  has  been  made 
Chicago  district   manager. 
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te)    Management  and  Office 
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le)    Properties  of  Materials 
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The  Past  and   Prospective  Rise  of 
Wages  in  the  Building  Trades 

The  cost  of  labor  of  erecting  buildings  has  usually  ranged 
from  ?.0  to  .50  per  cent  of  the  total  cost,  depending  on  the 
locality  and  the  character  of  the  building.  In  fireproof  build- 
ings the  labor  has  probably  averaged  about  30  per  cent. 
whereas  in  frame  buildings  the  average  has  been  about  40 
per   cent. 

Statistics  given  elsewhere  in  this  issue  show  that  buihlins 
materials  have  risen  about  84  per  cent,  on  the  average,  since 
the  world  war  started.  Lumber  has  risen  about  73  per  cent. 
The  average  increase  in  price  of  the  313  commodities  given  in 
Dunn's  index  has  been   113  per  cent. 

No  statistics  are  yet  available  to  show  the  average  rise  in 
wages  in  the  building  trades,  but  it  is  safe  to  put  it  at  not 
less  than  30  per  cent,  and  probably  about   40  per  cent.     The 

rise    of    wages    in    New 

York  City  building 
trades  is  given  else- 
where in  this  issue,  and 
the  average  increase  is 
about  40  per  cent. 

If  we  assume  an  aver- 
age 40  per  cent  increase 
of  builders'  wages  and 
an  average  80  per  cent 
increase  in  the  cost  of 
materials,  and  if  «e  as- 
sume that  tor  each  dol- 
lar of  wages  there  is 
spent  $1.50  for  materials 
delivered,  then  the  av- 
erage increase  in  the 
cost  of  buildings  is  >'i4 
per  cent  since   1914. 

Statistics  from  va- 
rious    sources     indicate 


that  uie  intrease  in  cost  of  iuoA.  clothing  and  rent  for  the 
a\eiage  Anierican  family  has  been  about  ti5  per  cent.  Rents 
lia\e  not  risen  greatly  as  yet,  but  are  steadily  increasing. 
Since  most  commodities  have  doubled  in  price  in  five  years, 
rents  will  surely  go  much  higher.  I'robably  they  will  rise 
fully  50  per  cent  above  what  they  now  are.  Averagi-  freight 
rates  have  gone  up  3,5  per  cent,  and  must  be  raised  another 
15  per  cent  (as  was  show  n  in  our  issue  of  .May  21)  in  order 
to  meet  the  deficits  that  the  railways  are  now  incurrin.g. 

Tliese.  and  other  factors,  make  it  clear  that  wages  in  the 
liUiUling  trades  will  rise  fully  25  per  cent  within  the  next  few- 
years.  The  unions  will  probably  not  attempt  to  secure  higher 
wa.aes  until  there  is  a  much  greater  volume  of  building 
under  way  than  at  present.  But  let  no  building  contractor, 
cn.gineer  or  owner  make  the  mistake  of  thinking  that  the 
liuilding  trades  unions  will  not  tight  for  further  substantial 
iniri  ases   in   wages  as  soon  as  the  building  industry  revives. 

Since  average  ])rices 
of  building  materials 
have  risen  more  than 
rales  of  wages  in  the 
building  trades,  many 
short  sighted  people 
have  looked  for  a  sub- 
stantial drop  in  such 
prices,  forgetting  that 
wages  in  the  manufac- 
turing trades  have 
lis.  u  more  than  in  the 
liuilding  trades.  Thus 
in  the  Chicago  terri 
tory  the  labor  cost  of 
manufacturing  com 
mon  brick  has  risen  t'.L' 
per  cent,  and  coal  for 
liiirniiig  the  brick.  114 
per    cent. 

The      average      daily 


28  Pages  =  40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest— easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 
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wage  in  ihe  DoukIur  fir  lii(Histi>  of  llio  Pnclllc  t'oiisl  in  1913 
•was  $-.'.<i3.  while  in  I'US  It  wiis  $5.fi:!,  or  an  lncroii«.»  of  89  por 
cent  ("onimon  labor  UurinK  iliat  sanio  period  ami  In  lln' 
eamr-  nsjion  rose  yj  pi>r  cont.  Wases  constitute  56  per  cent 
of  the  cost  of  pro(lucii\B  Oounlas  llr  Ininber, 

In  two  typical  soulliern  pine  mills  of  Norlli  farollni<  wasjcs 
averactil  22.S  cts.  per  hour  in  l;ii:i.  as  aKainst  38  cts.  in  l'.'l!i. 
or  an  increase  of  72  per  cent. 

Those  increases  In  wajjes  seem  hlsh.  contrasted  with  those 
In  the  hnil(lli\a  trades,  bnt  it  should  he  remembered  that  the 
V.  S.  CcMcinment  has  ilself  raised  the  wajjes  of  the  avera:<e 
railv.av  employe  84  per  cent,  that  the  U.  S,  Steel  Corp.  has 
increasoil  its  averaiie  wage  rale  more  than  100  per  cent, 
that  .Swift  &  Co..  the  Rreat  Chicaiso  packers,  have  raised 
their  wage  rates  125  per  cent.  and.  Ilnally.  thai  there  is  .'ir. 
per  ctnt  more  American  money  in  circulation  per  capita  than 
Iher'-  w.is  before  the  war. 

Ihi;;  last  factor— the  In.'rease  in  money  per  capita  is  one 
of  domi!>nnt  importance.  Taken  in  connection  with  a  broader 
di^tril.'ition  of  nionc\  <han  ever  before,  this  great  increase 
in  n>ene\  practically  assures  the  permanence  of  high  wages 
and  hiah  prices. 

Waire  rates  in  the  building  trades  will  go  higher,  and  prices 
of  building'  materials  will  not  fall.  Slowly,  and  often  reluct- 
antly, engineers,  architects,  contractors  and  other  business 
men.  have  been  coining  to  ihi.^  conclusion  during  the  past 
six-  months. 

Some  Economic  Ignoramuses  in 
Congress 

Among  Herbert  Spencer's  essays  is  one  in  which  he  shows 
up  the  ignorance  of  members  of  parliament  as  to  economic 
matters  of  the  simplest  sort.  Although  that  essay  was  writ- 
ten about  half  a  century  ago  and  related  to  English  legis- 
lators, it  is  applicable  today  to  most  of  our  American  con- 
gressmen, 

A  few  weeks  ago,  for  example.  Senator  La  Follette  del'v- 
ered  a  speech  (see  Congressional  Record,  p.  2.052,  etc.)  in 
which  he  said: 

"Now  take  pig  iron,  Mr.  President.  In  bessemer  pig  ir.on 
that  costs  $12.10  to  produce,  the  labor  cost  is  73  cents.  This 
is  the  part  that  labor  plays  in  the  production. 

"A  ton  of  pig  iron  that  sold  in  1912  for  $12,10  liad  in  it  as 
a  part  of  the  cost  of  producing  it.  73  cents  of  labor.  The  bal- 
ance was  made  up  of  $6.10  cost  of  iron  ore;  $3.28  cost  of 
coke;  43  cents  cost  of  limestone:  10  cents  cost  of  steam;  13 
cents  cost  of  materials  for  repairs  and  maintenance;  12  cents 
cost  of  supplies  and  tools:  24  cents  cost  of  miscellaneous 
work  expense:  18  cents  cost  of  relining  and  renewals;  3 
cents  for  contingent  fund;  and  7ti  cents  for  general  expense 
and  depreciation." 

The  "3  ct  "labor  cost"  of  which  Senator  La  Follette  speaks 
is  merely  for  the  labor  of  converting  the  raw  materials  into 
be.ssenier  pig.  Buried  in  nearly  every  one  of  the  10  other 
items  that  he  enumerates  is  a  labor  cost.  Take  the  $3.28  for 
coke,  for  example.  In  that  is  the  cost  of  labor  of  mining  the 
coal,  transporting  it  to  the  ovens,  coking  it,  hauling  by  rail 
to  the  furnace,  etc.  In  fact,  almost  the  only  part  of  this  $3.28 
cost  that  is  not  for  wages  or  salaries  is  the  interest  and  profit 
on  the  plants  used  in  producing  and  handling  the  materials. 
Rven  taxes  on  the  plant  are  mainly  consumed  in  paying 
wages  and  salaries  of  government  employes,  among  whom 
is  Senator  La  Follette  himself.  Similarly  as  to  charges  for 
depreciation  on  the  plant:  for  the  main  cost  of  renewing  any 
part  or  all  of  a  plant,  is  in  its  ultimate  analysis,  a  labor  cost. 

It  has  hCiU  estimated  by  some  economists  that  of  the  en- 
tire annual  income  of  all  Americans,  now  totaling  some  50 
billion  df^Ilars,  fully  70  per  cent  is  ultimately  paid  out  in 
wage<  and  salaries.  A  large  part  of  the  remaining  30  per 
cent  is  doubtless  an  indirect  payment  for  services.  We  have 
just  mentioned  taxes  as  being,  for  the  most  part,  payments 
for  services.  Even  "profits"  are  largely  payments  for  serv- 
ices. This  is  clearly  seen  in  the  case  of  small  merchants 
and  other  "middlemen."  whose  entire  profits  usually  amount 
to  only  a  moderate  salary  for  services  rendered  to  their  cus- 
tomers. 

All  this  is  elementary  economics,  but  many  a  congressman 
beside  Senator  La  Follette  has  shown  just  his  sort  of  ignor- 
ance of  economic  principles.  It  is  to  be  hoped  that  congress 
will  ultimately  consist  mainly  of  trained,  practical,  econom- 
ists— engineers    and    business    men — but    until    trained    econ- 


omists al^o  becoiiii'  tialneil  talki'rs  there  will  continue  to  be 
In  congicKs  a  plethora  of  pneumatic  pulsators  and  a  paucity 
of  price  and  \alue  analysts. 

Why    luigineers  Should  Be  Habit- 
uated to  Seek  and  Memorize 
Useful  Tacts 

Voiilh'-  ol  ilu>  [ireseiit  generation  liavr  usually  been  led  to 
think  that  it  i.s  rather  reprehensibl.'  lo  commit  either  facts  or 
fancies  to  memory.  Learning  "b.''  heart"  has  become  taboo 
in  the  schools.  Even  the  multipliialion  table  must  not  be 
memorized.  All  this  because  "parrots  merely  memorize." 
ergo  meinorizers  are  merel,v  parrots.  Unanswerable  syllo- 
gltni: 

InstiMKi  of  learninu  t^y  rote  we  now  are  supposed  to  have 
learning  by  ieason,  but  do  we  have  better  reasoners?  In- 
stead of  studying  the  details  of  practice  students  are  told  to 
concentrate  their  attention  iipcn  principles  and  let  the  de- 
tails be  learned  as  they  may,  lOven  in  our  engineering  col- 
leges, where  we  expect  *o  find  practice  wedded  to  theory, 
there  has  been  a  growing  reverence  for  "principles"  and  "the- 
ories" coincident  with  a  waning  regard  for  details  of  prac- 
tice. Has  this  resulted  in  a  better  brood  of  engineers?  Con- 
sider tlie  ([ueslion  seriously. 

In  the  laudable  effort  to  train  students  to  become  better 
thinkers,  has  not  sight  been  lost  of  two  facts?  First,  that 
errors  in  thinking  are  more  often  attributable  to  lack  of  per- 
tinent facts  or  data  than  to  false  processes  of  reasoning.  Sec- 
ond, that  the  habit  of  gathering  and  analyzing  data  is  not 
mure  readily  acquired  without  the  assistance  of  a  teacher 
than  is  the  haliit  of  drawing  correct  inferences  from  the  data. 
Correct  thinking  becomes  habitual  through  practice  under  a 
gocd  teacher.  But  how  many  teachers  fully  appreciate  the 
corelated  fact  that  the  systematic  collecting  and  analyzing 
of  data  -"mere  details" — seldom  becomes  habitual  excep' 
th;'ough  training  during  one's  youth? 

Why  is  it  that  so  many  men  reason  fairly  well,  yet  never 
reason  well  enough  to  become  leaders  of  other  men?  Is  it 
because  they  lack  push,  persistence  or  pull?  While  at  least 
two  of  these  three  p's  are  important,  we  incline  to  the  belief 
that  the  commonest  cause  of  failure  to  advance  is  pure  ignor- 
ance— ignorance  of  the  methods  used  by  those  who  are  most 
successful.  Yet  in  this  age  of  printing  ignorance  is  usually 
traceable  to  the  absence  of  studious  habits.  A  studious  man 
can  find  in  magazines  and  books  an  enormous  number  of 
methods  iisc^d  by  successful  men. 

Most  men  are  not  studious.  This  holds  true  not  only  of 
those  in  the  lower  walks  of  life,  but  in  the  higher  walks.  It 
holds  true  of  most  college  graduates.  It  holds  true  of  most 
college  professors.  The  man  who  systematically  searches 
without  ceasing  for  better  methods  is  a  rare  man.  Yet  sys- 
tematic searching  is  a  simple  matter.  The  trouble  is  that  it 
is  so  simple  that  few  teachers  have  realized  the  importance 
of  training  students  to  be  systematic  searchers. 

Every  youlh  .should  be  trained  to  s.^arch  for  facts,  and  the 
training  shoulr'  lie  so  thorough  and  prolonged  that  the  fact- 
searching  habit  will  cling  for  lite.  Furthermore,  everyone 
should  be  taught  to  memorize  a  great  mass  of  facts  relating 
to  his  trade,  business  or  profession.  One  of  the  great  educa- 
tional mistakes  of  the  past  25  years  or  more  has  been  the 
failure  to  train  fact-searchers  and  lact-memorizers. 

Xot  only  should  facts  be  sought  and  analyzed,  but  many  of 
them  should  he  committed  to  memory,  wholly  or  in  part.  En- 
ginoerint;  students  have  been  encouraged  not  to  memorize 
details,  but  merely  'o  learn  where  to  find  them.  This  has 
been  ■■<  gross  mistake.  It  has  not  only  tended  to  breed  a  lazy 
mentality,  but  it  has  given  a  false  feeling  of  ability  to  "cram 
up"  on  a  moment's  notice  so  as  to  solve  any  given  engineer- 
ing probler,!.  .\11  the  engineering  books  on  any  subject  con- 
tain only  a  small  fraction  of  the  useful  data  and  details  relat- 
ing to  it  Few  indexes  of  books  and  no  indexes  of  magazines 
are  satisfactory.  Magazine  literature  is  too  voluminous  to  be 
even  thumbed  through  fo'-  a  period  of  years  without  many 
days'  lalior.  Yet  "cram-il-up"  engineers — and  they  consti- 
tute the  majority— blithely  scan  a  few  bcoks  and  a  few  mag- 
azine indexes,  get  some  data  and  work  you  out  an  answer 
while  you  wail,  nuite  unconscious  that  it  is  probat)ly  a  wrong 
answer,  I;i  engineering,  be  it  remembered,  any  answer  is 
wrong  if  it  does  not  yield  the  most  economic  n'snlt  obtain- 
able in  our  present  state  of  knowledge. 
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Why  Engineers  Should  Understand 
the  Economics  of  Contracting 

With  each  $l,UtHi  of  ^?ash  a  buikling  contractor  can  "swiim" 
$5,000  to  .■SJO.OOO  worth  of  work.  Engineers  and  architects 
s;oldom  appreciate  tne  economic  significance  ot  this  fact,  for 
most  contracts  are  so  drawn  as  to  require  far  more  capiial 
for  tlieir  execution  than  is  necessary.  For  example.  |);iy- 
inents  on  account  are  made  monthly,  where  they  usually 
should  be  made  semi-monthly;  and  the  payments  are  never 
made  for  the  full  amount  of  work  done.  All  of  the  con- 
tractor's profit,  and  often  more,  is  held  up  till  the  final  pay- 
ment— a  wholly  unnecessary  piocedure  if  either  the  bond 
or  the  contractor  is  "sood." 

It  every  engineer  were  himself  a  contractor  before  prac- 
ticing engineering,  there  w'culd  be  fewer  contracts  that  add 
unnecessarily  to  the  financial  burdens  ot  contractors.  But 
the  average  engineer  is  so  concerned  with  protecting  his 
client's  interest,  and  So  innocent  of  knowledge  of  the  eco- 
nomics of  contracting,  that  he  makes  contracts  unduly  '"ir- 
densome  and   correspondingly   expensive   for  his   client. 

A  bond  for  a  public  contract  is  necessary,  as  laws  now  are. 
but  it  would  ordinarily  be  quite  as  effective  if  made  for  20 
per  cent  of  the  contract  price  as  for  a  larger  percentage.  A 
bond  for  a  private  contract  is  usually  not  needed  at  all.  ;f 
the  engineer  knows  his  business;  for.  in  the  first  place,  he 
will  invite  none  but  reliable  contractors  to  bid,  and.  in  the 
second  place,  he  will  O.  K.  the  final  i)ayment  only  after  re- 
ceiving waivers  of  liens  on  tlie  |)roperty  from  all  who  have 
furnished   materials. 

ilnly  •the  other  day  a  large  contract  tor  a  group  of  indus- 
trial buildings  was  let  on  which  the  contractor  had  to  iiay 
$111,00(1  to  a  surety  company  for  the  bond.  The  bond  was 
for  the  full  amount  of  the  contract.  By  that  piece  of  ignor- 
ance the  engineer  made  that  work  cost  the  owner  just  $10,000 
more  than  it  need  have  cost. 

Few  designing  engineers  have  had  experience  as  contrac- 
tors, but  there  is.  nevertheless,  no  excuse  for  ignorance  about 
the  erst  of  bonds.  There  is  scarcely  inore  excuse  for  not 
knowing  that  frequent  payments  enable  a  contractor  to  han- 
dle more  work  with  his  capital,  thus  reducing  his  overhead 
costs. 


hurtful  not   only  to  the  steel   mills  and  the   railroads,  but   to 
industry   in  general. 


Mr.  Hines  and  the  Price  of  Steel 

In  .January.  litKl.  iron  and  steel  industries  were  enjoying 
moderate  prosperity.  During  the  war  steel  prices  rose  about 
R.T  per  cent.  They  have  recently  been  reduced  about  1.5  per 
cent  to  stimulate  trade.     The  following  are  present  prices  and 

prices  in  .lanuary.  19i:^. : 

Jan..  .Tan.. 

Iiil3.  I'.'V.K 

Riiils.  per  ton   ?2S™|  Sl'-JIJ 

Bar.s.  pi-r  11...  ct J?  --b 

I'laies.  per  lb.,  ot ]-\i  --";■: 

StnK-tur.il    shapes    'ii?  -  ,i 

Wirt-   nails    '■'=  ''■-" 

Director  tSeneral  of  Rys.  Hines  refused,  several  weeks  ago. 
to  pay  $47  a  ton  for  rails,  although  that  was  a  price,  agreed 
mien  by  the  steel  manufacturers  and  the  Industrial  Board. 
He  then  called  for  bids  on  200,000  tons  of  rails,  and  has  just 
accepted  a  bid  of  $47,  although  still  protesting  that  it  is  too 
high. 

Director  Hines  undoubtedly  thinks  a  TO  per  cent  increase 
in  rail  prices  is  too  much,  but  the  men  who  meet  the  pay- 
rolls of  the  steel  mills  seem  to  have  the  better  of  the  argument. 
They  contend  that  the  recent  reduction  of  15  per  cent  in  steel 
prices  was  all  that  could  be  borne,  and  they  intimate  that  steel 
prices  will  rise  again  as  soon  as  latent  demand  is  converted 
into  active  demand.  "Who  is  likely  to  be  better  informed  as 
to  steel  costs,  ilr.  Hines.  a  buyer  of  steel,  or  the  companies 
that  make  steel  and  pay  wages  twice  as  high  as  they  were 
before  the  war? 

Mr.  Hines'  refusal  to  pay  the  $47  price  fixed  by  another  de- 
partment of  g.overnment  has  caused  a  great  deal  ot  adverse 
criticism.  Not  only  has  he  held  up  railway  construction  and 
maintenance,  but  his  policy  of  waiting  has  been  followed  by 
other  buyers  of  steel  who  now  find  that  they  were  misled. 

Looked  at  from  a  broadly  economic  view,  Mr.  Hines  should 
have  placed  orders  for  steel  rails  months  ago.  even  though 
he  regarded  the  price  as  being  too  high.  The  pressing  eco- 
nomic need  then  was,  and  stili  is,  to  give  employment  to  men. 
But  Mr    Hines  took  a  verv  restricted  and  short  sighted  view. 

f 


Surface  Area  Method    for  Propor- 
tioning Aggregates 

To  the  Editor:  Tlu'  article.  "The  Design  of  Concrete  .Mix- 
mres."  in  :/oui-  is.^uc  of  .\pril  2:'.  I'tl'.i.  contains  much  infor- 
mation of  value  Id  tliose  engagf  d  upon  both  the  design  and 
the  construction  of  concrete  structures.  However,  the  ref- 
erence to  til"  stirface  area  method  of  proportioning  appears 
to  the  writer  to  b»  subject  to  question,  more  especially  so 
since  his  own  investigations  have  shown  its  efficiency  for 
both   laboratory   .and    field   use. 

II  is  not  (juite  clear  just  what  is  meant  by  the  statement, 
"Our  studies  have  shown  that  surface  area  is  not  a  satis- 
factory basis  for  proportioning  aggregates."  Since  the  sur- 
face area  method  is  net  confined  to  the  proportioning  of  the 
aggregates,  but  instead  is  adapted  to  the  proportioning  of 
all  the  ingredients  of  the  mix.  including  the  water  content. 
Table  II  of  the  article  above  mentioned  does  not  appear  to 
Ibi'  writer  to  offer  evidence  tending  to  disprove  the  funda- 
nicntal  principles  of  the  surface  area  method,  but  rather  to 
add  emphasis  to  the  important  role  of  the  water  content  of 
the  mix  in  the  determination  of  the  ultimate  strength  of  the 
coi^crete.  Incidentally  Table  11  calls  attention  to  a  rather 
important  detail  of  concrete  making  to  which  the  fineness 
mod.ulus   method   gives   scant   consideration. 

('■ranting  for  the  present,  the  correctness  of  the  surface 
areas,  as  recorded  in  Table  II.  then,  since  the  quantities  of 
cemrnt  and  water  were  maintained  as  constants  through- 
ou'  i!-.'-  entire  series  of  tests,  it  naturally  follows  that,  by 
reason  of  the  variations  existing  in  the  surface  areas  of  the 
aggregates  to  be  moistened,  the  quantity  of  water  combining 
with  (he  cement  to  form  the  cement  matrix  is  correspond- 
ingly changed.  Very  small  variations  in  the  water  content 
of  the  cement  matrix,  at  the  time  of  mixing,  produce  radical 
ehanges  in  its  strength,  and  other  physical  properties  when  it 
has  become  fully  set.  "However,  it  is  only  the  water  which 
goes  to  the  cement  (that  is.  exclusive  of  absorbed  water! 
which  affects  the  concrete  strength."  Likewise  this  change 
in  the  consistency  (plasticity)  of  the  concrete  is  fully  recog- 
nized in  Bulletin  No.  1,  Lewis  Institute,  from  which  your 
artiele  was  taken,  but  this  portion  of  the  original  paper  was 
not  incorporated  into  the  Engineering  and  Contracting  ar- 
ticle.    Its  importance  appears  to  justify  its  inclusion  here: 

"The  grading  of  the  aggregate  may  vary  over  a  wide  range 
without  producing  any  effect  on  concrete  strength,  so  long  as 
the  cement  and  water  remain  imchanged.  The  consistency 
of  the  concrete  will  be  changed,  but  this  will  not  affect  the 
concrete  strength  if  all  mixes  are  plastic."  The  requirement 
that  the  concrete  be  "plastic"  when  mixed  will  be  referred 
to  further  on.  However,  it  may  be  said  here  that  the  above 
cinctation  together  with  the  preceding  one  from  the  same 
source   contain   the   kernel   of  the   cement-water  ratio   uiea. 

Concerning  the  surface  areas  recorded  in  Table  II.  the 
writer  has  endeavored  to  check  about  one-third  of  the  entn-e 
list  For  this  purpose  unit  areas,  adapted  to  Tyler  standard 
sieves  were  used.  These  areas  were  derived  from  the 
writer's  tests  described  fully  in  a  paper  "I'roporliouing  the 
Alaterials  of  Mortars  and  Coiu:retes  by  Surface  Areas  of 
4,c,o,.po.ues"  (See  I'roceedings.  American  Society  tor  Test- 
ing" Materials.  Vol.  XVIII.  Part  2.  Page  2:5.5.)  The  fact  that 
a'verv  marked  difference  has  been  found  between  bis  re- 
sults and  the  tabulated  areas  leads  to  the  conclusion  that 
ihe  latter  wer-  determined  by  a  somewhat  different  method. 
Table  II  shows  the  following  characteristics  ot  the  hue. 
ne-  uKMlulus  method  as  applied  to  the  series  ol  tests  there- 
'  lescribed      The  general  characteristics  of  the  surtae^-  area 


me'tbod  are  here  given   for  purposes  of  comparison: 

cat  i.n.pertn^.  '"^UmI  Vari.M. 

Ar>-a  ,.l    aKK.i-K.il.s rnifnm  >•-".''">• 

'  eini'nt    fnifenn  \;irril'l'- 

l-onsist.-nry   i  plastiriu  ) inif.ri'.  rnil-.r.n 

"For'"a'pioi.osed  concrete  structure  the  consideration  of 
possible  sotirc.  s  of  supply  of  aggregates   freqmnUly  involves 

he  laberatorv  examination  of  the  concrete  making  .pialiti.  s 

two   or   more   dilTerent    aggregates  varying   in   their   steve 

aLuyses  and  other  pll.^sical  properties.     The  field  conditions 
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attenilmg  the  mlxins.  liuiuilinR.  pl«il„K  and  linishiiiK  of  the 
concrete  as  well  n^  the  iiliim.ite  strenRth,  touKhness.  etc.. 
or  the  concrete-  prtidncihle  from  ihem  rennlre  thiii  tlie  rein 
tlve  merits  of  these  iiKsreKiites  be  iletermlne.l  uiuler  the 
conditions  characteristic  of  the  surface  area  method,  Most 
assuredly  those  conditions  which  tend  to  produce  varii.tions 
in  the  relative  plasticity  and  the  linal  streUKlh  of  the  cement 
matrix  should  be  eliminated.  In  the  tests  described  in  Table 
11.  uniformity  of  strensth  was  the  siiiRle  object  souRht  I'ni 
formlty  of   plasticity  and  of  touRhness  were  not  considered. 

The  writer  doeg  not  desire  to  create  the  Impression  that 
the  fineness  modulus  method  is  radically  different  from  the 
surface  area  method:  on  the  contrary  he  has  failed  to  dis- 
cover wherein  these  methods  are  at  variance.  althouRh  it 
may  truly  be  said  that  they  approach  the  problem  of  con- 
crf'te  desipn  from  quite  different  angles. 

1  take  this  opportunity  to  express  my  sincere  ai)preclatlon 
oi  the  valuable  discoveries  made  and  the  work  performed  at 
Lewis  Institute  under  the  direction  of  Prof.  Duff  .V.  .\brams. 

I.I.KWKLI.YN   N.   KDWAKDS. 
Supervising  IJngineer  of  Bridges.  Department  of  Works. 

Toronto.  Ontario. 


Method   for    Desij^nin^    Concrete 
Beams  Reinforced  for  Com- 
pression 

To  the  Editor:  Mr.  Haymonds  article  on  "A  Simple 
Method  tor  Designing  Concrete  Beams  Reinforced  for  Com- 
pression" in  Engineering  and  Contracting  for  April  23.  1919, 
is  interesting  and  his  method  is.  I  think,  quite  widely  used! 
The  method  of  Thomas  and  N'icholas  in  •'Reinforced  Con- 
crete Design  Tables"  is  very  similar  and  by  use  of  the  tables 
the  required  computation  for  the  individual  problem  is  ma- 
terially less  than  by  .\Ir.  Raymond's  solution. 

For  example,  considering  Mr.  Raymond's  Illustrative  Prob- 
lem of  a  beam  10  in.  x  24  in.  with  a  moment  of  800,000  in  -lb 
and  t\  =  16.000.  f.  =  6.=50.  n  =  15. 

From  tables  for  22-in.  depth  and  12-in.  width- 
Allowable.  M  =  ,=12,000  ft.lb.    As  required,  2.02  sq.  in. 

10 
Hence  for  10-in.  width  .M  =  — 52.000  =  4.'?,4iiO  in  lb 

12 
10 
As  =  —2.02  =  1.68  sq.  in. 
12 
The   balance   of  the   moment  to  be   taken   bv   compression 
steel  is   66,700  — 4.'?,400  =  23,300   ft.  lb. 

From  the  tables.  1  sq.  in.  of  compression  steel  2  in.  down 
in  a   24-in.  beam  has  an   allowable  moment  of  11.520  ft    lb 

23.380 
hence  =  2.02  sq.  in.,  tlie  required  area  of  compression 


11.520 


23.400  X  12 


:0.88 


steel.    The  additional  tension  steel  will  be 

20  X  16,000 
sq.   in.   0.88 -f  1.68  =  2.56   sq.    in.    The    total    required   tension 
steel. 

Four  slide  rule  computations  occur  in  the  above  solution 
against  Mr.  Raymond's  six  and  none  of  the  tour  are  as  com- 
plex expressions  as  some  of  his.  Also  by  the  tables  T-beams 
with  compression  steel  are  solved  as  easily  as  simple  beams. 

\V.    \V.    CLIFFORD. 
Structural    Engineer. 
Hyde  Park.  Mass. 


Time  Saving  Diagram^for  Concrete 
Computation 

To  the  Editor:  The  accompanying  diagram  has  proved 
very  useful  in  our  work  and  we  are  passing  it  along  to  the 
engineer  and  contractor  as  a  time  saver. 

Xote  that  dead  load  is  taken  care  of  and  that  only  the  live 
load  need  be  used  in  taking  off  the  required  thickness  of  slab. 
Although  the  formulae  for  obtaining  the  pro])er  thickness  of 
slabs  are  very  simple,  namely. 

M=i,^  wL-  or  110  or  1/12  and 
M  ^  107.5BD-  for  .Moment  of  Resistance 
there  is  the  practical  difficulty  in  using  them  in  the  calcula- 


tion of  indlvlilual  problems  that  "w"  cannot  be  correctly  taken 
unleHs  the  correct  tlead  load  is  known,  and  an  approximation 
iiumt  llrsi  be  made  by  takliiK  a  value  of  dead  load  based  either 
on  an  assumed  thickness  of  slab  or  an  assumed  dead  load. 
One  or  two  approximations  will  generally  give  the  result. 
This  objection  to  the  formulae  does  not  hold,  however.  In 
constructing  diagrams,  where  dead  load  has  been  iiuluded  and 
live  loads  only  are  Imlicated. 

Note  also  that   the  graph   will   give  results  for  senii-contin 
nous  and  continuous  slabs  by  reducing  the  actual  span  to  an 


Cunta  givr  vohMa  ofUn  Load  p»r  SjfFf-tVom  Formula  M-  ^"^'"'■>^  '" 
Whtin  M-t,ti    multiply gi</e'>sponbij 0817 
When  M'J^K^     mu/^'ply  t/f^ee  j/w  bi/ 0693 


T  a'  9"  10' 

Thickness  of  Slab  Including  /*  Firepnyofing 

Diagram    Showing    Thickness   of   Concrete   Slabs    In   Terms   of    Live 

Load. 

equivalent  span  by  the  use  of  a  coelticient  and  using  equiva- 
lent span  in  the  graph. 

M.   W.   SERBY, 
\Villiam  Serby  Co.,  Builders. 
Washington.  D.  C. 


Wage  Scale  in  Building  Trades  in  New 
York  City 

The  accompanying  table,  prepared  from  data  furnished  by 
the  Building  Trades  Employers'  Association  of  New  York 
City,  shows  the  wage  scale  of  various  trades  in  the  building 
field  in  Jhat  city  in  1902  :ind  1914  and  the  present  scale: 

Trades.  

Carprnler.s  (shop  workl. 

M  a  II  hat  t.  Ill    

Rifhn>o(ui    

Bricklayers  

r«ilior*?rs    

Cf iiient   masons   

KnsinefTs  (Hoisting'  .Ass'n). 

Ensinoers   irunninti:  pumpi    

Painters    

Plastt-rers    

T.,.'lborei-s    

Metallic  Ipthers    

F:iectrical    \vork«TS    

Helper.*     

Plumbers 

Steamntlcr.v    

Helpers    

Stonemasons     

Cutters 

Set  t  ^rs    

:\Iosa  ir  workers    

Tile  layers   

Helpers  

Marble  cutters  and  setters 

Carvers 

TJoofers.  <-riniposition    

Slate  and    tUigk 

Roof  and  she^  metal 

Housesmitlis    

Structural     4.00 

Finisher.-     

Helpers    

Houseshorers    

Helpers    2.2: 


l;io2. 

1914. 

1919. 

$1.00 

$.... 

$6.2.^ 

:'..T!- 

600 

.'J.iO 

6.00 

7.00 

2.80 

3.14 

4.00 

■1.80 

a.60 

5.0" 

6.00 

4.00 

5.00 

:r.5ii 

G.OO 

5. .50 

7.00 

:).•->.=; 

4.50 

l.ou 

6.00 

i.iiii 

4.80 

6.00 

2.20 

3.00 

l.'.O 

G.OO 

1.50 

6.00 

:;.oo 

4.00 

1.4(1 

4. SO 

5.1111 

5.50 

6.75 

5  5ii 

6.00 

7.00 

■>  75 

5.50 

5  Oil 

6.00 

•A  Oft 

3.B5 

5.00 

6.00 

5.5e 

6.00 

6.50 

2  75 

S.50 

4.7r, 

4-25 

5  50 

6.50 

4,50 

5.00 

6.00 

4.50 

7.00 
6.40 
5.00 

2.75 

?..(,% 

5.00 

2.25 

5.00 
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What  Shall  an   Engineer  Read  in 
General  Literature? 

By  R.  FLExMING, 
.American  Bridge  Co..  Xew  York  City. 
Read  Plato.  Not  an  entire  five  or  six  volume  edition,  but 
"The  Phaedo."  where  Socrates  is  at  his  best.  Of  course  the 
adamantine  rock  of  Shakespeare  will  not  be  overlooked. 
Macbeth  and  Hamlet!  Who  can  do  justice  in  writing  of 
them?  But  human  thought  i-eaches  its  highest  level  in  two 
books  of  the  Hebrew  Scriptures— Job  and  Isaiah.  If  the 
writer  had  his  way  they  would  be  introduced  into  every  col- 
lege course  in  Knglish. 

There  was  once  a  theatrical  manager  who  occasionally 
gave  Shakespearian  performances  in  order,  he  said,  that  peo- 
ple would  appreciate  his  other  plays.  On  the  same  principle, 
for  relaxation  from  worthwhile  books  like  those  mentioned 
there  is  nothing  like  Frank  R.  Stockton.  His  stories,  clean 
and  full  of  humor,  are  a  tonic  to  a  weary  mind.  "Rudder 
Grange,"  "The  Squirrel  Inn,"  "The  Late  Mrs.  Null"  or  any 
of  his  many  volumes,  furnish  the  same  restfulness. 

"As  a  rule,  Americans  never  read  history  and  never  learn 
anything  from  it."  This  charge,  if  true,  can  be  easily  reme- 
died. Fiske's  "The  Critical  Period  of  American  History, 
178.3-1789"  and  Rhodes'  "History  of  the  United  States  from 
the  Compromise  of  1850  to  the  Final  Restoration  of  Home 
Rule  to  the  Soutti  in  1877,"  are  as  fascinating  as  intense 
novels  and  should  be  read  by  every  educated  American. 
Carlyle's  "French  Revolution"  is  a  masterpiece  of  historical 
writing,  but  a  fair  knowledge  of  the  history  of  that  stormy 
period  is  necessary  to  thoroughly  enjoy  it.  In  some  quar- 
ters much  is  made  of  the  historical  novel.  "Quo  Vadis," 
"Henry  Esmond,"  "A  Tale  of  Two  Cities,"  and  "Last  Days 
of  Pompeii"  are  truly  great  books.  ",Tohn  Inglesant."  though 
not  so  well  known,  belongs  to  the  same  class. 

It  is  well  to  read  all  the  writings  of  one  or  two  authors. 
Charlotte  Bronte  and  George  Eliot  may  be  cited.  Tbere  is 
pleasure  in  reading  the  books  of  one  or  two  present-day  au- 
thors as  they  come  out.  In  American  fiction  a  choice  can  be 
made  from  such  writers  as  .lames  Lane  Allen,  Margaret  De- 
land,  Basil  King  or  Henry  Sydnor  Harrison.  In  Harrison's 
"Angela's  Business"  a  young  engineer  is  an  interesting  char- 
acter. One  wishes  to  dip  occasionally  into  the  "best  sellers." 
"The  Winning  of  Barbara  Worth,"  "The  Inside  of  the  Cup," 
".Mr.  Britling  Sees  It  Through,"  "The  Four  Horsemen  of  the 
.Apocalypse"  have  mucli  that  a  technical  man  will  especially 
appreciate. 

To  comw  Doiv  to  the  realm  of  poetry.  What!  Poetry  and  engi 
neering!  Why  not?  When  Alfred  Noyes,  the  English  poet, 
was  asked  by  a  reporter,  "What  place  should  poetry  have  in 
the  life  of  a  college  student?"  he  replied,  "What  place  should 
poetry  have  in  the  life  of  any  man?"  Commenting  upon  this 
reply,  a  widely  known  engineer  and  business  man  asks,  "Why 
should  engineers  deny  themselves  the  inspiration  which  the 
contemplation  of  the  best  thought  of  man  affords?  Why 
should  engineers  make  of  themselves  calculating  machines 
— automatons  clad  in  khaki?"  Few  can  climb  to  the  moun- 
tain peaks  of  Browning  and  Tennyson,  but  many  can  appre- 
ciate the  galaxy  of  poets  who  have  given  a  name  to  American 
letters.  There  is  often  pure  enjoyment  in  reading  those  not 
classed  with  the  "great"  poets.  Many  gems  "of  purest  ray 
serene"  may  be  found  in  the  pages  of  Van  Dyke,  Lanier,  Sill 
and  Timrod.  The  joy  of  discovering  them  will  be  akin  to 
tbat  expressed  by  Keats  in  his  glorious  sonnet,  "On  First 
Looking  Into  Chapman's   Homer." 

For  a  delightful  volume  of  essays  turn  to  .\.  C.  Beiisim's 
"From  a  College  Window."  What  he  says  "On  Crowing 
Older"  somewhat  reconciles  one  to  the  passing  of  the  years. 
What  he  says  in  "Beauty"  may  be  applied  to  one's  reading: 
"It  is  better  to  be  individual  than  catholic,  and  better  to  at- 
tempt to  feed  one's  own  genuine  sense  of  preference  than 
to  continue  attempting  to  correct  it  by  the  standards  of  other 
people." 

Little  need  Ije  said  of  the  engineer's  reading  in  the  line  of 
his  profession.  Our  printed  engineering  resources  are  so 
vast  that  discrimination  is  necessary  in  the  matter  of  selec- 
tion. However.  Ruskln's  "Seven  Lamps  of  Architecture" 
should  be  included. 

If  a  man  has  a  hobby,  whether  it  be  the  fourth  diincMision 
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or  sweet  pea   culture,  he  should  read   what   has  been  written 
on  the  subject.     Us  extent  will  be  a  surprise  to  him. 

A  great  deal  has  been  said  about  the  choice  of  books  Be- 
cause Frederic  Harrison  thinks  that  the  "Vicar  of  Wak- 
field"  is  the  highwati.'r  mark  of  English  prose  should  not 
prevent  another  from  thinking  this  distinction  belongs  else- 
where-to  "Pilgrim's  Progress"  for  instance.  Some  years 
ago  from  600  leplies  to  a  questionnaire  a  list  was  made  of 
the  ten  most  popular  short  poems.  But  "The  Blessed  Dam 
osel"  and  the  "Ode  to  a  Nightingale"  were  not  among  those 
lavored.  Mr.  Roosevelt  voiced  the  sentiment  of  manv  when 
he  .said  in  a  recent  address,  "If  I  had  to  read  entire  a'librarv 
of  the  hundred  best  books  or  Dr.  Eliot's  five-foot  book  shelf  1 
would  rush  to  the  nearest  newsstand  and  buy  a  ten  cent  de- 
tective story."  (Quoted  from  memory,  i  I'nless  a  man  has 
depraved  tastes  the  best  books  foi-  him  to  read  are  those 
that  he  likes  best.  Andrew  Lang,  in  his  essay,  ".■Adventures 
Among  Books."  says:  "Young  men.  especially  in  America. 
write  to  me  and  ask  me  to  recommend  a  course  of  reading! 
Distrust  a  course  of  reading!  People  who  reallv  care  for 
books  read,  all  of  them."  What  .Mr  i.aira  probably  means  is 
that  no  one's  reading  should  be  circumscribed  within  nar- 
row boundaries.  .\t  the  same  time,  it  is  better  to  be  well  ac- 
quainted with  a  few  books  than  to  have  a  superficial  knowl- 
edge of  many.  Reading  real  literature  according  to  some 
plan  is  wiser  than  the  desultory  reading  of  mere  printed 
matter. 

In  conclusion,  this  iiomily  may  lie  far  from  ideal  in  its 
suggestions,  but  it  has  the  merit  of  recoi'ding  a  personal  ex- 
perietu:'e. 


Umbrella  vs.  Butterfly  Sheds  for  Railway 
Stations 

The  average  pre-war  cost  of  the  umbrella  or  laitterlly  type 
of  sheds,  according  to  a  committee  report  submitted  at  the 
last  annual  meeting  of  the  .American  Railway  Engineers'  As- 
sociation, was  $1.10  per  square  foot,  exclusive  of  the  pav- 
ing and  curb.  The  average  height  from  curb  to  eaves  was  16 
ft.  The  average  spacing  center  to  center  of  supports  was 
"It  It  The  above  average  price  covers  the  cost  of  various 
types  ot  sheds,  including  the  following  features: 

(li  Steel  supporting  strticture  covered  with  wood  sheath- 
ing and  composition  roofing.  (2)  Frame  supporting  struc- 
ture covered  with  wood  sheathing  and  composition  roofing. 
C!)  Pre-cast  concrete  columns  and  roof  slab  covered  with 
com  position    roofing. 

The  committee  states  that  there  is  no  choice  between  tlie 
umbrella  shed  and  the  butterfly  shed,  so  far  as  protection 
from  the  elements  is  concerned,  the  edge  of  the  gutter  be- 
ing in  the  same  relative  position  on  both  types. 

Where  n<.  waiting  room  is  provided  in  connection  with 
iinihreila  sheds,  the  committee  recomn>ends  that  partitions 
be  built  between  supporting  columns;  these  partitions  to  be 
located  at  "very  third  bay  where  traffic  is  heavy,  and  every 
fifth  bay  where  traffic  is  light.  With  the  umbrella  shed  type, 
two  gutters  and  two  leaders  from  the  gutters  to  the  central 
post  are  m  cessary.  With  the  hutfertly  type  no  gutters  are 
required.  This  eliminates  the  first  cost  for  gutters  and  means 
lower  ruaintenance  cost  on  account  of  the  lack  of  same. 

Siuue  railroads  use  circular  supporting  columns  for  butter 
fly  type,  making  use  of  this  column  for  the  regular  down- 
sjiout  On  account  of  the  prevalence  of  cinders  the  drains 
at  tlie  bottom  of  the  columns  are  likely  to  be  stopped  up. 
and  in  cold  weather  the  columns  will  freeze  and  burst.  In 
either  type  of  shed  it  is  recommended  thai  at  or  below  t!ie 
l)lalf(U'm  level  of  the  down  spouts  a  trap  with  clean-out  be 
installed.  It  is  considered  preferalile  to  ]ilace  the  down 
spiiiits  outside  the  supporting  column. 

.'\t  iiuilirella  sheds  in  some  parts  of  the  country  snow  col 
leris  in  such  quantity  that  if  becomes  necessary  to  shovel  ii 
off.  ( 'oiisideration  should  be  given  roofing  sheds  in  such  lo 
caiilies.  with  a  roof  having  a  hard  surface,  as  a  composition 
root  is  easily  ruined  by  laliorers  digging  info  it  with  pick- 
arid    shovels    removing   snow    and    ice. 

The  conclusions  of  the  committee  were: 

In  that  part  of  the  country  where  heavy  snow  occurs  uiii 
brella  type  of  shed  is  preferable,  though  somewhat  more  e\ 
pensive   in   first  cost. 

Ill  that  part  of  the  country  where  heavy  snows  are  not  ;i 
factor,   the   but'erfly   type  of  shed    is   preferable. 
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Pneumatic  Caissons  with  NN'ooiion 

Cylinders  for  Sinkinj^  liriiij^e 

Piers 

('iietiiiiiitk-  cnissoiis  differing  somewliiu  froiii  thnsp  onli- 
narlly  employed,  were  used  in  the  construction  of  piers  for 
lliree  bridges  now  bein):  built  under  the  pliins  of  liitrring- 
ton.  Howard  &  Ash.  Consulting  Knglneers,  Kansas  fily.  Mo. 
One  of  these  bridges  is  being  built  over  the  Arkansas  Hiver 
near  Morrilton.  Ark.,  for  the  t'onway  County  Dridge  Dis- 
trict; the  second  is  over  tlie  Hed  Kiver  at  Texnrkana.  Ark., 
the  Red  River  Bridge  llistrict  being  the  owner,  and  the 
third,  over  the  Canadian  River  at  ICufaula.  Hkla.,  is  being 
built  for  the  Jefferson  Highway  Bridge  Co. 

The  Arkansas  River  bridge  Includes  a  swing  span  :!7(i  ft. 
long,  three  spans  ^otf  ft.  long,  and  one  span  164  ft.  long.  The 
supei structure  is  composed  of  second-hand  railway  spans 
which   were   bought  .complete. 

The  bridge  over  the  Red  River  includes  three  fixed  spans 


L'llO  f(,  long.  Iwo  fixed  spans  liU  I'l.  long.  :iiul  a  lift  span  204 
ft.  long.  'I'he  three  ^liOfl.  spans  are  socondlumd  highway 
bridge  spans  which  were  formerly  across  the  Kaw  River  at 
Central  .Vve..  Kansas  City,  the  other  three  spans  are  made 
up  of  second'haml  railway  truHses  combined  with  new  floor 
beams  and  stringers,  afid  new  Infcrals  lo  provide  the  proper 
width    helween    trusses. 

The  Canadian  River  bridge  is  a  succession  of  deck  spans 
118  ft.  long,  .Ml  three  bridges  are  for  highway  service 
only. 

The  same  contractor,  the  .Miillaiul  Hi  i(l,i;e  Co,.  Kansas  City, 
.\lo..  secured  the  contracts  for  the  construction  of  the  sub- 
structures of  all  thne  bridges  It  was  thus  able  to  ai)ply  the 
experience  in  sinking  the  piers  of  the  Arkansas  River  bridge, 
which  was  started   first,  to  the  other  structures. 

Hefails  of  the  caisson  construction  for  the  piers  at  the 
Arkansas  River  bridge  are  shown  in  Kig.  1,  The  pneumatic 
<-:iisson  of  the  pivot  pier  was  fairly  large  with  an  octagon  30 
ft.  on  the  side,  hut  its  walls  consisted  only  of  one  width  of 
lO.xlO  timbers  planked   outside  anil   inside.     The  roof  of  the 
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Fig.   1 — Details  of  Caisson   Construction   for   Piers  of   Arkansas   River   Bridge. 
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Fig.   2— Details  of  Caisson   and   Section   Through    Piei 

working  cluuiiber  consisted  likewise  of  one  layer  of  10x10 
timbers.  To  support  the  concrete  above  the  roof  during 
sinking,  there  were  provided  two  wooden  trusses  extending 
from  side  to  ?ide  of  the  caisson.  The  shaft  was  hollow  with 
a  3tt.  reinforced  concrete  wall,  with  coping  extending  con- 
siderably beyond  the  neat  shaft.  This  extension,  of  course, 
was  for  the  purpose  of  reducing  the  size  of  caisson  as  much 
as  possible. 

In  spite  of  its  apparently  light  construction,  this  caisson 
was  handled  very  satisfactorily.  It  v,-as  subjected  to  very 
considerable  strains  because  the  bedrock  was  considerably 
deeper  on  one  side  than  on  the  ether  and  the  caisson  had 
to  be  supported  while  the  higher  side  was  blasted  down.  The 
vertical  timbers  at  each  corner  of  the  octagon  extended  from 
the  cutting  edge  clear  up  through  the  roof,  and  the  side  tim- 
bers were  bolted  to  them  at  each  intersection.  This,  to- 
gether with  the  vertical  sheeting,  tied  the  caisson  together 
very  well.  For  the  outside  strains  there  was  one  belt  of 
walins  timbers  around  the  bottom  of  the  cutting  edge  sup- 
porter;  by  the  radial  struts  iu  the  bottom  of  the  chamber. 

Rigid  economy  in  the  use  of  both  timber  and  steel  was 
necessary  in  this  work  in  order  to  build  the  bridge  within 
the  funds  provided.  Reinforced  concrete  caissons  were  con- 
sidered but  abandoned  on  account  of  additional  cost  and 
slowness  of  operations  in  construction,  whicli  might,  with 
sudden  fluctuation  of  the  river,  be  the  cause  of  flood  diffi- 
culties. Wooden  cylinders  were,  therefore,  adopted  for  the 
bases.  These  were  made  of  beveled  staves  6  in.  wide  and 
about  21-i  in.  thick.  They  w-ere  placed  flat  sides  together. 
Steel  hoops  were  placed  on  the  outside  of  the  staves  so  as 
to  make  a  large  section  of  wooden  pipe.  The  roof  of  the 
working  chamber  was  made  of  two  layers  of  4-in.  plank 
placed  at  ri.ght  angles.  The  inside  of  the  working  chamber 
Avas  sheeted  with  vertical  planks  2  in.  thick  nailed  to  the 
stav.es.  The  edge  thus  provided  supported  the  roof  of  the 
working  chamber  and  swelling  at  this  point  was  prevented 
by  a  hoop  placed  outside,  just  at  the  roof  line. 

The  working  shaft  w'as  designed  to  be  a  piece  of  staM' 
pipe  with  ladder  rungs  and  the  lock  was  to  be  used  on  toi) 
of  this  wood  sta^'e  pipe.  It  developed,  however,  that  the 
contractor-  had  a  supply  of  steel  shafting  working  pipe  and 
the  engineers  accordingly  permitted  the  use  of  a  form  foi- 
the  concrete  somewhat  larger  than  the  pipe.  The  steel  shaft 
was  used  successively  on  different  piers. 

In  order  to  transfer  the  weight  from  the  concrete  to  the 
outer  wood  pipe,  duriu.g  sinking,  various  short  pieces  of  2 
in.  plank  from  the  waste  pile  were  nailed  to  the  inside  of  the 
staves.  These  wooden  pipes  were  built  in  vertical  position 
inside   of   the   steel   hoop   rings,   nailed    successively   each    to 
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Base  for   Red    River   Bridge   at   Texarkana.   Ark. 
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-Arrangeriient    of    Air    Lock    and    Shafts    for    Canadian    River 
Bridge. 

U'-x)    niitil   ihe   circle  was   almost   completely   tilled,  when 

■w  slaves  were  driven  in  wedge  fashion  as  tightly  as  pos- 

If.     .\s  tlie  timber  was  somewhat  seasoned   it  swelled   up 

soon  as  placed  in  the  water  and  in  mosr  cases  provided  a 

y   tight   barrel-like   shell.     It   was,  of  course,  a   substitute 
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for  the  usual  outside  steel  shell  and  proved  to  be  a  very  sat 
isfactory  substitute. 

Details  of  the  pier  work  at  the  Hed  River  brldtse  are  shown 
in  FiK.  2.  When  thf-se  piers  reiu-hed  bedrock  and  the  work- 
ini;  chamber  was  entirely  tilled,  the  steel  workinn  shafts  were 
removed  for  further  use.  and  the  forms  were  also  removed 
and  the  inside  space  tilled  with  concrete.  The  cylinders  ai 
the  Arkansas  itiver  bridge  were  12  ft.  outside  diameter,  but 
at  the  Hed  River  bridge  they  were  from  9  ft.  to  11  ft.  6  In. 
diameter. 

The  same  idea  of  the  wooden  cylinders  was  carried  out  at 
the  Canadian  River  bridge,  but  here  they  were  reduced  to 
an  outsiiie  diameter  of  7  ft.  6  in.  even  though  they  were 
sunk  from  depths  varying  from  22  to  36  ft.  On  account  of 
the  larce  amount  of  steel  renuired  for  the  hoops  a  wire 
wrapping  was  substituted,  and.  except  at  the  working  chamber 
where  the  steel  hoops  were  \ised.  the  entire  base  was  wrapped 
with  >i-in.  wire  in  spirals  wound  on  tightly  and  held  in  place 
with  2-in.  stables  about  24  in.  apart.  These  cylinders  were  so 
small  that  the  use  of  the  inside  torn)  and  the  removable  steel 
shafts  was  not  practicable,  so  that  tlie  original  scheme  of  the 
wood  stave  pipe  was  adhered  to. 

At  the  top  of  the  wood  stave  pipe  there  was  bolted  on  a 
flange  angle  to  which  the  standard  steel  air  lock  was  attached. 
Several  of  these  piers  have  been  completed  and  no  great 
difficulty  has  been  encountered  with  them  except  those -inci- 
dent to  the  sinking  of  so  deep  a  pier  with  diameter  so  small. 
It  would  not  have  been  possible  to  proceed  with  the  con- 
struction of  this  bridge  if  it  had  been  necessary  to  use  ordi- 
nary jjteel  pneumatic  cylinders  throughout. 


Production  and  Price  of  Portland  Cement 
in  1918 

The  production  of  Portland  cement  in  1918  was  tlie  lowest 
since  IROit  according  to  statistics  compiled  under  the  direction 
of  Ernest  F.  Burchard.  of  the  U.  S.  Geological  Survey,  Depart- 
ment of  the  Interior.  The  decrease  in  output  was  the  effect 
of  the  war  restrictions  imposed  by  the  Government  upon  fuel 
,  supplies,  transportation  facilities,  labor,  and  private  construc- 
tion in  general.  The  shipments  of  Portland  cement  in  1918 
amounted  to  70.915.508  bbls..  valued  at  $11S,153,513,  compared 
with  90.703.474  bbls.,  valued  at  $122,775,088,  in  1917,  a  de- 
crease in  (juantity  of  21.8  per  cent  and  in  value  of  7.8  per  cent. 
The  production  in  1918  was  71.081.663  bbls..  compared  with 
92.814.202  bbls.  in  1917,  a  decrease  of  23.4  per  cent.  The 
stocks  at  the  mills  increased  from  10,353,838  bbls.  in  1917  to 
10.453.950  bbls.  in  1918.  or  1  per  cent.  The  decrease  in  ship- 
ments and  in  production  was  general:  it  covered  every  state 
and  commercial  district  and  ranged  from  8  to  40  per  cent. 
According  to  the  producers'  reports  about  54  per  cent  of  the 
capacity  of  the  cement-manufacturing  plants  of  the  country 
was  utilized  during  1918.  but  the  capacity  operated  in  the  sev- 
eral states  ranged  from  38  to  70  per  cent.  The  average  fac- 
tory price  per  barrel  tor  Portland  cement  in  bulk  in  the  dif- 
ferent states  in  191S  ranged  from  $1,511  in  Pennsylvania  to 
$1,894  in  Washington;  in  1917  it  ranged  from  $1.22  in  the  Le- 
high district  to  $1.69  in  Washington.  The  average  factory 
price  per  barrel  for  the  whole  country  was  $1,596  in  1918. 
compared  with  $1,354  in  1917,  an  increase  of  24.2  cts.,  or  17.9 
per  cent.  The  prices  in  these  two  war  years  are  the  highest 
that  have  been  realized  for  Portland  cement  since  1898  and 
1899.  when  they  were  respectively  $1.62  and  $1.43  a  barrel. 
The  lowest  average  price.  $0,813,  was  recorded  in  1909  and 
1912.  The  combined  production  of  natural  and  puzzolan 
cements  in  1918  was  432.966  barrels,  valued  at  $401,341.  com- 
pared with  639.456  bbls..  valued  at  $435,370,  in  1917,  a  decrease 
in  quantity  of  32.3  per  cent  and  in  value  of  7.8  per  cent. 


24'/2  Per  Cent  of  Fabricating  Shop  Capacity  Contracted  for  in 
April. — The  records  of  the  Bridge  Builders  and  Structural  So- 
ciety, as  collected  by  its  secretary,  show  that  during  the 
month  of  April,  1919,  24I2  per  cent  of  the  entire  capacity  of 
the  bridge  and  structural  shops  of  the  country  was  contracted 
for. 


Draftsmen  at  Portland  Form  Union. — Draftsmen  at  Port- 
land. Ore.,  have  organized  a  local  branch  of  the  Draftsmen's 
Union,  which  is  affiliated  with  other  unions  along  the  Pacific 
Coast  and  with  the  American  Federation  of  Labor. 
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Prices  During  the  War  and  the  Re- 
adjustment Period*^ 

lly  T.  S.  1101. DK.N. 

Iiivi-Hllunior.     l.nmoiiiHK    Soitlon,    Hlvl.slon    of    I'lililli-    Works    and 

OoiiHirtii-iloii  KcvoloiJiiu-nlH.  I".  S.  I  >ii)nrtment  of  Labor. 

.\  sivuly  iif  the  index  llgures  of  commodity  prices  in  the 
I'nitcd  Slates  and  certain  foreign  countries  shows  that  while 
prices  liHve  risen  very  considerably  in  this  country  through 
the  war  period,  the  rise  in  other  countries  has  been  greater. 
According  to  the  llgures  of  the  Bureau  of  Labor  Statistics, 
the  wholesale  prices  of  all  commodities  in  September,  1918, 
were  107  per  cent  over  the  average  tor  tlie  year  1913.  This 
was  the  highest  ligure  reached  in  this  country.  The  price 
level  in  Canada,  according  lo  the  Canadian  I..abor  Depart- 
ment, reached  the  high  point  in  November — the  price  level 
then  being  115  per  cent  over  the  1913  figure.  According  to 
•lie  figures  of  the  London  Kcononiist.  the  price  level  in  the 
Cnited  Kingdom  was  higliest  in  the  month  of  August,  being 
at  that  lime  133  per  cent  above  the  1913  average.  Figures 
on  the  increase  of  prices  in  France  are  not  available  for 
any  time  later  than  .June.  1918:  however,  the  index  figure 
as  published  by  the  Statistique  Generale  for  the  month  of 
May  showed  an  increase  of  235  per  cent  over  the  1913  price 
level.  Not  only  do  the  countries  nearer  the  scene  of  actual 
warfare  show  greater  rises  in  the  price  level,  but  it  is  also 
true  that  in  these  countries  the  prices  began  to  rise  at  an 
earlier  date  than  they  did  in  the  United  States. 

A  comparison  of  the  rise  in  the  price  level  in  these  coun- 
tries is  shown  grapliically  in  Fig.  1. 

Great  Increase  In  Currency.- -The  general  rise  in  commod- 
ity prices  was  ac<'ompanied  in  all  these  countries  by  a  con- 
siderable increase  in  the  amount  of  money  in  circulation  and 
in  the  amount  of  bank  deposits.  In  this  country  the  aver- 
age amount  of  money  in  circulation  per  capita  in  the  year 
1913  was  $34.65.  This  increased  to  $56.23,  the  figure  for 
Dec.  1,  1918.  an  increase  of  62  per  cent.  There  has  been  a 
slight  decrease  since  that  time,  the  figure  for  March  1  be- 
ing $53.76,  which  is  55  per  cent  above  the  1913  figure.  Dur- 
ing the  same  time  bank  deposits  in  the  United  States  have 
increased  almost  threefold.  In  European  countries  during 
the  war  period  bank  deposits  more  than  doubled. 

Prof.  Irving  Fisher,  of  Yale  University,  published  about  a 
month  ago  a  monograph  entitled  "The  New  Price  Revolu- 
tion." in  which  the  facts  concerning  the  increase  of  the 
amount  of  money  and  of  credits  were  brought  out.  and  the 
statement  was  put  forward  that  this  increase  was  responsi- 
ble for  the  general  rise  in  the  price  level.  Prof.  Fisher  also 
pointed  out  that  it  is  extremely  unlikely  that  there  will  be 
a  decrease  of  money  and  credits  in  either  this  country  or 
European  countries  within  the  next  few  years,  and  that 
the  price  level  will  remain  permanently  high  as  compared 
with   the   prewar  level 

Prices  During  and  After  the  Civil  War. — A  comparison  of 
the  course  of.  prices  during  the  Civil  War  and  the  present 
war  shows  many  points  of  similarity  during  the  two  war 
periods.  The  course  of  prices  during  the  present  period  of 
readjustment  and  the  corresponding  period  following  the 
Civil  War  shows  more  points  of  difference  than  of  similarity. 

During  both  wars  the  wholesale  prices  of  commodities  in 
general  rose  steadily  through  the  war  period.  The  rise  dur- 
ing the  Civil  War  period,  taking  the  year  1860  as  the  base, 
runs  up  to  a  somewhat  higher  level  than  the  rise  during 
the  present  war.  In  both  wars  building  materials  rose  in 
price,  but  they  did  not  at  either  time  reach  levels  as  high 
as  the  price   levels  of  other  commodities. 

At  the  beginning  of  the  year  1865.  the  end  of  the  Civil 
War  being  in  sight,  wholesale  prices  broke  suddenly  and 
violently.  During  the  first  six  months  of  the  year  prices 
in  general  fell  off  27  per  cent  from  the  higti  level  of  Jan- 
uary. However,  the  break  in  wholesale  prices,  though  un- 
precedented in  violence  and  accompanied  by  the  unsettling 
influence  of  the  end  of  the  great  war.  produced  no  business 
crisis  or  depression.  Through  the  latter  half  of  1865  prices 
recovered  from  the  low  point  until  in  January.  1866,  they 
stood  just  16  per  cent  below  the  level  of  January,  1865.  From 
the  beginning  of  1866  prices  dropped  slowly  downward.  They 
did  not  reach  the  prewar  level  until  the  year  1878.  As  is 
well  known,  during  that  period  of  inflated  currency  gold  was 

"Abstraot  of  a  paper  presented  .\pril  it.  1S19.  before  the  New 
York  Chapter  of  the  American   Institute  of  Architects. 
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at  a  prfraiiim.  However,  coinmodity  prices  remained  above 
the  prices  of  golii  up  to  and  including  the  year  1877. 

Building  materials  declined  in  price  along  with  other  com- 
modities during  the  first  half  of  the  year  186.5.  However,  the 
fall  was  less  than  in  the  case  of  other  commodities.  Whereas 
commodities  in  general  dropped  27  per  cent,  building  mate- 
rials dropped  only  141/2  per  cent.  The  recovery  during  the 
second  half  of  the  year  was  more  marked,  prices  of  building 
materials  returning  to  the  level  of  the  last  quarter  of  the 
year  1864,  and  remaining  at  that  level  for  a  period  of  a  year 
before  the  decline  set  in.  The  index  figure  for  the  building 
materials  group  remained  higher  than  that  for  all  commodi- 
ties up  to  and  including  the  year  1874. 

The  currency  was  on  a  distinctly  unsound  basis  in  the  Civil 
War  reconstruction  period.  The  sharp  fluctuations  in  prices 
gave  rise  to  much  speculation  and  the  opportunities  for  de- 
velopment of  the  resources  of  the  country,  such  as  unused 
land,   rivers   and   harbors,   building   of  railroads,   led   to   over- 
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Fig.    1 — Maximum    Rise   of   Price 
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Fig.    2 — Comparison    of    Rise    in 
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expansion  of  busine.ss,  resulting  in  the  hnancial  panic  of  187.3. 
This  panic  was  not  accompanied  by  any  sharp  decline  in 
prices. 

.\s  was  stated  above,  it  was  l:^  years  after  the  Civil  War 
before  prices  returned  to  the  pre-war  level.  The  principal 
cause  of  the  return  to  the  pre-vvai-  level  was  the  fact  that 
there  was  such  abundant  opportunity  for  the  development  of 
new  and  more  economic  methods  of  production  in  the  shape 
of  new  forms  of  machinery  and  new  kinds  of  business  or- 
ganizations. These  opportunities  we  do  not  have  at  the  pres- 
ent-day in  any  measure  comparable  with  the  previous  period. 

Price  Index. — Through  the  period  from  Oct.  1,  1918,  to  the 
present  time  commodity  prices  have  been  going  through  an 
orderly  process  of  readjustment.  Although  there  have  been 
many  declining  prices,  at  the  same  time  there  have  been 
others  advancing.  On  March  1  Dun's  index  figure  (the  aver- 
age wholesale  price  of  ,11"  commodities)  showed  a  decline  of 
6.9  per  cent  from  the  high  point  of  Oct.  1.  During  the  month 
of  March,  in  spite  of  the  considerable  declines  in  steel,  there 
were  sufficient  advances  in  other  commodities,  mainly  food- 
stuffs, to  cause  a  slight  advance  in  the  price  level.  The  index 
for  April  1  shows  the  price  level  only  5.7  per  cent  below  the 
high  point  of  Oct.  1. 

The  I,ondon  Economist's  index  figures  show  that  from 
Sept.  1.  1918  (the  highest  level  reached),  to  March  1,  1919. 
the  price  level  fell  7.5  per  cent. 

Of  313  commodities  quoted  in  Dun's  Review  of  March  8, 
1919,  140  were  quoted  at  prices  lower  than  they  were  a  year 
previous,  and  126  were  quoted  higher  than  they  were  the 
year  previous.  The  index  figures  indicate  a  reduction  in  the 
price  level  from  March  1.  1918,  to  March  1,  1919,  of  4.8  per 
cent.  The  commodities  which  were  quoted  at  prices  lower 
than  last  year's  prices  consisted  of  certain  foodstuffs,  drugs 
and  chemicals,  wool,  woolen  and  cotton  textiles,  metals,  and 
oils.  With  the  exception  of  steel  products,  no  building  ma- 
terials were  quoted  at  prices  'ower  than  last  year's  prices.  Of 
the  commodities  which  were  higher  in  price  than  they  were  at 
the  same  time  last  year,  the  principal  ones  were  certain 
foodstuffs.  lumber  and  other  building  materials,  drugs  and 
chemicals,  hides,  naval  stores,  oils,  paint,  and  tobacco. 

Copper  and  Lead. — Of  the  commodities  that  have  been  in- 
cluded in  the  study  of  the  price  level,  the  most  marked  de- 
clines since  the  armistice  have  occurred  in  the  case  of  lake 
copper  and   pig  lead.     In  November  copper  was  69  per  cent 


abov,.  tin.  pre-war  price.  Since  that  time  it  has  dropped 
down  to  the  pre-war  level.  Pig  lead  in  Xovember  was  79  per 
cent  above  the  pre-war  price,  and  at  the  present  lime  it  is 
only  1,  per  c^ent  above  it.  In  both  cases  the  cessation  of  the 
war  lelt  very  large  stocks  of  these  commodities  on  hand  Both 
are  usually  exported  in  large  amounts  and  there  has  been  no 
export  demaiui:  consequently  the  very  considerable  decline^ 
in  prices  ot  these  two  commodities  are  not  surprising 

In  general,  the  course  of  prices  since  the  armistft-e,"  as  ha« 
beeii  outlmed,  seems  to  bear  out  the  theory  that  a  new  price 
level  has  been   established. 

Steel  and  Iron  Prices.  -In  the  case  of  iron  and  steel  prod- 
ucts wai-  orders  for  the  entente  allies  began  to  figure  largelv 
during  the  seconu  half  ot  the  year  191.5.  Demands  for  steel 
production  were  greatly  increase.l  an.l  prices  advanced  at 
that  time.  Steel  prices  continued  to  advance  tlwough  the 
year  1916.  and  in  1917  it  developed  that  a  verv  large  propor 
tion  of  the  steel  output  of  the  country  xvould  be  needed  for 
war  uses  Prices  of  steel,  iron,  and  coke  soared  to  unprece- 
dented levels,  until  the  Government  found  it  necessarv  to 
fix  the  prices  on  these  commodities.  The  C.overnmenfs  fixed 
prices  ruled  the  markets  from  the  last  quarter  of  1917  until 
the  end  of  1918. 

Most  steel  prices,  before  the  Coverninent  assumed  con- 
trol, were  over  three  times  the  pre-war  figures:  some  were 
nearly  six  times  the  pre-war  figure.  The  Price-Fixing  Com- 
mittee brought  these  prices  down  very  considerablv.  How- 
ever, the  Oovernment's  fixed  prices  were  still  very"  high  in 
comparison  with  pre-war  figures.  If  the  average  for  the 
period  of  ,luly  1.  1913,  to  ,Iune  30,  1914,  be  taken  as  the  pre- 
war base  (100  per  cent),  an  average  of  prices  on  finished 
steel  products  in  force  at  the  time  of  the  anuistice  shows 
an  index  of  228.  Since  the  maximum  possible  production  of 
steel  was  desired,  these  commodities  being  considered  as 
essential  for  war  purposes,  it  was  necessary  to  fix  the  prices 
at  such  a  figure  that  the  producer  whose  costs  were  greatest 
might  enter  the  market  and  make  a  fair  profit. 

The  steel  industry  announced  reductions  on  various  items 
early  this  year.  These  reductions  bro«ght  the  index  figure 
on  steel  products  down  to  217.  The  declines,  however,  were 
!Kif  considered  by  the  buying  public  as  being  sufficient  to  in- 
'erest  them.  No  orders  resulted  from  these  declines,  and  the 
ste.'l  interests  found  that  further  reductions  would  be  neces- 
sary in  order  to  .stimulate  business. 

finally  on  March  20.  after  conference  with  the  Industrial 
Bonrd  of  the  Department  of  Commerce,  the  committee  rep 
resenting  the  steel  companies  announced  a  new  schedule  of 
prices.  The  new  schedule  presented  an  all-around  reduc- 
tion of  14'>4    |)er  cent  from  Xovember  prices. 

.\t  the  present  time  (April  91  the  index  figure  for  finished 
steel  products  is  195 — thai  is  to  say.  these  products  are  now 
on  the  average  95  per  cent  above  the  figure  for  the  period 
.Tuly  1,  1913,  to  ,Iune  30.  1914.  Since  this  average  was  ob 
tained  by  a  system  of  vveighting  similar  to  that  used  by  the 
Bureau  of  Labor  Statistics,  it  is  comparable  with  the  figures 
of  that  bureau.  The  bureau  index  number  for  wholesale 
prices  of  all  commodities  for  the  month  of  PVbruary  was 
197.  It  is  thus  seen  that  the  action  of  the  conference  on  steel 
prices  had  the  effect  of  bringing  these  products  down  to  the 
general   level  of  all  commodities. 

.At  the  time  the  new  schedule  on  steel  was  aniioiince<l.  the 
steel  companies  stated  that  these  prices  would  prevail  for 
the  rest  of  this  year.  It  was  also  stated  that  the  prices  were 
the  lowest   possible  compatible  with   the  present  wage  scale 

Price  of  Building  Materials.  There  was  this  difference  in 
file  conditions  that  determined  prices  on  steel,  and  on  basic 
building  materials.  In  the  (^ase  of  materials  regarded  as  not 
espi'ntial.  such  as  most  of  the  building  materials  other  than 
steel,  whether  the  price  was  fixed  by  the  CJoverninent  or  in 
the  open  mtirket,  this  price  was  not  sufficiently  high  to  keep 
all  producers  in  the  market,  simply  because  the  maximum 
production  was  not  required  by  the  war-time  needs  of  the 
country.  In  fact,  construction  itself,  as  well  as  production 
ot  various  building  materials,  was  specifically  curtaileil  b> 
goi-erumental   order. 

Figures  of  the  United  State  Ceological  Survey  show  that 
actual  production  of  coinimin  lime  in  1918  wa.s  20  per  cent 
less  than  in   1917.     Por'Uind  ceiceiit  produced  in  1918  was  2? 

r  cent  under  the  1917  figure.  Lumber  was  rtniuced  19  per 
in  output.  Common  brick  in  1917  was  21  per  cent  under 
1:116.  It  has  been  estimated  that  in  1918  the  production  of 
common  brick  was  less  than  half  the  1917  figure. 
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.\»  a  consequence,  the  ninrkets  nve  iiiulcrKiocki'il  nither 
ihaii  overstocked  in  these  coniiiuKliiies.  If  any  one  of  these 
commodities  had  been  considered  as  essential  as  steel  the 
Government  wonid  have  been  ohliscd  to  llx  the  prices  on 
them  at  tigiires  hich  enouRh  to  eiicourape  every  producer 
in  the  country  to  run  his  plant  at  inaxiiniun  capacity  with  a 
guarantee  of  a  reasonable  prollt  on  his  output.  In  that  case 
the  prices  on  these  commodities  would  have  reached  much 
higher  levejs  than  they  actually  did. 

Lumber  as  a  group  during  the  last  quarter  of  1918  was  T:) 
per  cent  higher  In  price  than  in  the  prewar  period.  July  1. 
1913.  to  June  SO.  li»l-l.  The  building-materials  group,  includ- 
ing lumber  but  not  including  metal  products,  was  SI  |ier 
cent  above  the  pre-war  figure.  This  seems  large,  but  as  com- 
pared with  11."  per  cent  increase  on  commodities  other  than 
building  materials,  the  increase  seems  juslillable.  The  farm- 
products  group  showed  an  increase  of  llti  per  cent  at  the 
same  time. 

It  is  interesting  to  compare  the  farm-products  group  with 
the  lumber  group.  The  indices  show  that  at  the  beginning 
of  the  year  a  farmer  covild  exchange  a  certain  amo\inl  of  his 
produce  lor  25  per  cent  more  lumber  than  the  same  amount 
of  piodnce  would  have  brotight  liim  in  the  year  preceding 
the  war. 

Figure  2  shows  graphically  the  rise  in  these  various  classes 
of  commodities.  The  circles  in  the  center  represent  the  shrink- 
age of  the  pre-war  dollar,  expressed  in  terms  of  these  groups 
of  commodities,  the  shaded  portions  representing  the  values 
of  ih"  dollar  in  terms  of  these  several  price  levels.  Roughly 
("peaking,  by  the  end  of  1918  the  pre-war  dollar,  as  expressed 
in  terms  of  farm  products,  has  shrunk  to  46  ct.:  as  expressed 
in  terms  of  lumber,  it  had  fallen  to  58  ct. ;  in  terms  of  build- 
ing materials  (not  including  steel),  it  fell  to  54  ct.;  and  in 
terms  of  all  commodities  other  than  building  materials,  it 
fell  to  47  ct. 

A  composite  index  for  all  building  materials  including  steel. 
as  well  as  lumber  and  the  rest,  wotild  show  an  increase  of 
S3  per  cent  over  the  pre-war  period  for  the  last  quarter  of 
1918.     At  the  present  time  (April  9)  the  index  would  be  189. 

Building  material  prices  increased  somewhat  more  in  the 
Kast  than  in  the  Middle  West  and  in  the  West.  Since  the 
opening  of  the  year  lumber  has  increased  somewhat  in  price. 
Common  brick  have  also  increased  in  the  New  York  market. 
On  the  whole  the  group  of  basic  materials,  not  inrhuling 
lumber  or  steel,  has  remained  practically  stationary,  declines 
in  some  items  being  offset  by  advances  in  others.  From  all 
indications  the  prices  of  building  materials  on  the  whole  do 
not  seem  to  be  subject  to  any  declines  of  consequence  in  the 
future 

Increased  Cost  of  Building. — .-^n  attempt  has  been  made  to 
estimate  the  increase  of  construction  costs.  With  the  co- 
operation of  the  Ignited  States  Housing  Corporation,  a  com- 
parison of  the  cost  of  a  two-family  wood-frame  and  stucco 
house,  as  between  the  present  time  and  1915.  has  been  made, 
prices  prevailing  in  the  neighborhood  of  New  York  being 
used.  This  estimate  showed  an  increase  in  cost  of  construc- 
tion for  this  type  of  building  of  48  per  cent. 

An  architect  in  St.  Paul.  Minn.,  has  furnished  the  cost  per 
cubic  yard  of  hospital  buildings  of  reinforced  concrete  con- 
struction for  each  year  from  1911  to  1918.  These  figures  were 
based  on  actual  buildings,  all  of  the  same  type,  all  by  the 
same  architect  and  the  same  contractor.  They  show  that 
the  1918  building  cost  was  80  per  cent  more  than  the  1915 
building.  The  cost  today  should  be  appreciably  less  than 
this,  with  reduced  prices  on  reinforcing  material  and  in- 
creased efficiency  of  labor. 

The  Engineering  News-Record  of  Feb.  20  published  an  esti- 
mate en  a  steel-frame  office  building  in  the  city  of  Chicago. 
showing  an  increase  in  cost  of  87  per  cent  over  1915.  This 
would  be  reduced  somewhat  now-  as  a  consequence  of  the  re- 
duced cost  of  structural  steel. 

The  subject  of  increased  construction  costs  is  very  im- 
portant, and  the  Division  of  Public  Works  and  Construction 
Development  is  now  investigating  this  phase  of  the  probl?m 
with  the  hope  of  having  more  complete  data  on  it  in  the 
near  future. 

Conclusion — A  New  Price  Level  Established. — In  conclu- 
sion, after  a  somewhat  extended  study  of  prices,  it  is  the 
opinion  of  the  Division  of  Public  Works  and  Construction  De- 
velcpment  that  a  new  price  level  has  been  established  hj 
economic  conditicns  attending  the  world  war;  and  that  eco- 
nomic forces  appear  to  have  already  acted  to  stabilize  prices 


at  a  level  below  which  Ihey  are  not  Mkely  to  fall  by. any  appre- 
ciable anioiinl  In  the  near  future.  It  is  believed  that  the 
arowlng  conlldence  in  the  future  of  buslnesB  in  this  coun- 
try, evidence  of  which  is  seen  on  all  sides,  is  well  juslilled 
by  Iho  fads  that  have  been  learned  Ihrotigh  the  study  of 
ihe  price  silmilicui.  Kvidence  of  the  stability  of  business  to- 
day Is  the  fad  that  (hiring  a  live  months'  period  of  stagna- 
tion the  number  of  business  failures  has  been  unusually  low. 
M  tin-  present  time  there  Is  leas  concoi-n  over  high  prices 
Ihnn  there  Is  with  regard  to  the  stability  of  prices.  11  ap- 
pears that  the  wisesl  business  men  are  those  who  decide 
now  to  go  ahead  with  the  construction  of  buildings  and  the 
production  of  goods:  Ihe  need  for  both  form.s  of  activity  is 
more   imperative   now   than   ever   before. 

How  to  Obtain   Best  Results  in  Glued 
Work 

Tests  made  at  the  Forest  Products  Laboratory  of  tlie  U. 
S.  Forest  Service  at  .Madison,  Wis.,  show  that  jn-operly  han- 
dled commercial  glue  develops  a  shearing  strength  greater 
than  that  of  most   woods. 

To  get  full  strength  from  any  glue,  proper  surface  contact 
is  imperative.  (Jood  glue  will  adhere  fairly  well  even  with 
I)oor  surface  contact.  Joints  of  this  kind  possess,  however, 
inherent  weakness  and  the  added  disadvantage  that  they  are 
more  liable  to  ruin  through  bacterial  action  than  tight  joints, 
since  the  glue  in  them  is  more  exposed. 

The  proper  application  of  pressure  is  important  in  all  glued 
work,  but  doubly  so  in  the  manufacture  of  plywood.  Secur- 
ing proper  pressure  involves  keeping  cauls  and  press  in  first- 
class  condition  and  using  them  skillfully.  With  the  hydraulic 
press  it  is  easy  for  careless  or  i.gnorant  workmen  to  spoil  a 
batch  of  stock  by  applying  too  much  pressure  and  starving 
the  joint. 

Plywood  failure  n;ay  often  be  traced  lo  unevenly  surfaced 
cores.  Planer  work  should  be  watched  carefully  and  calipered 
freqiiently.  .-V  low  spot  in  a  batch  of  cores  will  mean  that  in- 
sufficient pressure  will  be  obtained  in  that  place  anil  loose 
plywood   or  blisters  may  result. 

Taking  chances  in  storing  and  sliipping  glued  products 
causes  many  failures.  Work  is  freipienlly  improperly  dried 
and  is  then  expected  to  hold  together  in  damp  rooms.  Glue 
attains  its  full  strength  only  when  it  is  thoroughly  dried 
This  necessitates  removing  the  moisture  absorbed  from  the 
glue  by  the  w-ood.  Cilued  work  should  be  placed  where  there 
is  a  chance  for  sood  air  circulation.  .After  drying,  average 
shop  conditions  should   not  cause  failure. 


Resolution  for  National  Department  of  Public  Works. — The 
following  resolution  was  adopted  by  the  engineering  and  re- 
lated organizations  representing  a  membership  of  over  100,- 
000.  in   conference   at   Chicago  last   month: 

This  conference  of  the  delegates  from  engineering  and  re- 
lated organizations  respectfully  recommended  to  the  public 
and  to  the  Congress,  that  legislation  be  enacted  covering  the 
following  principles: 

1.  That  the  service  and  bureaus  of  the  National  Govern- 
ment having  to  do  chiefly  with  matters  of  engineering  and 
architecture,  be  grouped  in  one  department  to  be  known  as 
the  Department   of  Public  Works. 

2.  That  the  Department  of  Public  Works  comprise  those 
works  which  are  built  and  operated  for  the  use  of  the  public. 

?,.  That  the  Department  of  Public  Works  be  made  available 
when  desirable  for  the  performance  of  special  engineering 
and  architectural  work  for  the  use  of  other  Government  bu- 
reaus. 


Breaking   Ice  Gorges  at  Bridges  with  Pile  Driver  Hammer. 

— In  a  letter  i;i  tlie  May  Itailway  .Maintenance  p^ngineer.  Mr. 
B.  F.  Gehr.  Master  Carpentfr.  Pennsylvania  Lines,  states  that 
ice  jams  at  bridges  can  be  economically  broken  up  with  a 
pile-driver  hammer.  The  hammer  is  securely  fastened  to  the 
lead  line  of  a  derrick  motmted  on  a  car  such  as  is  commonly 
used  to  handle  bridge  timbers,  steel  rails,  and  other  heavy 
maintenance  material.  The  derrick  should  have  a  boom  about 
40  ft.  long,  .so  as  to  reach  some  distance  out  from  the  bridge. 
When  handled  by  a  work  train  it  can  be  moved  to  any  point 
on  the  bridge  and  the  hammer  allowed  to  drop  onto  the  ice, 
breaking  it  tip  so  that  it  will  pass  under  the  structure.  The 
expense  is  small,  as  two  men.  and  the  foreman  in  addition  to 
the  crew  of  the  work  train  will  break  up  almost  any  gorge. 
1n^ 
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Practical  Considerations  in  Design 
of  Steel  Mill  Buildings 

The  design  of  sicel  mill  ijuildings  may  be  considered  in 
two  ways,  first,  in  what  may  be  called  the  theoretical  design 
and  second,  the  practical  design.  A  theoretical  design  is  one 
in  which  the  calculation  of  stresses  and  the  proportioning  of 
members  according  to  mathematical  rules  are  the  dominant, 
it  not  exclusive,  factors.  A  practical  design  introduces  many 
features  learned  only  by  experience.  The  one  is  not  neces- 
sarily contrary  to  the  other.  It  is  usually  taken  for  granted 
that  a  building  designed  by  a  mere  theorist  will  be  unsatis- 
factory, but  many  a  building  designed  by  a  so-called  "practi- 
cal" man  has  given  trouble.  Crane  girders  have  liad  to  lie 
strengthened  against  lateral  vibration,  jib  cranes  have  failed, 
trusses  have  unduly  deflected,  bracing  has  been  inefficient,  all 
because  the  "designer"  had  insufficient  theoretical  knowledge 
of  the  theory  stresses.  In  a  paper  presented  before  the  Buf- 
falo Engineering  Society,  Mr.  R.  Fleming  of  the  American 
Bridge  Co.  points  out  some  of  the  practical  considerations 
that  enter  into  the  design  of  these  structures.  An  abstract 
of  his  paper  follows: 

Proposed  Uses  of  Industrial  Building  Determine  Its  Design. 
— The  design  of  a  proposed  industrial  building  should  be  deiei- 
mined  by  the  uses  to  which  it  is  to  be  put.  Preliminary  data 
should  be  obtained.  Studies  should  be  made  of  other  buildings 
in  which  similar  work  is  being  done.  Industrial  processes  should 
be  understood  and  proper  provision  made  for  carrying  them 
on  efficiently  and  economically.  Too  much  stress  can  not  be 
laid  upon  these  points.  Many  a  building  has  been  handi- 
capped for  all  lime  by  too  many  interior  columns.  Especially 
is  this  true  of  steel  mills.  The  additional  first  cost  of  a  long 
truss  or  girder  would  have  been  paid  for  2  or  3  times  a  year 
had  no  column  interfered  with  handling  material  about  a  forge 
or  press.  In  one  machine  shop  a  light  traveling  crane  would 
often  be  a  labor  saving  device  but  it  can  not  be  installed  be; 
cause  of  insufficient  head  room.  In  another  building  an  ex- 
cessive vibration  is  found.  All  of  these  conditions  may  have 
come  because  the  designer  did  not  sufficiently  understand  the 
industrial  processes  to  be  carried  on  in  his  building. 

Another  necessity,  or  rather  a  wonderful  convenience,  in  a 
building  is  adaptability  for  extension.  The  cost  of  making 
full  trusses  at  the  ends  is  but  trifling  compared  to  the  con- 
venience they  will  be  if  the  building  should  ever  be  made 
longer.  Industrial  processes  are  constantly  changing.  Heav- 
ier machines  are  being  used.  Even  if  a  gallery  floor  of  a  ma- 
chine shop  is  strong  enough  for  present  needs,  will  it  be  for 
the  needs  of  5  years  hence?  If  a  business  succeeds  at  all  it 
^vill  grow.  A  lack  of  vision  or  a  false  idea  of  economy  at  the- 
start  has  often  been  atoned  for  later  at  great  cost  in  making 
alterations  or  in  loss  of  business. 

If  the  building  is  to  be  used  for  manufacturing  purposes,  a 
lay-out  of  the  machinery  should  be  obtained  from  the  mechan- 
ical engineer.  This  is  necessary  to  locate  columns  to  the  best 
advantage.  In  these  days  of  specialization  we  have  also  the 
heating  and  ventilating  engineer,  the  illuminating  engineer, 
the  sanitary  engineer,  and  others.  When  the  steel  work  is 
but  a  comparatively  minor  part  of  the  structure  the  work  of 
the  architect  precedes  that  of  the  structural  engineer.  Where 
the  steel  work  predominates,  the  structural  engineer  should 
take  the  lead.  In  the  design  of  mill  buildings  he  is  often  both 
engineer  and  architect. 

A  proposed  building  may  be  within  the  limits  of  a  city  hav- 
ing a  code  of  building  laws.  Unfortunately,  few  building  codes 
are  written  with  the  steel  mill  building  in  mind.  As  far  as 
steel  requirements  are  concerned  the  place  of  public  assembly 
and  the  many-storied  building  are  chiefly  in  evidence.  The 
result  is  that  the  designer  of  a  steel  mill  building  is  obliged  to 
grope  his  way  through  requirements  for  other  kinds  of  strnc- 
Tures  or  take  chances  and  cut  away  from  the  municipal  codr 

altogether. 

Lichting.-ln  late  years  the  question  of  proper  lighting  and 
its  economic  value  has  been  widely  discussed  In  an  average 
^4-hour  dav  we  have  11%  hours  of  darkness,  41/2  hours  of 
cloudy  or  foirgv  atmosphere  and  7%  hours  of  sunshine.  Hencp 
manufacturing  plants  must  operate  for  part  of  the  time  by 
artificial  light.  We  now  have  the  illuminating  engineer  to 
deal  with  this  feature  but  it  belongs  to  the  structural  engi- 
neer to  make  the  most  of  the  natural  or  day  light.  This  is  a 
problem  of  the  quality  of  light  admitted  as  well  as  the  quan- 
tity  a  problem  of  distribution  as  well  as  extent  of  sash  area. 


Sin<-('  the  continuous  steel  sash  has  been  developed  to  its 
present  state  as  high  as  ir,  to  ito  per  cent  of  the  siding  of  a 
building  has  been  glazed.  IJut  too  much  light  may  create  a 
glare  and  be  as  harmful  as  too  little.  In  a  1-story  building  in 
Pennsylvania  the  workmen  are  obliged  at  times  to  wear  sun- 
shades. 'I"he  windows  or  sash  should  be  low  if  there  are 
benches  along  the  wall  or  if  light  should  be  needed  near  the 
sides.  To  light  the  central  portion  of  the  building  they  should 
111'  as  high  as  possible  or  directly  under  the  eave  strut.  A 
combination  that  has  given  excellent  satisfaction  is  a  belt  01 
continuous  sash  directly  under  the  eave  extending  all  round 
the  building  and  the  lialance  of  side  and  end  area  filled  with 
belts  of  brick,  tile,  conciete  or  sheet  metal  and  continuous 
sash.  Or.  windows  of  large  size  can  be  set  in  the  side  cover- 
ing. Skylights  in  the  roof  are  expensive,  are  liable  to  break- 
age, are  a  frequent  cause  of  leaks  and  when  covered  with 
snow  do  not  admit  light. 

I'^or  the  proper  proportion  of  alass  siu'face  to  the  side  and 
roof  areas  of  a  building  no  definite  rules  can  be  given.  In 
geufi-al  it  may  be  stated  that  the  jiroportion  in  the  sides 
should  be  large — say  .50  or  HO  per  cent,  and  in  the  roof  small 
— not  over  10  per  cent.  For  wide  areas  what  is  known  as 
saw-tooth  lonstruction  is  being  extensively  used.  It  is  a 
series  of  tiMisses  with  one  side  vertical  or  slightly  inclined 
ano  alazed.  and  the  other  side  covered  with  roofing.  The 
'  glazed  side  should  lace  tln^  north.  .-\  diffused  light  thus  il- 
Inriinates  the  floor  below  withoul  casting  shadows.  Other 
foriiis  of  construction  liavi^  given  excellent  satisfaction. 

Ventilation. — This  is  often  secured  by  having  in  the  sides 
of  ilii^  building  what  is  known  as  "ventilating  sash,"  or  a 
whole  row  of  sash  may  be  "to))  hung."  Windows  opening  in 
tbe  usual  way  are  often  used,  or  the  sash  may  be  balanced, 
saving  the  expense  of  coiinterv»eights.  A  monitor  is  often 
built  on  the  ridge  of  the  roof  with  sides  of  sheet  metal,  swing- 
ing shutters  or  fixed  louvres.  With  the  sides  of  swinging  or 
sliriins  sash  both  ventilation  and  light  are  secured.  Tubular 
ventilators  of  which  several  makes  are  on  the  market,  placed 
at  intervals  along  the  ridge  of  a  roof  are  effective  in  creat- 
ing an  upward  current  of  outgoing  air.  .-Xbout  1  sq.  ft.  of  ven- 
tilator area  to  from  200  to  400  sq.  ft.  of  floor  area  should  be 
allowed. 

Heating. — A  comir'on  systru]  of  heating  is  that  of  forcing 
fresh  ai'-  over  heated  pijies  in  a  cast  iron  case  and  from 
tlir'iice  distributing  throuyh  conductors  into  various  parts 
of  the  building.  Other  s>  stems  of  heating  are  in  use.  but  it 
is  seldom  that  questions  of  heating  are  decided  by  the  struc- 
tural etigineer 

Plans  and  Specifications.— "To  be  strictly  executed  in  ac- 
cordance with  the  plans  and  specifications."  reads  almost 
every  building  contract.  The  plans  should  embody  the  de- 
sign of  the  building.  If  drawings  are  only  wanted  to  give 
the  prospective  purchaser  an  idea  of  his  building,  a  great 
deal  of  information  can  be  omitted  that  is  necessary  on  the 
finishril  design.  It  is  a  wise  plan,  however,  to  make  even 
the  preliminary  drawings  as  full  and  complete  as  time  and 
circumstances  will  permit.  Clearness  and  accuracy  should 
be  essential  features  of  the  plans.  Three  engineering  rules 
often  neglected  are:  Make  provision  for  special  loadings.  Be 
sure  that  the  building  is  well  braced.  Carry  all  wind  stresses 
to  the  ground.  The  neglect  of  these  rules  has  proved  dis- 
astrous to  many  structures. 

The  siiecifications  should  he  clear,  accm-ate.  concise,  con- 
sistent, complete  and  fair.  Kxplanations  of  their  meaning 
should  not  be  necessary.  They  should  not  be  so  long  as  to 
he  unwieldv  nor  should  anything  essential  he  omitted.  Great 
care  should  be  taken  that  the  scope  of  the  work  to  be  fur- 
nished is  clearlv  defined.  It  should  be  definitely  stated 
whether  stacks,  tanks,  elevator  framing,  stairs  and  similar 
items  are  included  or  excluded.  Any  special  features  should 
be  emphasized.  "Blanket"  clauses  and  those  embodying  un- 
u-iiial    requirements   should    be   avoided. 

1„  ilie  examination  of  more  than  a  thousand  specifications 
for  structural  steel  buildings  some  were  found  to  be  so  very 
.-eneril  in  their  provisions  that  they  lacked  definiteness. 
other-,  entered  into  detail  to  such  an  extent  as  to  embarrass 
the  '-ontractor  In  some  the  writers  had  depended  upon 
others  and  did  not  use  good  judgment  in  copying.  Some  were 
,,ubii;uous.  and  others  were  unfair.  A  specification  is  un- 
r-iir  whenever  it  throws  the  burden  belonging  to  one  party 
,;,„.n  some  other  parf.v.  Almost  invariably  the  steel  contrac- 
to,-  is  the  one  who  is  called  upon  to  shoulder  what  does  no. 
belong  to  him. 
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The  Commercial  Features  of  Structural  Engineering.  Hoth 
eiisiii''*'!' iim!  ixnvliiiscr  sliouUl  kimw  iluil  llnTf  iiro  coinnuTclnl 
features  in  the  desipn  of  steel  structures  wliieli  shoulil  not 
be  iRiiored.  For  instiiiu-e  n  design  iniiy  onll  fur  sections  that 
are  seldom  rolled.  This  means  delay  in  delivery  from  the 
rolling;  mill  and  may  result  in  the  whole  structure  being  held 
up  indetiiiitely  for  one  or  two  special  sections.  The  fewer 
the  sizes  used,  the  more  duplication  there  is  in  workliiK  draw- 
ings and  in  fabrication.  A.gain,  the  designer  should  consider 
the  ease  with  which  rivets  can  be  driven.  A  column  made 
of  two  channels  with  toes  turned  in  and  laced  is  a  hard  col- 
\iniu  to  rivet  Questions  of  transportation  and  erection  shotild 
be  given  attention.  By  shipping  trusses  "knocked  down" 
more  weight  can  be  loaded  on  a  car.  thus  lessening  freight 
but  requiring  that  more  assembling  and  riveting  be  done  In 
the  field.  If  shipped  in  large  sections  the  cost  of  transpor- 
tation and  handling  may  be  greater  but  that  of  erection  will 
probably  be  cheaper.  Care  should  be  taken  that  the  length 
or  weight  of  pieces  do  not  exceed  the  capacity  of  the  erec- 
tion equipment  and  that  field  connections  can  be  easily  made. 
These  and  similar  questions  must   not   be   ignored. 

Lastly,  it  is  difficult  to  unduly  emphasize  the  importance 
of  good  detailing.  Close  fits  are  expensive.  Eccentric  rivet 
connections  producing  secondary  stresses  should  be  avoided 
as  far  as  possible.  In  fact,  poor  details  can  mar  an  excellent 
design. 


Breaking  Up  Concrete  With  Dynamite 

Concrete  structures,  ei'her  plain  or  reinforced,  are  con- 
sidered of  the  most  permanent  nature.  Jt  is,  however,  often 
necessary  to  remove  or  destroy  such  structures.  It  may  be 
an  old  concrete  wall,  bridge  abutment  or  pier,  a  foundation 
under  a  btiilding.  the  linin.g  of  a  tunnel  or  an  engine  bed. 
Many  times  these  objects  are  inside  factory  buildings  and 
adjacent  to  valuable  machinery,  or  the  mass  to  be  removed 
may  be  in  close  proximity  to  buildings,  or  to  a  city  street 
congested  with  traffic  or  under  an  office  building. 

The  customary  method  of  removing  old  concrete  so  sit- 
uated is  by  drilling  holes  with  jumper  steel  and  sledges  by 
hand  and  then  breaking  off  the  material  bit  by  bit  with 
wedges.  This  is  a  very  slow  and  expensive  way  to  handle 
work  of  this  kind.  .-Vnother  method  of  removing  old  concrete. 
brick  or  masonry,  is  by  blasting  with  explosives.  In  doing 
this  class  of  work  care  must  be  exercised  to  see  that  the 
holes  are  properly  located,  and  that  light  charges  of  explo- 
sives are  used.  It  requires  no  particular  caution  or  ability 
to  blast  old  walls  of  concrete,  brick,  etc..  that  are  located  in 
open  places,  where  there  is  little  likelihood  ot  damage  to  sur- 
rounding property.  But  it  is  in  cases  where  the  structures  to 
be  removed  are  located  close  to  and  often  are  a  part  ot  val- 
uable property,  machinery  and  buildings,  that  care  and  a  nice 
sense  of  judgment  must  be  exercised,  and  it  is  tor  such  work 
that  these  instructions  are  written. 

.\n  explosive  ot  relatively  slow  heaving  action,  like  am- 
monia 30  per  cent  to  40  per  cent  strength,  is  hest  adapted 
for  such  work  rather  than  a  very  quick  and  shattering  ex- 
plosive. 

The  drilling  of  holes  is  best  accomplished  by  the  use  of  selt- 
, rotating  hammer  drills,  but  when  the  size  ot  the  work  does 
not  warrant  such  equipment,  holes  can  be  drilled  by  hand, 
using  jumper  steel  or  hand  drills  and  sledge.  It  is  best  to 
demolish  the  structure  by  gradual  steps  or  benches,  or  a  little 
at  a  time,  especially  is  located  inside  or  under  a  building. 
Holes  are  drilled,  as  a  rule,  from  1  in.  to  IV2  in-  in  diameter, 
and  in  depth  depending  on  the  thickness  ot  the  material,  al- 
though 6-ft.  holes  are  about  as  deep  as  should  be  shot  in  close 
quarters. 

One  of  the  concrete  abutments  under  a  bridge  had  become 
undermined  and  had  fallen  into  the  channel  ot  the  stream. 
The  concrete  block  was  straight  tor  the  width  ot  the  bridge 
and  had  wings  at  each  end  intended  to  brace  and  anchor  it 
into  the  earth.  The  block  was  about  3  tt.  thick  and  7  ft. 
wide,  and  was  covered  ivith  about  18  in.  ot  water.  The  wings 
were  sticking  up  out  ot  the  water  and  obstructed  the  chan- 
nel. .\iBmonia  40  per  cent  dynamite  was  used.  The  shot 
broke  off  the  two  wings  and  broke  the  center  section  in  two 
parts.  The  blocks  left  by  the  blast  were  small  enough  to 
be  handled  by  laborers,  and  were  used  as  the  foundation  for 
the  new  abutment,  built  shortly  afterwards.  The  entire  job 
took  just  one  hour. 


The  Lii^htinj^  of  Buildings* 

rile  tc|uipiufut  ol  a  iimdern  building,  adapted  for  the  in- 
li'ii.'-lve  indoor  lite  of  these  times,  is  so  complicated  that  its 
design  presents  what  is  frequently  a  dilllcult  engineering 
problem,  involving  so  many  functions  that  a  number  of  highly 
technical  professions  aiul  trades  have  grown  up  around  them. 
Indeed,  many  of  these  branches  of  construction  have  become 
so  important  that  on  them  largely  depends  the  successful  and 
ecoiuimical  operation  of  well-nigh  ev(>ry  building. 

Building  Comfort.-  Life  in  such  buildings  hinges  about 
ilhir  nil  ilianical  and  electrical  equipment,  without  which  they 
would  be  (luite  impossible.  Thus,  in  large,  densely  populated 
structures,  the  traffic  problem  becomes  a  subject  tor  calcula- 
tion quile  as  much  as  planning.  Elevator  equipments  can  no 
longer  be  proportioned  by  purely  empirical  rules.  They 
■should  he  designed  directly  in  relation  to  the  number  of  peo- 
ple that  must  be  handled  in  a  given  time.  Otherwise  an  in- 
sufficient or  unnecessary  expensive  installation  may  result. 
.\n  insufficient  elevator  equipment  throttles  the  traffic  and 
reduces  the  usefulness  of  the  building. 

In  large  buildings,  the  design  of  the  heating  and  sanitary 
e(iuipment  become  problems  of  such  magnitude  that  errors 
may  be  very  costly.  A  very  slight  lowering  in  efficiency  may 
involve  considerable  annual  ojierating  co.sts. 

But  none  of  these  equipments  involve  the  personal  comfort 
of  the  building  occupants  quite  so  directly  as  illumination. 
We  may  growl  a  bit  it  delayed  in  getting  to  our  offices  or 
work,  and  wear  coals  if  chilly,  but  these  things  are  of  pass- 
ing moment  when  not  totally  impossible.  On  the  other  hand, 
it  we  cannot  see  to  work,  it  our  offices  are  dark  or  badly 
lighted,  the  effects  are  much  more  marked  because  continu- 
ous, and  our  efficiency,  often  unconsciously,  is  markedly  im- 
paired. 

We  cannot  leave  this  question  of  lowered  efficiency  due  to 
poor  lighting  without  drawing  attention  to  the  reports  of  sev- 
eral conclusive  tests  (W.  A.  Durgin,  "Productive  Intensities," 
Transactions  Illuminating  Engineering  Society,  Vol.  XIII,  No. 
8),  showing  that  in  industrial  plants  increases  in  production 
as  high  as  50  per  cent  resulted  from  substituting  well-de- 
signed lighting  equipments  tor  existing  equipments  of  poor 
design.  Further  tests  of  the  efficiency  of  the  eye  used  in 
such  ways  as  would  be  entailed  in  general  office  work  (Feree 
and  Rand.  "Tests  on  the  Efficiency  of  the  Eye,"  Transactions 
Iluminating  Engineering  Society.  Vol.  VIII,  p.  40;  Vol.  X,  p. 
407),  have  shown  very  marked  differences  in  seemingly  insig- 
nificant variations  in  the  character  ot  the  ilumination — varia- 
tions that  are  no  greater  than  may  be  found  every  day  be- 
tween one  modern  building  and  another — yet  such  differences 
in  eye  efficiency  produce  a  marked  and  measurable  tailing  oft 
in  the  amount  of  work  accomplished  in  a  given  time.  It  has 
also  been  shown  that  such  lowering  in  efficiency,  it  main- 
tained over  long  periods,  results  in  a  permanent  reduction  ot 
the  whole  human  organism's  ability  to  respond  to  the  will.  It 
would  be  well  for  those  whose  interest  is  sufficiently  alive  to 
read  in  this  connection  a  little  pamphlet  published  by  the 
Ilhiminating  Engineering  Society  called  "Light — Its  Use  and 
Misuse." 

The  Illuminating  Engineer. — Due  to  the  comparatively  re- 
cent development  of  high-efficiency  lamps,  both  gas  and  elec- 
tric, the  latest  addition  to  the  array  of  talent  involved  in  the 
successful  design  ot  a  modern  building  is  the  illuminating  en- 
gineer. The  illuminating  engineer  is  young  and,  filled  with 
the  enthusiasm  ot  youth,  he  has  sought  to  "put  over"  his 
ideas  without  much  consideration  ot  the  architect's  bigger 
problem,  which  is  indeed,  a  complex  manifold. 

The  illuminating  engineer  has  had  little  patience  with  the 
architects'  and  the  lighting  fixture  makers'  adherence  to 
standards  and  devices  based  upon  conceptions  tracing  back 
to  the  "dark"  ages.  He  knows  and  can  prove  that  his  funda- 
mental principles  are  correct,  but  has  lacked  the  ability  to 
state  bis  case  clearly  and  convincingly.  He  has  rarely  been 
able  to  show  the  architect  that  his  results  are  esthetically 
possible.  Steeped  in  a  new  application  of  science,  he  has 
tailed  to  see  that  his  true  aim  is  not  to  force  the  use  of  de 
vices  conceived  in  the  laboratory,  but  to  put  into  practice  the 
principles  of  good  lighting,  whether  these  principles  be  ap- 
plied to  the  design  ot  a  purely  utilitarian  device  or  a  most 
decorative  chandelier.     As  we  shall  see  later,  these  principles 
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are  (iiiite  sinipK;  and.  with  a  little  common  sense  and  good 
taste,  can  be  applied  to  any  inteiior  however  elementary  or 
rich  in  treatment. 

The  one  thing  that  the  illuminating  engineer  is  justified  in 
demanding  of  the  architect  and  the  fixture  manufacturer  is 
that  both  shall  realize  that  moderin  illuminants.  if  not  prop- 
erly used,  possess  immense  power  to  do  bodily  harm  through 
eye-strain,  and  that  lighting  devices,  whether  simple  or  deco- 
rative, must  be  designed  with  this  in  mind.  It  is  not  possible 
to  use  the  modern  incandescent  lamp  safely  without  ample 
eye  protection. 

The  architect  and  fixture-maker  cannot  logically  claim  that 
the  modern  illuminant,  which  has  come  to  stay,  cannot  be  in- 
corporated in  their  designs  without  destroying  their  value.  It 
is  their  problem  to  conceive  adaptable  designs,  as  it  was  the 
problem  of  their  artistic  forefathers  to  produce  designs  built 
about  the  candle  and  kerosene  flame.  The  difficulties  in- 
volved should  only  make  the  problep  the  more  interesting. 

The  great  masters  of  art  frequently,  if  not  always,  have 
been  scientific  students  of  their  media.  Some  of  them  have 
shone  as  scientists.  Indeed,  the  scientific  method  had  its 
roots  in  the  attitude  of  mind  that  also  brought  forth  the  arts 
of  Hellene.  To  achieve  perfection,  the  artist  must  thoroughly 
understand  the  character  and  strucure  of  his  vehicle  of  ex- 
pression. But  art,  like  science,  fails  in  its  appeal  unless  it 
is  practical.  Pure  science,  like  pure  art  that  does  not  lend 
itself  to  everyday  use,  and  that  does  not  add  something  to  the 
ease  and  comfort  of  living,  never  achieves  its  final  purpose. 
We  are  accustomed  to  saying  "This  is  a  practical  age." 
But  is  it  relatively  more  practical  than  any  other  age?  Was 
not  Rheims  Cathedral,  looked  at  from  the  viewpoint  of  its 
time,  as  eminently  practical  a  structure  as  a  modern  rein- 
forced concrete  factory  building?  Perhaps  more  so — because 
the  modern  architect  has  quite  generally  failed  to  base  his 
practice  on  living,  practical  things. 

The  difficulty  is  that  modern  graphic  art  has  become  a  sort 
of  Taotism — a  cult  trained  to  look  backward  to  ancestral 
conditions  and  not  forward  to  the  ultimate  culmination  of" 
modern  life. 

This  is,  at  least,  the  viewpoint  of  the  illuminating  engineer 
who  finds  himself  in  sympathy  with  the  architect's  problem. 
HiF  ambition  is  to  aid  in  the  beautifying  of  buildings  throu,gh 
application  of  the  practical  possibilities  of  modern  lighting. 

Seeing. — Since  most  argum.ents  begin  because  of  the  lack 
of  a  common  definition,  we  shall  start  by  determining  what 
we  mean  by  seeing.  When  we  see  anything,  we  are  con- 
scious of  a  pattern  of  visual  sensations.  Since  the  only  two 
visual  sensations  are  those  of  brightness  and  color,  we  shall 
say  that  what  we  see  is  a  pattern  of  colors  varying  in  .bright- 
ness. And  to  clear  up  any  misunderstanding,  let  us  say  that 
black,  white,  and  all  intermediate  tones  of  gray  are  colors. 
In  this  sense  the  blackness  of  a  totally  dark  room  is  a  color 
of  zero  brightness,  for  at  times  it  certainly  is  a  very  vivid 
sensation. 

A  blind  man  has  no  visual  sensation  whatever— not  even 
blackness. 

Color  Sensations.—These  sensations  are  aroused  by  certain 
physiological  processes  stimulated  in  the  constituents  of  the 
eye  retina  when  light  falls  upon  it.  These  processes  have 
been  divided  into  that  arousing  the  sensation  of  brightness 
and  three  color  sensations  corresponding  in  their  purity  to 
the  sensations  aroused  by  three  definite  hues  of  red,  green, 
and  blue.  All  visual  sensations  of  color  appear  to  result  from 
the  varying  degree  to  which  these  three  processes  are  stimu- 
lated. The  red  and  green  processes  stimulated  alone  and  to 
equal  degree  produce  the  sensation  of  yellow.  "Yellow"  light 
stimulates  both  these  processes.  The  three  processes  acting 
together  produce  the  sensation  of  white.  All  colors  tend  to 
go  white  with  increasing  brightness.  The  various  forms  of 
color  blindness  result  from  a  failure  of  one  or  more  of  these 
processes  to  function. 

The  Eye  Function. — The  retina  is  protected  and  the  amount 
of  light  admitted  to  the  eye  controlled  by  muscular  action  on 
the  iris,  causing  it  to  increase  its  aperture  with  decreasing 
light  and  decrease  its  aperture  with  increasing  light.  This 
control  is  stimulated  by  the  intensity  to  which  the  retina  is 
lighted.  If  one  part  of  the  retina  is  brightly  lighted  and  an- 
other part  dark,  both  parts  seek  to  control  the  iris  in  op- 
posite ways,  giving  rise  to  one  form  of  eye-strain.  To  pre- 
vent such  strain,  the  contrast  between  the  brightness  of  dif- 
ferent parts  of  the  field  of  vision  must  be  kept  within  proper 
limits. 


ir  the  retina  is  constantly  lighted  to  a  fixed  intensity,  the 
iris  muscles  become  tense  and  another  form  of  strain  results. 
To  avoid  this,  the  field  of  vision  must  vary  in  brightness  from 
time  to  time  so  as  to  keep  the  iris  muscles  active. 

The  iris  processes  above  mentioned  are  aroused  by  radiant 
energy  in  the  visible  range  (generally  called  "light")  falling 
upon  if  throu.gh  the  iris  aperture.  The  light  received  from 
various  parts  of  the  field  of  vision  is  focussed  on  the  retina  by 
the  lens  so  as  to  produce  on  the  retina  a  pattern  in  intensity 
and  color  corresponding  to  the  amount  and  color  of  the  light 
radiated  or  reflected  from  the  various  parts  of  the  object 
seen. 

Light  the  Primary  Medium. — The  first  object  of  this  ex 
lilanafion  is  to  bring  out  the  fact  that  the  primary  medium  in 
which  the  architect  works  is  light.  He  produces  patterns  in 
brightness  and  color  by  means  of  light  reflected  from  his  con- 
struction and  their  decorations.  These  patterns,  translated 
into  visual  sensations,  are  what  we  see.  It  follows,  then,  that 
unless  the  object  receives  just  the  right  character  distribution 
and  color  of  light,  it  cannot  produce  the  right  pattern,  and 
the  message  it  conveys  is  more  or  less  distorted.  There  is  no 
such  thing  as  beauty  in  an  unheard  symphony  or  in  an  un- 
seen painting. 

A  design  in  perspective  and  color  may  indicate  just  the  idea 
the  architect  has  in  mind.  But  when  it  is  built  and  lighted  by 
the  means  at  hand,  will  it  look  the  same?  Will  the  delicate 
tints  maintain  their  hue?  Or  will  they  lose  their  character 
with  a  change  in  the  color  of  the  light?  There  is  little  bUie 
in  the  light  emitted  by  the  highest  efficiency  modern  illumi- 
nant. 

It  i.s  easy  to  draw  a  mold  of  graceful  contour,  but  when  it 
is  in  place  will  the  pattern  of  high  lights  and  shades  produce 
the  same  visual  impression?  Then,  we  do  not  see  its  con- 
tour. And  if  it  be  drawn  in  relief  with  shadows  a  la  .McGood- 
win.  will  the  same  shadow's  be  produced  when  it  receives  light 
only  from  a  window  or  a  low-hanging  chandelier?  Can  this 
chandelier,  pretty  in  itself,  light  the  room  so  that  it  will  look 
as  the  architect  conceived  it  in  his  mind's  eye? 

Thus  does  light  and  illumination  control  the  final  result. 
And,  lest  it  he  thought  we  are  drawing  distinctions  rather 
finely,  let  us  remember  that  it  is  just  such  refinements  that 
cause  us  to  admire  so  greatly  the  works  of  the  masters.  Yet 
we  copy  their  cathedrals,  sublime  in  their  dim  distances  and 
deep  shadows,  and  fill  them  with  glaring  brightness. 

The  second  object  of  our  description  of  the  function  of  the 
eye  is  to  show  that  the  solution  of  the  general  problem  of 
illumination  depends  upon  knowing  what  we  see,  how  we  see. 
and  why  we  see.  The  answers  to  the  "what,"  "how,"  "why" 
must  De  given  in  terms  of  psychology,  physiology,  and  physics 
respectively.  The  subjects  are  of  relative  importance  in  es- 
tablishing the  principles  of  good  lighting  almost  in  the  order 
given.  Any  proper  method  of  lighting,  artistic  or  utilitarian. 
must  fill  the  conditions  so  set. 

The  Psychology  of  Lighting.  -Outside  of  the  physical  struc- 
ture of  the  brain  there  is  probably  no  other  organ,  except  the 
eye.  so  capable  of  wide  adjustments  through  the  influence  of 
use.  environment,  and  training.  In  a  comparatively  short 
time  the  eye  can  be  trained  to  be  exceedingly  sensitive  to 
brightness  or  color  differences.  Development  of  one  sense 
usually  decreases  the  sensitiveness  of  the  others.  Sometimes 
this  super-sensitiveness  is  the  result,  not  of  training,  but  of 
environment.  Habits  of  seeing  are  thus  quickly  developed. 
.\  man  accustomed  to  living  immersed  in  one  kind  of  lighting 
feels  decidedly  uncomfortable  in  another,  even  if.  physiologic- 
ally, the  change  is  a  wise  one. 

Projudice  Against  Generalized  Lighting.— Factory  hands 
and  clerical  forces  accustomed  to  working  with  individual 
loc.ilized  lighting  almost  invariably  object  if  the  lighting  be 
,-li;uiged  to  general  illumination  of  relatively  high  intensity, 
wh.ich  change,  experience  and  test  have  shown,  decidedly  in- 
creases eye-comfort  as  well  as  production.  (See  "Code  of 
lacfory  Lighting"  published  by  the  Illuminating  Engineering 
Societv.  This  Code  has  been  incorporated  in  the  factory  laws 
of  many  states.)  The  phenomenon  is  purely  psychological  and 
is  so  important  that  at  least  one  firm  of  engineers  makes  it  a 
practice  to  lecture  to  the  hands  or  clerks  on  the  subject  of 
lighting    aiu1    demonstrate    the    advantages    of    the    proposed 

'  '  \  ("ase  comes  to  mind  of  relighting:  the  rooms  occupied  by 
II,,.  clerical  forces  of  a  large  insurance  company.  The  local- 
ized lights  were  removed  and  generalized  lighting  installed. 
\iolent   objections  at  once  resulted.     Tests  were   then  made 
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in  the  clerks'  ino^eiii'iv  Thoir  inleit'si  was  iiroii»it'il  iiiid  sov- 
eral  changes  made,  llie  lasl  chuiiKe  being  to  reinstall  the  ob- 
jectionable generali/.i'd  system  wilhont  the  clerks'  knowledge. 
All  hands  at  once  agreed  that  the  tniprovenieni  was  marked. 
From  that  time  no  further  dltliculties  were  encountered,  and. 
so  far  as  is  known,  the  occupants  are  not  aware  that  the 
illumination  in  use  is  identical  with  the  system  which  pro- 
jected the  trouble. 

Numerous  similar  cases  might  be  cited.  One.  for  instance, 
of  two  oflicers  in  a  bank,  both  occupying  similar  desks,  in 
similar  locations,  similarly  lighted,  lioth  objected  to  the 
ligiiliitg  for  diametrically  opposite  reasons. 

One  oRice  manager  declares  that  his  clerks  complain  of  the 
lighting  and  want  another  system  inslalled.  while  in  another 
similar  olflce  the  clerks  object  to  the  lighting  wanted  in  the 
first  case  and  want  the  lighting  to  which  objection  is  raised  by 
the  other  offlce.  Tests  show  that  both  systems  are  practically 
equivalent  as  to  eye-comfort  and  efficiency. 

A  commonly  satisfactory  method  is  to  install  the  proper 
lighting  equipment  in  one  smaller  office,  where  the  conditions 
may  be  controlled  without  objection,  and  leave  the  system  to 
create  its  own  demand,  which,  experience  shows,  is  almost 
certain  to  arise.  Of  course,  this  method  is  only  practical 
where  existing  equipment  is  to  be  modilied. 

The  Effect  of  Eye-strain. — Another  matter  that  should  be 
touched  upon  here  is  the  very  important  one  of  bodily  com- 
fort. The  optic  nerve  centers  are  very  closely  associated  in 
the  brain  with  those  of  the  stomach.  Trouble  in  one  region 
almost  invariably  engenders  trouble  in  the  other.  Cases  are 
on  record  where  stomach  disorders  have  been  brought  on  by 
continued  eye-slrain.  and  nothing  so  quickly  upsets  the  whole 
organism.  TliJs  has  become  so  common  a  matter  that  doctors 
frequently  diagnose  the  cause  of  stomach  trouble  as  due  to 
defective  lighting.  Children  are  particularly  sensitive  in  this 
way.  so  that  the  natural  and  artificial  lighting  of  schools  and 
other  places  where  children  congregate  should  receive  par- 
ticular attention.  (See  "Code  of  School  Lighting"  published 
by  the  Illuminating  Engineering  Society.) 

Light  thus  has  a  very  peculiar  psychological  effect,  particu- 
larly as  to  color  and  distribution.  Color  in  light  may  be  used 
to  arouse  emotional  moods  quite  as  readily  as  music.  All 
modern  stage-lighting  is  founded  on  this  fact.  Attempts  have 
even  been  made  to  combine  color  in  light  with  music  so  as 
sharpen  the  emotion.  Such  attempts,  while  founded  on  a  cor- 
rect principle,  have  failed  because  color  has  generally  been 
treated  as  an  additional  voice  in  the  orchestra.  (See  "Mobile 
Color  and  Stage  Lighting"  by  Bassett  Jones,  Electrical  ■\^'orld. 
Vol.  (i6.  No.  5.  July  31.  1915.)  Witness  as  an  example  of  the 
effect  of  color  and  quality  in  light  the  appeal  made  by  the  sort 
of  lighting  done  in  certain  restaurants.  Some  are  cool  and 
quieting,  others  are  exciting,  and  still  others  almost  sensual. 
A  gathering  of  otherwise  normal  people  can  be  profoundly 
stirred  by  a  properly  executed  series  of  changes  in  the  color 
of  the  lighting. 

So.  in  the  lighting  of  offies  and  other  work-places,  the  re- 
sult may  be  either  restful  or  restless,  depending  entirely  on 
how-  it  is  accomplished — and  this  entirely  apart  from  any 
question  of  eye-comfort. 

The  Normal  and  the  Abnormal.— The  quality  and  color  of 
well-distributed  daylight  is  normal.  Any  departure  from  this 
standard  is  abnormal — usually  depressing  if  toward  blue  and 
stimulating  if  toward  red.  Remember  that  the  light  from  the 
best  modern  incandescent  illuminants  is  quite  red  compared 
to  day  light,  and  this  effect  is  sharpened  by  any  red  or  buff 
component  in  the  wall  and  ceiling  treatment. 

All  such  results  as  we  have  been  discussing  are.  of  course, 
modified  by  the  intensity  and  distribution  of  the  light  and  hy 
the  environment.  A  well-shaded,  almost  red.  kerosene  flame 
in  an  otherwise  dimly  lighted  library  may  produce  a  sense  of 
extreme  comfort. 

The  subject  is  entirely  too  complicated  to  more  than  men- 
tion here,  but  at  the  same  time  it  is  one  of  the  most  important 
and  the  least  understood  in  the  whole  art  of  illumination. 

The  problem  of  introducing  new  ideas  in  lighting,  however 
correct  they  are  known  to  be.  is  not  easy.  The  difficulties 
are  not  amenable  to  calculation  but  must  be  overcome  by 
educational  methods.  Habits  must  be  corrected  and  new 
ones  .1e^■eloped.  Thus  the  first,  and  generally  the  most  difTi- 
cult,  problems  that  face  the  illuminating  engineer  are  psycho- 
logical.    He  has  to  teach  people  to  see  correctly. 

The  Physiology  of  Lighting. — Above,  while  discussing  the 
function  of  the  eye.  we  mentioned  the  one  fundamental  phe- 


nomenon thai  lies  nt  llie  basis  of  all  good  lighting  -brightness 
conlrasl.  Or.  II.  K.  Ives  has  said  ("The  Measurement  of 
Hrightn-'ss  and  Us  Signiticance."  Transactions  Illuminating 
Kugiueering  Society,  Vol.  IX.  No.  :i)  that  the  art  of  good  light- 
ing is  Ihe  art  of  ihe  proper  dlslrlbulion  of  brightness.  This 
statement  should  be  the  slogan  of  every  illuminating  engineer 
and  of  all  others  who  do  lighting.  It  means  that  if  the  dis- 
tribution of  brightness  over  the  pattern  on  the  retina  does  not 
disturb  its  normal  functioning,  then,  so  far  as  the  eye  is  con- 
cerned, the  object  seen  is  properly  lighted.  It  eye-strain  is 
the  result  of  the  brightness  distribution,  then  no  matter  how 
benullful  the  object  may  be,  we  tire  of  looking  at  it,  and  in 
so  far  its  beauty  is  destroyed. 

Brightness  Contrasts. — An  illuslralioii  of  what  is  meant  by 
brightness  contrast  is  that  of  a  lighted  candle  in  a  dark  room. 
The  contrast  of  the  bright  candle  flame  against  the  black 
background  is  so  great  that  the  eye  cannot  protect  itself  and 
Is  blinded,  resulting  in  Serious  eye-strain  if  too  long  main- 
tained. On  the  other  hand,  the  most  powerful  bare  incan- 
descent lamp  in  a  white  room  is  not  immediately  annoying, 
although  eye-strain  may  eventually  result  from  the  excessive 
quantity  of  light  received  on  the  retina. 

These  are  the  extremes.  The  safe  contrast  is  contained 
Aithin  a  compat-atively  narrow  range.  Probably  it  should  not 
exceed  100  to  1  if  the  eye  efficiency  is  to  be  maintained  at  a 
reasonable  level.  (See  Ferree  and  Hand,  "Tests  on  the  Ef- 
ficiency of  the  Eye.") 

A  more  practical  illustration  is  that  of  a  room  fini.shed  in 
dark  wood  and  lighted  by  wall-brackets  and  a  chandelier,  both 
bearing  imitation  candles  capped  by  round-bulb  frosted  lamps. 
The  contrast  in  this  room  was  about  1.000  to  1  and  was  very 
trying.  Since  the  eye  was  blinded,  the  design  could  not  be 
seen,  and  so  the  architect  had  defeated  his  own  purpose.  The 
windows  did  not  improve  matters  because,  with  a  briglit  sky 
visible,  the  contrast  was  still  high — over  1,500  to  1,  or  fifteen 
times  the  safe  limit. 

A  practical  solution  of  the  artificial  ligliting  of  this  room 
would  be  to  substitute  softly  toned  plaster  for  several  of  the 
wood  panels  and  mount  in  the  bottom  of  these  panels  the 
same  wall-brackets  now  used.  Substitute  standard  clear 
lamps  for  the  frosted  lamps  and  mount  in  front  of  the  lamps 
a  batik  shade  with  translucent  colored  ornaniMit.  if  desired. 
Let  the  back  of  Ihe  shades  be  white  so  that  they  will  reflect 
light  to  the  plaster  iianel.  which  will  diffuse  it  into  the  room. 
The  brightness  contrast,  wliile  high,  would  then  be  bearable. 
The  chandelier  would  be  unnecessary  save  as  an  ornament, 
and  why  not  let  it  be  frankly  an  ornament  and  not  a  ligliting 
fixture? 

In  ohe  of  the  most  beautiful  interiors  in  America,  the  arti- 
ficial lighting,  which,  due  to  insufficient  daylighting,  is  used 
at  all  times,  is  accomplished  by  very  fine  examples  of  the 
metal  workers'  art,  studded  witli  bare  frosted  lamps.  The 
lamps,  seen  against  the  generally  dark-toned  ceiling  and  walls, 
so  blind  the  eye  of  the  beholder  that  the  fixture  bodies  them- 
selves become  mere  dark  masses  and  the  very  fine  ceiling 
above  can  hardly  he  discerned,  much  less  can  its  detail  or 
color  be  appreciated.  It  may  be  added  as  a  fact,  that  the 
number  and  size  of  lamps  on  these  fixtures  were  selected,  not 
with  any  relation  to  the  illumination,  but  solely  because  that 
nimiber  of  bulbs  of  a  certain  diameter  looked  best  on  the 
drawing.  That,  when  bought,  the  bulbs  necessarily  contained 
40-watt  filaments  was  never  considered  as  material,  although 
5-wavt  lamps  in  that  number  would  have  generated  enough 
light.  Actually,  the  .5-watt  lamps,  being  practically  as  bright 
as  the  40-watt  lamps,  would  not  have  reduced  the  brightness 
contrast,  but  the  employes  would  not  have  been  drowned  in 
light.  The  result  is,  of  course,  that  no  more  than  about  one- 
third  of  the  lamps  are  ever  lighted. 

Endless  similar  cases  can  be  cited  ad  libitum.  In  fact,  it  is 
rate  to  find  an  architectural  interior  where  seemingly  any  at- 
tention has  been  given  to  the  all  important  question  of  bright- 
ness contrast,  either  in  arrangements  for  day-lighting  or  arti- 
ficial lighting.  Both  cases  are  equally  important,  and  par- 
ticularly so  to  tlie  architect,  because,  when  excessive  bright- 
ness contrast  exists,  the  design  cannot  be  seen. 

An  interesting  deduction  from  the  principle  of  brightness 
contrast  is  that  dark-finished  rooms  must  be  dimly  lighted 
while  light-finished  rooms  may  be  brightly  lighted.  It  follows 
that  dark  finishes  should  not  be  used  in  rooms  where  much 
light  is  reijuired.  An  additional  argument  in  favor  of  this 
rule,  that  will  probably  more  directly  appeal  to  the  architect, 
is  that  the  deeper  color  tones  used  in  a  dark-finished  room  will 
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not  staiud  even  a  moderately  intense  light.  If  intensely 
lighted  they  fade  ont  and  lose  their  richness.  Light  on  any 
color  is  erjuivalent  to  mixing  gray  with  the  pigment. 

Sky  Brightness.— The  sky-dome,  which  is  the  source  of  day- 
light, at  high  noon  has  a  luminosity  that,  when  seen  through  a 
window  from  a  fairly  light-toned  interior,  will  produce  briglii- 
ness  contrasts  exceeding  1,000  to  1,  and  more  if  the  interior 
be  dark  in  tone.  Furthermore,  the  window  is  rarely  out  of 
the  field  of  vi.sion  and  generally  throws  its  light  horizon- 
tally into  the  room,  so  that  none  of  the  protecting  features  of 
the  eye.  which  is  arranged  for  maxinuim  brightness  overhead, 
can  function  properly.  (See  Luckiesh.  "A  Study  of  Natural 
and  Artificial  Light  Distribution  in  Interiors,"  Transactions  Il- 
luminating Engineering  Society.  Vol.  VII,  No.  7,  p.  388.)  We 
are,  however,  in  the  habit  of  working  under  these  conditions 
and  do  not  realize  our  loss  in  efficiency  until  such  conditions 
are  corrected — as,  for  instance,  in  a  studio  with  an  overhead 
north  skylight  properly  shaded,  or  in  a  room  with  windows 
;irranged  to  transfer  the  light  to  the  ceiling.  The  effect  of 
the  unscreened  ^vindow  is  obvious  if  we  try  to  discern  the 
features  of  a  man  sitting  with  his  back  to  it. 

Daylight  in  the  Room. — As  a  genera!  thing,  the  daylighting 
of  a  room  is  at  such  a  high  level  that  the  excessive  amount  of 
light  causes  the  iris  aperture  to  become  very  small.  The  sur- 
faces or  window  areas  are  light,  and  if  a  wide  sky-zone  ig 
visible  from  the  window,  the  incoming  light  from  the  sky  is 
well  diffused.  Such  conditions  cannot  be  easily  achieved  by 
artificial  light.  The  areas  emitting  the  light  are  small  and 
i;enerHlly  at  high  intensity.  The  total  amount  of  ligtit  is  quite 
small,  so  that  the  effect  of  light  quantity  is  to  leave  the  iris 
open  Under  such  conditions,  the  retina  becomes  much  more 
subject  to  the  effect  of  sudden  excess  of  light.  That  is  to 
say,  the  iris  being  open,  should  an  excessively  bright  object 
come  within  the  field  of  vision,  the  iris  has  not  time  to  close 
before  some  eye-strain  has  been  produced.  The  eye-strain 
produced  in  this  way  by  excessive  light  quantity  is  quite  dif- 
ferent from  the  eye-strain  produced  by  excessive  brightness 
contrast  against  which  the  eye  has  little  or  no  protection. 

It  thus  comes  about  that  the  level  of  intonsities  required  in 
artificial  lighting  must  be  considerably  lower  than  those  gen- 
erally met  with  in  daylighting.  The  contrast  between  the 
conditions  of  natural  and  artificial  lighting  are  most  evident 
at  the  time  we  change  over  from  one  to  the  other  during  con- 
tinuous work.  The  result  of  this  change  is  as  continuous  as 
the  work  done  under  it.  and  almost  always  results  in  a 
marked  falling  off  in  efficiency. 

It  is  claimed,  however,  that  if  tlip  amount  of  daylight  is  re- 
duced to  the  amount  satisfactory  in  artificial  lighting,  and  the 
brightness  contrasts  reduced  by  proper  window  shading,  the 
efficiency  of  the  eye  is  increased.  (See  Woodruff,  "Medical 
Ethnology."  Chapters  XIV  and  XV.)  Recent  experiments  in 
scientific  Avindow  shading  seem  to  substantiate  this  claim. 
Woodruff  states  that  we  are  better  off  with  less  daylight. 

It  is  probable  that  a  high  level  of  eye  efficiency  can  be 
reached  both  by  system  of  natural  and  artificial  lighting  which 
generally  throw  most  of  the  light  to  the  ceiling.  The  light  is 
then  reflected  from  the  ceiling  and  diffused  downward,  thus 
bringing  the  brightest  surface  overhead.  If,  in  addition,  tlie 
color  of  the  light  is  in  both  cases  aproximately  the  same,  and 
if  there  is  a  slight  direct  component  added  to  produce  normal 
shadows,  then,  with  advantage,  in  both  cases,  the  amount  of 
light  may  be  the  same.  If.  then,  the  ceiling  be  white,  the 
least  possible  amount  of  light  will  be  lost  by  absorption,  and 
if,  in  addition,  the  walls  be  treated  in  some  quiet  cool  tone, 
tlip  result  will  nearly  ajiproach  v\atural  conditions. 

The  Physics  of  Lighting. — It  is  hardly  necessai'y  in  these 
days  of  universal  knowledge  to  explain  that  light,  before  it 
reaches  the  retina,  is  radiant  energy — precisely  the  same  as 
the  radiant  heat  felt  from  an  open  fire  and  a  steam  radiator; 
the  same  as  the  radiant  energy  used  in  radio  communication 
and  in  X-rays.  The  only  difference  between  any  of  these 
forms  is  one  of  wave-length. 

Light  Rays. — The  energy  radiated  from  an  incandescent 
lanip  is  mostly  radiant  heat,  know  as  the  infra-red  rays.  A 
very  little  of  the  energy  radiated  lies  in  the  wave-lengths  that 
have  the  power  of  exciting  the  retina  and  so  give  rise  to 
visual  sensations  known  as  the  visible  rays.  Still  less  lies  in 
the  range  whose  wave-length  is  too  short  to  be  luminous  and 
are  known  as  ultra-violet  rays.  The  wave-lengths  arousing 
visual  sensations  lie  between  those  arousing  the  sensation  of 
red.  the  longest,  to  those  arousing  the  sensation  of  violet,  the 
shortest.     This    range    is    known    as    the    spectrum.     Equal 


amom-.ts  oi  radiant  energy  i„  the  different  visible  wave- 
lengths^do  not  arouse  th<.  same  degree  of  brightness  sensa- 
Mon.  The  maximum  brightness  sensation  will  be  aroused  bv 
this  energy  in  the  yellow-green  part  of  the  spectrum,  and  here 
I  IS  several  hundred  times  as  effective  as  it  would  be  near 
the  red  ond_  or  the  blue  end. 

-We  can  therefore  distinguish  detail  with  a  minimum  of  light 
It  tnis  hght  .s  yellowish  green.  The  color  sensation  pro.luced 
would  be  very  similar  to  that  aroused  by  the  light  from  the 
.Mercury  -Arc  (Cooper-Hewitt  Lamp),  but  any  surface  having 
a  different  color  would  appear  black  when  illuminated  bv  this 
light.  This  IS  because  every  pigment  gets  its  color  bv  re- 
flecting or  transmitting  light  of  some  particular  dominant 
wave-length  to  the  eye,  and  absorbs  the  remaining  wave- 
lengths. It.  therefore,  we  mix  together  a  red,  a  vellow  and 
a  blue  pigment,  the  red  absorbs  nearly  all  of  the  blue  and 
most  01  the  green  and  yellow.  The  blue  ab.sorbs  nearlv  all  of 
the  red  and  the  remainder  of  the  green  and  yellow,  an<l  the 
yellow  absorbs  the  remainder  of  the  blue  and  red  All  the 
lieht  is  absorbed  and  none  reflected,  so  the  mixture  appears 
black. 

This  process  is  quite  the  reverse  to  the  mixture  of  differ- 
ent colored  lights,  for  then  every  step  is  toward  wliiie  light 
while,  with  pigments,  every  step  is  toward  a  black  pigment! 
Tne  primary  light  hues,  the  mixture  of  which  produces  white, 
are  r»d,  green,  and  blue,  corresponding  to  the  three  retinal 
rolor  processes.  Red,  green,  and  blue  are  therefore  the  true 
primaries  and  not  the  so-cailed  red,  yellow,  and  blue  pigment 
primaries,  because  it  is  the  color  of  the  light  by  which  the 
pigments  are  seen  that  determines  their  apparent  color.  Any 
sliifting  in  the  color  of  the  light  causes  a  corresponding  shift- 
ing in  color  and  change  in  brightness  of  the  pigment.  Thus 
blues,  that  are  prominent  by  daylight,  become  dull  and 
purjilish  by  ordinaiy  artificial  light.  (See  "Text-Rook  of 
Color,"  Hood,  and  "Color  in  Lighting,"  Luckiesh.)  In  this  con- 
nection it  is  easy  to  realize  how  important  is  color  in  the  light- 
ing of  picture  galleries. 

Ill  order  that  what  aiipears  hereafter  may  not  seem  Creek 
to  tlie  uninitiated  reader,  we  shall  pause  here  to  define  certain 
terms  used  in  illuminating  engineering.  It  will  also  save  long- 
wirded  explanations  later 

Light  Measurement. — The  visilde  ))ortion  of  the  energy  radi- 
ated by  any  illuminator  is  rated  in  terms  of  the  brightness 
sensation  it  will  produce  on  reflection  from  a  white  matt  sur- 
face having  100  per  cent  reflection  factor.  It  is  measured  by 
comparing  the  brightness  sensation  so  produced  with  the 
brightness  sensation  pproduoed  on  a  similar  surface  illumi- 
nated by  a  standard  lamp.  Devices  for  making  this  measure- 
ment are  called  photometers.  .Actually  they  measure  bright- 
ness sensation,  and  are  therefore  psychological  rather  than 
physical   instruments. 

Light  Units. — The  standard  lamp  used  in  the  photometer  is 
compared  with  a  standard  source  of  light  known  as  the  "can- 
dle." The  intensity  of  brightness  sensation  produced  by  this 
"candle"  on  a  surface,  every  part  of  which  is  at  one  foot  dis- 
tance from  it,  is  called  the  "foot-candle"  and  the  amount  of 
visil'le  light  at  this  intensity  received  on  a  surface  one  square 
foot  in  area  is  called  a  "lumen."  The  product  of  the  average 
foot-candles,  or  average  intensity  of  illumination  over  a  given 
area,  times  th'^  area  in  square  ii'"{.  is  the  amount  of  luminous 
Mux  (>'•  the  niimlier  of  lumens  received  on  that  surface. 

The  actu.il  brightness  of  any  luminous  object,  such  as  a 
'igbted  surface  or  a  light-source,  is  measured  by  comparing 
directly  the  brightness  sensation  produced  by  the  surface  or 
soui-'-e  with  that  produced  directly  by  the  standard  lamp. 
That  is  to  say.  tlie  luni'iunis  surfaces  of  the  two  liiiht-sources 
are  conmai'cd  without  tlie  intermediary  illuminated  surface 
used  ill  making  foot-candle  measurements. 

It  is  obvious  that  as  the  light  radiates  away  from  the  source 
it  becomes  spread  out  over  greater  and  greater  areas  in  space 
and  tlins  becomes  lower  in  intensity.  In  other  wonlg.  the 
candle-foot  measurements  will  decrease  with  increasing  dis- 
tance, r.ut.  save  for  interference  by  Intervening  cas  or  sus- 
iiendiil  narlicbs  of  matter,  the  brightness  of  the  source  re- 
mains const;ini  at  any  distance.  Urig'ifness  is  usually  rated 
in  <amlles  per  square  inch.  That  is.  in  terms  of  the  intensity 
of  illumination  that  would  be  proiluced  on  a  surface  one  foot 
distant  if  the  source  were  one  ;r|uare  inch  in  area  and  of  a 
brightness  all  over  equal  to  the  actual  source. 

W(    thus  have  four  principal  terms  to  remember: 

L  The  Candle  -arbitrary  unit  light-source  producing  arbi- 
trarv  unit  brightness  sensation  on  a  surface  at  unit  distance. 
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2.  Thf  Koot-t'iiiullo— Iiilfiislty  of  illiiminallon  iirodiircd  ut 
unit  riist.uiee  from  a  caiullp. 

3.  The  I.iiiiieii  iiiiiotinl  of  visible  MkIiI  Mux  rocelviul  on  a 
surface  of  unit  area  illuminated  to  an  intensity  of  one  candle- 
foot. 

4.  Candles  Per  Squai*  Inch — brightness  of  a  souiye  of  lli;ht 
In  terms  of  the  intensity  of  illnminaiions  produced  by  an 
equally  briiilit  source  one  square  Inch  in  area. 

We  are  now,  perhaps,  prepared  to  address  ourselves  briefly 
to  some  ot  the  more  technical  lU'obleins  of  illuminating  cnRi- 
neerlng. 

Light  Computation. — First,  we  shall  outline  the  method  of 
computing  the  amount  of  liiiht  necessary  for  the  proper  light- 
ing of  any  interior.  We  shall  do  this  because  only  in  this 
way  can  the  application  of  the  principles  of  good  lighting  be 
■developed,  and  the  important  factors  controlling  the  success 
of  the  installation  made  evident.  We  shall  be  as  brief  as 
possible  and  give  only  an  outline  of  the  method,  for  It  is  not 
our  purpose  to  write  a  handbook  but  to  bring  about  a  better 
under<^tanding  of  the  problem. 

Let  us  assume  that  a  certain  aiuount  of  visible  light  has 
been  let  loose,  so  to  speak,  in  a  room.  What  happens  to  It? 
After  it  leaves  the  fixture  it  strikes  on  various  surfaces  where 
some  is  absorbed,  or  escapes,  as  through  a  window,  and  some 
is  reflected.  This  reflected  light  again  strikes  on  other  sur- 
faces and  is  again  partly  absorbed  and  partly  reflected.  These 
multiple  partial  reflections  and  absorptions  keep  up  until  all 
the  light  is  absorbed.  Due  to  the  enormous  speed  at  which 
light  travels,  the  whole  process  occupies  but  a  very  short  in- 
terval of  time.  If  all  the  surfaces  of  the  room  reflected  all  the 
light  that  fell  upon  them,  the  light  in  the  room  would  never 
decrease  but  would  be  increased  continually  by  additional 
light  emitted  by  the  lamp  or  fixture.  Therefore,  in  order  to 
maintain  a  given  quantity  of  light  in  any  room,  the  fixtures  or 
lamps  need  only  emit  in  any  given  time  the  amount  of  light 
that  in  the  same  time  will  be  absorbed.  In  other  words,  the 
number  of  lumens  lost  is  the  number  that  must  be  generated. 
If,  then,  we  know  how^  the  light  will  be  distributed  in  the  room, 
or  if  we  know  the  amount  of  light  in  lumens  received  on  all 
surfaces  due  to  all  multiple  reflections,  then,  multiplying  these 
quantities  by  the  absorption  factors  ot  the  surfaces  will  give 
us  the  amount  of  light  that  must  be  generated. 

But  the  total  light  received  on  any  surface  may  be  ex- 
pressed in  terms  of  foot-candles  and  may  be  measured  or  cal- 
culated as  the  case  may  be.  So.  if  we  multiply  the  average 
foot-candles  over  any  surface  by  the  area  of  the  surface,  we 
get  the  "lumens"  received.  Multiplying  the  lumens  received 
by  the  average  absorption  factor  of  the  surface  gives  us  the 
lumens  lost. 

This  may  be  made  clearer  by  an  example  which  should  be 
followed,  as  from  it  some  most  important  deductions  will  be 
made.  Assume  a  room  20x20  ft.  in  plan,  10  tt.  headroom,  and 
containing  four  windows  3x6  ft.  Assume  that  the  desirable 
system  of  lighting  will  be  such  that  the  ceiling  is  16  times 
brighter  than  the  floor  and  3  times  brighter  than  the  walls. 
The  ceiling  is  finished  white  and  shows  a  reflection  factor  of 
.70.  That  is.  70  per  cent  of  the  light  received  is  reflected  and 
30  per  cent  absorbed.  The  average  reflection  factor  ot  the 
walls  is  50.  of  the  floor  .20.  and  ot  the  windows,  .15.  The  de- 
sired illumination  on  the  floor  is  6  foot-candles.  Then  on  the 
floor,  which  has  an  area  ot  400  sq.  ft.,  6x400  =  2,400  lumens 
will  be  received  and  380  lumens  reflected.  The  reflected 
lumens  amount  to  .9.5  lumens  per  square  toot,  which  is  equiv- 
alent to  a  brightness  ot  .0066  candles  per  square  inch.  The 
ceiling  is  to  be  20  times  as  bright.  Hence,  the  reflected 
lumens  must  be  14  per  square  toot.  This  is  70  per  cent  ot  the 
incident  lumens.  The  incident  lumens  are  therefore  20  per 
square  foot.  The  lumens  absorbed  on  the  ceiling  are  2,400. 
Similarly,  the  lumens  absorbed  and  lost  by  the  walls  and 
windows  are  aproximately  3,900.  The  approximate  total 
lumens  Jost  are  8.300. 

There  are.  let  us  say,  tour  ceiling  outlets,  and  the  fixtures 
to  be  used  show  an  over-all  efficiency  of  80  per  cent.  There- 
fore, the  total  lumens  to  be  generated  by  the  lamps  are  10.400. 
or  2,600  lumens  per  outlet.  Referring  to  the  lamp  manufac- 
turers' handbook,  we  find  that  a  20-watt  lamp  will  more  than 
fill  the  requirements.  The  next  smaller  sizes  will  not  quite  do 
the  work  it  allowance  is  made  tor  dirt  accumulations.  The 
total  power  consumption  runs  2  watts  per  square  toot  of  floor 
area.  The  percentage  ot  the  total  lumens  generated  received 
on  the  floor  is  called  the  Utilization.  In  this  case,  it  is  .247 
or  nearly  25  per  cent. 


Ill  the  case  assunud,  the  reflection  factor  of  the  floor  is 
low  about  that  ot  brown  cork  tile  or  darker  shades  in 
linoleum.  Actually  the  Moor  will  be  partly  covered  by  desks, 
generally  lighter  than  the  floor  in  color.  On  these  desks 
there  will  be  while  papers.  .\ll  such  changes  will  increase 
the  reflection  factor  of  the  floor  to  a  point  wliere  the  increased 
multiple  rellecllons  will  materially  increase  the  total  light  in 
the  room,  and  hence  the  illumination  on  the  desktops,  which, 
by  the  way.  are  30  in.  nearer  the  ceiling  than  the  floor.  It 
will  then  be  found  that  four  150-watt  lamps  will  sulilce.  The 
watts  per  square  foot  are  then  l.'i,  which  is  about  normal  for 
this  kind  of  Mghling. 

Lighting  Fixtures.-  Now  as  to  the  fixtures.  The  type  re- 
quired lo  iiioiliiei'  the  brightness  distribution  established  must 
be  either  indirect  or  semi-direct  The  first  type  throws  all 
light  initially  lo  the  ceiling.  The  second  type  throws  most  of 
Uie  light  initially  to  the  ceiling  and  will  consist  ot  a  more  or 
less  dense  glass  basin  hung  below  the  laiup.  This  basin  also 
serves  to  hide  the  lamp  from  view,  which  is  important,  since 
the  brightness  of  the  lamp  filament  is  enormous.  In  order 
that  the  fixture  may  reach  the  efficiency  assumed,  the  glass 
basin  must  be  wide  open,  a  little  flatter  than  a  hemisphere  in 
section,  and  not  shaped  in  at  the  tap,  or  its  full  aperture  in 
other  ways  restricted.  This  type  of  fixture,  rather  than  the 
indirect  tyi)e,  will  be  used,  as  the  luminous  (luality  of  the 
basin  improves  its  appearance. 

If  the  lamp  filament  is  a  little  lower  than  the  top  edge  of 
the  basin,  somewnat  more  than  50  per  cent  ot  the  light-flux 
generated  will  be  received  initially  on  the  basin.  The  mean 
spherical  candles  or  mean  intensity  at  1  ft.  distance  ot  the 
light  emitted  by  the  150-watt  lamp  is  163.  That  is,  if  every 
part  ot  the  basin  is  1  ft.  from  the  filament,  its  inner  surface 
will  be  illuminated  to  an  intensity  of  163  foot-candles,  or  a 
brightness  of  1.13  candles  per  square  inch.  No  surface  in 
view  should  have  a  brightness  exceeding,  as  a  maximum.  .2 
candles  per  square  inch,  and  preferably  less  if  the  surround- 
ing luminous  surfaces  are  materially  less  than  .2  candles  per 
square  inch  in  brightness,  so  that  the  basin  must  be  ot  such 
quality  that  the  brightness  of  its  exposed  surface  will  not  ex- 
ceed this  amount.  That  is.  the  luminous  surface  of  the  basin 
must  not  exceed  in  brightness  a  surface  illuminated  to  an  in- 
tensity of  28.8  foot-candles.  This,  it  will  be  noted,  is  just 
about  the  illumination  on  theceiling,  and  is  a  proper  condition 
it  it  can  be  reached.  Actually  no  harm  will  ensue  it  the 
basin  is  thirty  times  brighter  than  the  ceiling,  thus  introduc- 
ing a  brightness  contrast  of  1  to  30. 

The  intensity  ot  the  light  emitted  by  the  basin  (28.8  foot- 
candles)  is  about  one-sixth  of  the  intensity  ot  light  (163  toot- 
candles)  received  on  its  inner  surface,  so  that  tour-fifths  ot 
the  incident  light  must  be  disposed  ot  by  reflection  and  absorp- 
tion. Since  the  fixture  is  to  have  an  efficiency  ot  80  per  cent. 
20  per  cent  of  the  total  flux  emitted  by  the  lamp  may  be  lost. 
The  lamp  emits  2.046  himens.  Therefore. '409  lumens  may  be 
lost  in  the  basin. 

A  good,  opal  glass,  with  polished  surface,  will  reflect  about 
70  per  cent  of  the  incident  light.  In  this  case,  since  say  65 
per  cent  of  the  total  lumens  emitted  by  the  lamp,  or  1,227 
lumens,  is  received  on  the  glass,  the  number  of  lumens 
emitted  by  the  basin,  which  is  say,  7.5  sq.  tt.  in  area  (65  per 
cent  ot  the  total  area  of  a  sphere  1  toot  in  radius),  is  7.5  sq. 
ft.  times  28.8  foot-candles,  or  216  lumens.  And  this  is  216/409 
or  nearly  50  per  cent  ot  the  lumens  admitted  into  the  glass. 
The  glass  must  therefore  show  about  50  per  cent  absorption, 
which  corresponds  to  a  fairly  heavy  optical  density,  particu- 
larly if  the  glass  is  to  be  single  thick  so  as  to  avoid  undue 
weight. 

However,  since  the  basin,  imder  these  conditions  and  with 
a  fairly  bright  ceiling  above,  may  be  smaller  and  correspond- 
ingly brighter,  a  basin  of  this  density  equivalent  to  a  hemi- 
sphere 14  in.  in  diameter  will  answer  the  purpose. 

At  this  point,  recall  the  size  and  brightness  of  such  basins 
frequently  used,  with  even  larger  lamps,  in  rooms  with  com- 
paratively dark  ceilings — effectual  causes  ot  headache  and  in- 
digestion!    Think  this  over. 

Treatment  of  Reflecting  Surfaces. — It  will  be  seen,  troiu  the 
above  calculations  of  the  number  of  lumens  required  to  light 
the  given  room,  how'  important  is  the  question  of  the  reflec- 
tion factor  of  the  interior  surfaces.  Since  all  but  a  compara- 
tively small  portion  ot  the  light  emitted  by  lamps  is  initially 
received  on  the  ceiling,  any  reduction  ot  the  reflection  factor 
ot  the  ceiling  means  a  corresponding  increase  in  the  number 
ot  lumens  that  the  lamps  must  emit.     A  change  in  this  reflec- 
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tion  lac-for  from  50  per  cent,  which  is  the  reflection  factor  of 
a  light  buff  lead  and  oil,  to  70  per  cent,  which  is  the  reflection 
factor  of  fresh  white  lead,  means  an  increase  in  illumination 
on  th'  working  surface  in  the  room  ot  nearly  50  per  cent,  if 
the  treatment  of  the  wall-surface  shows  a  reflection  factor  not 
less  than  .50  per  cent.  In  one  office,  rekalsoinining  the  ceilins, 
leaving  the  walls  as  they  were,  with  a  comparatively  low  re- 
flection factor,  incrr-ased  the  illumination  on  desks  30  per 
cent.  It  is  not  too  much  to  say  that  the  selection  of  the  wall 
and  ceiling  coatings  is  more  important  tlian  the  selection  of 
any  particular  type  of  reflector  equipment  on  the  lamp. 

■R'ith  direct  illumination,  that  is.  with  reflectors  open  and 
pointing  downward,  and  the  lamps  fairly  close  to  the  ceiling, 
then,  under  normal  conditions,  the  amount  of  light  received  on 
the  working  areas  from  the  walls  and  ceiling  is  between  30 
and  40  per  cent  of  the  total  received.  This  percentage  is  in- 
creased to  about  8.5  per  cent  with  the  normal  semi-indirect 
method  of  ligliting.  and  reaches  100  per  cent  with  indirect 
lighting. 

Dlnminution  of  Reflective  Capacity. — It  has  been  found  that 
lead-and-cil  coatings  lose  their  reflection  factor  quite  rapidly — 
about  15  per  cent  a  year,  independently  of  dirt  accumulations 
— due  entirely  to  chemical"  changes  in  the  paint.  In  the  case 
ot  kalsomines,  aiid  similar  paints,  the  loss  in  reflection  factor 
is  about  the  same  as  with  lead  and  oil,  but  due  to  the  absorp- 
tion of  dirt  into  th^  porous  paint.  It  is.  therefore,  a  decided 
economy  to  use  paints  wbicli  contain  no  lead  and  little  oil. 
It  is  possible  to  produce  a  paint  of  this  type  which  maintains 
a  practically  constant  reflection  factor  and  which  can  be  read- 
ily cleaned.  The  cleaning  will  restore  the  reflection  factor 
almost  to  its  initial  value 

Tinting. — Where  tinting  is  considered  necessary,  it  should 
be  remembered  that  lamp-black  has  an  exceedingly  low  reflec 
tion  factor,  so  that  even  a  small  portion  of  it  mixed  into  the 
paint  will  reduce  the  reflection  factor  of  the  paint  materially. 
If  tinting  is  essential,  it  should  be  obtained  in  other  ways 
than  by  the  use  of  lamp-black.  For  instance,  a  series  of  greys 
can  be  obtained  by  mixing  various  red  and  blue  pigments  and 
thinnins-  them  out  with  white.  Such  grays  have  a  lively 
appearance  and  lack  the  dead  quality  of  the  grey  obtained  by 
the  use  of  lamp-black.  They  also  have  a  considerably  higher 
reflection  factor  than  similar  tints  obtained  with  lamp-black. 
Painting.— This  question  of  painting  is  obviously  one  that 
should  receive  the  most  careful  attention  of  every  architect 
when  specifying  the  interior  finishes  in  buildings  used  for 
commercial  purposes,  and  where  the  cost  of  operation  is  a 
maferial  factor. 

In  one  very  large  office  building,  the  suggested  change  frorii 
light  buff-tinted  ceilings  and  dark  buff-tinted  walls  to  the  kind 
of  treatment  suggested  above  would  have  saved  in  energy 
consumption  for  lighting  about  $14,000  a  year.  Under  these 
conditions  it  would  obviously  pay  to  use  a  paint  that  can  be 
thoroughly  cleaned  without  injury  and  to  pay  the  cost  of  the 
cleaning  at  least  once  every  six  months.  There  is  hardly  any 
necessity  for  mentioning  the  fact  that  similar  economy  can  be 
hrought  about  by  frequent  cleaning  of  the  lighting  fixtures. 
Even  the  so-called  dust-proof  enclosed  fixtures  require  clean- 
ing if  their  efficiency  is  to  be  maintained. 

It  is  also  obvious  that  if  interiors  are  treated  as  above  sug- 
gested and  the  windows  are  equipped  with  light-directing 
blinds,  so  that  the  maximum  daylight  intensity  is  thrown  up- 
on the  ceiling,  a  minimum  amount  of  daylight  need  be  used, 
and  this  suggests  the  possibility  of  reducing  the  size  of  the 
windows,  permitting  better  exterior  appearance  of  the  build- 
ing—all of  which  is  entirely  aside  from  the  question  of  en- 
suing physical  comfort  of  the  occupants,  which  has  been  pre- 
viouslv  mentioned  and  discussed. 

While  the  above  example  deals  particularly  with  the  light- 
ing of  an  ofl?ice.  the  principles  illustrated  in  this  example  are 
fundamental  in  all  systems  of  lighting  for  every  purpose,  and 
while  thev  must  necessarily  be  modified  to  meet  less  utili- 
tarian conditions,  they  must  always  be  kept  in  mind,  other- 
wise the  character  of  the  building  or  room  will  not  be  suited 
for  the  use  intended. 

Daylighting.— While  much  of  what  has  been  said  above  is 
applicable  to  dav  lighting  as  well  as  artificial  lighting,  there 
are  a  few  matters  relating  particularly  to  daylighting  which 
deserve  mention.  It  has  been  said  above  that  the  amount  of 
daylight  admitted  by  any  aperture  is  solely  a  function  of  the 
sky-area  or  area  of  other  brightly  lighted  surface  that  can  be 
seen  from  it.  If  the  daylight  cannot  obtain  access  to  the  win- 
dow  the  window  as  a  liahting  source  is  useless. 
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It  is  therefore  obvious  that,  in  the  architectural  design  of 
every  building,  proper  precautions  should  be  taken  to  make 
certain  that  the  required  amount  of  daylight  will  find  access 
to  windows  or  other  lighting  apertures,  as  otherwise  artificial 
light  will  liave  to  be  used  with  the  corresponding  increase  in 
cost  of  operation. 

It  is  a  coninion  thing  to  see  courts  and  light-wells  so  de- 
signed and  treated  that  dayli.ght  has  little  or  no  opportunity 
to  find  its  way  to  thi'  winrlows  opening  onto  these  courts  or 
wells.  It  is  a  common  thing  to  see  designs  for  elevations  of 
buildings  represented  with  daylight  upon  them  in  a  manner 
that  will  never  occur  wlien  the  building  is  built.  It  would 
seem  that,  since  a  buihiing,  particularly  commercial  struc- 
tures, must  be  adequately  lighted  if  they  are  to  function  prop- 
erly, their  desi,gn  siiould  be  based  on  the  daylight  available 
and  the  most  made  of  it. 

This  matter  iias  gradually  risen  to  such  importance  that  we 
find  city  laws  and  state  laws  making  more  or  less  unscientific 
efforts  to  correct  the  difliculties.  and  the  architect  is  com- 
pelled to  make  his  design  conform  to  such  laws.  Should  not 
the  architect  himself  be  the  one  to  take  the  initiative  and  lo 
learn  at  least  a  little  about  daylight  and  how  it  can  be  han- 
dled? 

The  subject  is  entirely  too  broad  and  complicated  to  dis- 
cuss in  detail  in  an  article  such  as  this,  but  a  considerable 
amount  of  data  has  been  collected  and  is  available  for  the 
architect's  use. 


Occupations  of  Engineering  Graduates 

Tlip  accompanying  diagram,  rt'pioducfd  from  a  r^-ccnt  bul- 
letin of  the  College  of  Engineering  of  the  University  of  Illi- 
nois, shows  the  distribution  of  engineering  graduates  in  busi- 
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Occupations  of   Engineering  Graduates  of  the  University  of  Illinois. 

ness  and  professional  occupations.  The  figures  are  based 
on  records  of  2.453  graduates  of  the  College  of  Engineer- 
ing, as  listed  in  the  alumni  directory  for  1316. 


Rustless  Steel.— The  romance  of  rustless  steel,  one  of  the 
most  recent  metallurgical  triumphs,  is  given  increased  prom- 
inence with  the  removal  of  war  control,  states  the  Scientific 
American.  The  new  metal,  with  a  bright  surface  and  able 
to  resist  the  corroding  effect  of  air.  water  and  acids  without 
staining,  was  discovered  just  prior  to  the  outbreak  of  th'- 
war,  and  was  immediately  commandeered  by  the  British  Gov- 
ernment for  use  in  airplane  construction  and  for  purposes 
whero  strength  and  durability,  combined  with  rust-resisting 
qualities  were  invaluable.  The  steel  is  a  Sheffield  invention, 
and  was  chanced  upon  largely  by  accident.  A  local  metal- 
lurgist, Mr.  Harry  Brearly.  author  of  numerous  standard 
works  was  experimenting  in  the  armament  shop  to  find  a 
means'  of  preventing  erosion  in  gun  tubes.  After  some  of  bis 
experiments  he  noticed  that  certain  pieces  of  chrome  steel 
had  not  suffered  from  corrosive  influences  under  conditions 
which  would  have  rusted  ordinary  steel.  He  followe.l  up  this 
clue  and  what  is  known  as  stainless  steel  was  eventually 
worked  out  and  added  to  Sheflield's  metallurgical  triumphs. 
It   was  applied   to  manufacturing  cutlery 
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Wall  Construction  at  Norfolk  Ar- 
my   Siipph    Base  by  C-eniont 
Gun  Process 

The  ecnitut  sun  was  used  extensively  In  the  constnicllun 
of  the  army  supply  base  ut  Norfolk,  Va.  Over  500.000  sq.  ft. 
of  wnlls,  tire  stops,  roor.  etc.,  were  built  by  this  process. 
The  base  consists  of  eipht  warehouses  and  two  loadhi!;  piers 
on  an  area  ol  about  MO  acres,  situated  on  Hampton  l{oa<!s. 
near  NorfolU.  The  warehouses  have  a  floor  area  of  nearly 
L', 500,000  St),  ft.  and  the  piers  have  a  capacity  for  docliiuK  al 
one  time  Vi  of  the  larsest  ocean  liners  drawing  .\a  ft,  of 
water.  The  relative  positions  of  the  units  are  shown  in  Kiit.  1. 
Six  of  the  warehouses  are  of  wood  frame  construction  with 
sunlte  walls.  The  other  two  buildings  were  designed  to  be 
used  for  material  which  might  rrtiuire  artificial  heat.  One  of 
these  was  constructed  of  brick  and  the  other  of  tile.  Five  of 
the  buildings  are  1.400  ft.  long  each,  and  the  other  three  are 
1.680  ft.  long,  all  of  them  being  160  ft.  wide.  In  each  ware- 
house a  brick  curtain  wall  cuts  entirely  through  the  building 
every  140  ft.,  projecting  above  the  roof  so  that  a  fire  originat- 


ing Inslile  of  one  of  these  liulldings  wouUl  n(>c<<ssarily  be  con- 
liuiil  to  one  140  ft.  section. 

Warehouses  1,  L'  and  W.  and  (!.  7  and  S  are  wood  fianie  with 
tuiiile  walls.  No.  4  Is  of  brick,  and  .\o.  5  is  of  tile.  No.  5 
1  uilding,  whose  walls  consist  of  tile,  was  stuccoed  pn  the  out- 
side with  the  eemeut-gun  The  construction  of  waieliouses 
I.  2  and  :l.  and  ti,  7  and  8  consists  of  a  wood  framing  as  shown 
in  Klg.  L'.  Wood  posts  10  ft.  on  centers  carry  girts  :iiid  caps 
iiiul  roof  joists.  The  roof  joists  are  covered  with  a  '.\  in.  plank 
roof  covered  with  tar  and  gravel. 

■|"o  the  posts  and  girts  there  is  secured  No.  26-A  American 
.^"teel  iM  Wire  I'o.'s  triangular  mesh,  which  was  held  in  place 
with  wire  nails  and  so-called  wire  chairs.  These  hold  the 
wire  securely  in  place  about  Vi  in.  away  from  the  wood. 
Wooden  foiins  were  placed  on  the  inside  of  the  building  about 
'*2  in.  away  from  the  mesh.  tJunile  was  then  shot  in  place 
from  the  outside  to  a  total  thickness  of  about  2  in.  The 
woaden  forms  were  made  in  movable  panels  which  were 
stripped  any  time  after  24  hours  and  moved  from  section  to 
section. 

The  total  length  of  walls  and  ends  thus  formed  with  the 
ceinenl-gun  was  19,920  ft.    The  area  was  approximately  232,000 
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Fig.    1— Units    of    Army    Supply    Base,    Norfolk.    Va. 


Pis-   2 — End   View   of   Warehouse    No,   8,    Showing    Framing. 

.V  part  of  lower  portion  of  .-^ide  wall  has  heoii  foiiiied  and  is 
rtad.v  lor  wirt-  to  lie  applied.  At  e.\trfine  left  is  shown  a  portion 
o(  side  wall  fini.shod. 


Outside  Wall  on  Water  Side  of   Pier   No.   1. 
wanTs  ••flashed"  To'"\'°flnishe^d  tS?/ace^    *^'""'"-     °"^    cement-gun    finisher-  is  smoothing  off  any  chanc-  irregularities,  after  whieh  the 
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sq.    ft.     The   sand   was   dus   un   the  site   at   a   fost   of  apiirox- 
imately  30  ct.  per  cubic  yai'd. 

The  two  piers  extending  1.280  ft.  in  deep  water  ai-e  covered 
with  sheds  of  steel  construction.  Each  of  these  two  sheds 
consists  of'one  center  bay  and  two  side  hays,  tlie  center  l)ay 
extending  above  the  roof  of  the  side  bays  in  the  form  of  a 
monitor  There  is  an  outside  wall  extending  from  the  top  of 
the  parapet  down  about  11  ft.,  below  which  is  a  continuous 
line  of  doors.  On  each  side  of  the  center  hay  and  between  it 
and  the  side  bays,  and  extending  from  the  monitor  windows 
down  about  12  ft.  to  a  point  below  the  side  bay  roof  trusses 
are  curtain  walls  acting  as  smoke  deflecting  walls  and  screens, 
the  purpose  being  to  deflect  the  smoke  from  the  locomotives 
which  pass  through  the  center  bay  so  as  to  make  it  go 
through  the  monitor  windows  and  ventilators.     The  roofs  on 
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—  Method     of    Attaching     Wire.     Method     of     Forming     and 
Section    of    Gunite    Wall    in    Process    of    Being    Shot. 


the  side  bays  are  of  slow  liurning  wood  construction  similar 
to  the  warehouse  roots.  3  in.  plank  is  nailed  to  heavy  roof 
purlins  secured  to  the  upper  chords  of  the  steel  trusses. 
Tar  and  gravel  roofing  is  placed  over  tlie  plank.  The 
center  bay  through  which  run  three  railroad  tracks  has  a  con- 
crete roof.  Every  eighth  truss  in  the  side  bays  was  made 
into  a  fire  stop  by  encasing  it  in  concrete  up  to  the  roof  line. 
The  cement-guns  were  used  for  building  outside  walls,  smoke 
screen  walls,  fire  stops  and  roof  over  center  bays.  The  total 
area  thus  covered  was  approximately  285,000  sq.  ft. 

Figure  3  shows  the  outside  walls  at  one  of  the  piers  in  the 
course  of  construction.  It  will  be  noticed  that  in  a  number 
of  places  this  wall  is  extended  to  the  floor  line.  At  these 
points  offices  and  toilet  rooms  are  built  into  the  structure.  At 
all  other  places  the  doors  are  continuous.  The  high  structure 
shown  in  this  view  is  used  for  cargo  hoists. 

The  outside  walls  and  smoke  screen  walls  were  formed  and 
shot  in  the  same  way  as  described  for  the  warehouses.  The 
roof  structure  over  the  center  bay  consisted  of  I-beam  purlins 
7  ft.  centers  Forms  were  placed  between  these  I-beams  snug 
up  against  the  underside  of  the  flange.  The  wire  mesh  was 
placed  in  continuous  strips  running  from  eave  to  eave  sup- 
ported %  in.  above  the  I-beams  on  wire  chairs  with  a  dip  or 
camber  toward  the  center  of  the  span  of  about  V,  in.  The 
thickness  of  gunite  was  2 '4  in. 

The  cement  gun  work  was  carried  out  by  the  Cement  <lun 
ronstruction   Co..  Chicago,  111. 


Less    Theory    and     More    "Horse 
Sense"    in   Structural  En- 
gineering   Courses* 

By    KDWAIU)   CODI-'KKV. 

Instruction  in  ilie  details  of  st'-uctural  design,  from  results 
that  crop  out  in  practice,  in  the  experience  and  observation 
of  the  iiresent  writer,  in  his  judgment,  is  in  need  of  radical 
realignment.  A  number  of  diverse  sets  of  facts  that  are  the 
basis  of  the  statement  in  the  foregoing  sentence  will  be 
givn. 

Soiiie  >eais  :ig(j  1  examined  the  detail  drawings  of  two 
theaters  whicli  had  been  made  by  an  engineering  concern. 
The  errors  in  details  were  so  numerous  that  I  did  not  count 
them.  1  classified  them  instead.  There  were  twenty-two  dlf- 
fereni  kinds.  Some  of  them  were  repeated  many  times.  A 
number  of  them  were  so  serious  that  they  might  have  resulted 
in  collapse  of  parts  of  the  structure.  I  wrote  these  up  for  the 
))i'nefit  of  the  profession,  and  the  article  was  published  in 
H]ngineering  and  Contracting.  Dec.  8,  1915.  Previous  to  this 
time  1  had  written  up  a  description  of  a  large  collection  of 
eirors  in  structural  details  from  different  plans  that  1  had 
examined.*  Some  of  these  errors  were  similar  in  charac- 
ter to  the  others,  showing  the  same  disregard  for  fundainenta! 
principles  of  stability. 

\"o«.  it  is  of  no  ijurticular  significance  tbal  an  individual, 
tliougli  holding  himself  out  to  be  a  structural  engineer,  should 
make  blunders  aiul  errors.  It  is  significant,  however,  that  this 
engineer  was  unable  to  see  that  there  was  anything  wrong 
with  his  details,  though  the  builder,  a  contractor  with  no  en- 
gineeiin-!  training  except  the  horse  sense  that  his  experience 
as  a  contractor  gave  him,  could  see  all  of  my  points  and  in- 
sisted, even  at  much  expense  to  himself,  upon  everything  be- 
ins  made  as  I  dictated. 

Tlie  reader  is  referred  to  the  published  articles  to  see  for 
himself  whether  or  not  the  details  were  faulty. 

But  the  most  significant  thing  of  all  is  that  1  was  in  a  posi- 
tion where  I  could  refer  to  no  authority  to  sustain  my  points 
iind  no  writing  except   my  own. 

In  engineering  works  and  in  the  engineering  class  a  struc- 
ture seems  to  be  a  highly  theoretical  thing  made  of  perfectly 
elastic  substances  that  are  subject  to  certain  inexorable  laws 
and  obey  those  laws  implicitly.  But  standing  supreme  over 
all  of  these  laws  is  the  professional  judgment  of  the  design- 
ing engineer,  which  ultimately  sustains  the  loads.  In  my 
opinion  the  professional  judgment  of  the  designing  engineer 
is  uorth  practically  nothing,  unless  he  can  amply  sustain  it 
\.\  arguments  that  '.vill  stand  the  light  of  day  and  show  tl'al 
lie  has  plain  horse  sense  as  well  as  some  theoretical  knowl- 
edge. In  my  opinion  the  theory  of  least  work,  and  of  redund- 
ant stress,  and  of  the  elastic  behavior  of  concrete  arches, 
and  of  secondary  stresses  due  to  such  causes  as  the  rotation 
of  members  on  pins  due  to  truss  deflection,  and  most  column 
theories,  and  several  other  nice  theories,  have  a  value  only  a 
lit«le  greater  than  that  already  ascribed  to  bald  professional 
judgment. 

To  come  right  to  the  point,  there  is  entirely  too  uiucli 
theory,  and  there  are  entirely  too  many  theories  in  enuineer- 
ing  works  and  college  tea<-hing  and  not  enough  (u-dinary 
horse   sense. 

I  could  write  a  book  on  this  sunject.  showing  where  engi- 
neers, among  them  .some  of  the  highest  standing,  have  de- 
signed and  discussed  structures  with  their  heads  away  uii 
in  tlu  rarefied  air  of  pure  tbeory.  while  the  details,  that  a 
man  with  scarcely  any  tlieoretical  training  could  see  were 
f-nilly,  never  came  into  their  view  nor  concern.  A  few  of  I'le 
high    spots   will    be   touched. 

W'lHMi  tlie  Quebec  bridge  was  first  erected,  it  was  put  up 
Willi  a  iireat  traveler  as  large  as  a  l.;-story  steel  office  build 
in-  II  consisted  of  two  side  bents  217  ft.  high.  Now  horse 
sense  tells  us  (though  books  and  theory  say  little i  that  two 
l».nts  of  this  height  ought  to  be  braced  together  to  prevent 
ir   swaying   to   one   side   and    flopping   down,   especially    v. 


Annual  Meeting  of  Concrete  Institute.— The  American  Con- 
crete Institute  will  hold  its  annual  meeting  June  27-28  at 
Hotel  Traymore,  Atlantic  City,  N.  .1. 
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Oen,  and  p\ilh'(l  the  coinpl'^teil  briilne  over,  killiiit;  iiboiit  80 
men.  Hid  llio  Royal  CoiiiniiMsion  investigallui;  the  wreck 
give  due  warnlns  to  the  profession  against  tlie  reeiirrenee 
of  another  sueli  blunder?  In  8  lb.  of  dope  issued  by  the  said 
Royal  Commission  there  is  not  a  word  about  any  sueh  possi- 
bility. There  are  some  nice  new  theories,  but  so  far  as  a 
iliseussion  of  the  real  eause  of  the  failure  is  eoneerned  this 
report  is  one  of  the  greatest  farces  in  engineering  literature. 

But  the  Qiiebee  bridge  was  rebtiill.  .\  well-braced  traveler 
was  employed.  1  had  publicly  called  attention  to  the  blunder 
of  the  lirst  and  prophesied  that  in  the  rebuilding  no  such 
blunder  would  be  made,  .\gain  the  designing  engineers  had 
their  heads  in  tlie  rarefied  air  of  pure  theory  and  high-class 
proulems — a  la  the  most  approved  literature  of  engineering. 
fJreat  problems  were  solved.  The  solutions  do  credit  to  the 
designers  and  to  the  men  who  handled  and  erected  the  steel. 
Again  a  detail  was  overlooked — a  detail  that  It  required  horse 
sense  to  discover.  A  great  load  was  to  be  lifted  on  a  swing- 
ing support.  The  load  was  to  be  suspended  from  a  long  line 
of  bars  and  jacked  up  to  place.  The  lifting  scheme  was  ex- 
cellently worked  out.     But  why  was  there  a  second  wreck? 

Makers  of  pails  for  paint  suspend  the  pail  on  a  bail  at- 
tached as  close  to  the  top  as  the  bail  can  conveniently  be  at- 
tached. These  men  know,  without  being  able,  perhaps,  to 
tell  the  reason  why.  that  if  the  bail  is  swung,  say  a  half  inch 
above  the  middle  of  the  height  of  the  pail,  you  may  be  able 
to  lift  the  pall  without  its  upsetting,  but  the  chances  are 
that  it  will  upset  and  spill  the  paint.  Now,  in  raising  the 
great  suspended  span  of  the  Quebec  Bridge  the  "bail"  was 
hinged  the  trifling  distance  of  2-",  In.  above  the  "cen- 
ter of  the  pail."  The  pail  upset,  after  it  had  been 
lifted  a  few  feet.  Did  the  profession  see  this  and  pub- 
lish the  lesson  broadcast  so  as  to  warn  others?  Look  for 
yourself  at  current  engineering  publications  for  the  few 
weeks  following  the  disaster  and  see  if  you  can  find  it.  I 
did  succeed  in  getting  a  letter  published  which  pointed  out 
the  real  cause  of  the  wreck.* 

The  Orpheum  Theater  in  New  York  tailed  completely  and 
solely  because  of  a  monstrous  curved  girder  of  74  ft.  of  a 
span  and  12  ft.  of  an  offset  or  versedsine.  and  this  girder  was 
carrying  a  heavy  floor  load.  The  only  thing  that  supported 
this  girder  till  its  collapse  w-as  small  beams  that  it  was  sup- 
posed to  support.  The  girder  flopped  down  and  pulled  with  it 
the  whole  structure,  just  a  few  minutes  after  200  workmen 
had  left  the  building.  A  large  and  important  part  of  engi- 
neering education  is  in  the  hands  of  engineering  periodicals. 
Was  the  engineering  profession  "educated"  in  the  accounts 
of  this  wreck?  Hear  the  history.  After  about  a  year  of  in- 
vestigation and  delay  a  set  of  the  most  absurd  and  inane 
reports  were  published  that  I  have  ever  had  to  read.  No 
mention  was  made  of  the  real  cause  of  the  wreck.  I  suc- 
ceeded in  getting  in  a  statement  of  the  cause  in  Engineer- 
ing and   Contracting,   Feb.   18.   1914. 

What  do  the  authorities  say  on  the  instability  of  curved 
girders?  Find  it.  If  you  can.  You  will  find  some  nice  theories 
on  circular  girders  and  some  applications  of  the  same  where 
they  are  totally  inappropriate.  Find  a  warning,  it  you  can. 
against  using  a  curved  girder  with  simply  supported  ends. 
But  In  ctirrent  engineering  publications  after  this  wreck  here 
Is  what  you  will  find — some  fine  spun  theory  on  the  dire  effect 
of  the  twisting  of  a  girder  due  to  deflection  of  a  cross  girder 
that  it  supports.     Bosh! 

Four  hollow  dams  have  failed  because  the  pressure  on  the 
wetted  side  and  the  pressure  of  water  beneath  them  was  not 
adequately  resisted  by  the  small  weight  of  concrete  in  the 
hollow-  dam.  T\Tiat  do  books  on  dams  say  of  under  pressure? 
If  the  word  of  these  books  is  to  be  depended  upon  for  infor- 
mation on  this  subject,  under  pressure  did  not  exist  until 
1910.  or,  by  majority  vote,  it  does  not  exist  at  all.  One  book, 
published  since  1910.  emphasizes  the  existence  of  under  pres- 
sure. Others  do  not  even  give  it  the  recognition  of  mention. 
I  believe  that  instructors  have  at  last  begun  to  emphasize 
under  pressure.  They  ought  to  refuse  to  teach  from  any 
book  that  does  not  emphasize  the  necessity  of  designing  for 
under  pressure. 

When  the  Stony  Creek  Dam,  a  hollow  dam  that  failed,  was 
rebuilt,  the  description  of  the  work  stated  that  the  type  of 
dam  was  in  no  way  responsible  for  the  failure.  Yet  in  the 
rebuilding  the  type  was  changed  in  these  important  respects; 
it  was  securely  anchored  to  a  deep  cut-off  wall:  a  lot  of  con- 
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crete  was  added  at  the  up-stream  edge  to  give  stability;  a' 
very  extensive  draiiuige  system  was  added;  and.  most  radical 
of  all,  till-  drainage  system  was  housed  in  at  great  expense 
to  keep  it  from  freezing.  When  1,  a  member,  attempted  to 
discuss  the  matter  and  poiut  out  these  facts  in  .the  proceed- 
ings of  the  .•\merican  Society  of  Civil  Engineers,  1  was  de- 
nied the  privilege.  This  Is  a  sample  of  the  way  engineers  are 
being  "educated." 

There  Is  enough  written  on  the  theory  of  the  elastic  arch 
as  applied  to  reinforced  concrete  arches  to  fill  several  books. 
I  have  looked  In  vain  for  some,  recognition  of  one  of  the  big- 
gest single  things  in  this  design  of  an  elastic  reinforced  con- 
crete arch,  mimely,  the  bending  moment  at  the  spring  of  the 
arch  and  provision  for  taking  care  of  it.  For  the  sake  of  sav- 
ing a  little  concrete  in  the  arch  ring  a  highly  theoretical 
method  of  design  Is  employed,  and  the  abutment  is  assumed 
to  be  absolutely  fixed  whether  its  mass  is  sulTlcient  to  war- 
rant this  assumptUm  or  not.  This  method  of  design  Is  based 
on  pure  theory.  The  elastic  theory  stands  or  I'alls  on  this 
premise,  namely,  whether  or  not  the  deflection  of  a  rein- 
forced concrete  beam  can  be  calculated.  The  deflection  of  a 
simple  reinforced  concrete  beam  cannot  even  be  closely  ap 
proximated;  hence  the  elastic  theory  has  no  real  foundation 
to  stand  on. 

The  use  of  the  simple  equilibrium  polygon  In  solving  a  rein- 
forced concrete  arch  is  so  simple  and  so  appropriate  to  the 
case  that  it  is  a  puzzle  to  me  why  the  elastic  theory  should 
ever  be  brought  to  hear  on  the  problem. 

In  reinforced  concrete  theories  are  rampant.  The  rodded 
column  is  based,  in  its  use,  on  theory  almost  solely.  The 
rodded  column  is  a  shaft  of  plain  concrete  with  a  rod  near 
each  corner,  the  rods  being  stayed  at  intervals  of  a  foot  or 
so  by  wires.  Sometimes  there  are  more  than  four  rods.  Some 
times  they  are  bad  enough  to  have  rods  in  the  middle  of 
the  side  of  a  rectangle  "stayed"  with  a  wire  in  the  same  plane. 
The  only  thing  supporting  the  use  of  a  rodded  column  be- 
sides pure  theory  is  a  lot  of  misleading  tests-^tests  of  col- 
umns perfectly  centered  in  an  almost  perfect  testing  ma- 
chine. This  is  worse  than  theory  because  it  inspires  more 
confidence.  A  column,  to  be  a  proper  member  of  a  structure, 
must  be  tough.  The  rodded  column  is  anything  but  tough, 
but  the  testing  machine  does  not  discover  this. 

In  a  score  or. more  of  bad  wrecks  rodded  columns  have 
proven  their  utter  nnfitness  as  structural  members  by  their 
failure  to  sustain  their  loads  and  by  their  behavior  in  the 
wrecks.'  .-\part  from  this  I  know  of  only  one  test  of  rein- 
forced concrete  columns  where  the  thing  tested  resembled 
an  actual  structure  and  really  tested  a  rodded  column  in  the 
way  it  is  tested  as  a  building  column.  This  test  is  described, 
in  Engineering  Record.  Sept.  30,  1905.  Here  four  rodded  col- 
umns carrying  two  girders  and  a  slab  failed  at  about  300  lb. 
per  square  inch. 

The  theory  of  the  rodded  column  does  not  consider  the  de- 
flection of  the  beams  and  girders  connecting  in  a  monolithic 
character  to  the  columns,  and  the  unknown  eccentric  stresses 
at  the  corners,  and  the  tendency  to  spall  on  account  of  this 
eccentric  stress  and  the  shrinkage  of  the  concrete  that  com- 
presses the  steel  and  aids  in  this  spalllng.  On  the  other  hand 
the  same  class  of  theorists  who  thus  ignore  facts  concerning 
concrete,  a  very  brittle  substance,  will  split  the  hair  of  a 
gnat  in  making  up  theories  of  secondary  stresses  in  the  heavy 
members  of  a  steel  structure.  A  steel  column  may  have  a 
tremendous  unit  stress  at  one  corner,  due  to  poor  milling,  and 
nothing  may  result  except  the  peening  of  the  metal.  A  rod- 
ded column  having  a  corresponding  condition,  due  to  deflec- 
tion of  the  beams,  will  be  sure  to  spall  and  may  fail  and 
bring  down  the  structure  with  it.  These  things  are  theory 
In  one  sense,  but  they  are  theory  that  recognizes  facts  and  is 
not  blind  in  spots.  These  facts  are  eminently  common  sense, 
and  therefore  it  is  hard  to  make  an  ingrained  theoretical  mind 
see  them.  Hence  we  have  the  common  standards  of  design 
in  reinforced  concrete  that  are  prepared  and  approved  by 
two  classes  of  men:  one  of  these  classes  will  accept  anything 
that  has  some  authoritative  approval,  so  that  it  will  enable 
them  to  compete  with  other  forms  of  construction:  the  other 
class  are  laboratory  investigators  who  cannot  see  any  differ- 
ence between  an  ideal  laboratory  experiment  and  a  building 
and  who  make  no  attempt  to  stimulate  the  laboratory  experi- 
ment to  the  building. 

The  stirrup  or  short  shear  member  In  a  reinforced  concrete 
beam  is  another  theoretical  creation.  Someone  with  a  theo- 
retical knowledge  of  a  truss  conceived  the  idea  that  stirrups 
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or  short  shear  members,  so  called,  since  they  look  like  truss 
members  on  paper,  can  be  considered  as  truss  members.  The 
resemblance  does  not  extend  beyond  the  drawing  board,  for 
truss  members  must  have  perfectly  definite  and  iiull-strength 
connections  to  both  top  and  bottom  chords.  Stirrups  and 
short  shear  members  have  no  such  connection  either  to  top 
or  bottom  chord  or  flange  of  a  beam. 

No  engineer  will  attempt  to  explain  how  a  stirrup  acts  to 
take  its  alleged  stress  nor  to  explain  what  takes  the  shear  of 
a  beam  between  two  stirrups  or  short  shear  members.  En- 
gineers have  ceased  to  discuss  both  rodded  columns  and  stir- 
rups. They  are  ashamed  of  the  alleged  arguments  in  favor 
of  those  discredited  features  of  design.  As  proof  of  this  I 
point  to  a  discussion  on  these  subjects  that  took  place  in 
February.  1915,  when  I  was  severely  castigated  in  a  meet- 
ing of  the  American  Concrete  Institute  in  Chicago.  After 
much  insistence  on  ray  part  the  remarks  of  my  critics  were 
written  out  (most  of  them)  and  I  answered  them.  But  the 
men  who  made  the  remarks  were  ashamed  of  the  weakness 
of  their  arguments  and  had  sufficient  influence  to  prevent 
the  publication  of  the  discussion.  I  have  been  assured  re- 
peatedly in  the  last  four  years  that  the  discussion  would  be 
published,  though  I  have  been  convinced  in  my  own  mind 
from  the  start  that  these  men  would  never  let  it  be  published. 
I  have  a  standing  challenge  with  the  engineering  profes- 
sion to  discuss  both  rodded  columns  and  stirrups  and  publicly 
declare  the  standards  of  design  as  regards  both,  and  de- 
pendence upon  the  same,  to  be  outrageous.  But  the  engineer 
who  will  dare  to  risk  his  reputation  by  standing  up  publicly 
and  alone  for  these  absurdities  has  not  yet  arisen.  In 
bunches  and  committees  they  will  pass  reports  and  frame 
codes  that  incorporate  these  false  standards  of  design,  but 
individuals  fight  shy  of  being  held  responsible  for  something 
that  will  not  stand  the  light  of  common  sense. 

The  reinforced  concrete  flat  slab  has  given  rise  to  some 
complex  theories  that  are  of  no  more  use  than  discussions  as 
to  how  many  angels  can  stand  on  the  point  of  a  needle.  The 
flat  slab  between  two  rows  of  columns  is  no  better  than  a 
similar  slab  between  two  rows  of  beam.;  and  needs  no  more 
complex  theories  to  discover  its  limitations,  interested 
mathematical  prestidigiteurs  to  the  contrary  notwithstand- 
ing. This  simple  criterion  is  the  one  that  should  govern  both 
in  the  making  of  a  formula  for  design  and  in  tests.  But  the 
men  who  have  made  the  formulas  and  the  tests  have  ignored 
this. 

About  the  only  practical  test  on  a  flat  slab  building  that 
was  a  critical  test  was  that  made  on  the  Bell  St.  Warehouse.* 
This  test  failed.  Investigators  have  tested  interior  spots  but 
they  fight  shy  of  a  row  of  bays  on  the  outside  of  a  building 
where  no  girder  exists  or  a  row  of  bays  across  a  building  from 
outside  to  outside. 

The  flat  slab  and  the  rodded  column,  where  tested  critically, 
have  failed  to  meet  the  requirements  of  the  design  by  which 
they  were  constructed. 

Now  the  charge  I  wish  to  make  against  the  educators  of 
the  structural  engineering  profession  is  that  by  tailing  either 
to  defend  or  condemn  these  wreck-breeders  they  are  failing 
in  their  duty.  Too  much  time  is  given  to  theoretical  discus- 
sions that  lead  nowhere  and  create  false  impression  of  se- 
curity, and  too  little  time  is  given  to  common-sense  discus- 
sion of  the  obvious  causes  of  all  wrecks,  which  need  no  higher 
mathematics  to   understand. 

The  engineering  profession  is  living  in  a  fool's  paradise  of 
fine-spun  theory,  and  when  a  wreck  occurs  from  some  sim- 
ple cause,  they  spin  more  fine  theory  to  cover  up  the  real 
cause  of  the  wreck. 

What  ought  to  be  done  is  this:  cut  out  a  lot  of  fine  theory 
or  let  it  lie  embalmed  in  the  books  where  it  was  born,  and 
give  a  course  in  common  horse-sense  in  the  details  of  struc- 
uiral  design.  Let  editors  open  their  columns  to  a  free  dis- 
sion  of  the  indefensible,  the  bad.  the  wreck-breeding  features 
of  design   in   reinforced   concrete  and  steel  structures  and  in 

dams. 

T  have  written  this  at  the  request  of  the  chairman  of  the 
rommittee  on  Methods  and  Details  of  Teaching  Structural 
Design.  It  is  not  written  to  advertise  my  books  or  writings. 
If  there  was  any  place  else  to  which  I  could  refer  for  material 
for  a  course  such  as  I  suggest  1  would  gladly  mention  it.  I 
have  learned  that  the  way  to  write  books  that  will  not  sell  is 
to  =ay  in  them  the  things  that  others  have  not  said  and  per- 
haps will  not  agree  with.  Any  instructor  who  wishes  ma- 
terial for  a  lecture  course  in  horse  sense  in  structural  design- 
;„„  ,„o„  tio  at,1p  to  find  these  writings  in  some  large  library. 


Method    of   Computing   Gauge   Table   for 

(circular  Oil  Storage  Reservoir  with 

Sloping  Side  Walls 

Hy    K.    D.   COLE. 

In  <()mputing  a  gauge  table  for  a  circular  reservoir  with 
sloping  side  walls,  it  is  customary  to  figure  the  volumes  for 
each  inch  of  lieight,  measured  from  the  gauge  plate  on  the 
bottom. 

Till'  ucci'ssary  computalions  in  this  case  are  somewhat 
long  and  teilions,  owing  to  the  reservoir  being  consiflered  as 
till-   frustum   of  a    cone    with    volumes   increasing     with      the 


^ 


Fig.  1. 

height   aliove  ilie  gauge  plate  by  a  constantly  increasing  in- 
crement 

The  writer  recently  had  occasion  to  figure  such  a  gauge 
table  for  ;i  :;.'(». OOii  bbl.  oil  storage  reservoir  of  this  type,  and 
devised  the  following  formulae  showing  the  relation  be- 
tween succeeding  volumes  corresponding  to  equal  values  of 
height.  By  this  method  succeeding  volumes  are  easily  and 
(luickly  figured  for  as  many  values  of  h   (height)   as  desired. 

Fig.  1  shows  a  cross  section  of  an  inverted  frus-.tum  of  a 
cone,  corresiionding  to  a  cross  section  of  the  reservoir,  di- 
virled  into  horizontal  sections,  whose  volumes  are  represented 
by : 

V...  V,.  v.,  v.,  corresponding  to  equal  values  of  h,  as  h.,,  h,,  h,,. 

The  volume  of  V..  is  obtained  by  computing  the  center  sec- 
tion (if  height  h.,  and  diameter  d  and  adding  to  it  the  volume 
repieseuted  by  the  area  of  the  triangle  ace  of  height  h„  and 
width  r  times  the  circumference  at  the  center  of  gravity  of 
the  triangle.     This  volume  is  given  by  the  formulae: 
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Then  the  relation  between  succeeding  volumes  is  obtained 
liy  subtracting  \^  from  V,,  V,  from  V   and  V..  from  \',.  then 
n-h 

V,—  V.  = (4  dr  f  2(1  r) 
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also 


V,  =  V   +  (V,--  v.)  +  C.   etc. 
In  like  manner  any  volume  is  easily  obtained  when  the  two 
pieceding  volumes  are  known, 
h 
Vol.  =  —  (A-t-  H-f  VAHl 


where 

A  =  area  of  base; 
B  =^  area  of  top. 
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Then  A  =  I4  »  d=  and  B  =  %  k  (d  +  2  r)» 
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The  Architect  and  His  Education* 

By  CARL  F.  GOULD, 
Heud    of    Popjirtmont    of    Ari-hii<>ctiirc.    Inlvorslly    of    Washiimlou. 

Are  we  not  now  about  to  enter  a  revolutionary  period,  or 
moment  of  protest,  in  tlie  world's  educational  history?  The 
li^rm  "educated  man"  does  not  carry  with  it  the  universal 
approbation  it  did  a  few  years  ago  as  we  all  realize.  The  edu- 
cated man  as  such  today,  is  considered  erudite.  The  erudite 
person  we  consider.  I  believe,  one  who  has  an  avaricious  in- 
tellectual fund  for  information,  rather  inclined  to  exhibit  it, 
but  when  deeds  and  actions  are  needed,  his  interpretation 
somehow  does  not  apply,  and  he  is  discarded  for  one  who 
has  maybe  a  crude  solution,  but  nevertheless  one  that  works. 

We  know  ourselves  that  the  well  trained  man  is.  generally 
speaking,  capable  of  handling  problems  which  the  public  do 
not  give  him  credit  for  being  able  to  solve.  The  consequence 
was  and  still  is  that  many  jobs  which  properly  should  come 
into  an  architecfs  oflice.  go  to  contract  designers  and  others 
who  have  no  training  or  adequate  experience.  It  is  the 
tragedy  of  the  profession.  These  men,  however,  are  able 
to  get  away  with  it  because,  even  in  their  crude  manner,  they 
make  certain,  above  all.  to  bring  themselves  before  the  public. 
The  public  does  not  today  go  out  of  its  way  to  rout  out  hid- 
den talent.  Talent  must  come  forth  and  make  itself  evident 
or  go  unused. 

In  order  to  analyze  this  problem  we  will  consider  three 
phases  of  education  which  may.  we  hope,  throw  some  light 
on  this  more  than  unfortunate  situation.  Education  of  the 
student,  education  of  the  architect  and  education  of  the 
public. 

Education  of  the  Student. — Have  we,  or  our  so-called  best 
educated  associates,  been  able  to  cope  with  our  present-day 
problem  satisfactorily?  Has  the  education  of  an  architect 
been  such,  within  our  experience,  or  observing  tliat  of  others, 
one  which  has  or  has  not  prepared  him  for  the  conditions  in 
which  he  now  finds  himself — the  everyday,  workaday  world? 
This,  of  course,  will  be  answered  by  each  individual  accord- 
in.g  to  his  interpretation  of  what  is  satisfactory.  But  has  the 
education  of  the  architect  had  equally  successful  applicable 
results,  as  say,  that  of  the  engineer,  lawyer,  doctor,  chem- 
ist, etc.? 

Riy  answer  would  be  that  of  all  the  professions,  we  have 
obtained  the  least  apparent  success  or  recognition  from  the 
public.  If  that  is  so.  then  the  next  grave  question  w^e  must 
ask,  is  it  the  faulty  education  which  we  received  which  has 
brought  our  profession  so  low  in  public  esteem,  or  have  we 
failed  to  be  instructed  in  the  correct  manner  in  which  to 
exhibit  our  "wares"  to  the  public,  or  is  there  something 
wrong  with  the  public? 

If  we  admit,  which  probably  some  of  you  do  not.  that  de- 
sign still  has  a  function  to  perform  even  in  spite  of  the  re- 
ceiving public  hostility,  let  us  inspect  with  care  the  types  of 
architecture  we  are  endeavoring  to  impose  on  this  practical 
era  of  ours.  Let  us  see  how  these  various  types  of  archi- 
tecture have  been  the  result  of  our  educational  process,  and 
whether  or  not  they  adequately  fit  the  modern  world  appar- 
ently industrially  made. 

Are  not  the  examples  of  office  buildings  on  every  city's 
thoroughfare,  rising  story  upon  story,  accentuating  the  hori- 
zontal members,  and  topped  by  a  huge  classic  cornice,  are 
t>°y  not  architectural  perverts?  We  see  their  great  blank 
^■■le.  but  are  unable  ever  to  appreciate  them  from  the  angle 
of  tlie  drafting  board   design.    Again  we  have  in   our  midst 
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splendid  models  in  red  sandstone,  of  deep  revealed  medieval 
architecture,  round  arched,  trying  its  very  best  to  squeeze 
itself  into  the  requirements  of  the  alert  office  buildings.  Per- 
haps, after  all,  our  dumb  business  man  may 'have  reason  to 
object,  and  p.'rlui|)s  we  are  reaping  the  fruits  of  the  sins  of 
the  early  pnictilioner. 

Wliiil  W(-  need  is.  tirsi  of  all,  more  collective  thiidiiug,  both 
on  the  part  of  the  architect  and  on  the  part  of  the  public,  and 
until  we  do  think  more  nearly  alike  it  is  doubtful  whether 
we  will  make  i)rogress  towards  a  permanent  architecture.  I 
am  sure  1  perceive  protest,  protest  against  uniformity— it 
has  been  our  slogan  above  all  to  be  original.  The  public  says, 
build  me  a  house,  1  don't  care  what  or  how,  the  only  condi- 
tion 1  make  Is,  it  shall  have  absolutely  no  semblance  to  its 
neighbor's.  Any  suburban  street  in  any  American  town  is 
evidence  of  this  fact.  A  heterogeneous  assortment  of  every 
period  and  type,  and  the  whole  commonplace,  misfit,  sterile 
and  terrifying  in  its  ugliness. 

The  newer  ediicalicn  shows  tendencies  toward  a  more  ra- 
tional and  greater  uniformity  of  method.  It  does  not  discard 
historic  precedent:  it  brings  into  the  foreground  the  great 
masterpieces  of  the  past  for  inspiration;  it  analyzes  them  in 
terms  of  the  then  existing  conditions,  but  above  all  it  teaches 
us  to  solve  our  present  day  problems  into  terms  of  practical 
requirements,  conditions  of  construction,  materials,  locality 
and  climate.  II  remains  for  our  educational  process  to  be 
willing  to  search  our  greater  universal  tendencies  and  de- 
velop our  thought  in  their  direction.  However  much  we  older 
men  may  be  able  to  ad.1ust  our  thinking  process  to  the  newer 
order,  for  the  newer  order  is  coming  as  certain  as  day  fol- 
lows dawn,  we  can  never  do  so  with  the  agility  of  the  em- 
bryonic architect  or  the  student  who  is  now  getting  his  ground 
work  established.  Our  schools  of  architecture  should  be 
the  most  fertile  preparatory  field  for  the  mold  in  which  he 
eventually  must  find  a  nitch.  We  can  only  hesitatingly  fore- 
cast what  this  mold  will  be,  and  prepare  imperfectly  our 
courses  of  instruction  for  the  beys  who  will  enter  it. 

The  two  great  conflicting  points  previously  expressed,  the 
following  of  historic  |irecedent  with  such  close  servility  as  to 
create  misfits;  or  the  utter  ignoring  of  precedent  and  crea- 
tion of  sterile  riot  of  individuality.  No  architect's  education 
could,  we  believe,  be  considered  complete  without  an  intelli- 
gent understanding  of  historic  styles,  without  being  aide  to 
interpret  the  subtle  fineness  of  the  Greek,  the  sumptuous  dig- 
nity of  the  Roman,  or  the  austere  aspiring  quality  of  the 
medievalist.  The  student's  problems  will  by  no  means  close 
at  this  point.  He  must  be  taught  the  processes  of  analyzing 
a  problem  accurately  in  terms  of  its  conditions;  be  able  to 
reduce  the  complex  into  its  component  elements,  sense  the 
essentials  of  a  problem,  place  them  in  their  relative  order  with 
equal  skill,  whether  the  plan  of  a  workman's  cottage,  an  in- 
dustrial plant  or  a  courthouse.  All  the  while  his  thoughts 
must  be  shot  through  with  an  awakened  sense  of  relative 
truth  in  form  or  proportion.  This  sense  of  pure  beauty  to 
be  attained  variously  by  drawing  from  life,  modeling  in  clay, 
exercises  in  color,  and  by  the  abstract  study  of  form  or  es- 
thetics. 

In  this  analysis  of  instruction  we  cannot  omit  the  study 
of  mathematics  and  construction,  the  necessity  of  which  is 
well  recognized.  .Just  as  the  figure  of  a  man  fully  clothed  is 
his  flesh  and  blood,  full  of  action  and  joy  in  living  is  only 
nossible  if  the  bone  framework  is  sound,  so  a  knowledge  of 
the  framework  of  art  or  structure  cf  its  members  must  be 
thoroughly  attained. 

.'\n  awakened  sense,  therefore,  must  pervade  the  whole 
sequence  of  education  and  mold  into  one  mind  fabric  the 
visions  of  man's  past  achievements,  the  logical  methods  of 
rational  determination  and  a  knowledge  of  the  laws  of  struc- 
ture. This  is  indeed  a  big  undertaking  as  a  program  of  edu- 
cation, and  one  that  can  only  be  imperfectly  attained.  It  is 
possible,  however,  we  believe,  to  give  a  direction  of  mind  to 
the  student  which  will  permit  him  to  more  nearly  complete 
the  process  long  after  leaving  the  atelier.  There  no  doubt 
will  be  many  shortcomings  among  the  future  generation  of 
architects,  but  upon  the  experience  of  the  past,  we  believe 
their  education,  whether  in  the  office  or  the  school,  should 
prepare  them  better  for  the  greater  opportunities,  perhaps  the 
most  extensive  building  era  the  world  has  ever  seen. 

Education  of  the  Architect. — Now  finally  for  the  architect 
himself,  we  men  assembled  here,  what  can  we  do  to  help  our 
situation?  Let  us  be  a  little  selfish  and  look  to  our  own  self- 
r»rac^>rvnt inn       Vc\r  nrp   we   not   deservintr   nf   <;r^tiio    yc^r'na^iin^n 
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for  the  sell-sacrifice  we  liave  lieen  putting  into  ilic  i)rol'''s- 
sion?  Willing  to  give  more,  to  ptit  more  into  service  for  the 
public,  and  be  content  to  receive  so  little  in  recompense? 
Can  we  not.  with  propriety,  help  ourselves  to  get  atkleti  re- 
turns anfi  joy  out  of  the  few  chances  that  still  may  be  com- 
ing to  us? 

Due  to  the  demands  upon  our  sympathies  and  the  neces- 
sity of  service  brought  about  by  the  war.  the  world  con- 
sciousness has  departed  from  its  individualistic  isolation; 
we  are  now  becoming  a  really  united  family,  not  only  witliin 
our  border,  but  beyond  the  seas.  We  are  attaining  a  far 
greater  unity  of  consciousness. 

.\rchitects  must  take  on  something  of  the  new  enlarged 
consciousness  that  lias  come  and  is  coming  to  the  world.  If 
the  practicing  architect  of  today  can't  do  it.  someone  else 
will.  The  contractor  or  engineer  will  gradually  work  into 
being  a  flull-fledged  practitioner  in  the  newer  school.  We 
must,  as  never  before,  be  alert;  we  must  be  prepared  to  tackle 
the  new  problems:  we  must  be  prepared  to  tackle  the  old 
problms  in  a  new  way.  The  Irotising  problem,  the  industrial 
plant  that  needs  reorganizing  and  replanning,  the  farm  build- 
ing. Not  only  must  we  be  ready  to  get  out  our  drafting 
boards  with  these  new  probleins  upon  them,  but  we  must 
be  ready  to  meet  the  workingman.  know  him  at  his  local 
headquarters;  we  must  be  ready  to  meet  the  overseas  ship- 
per and  learn  his  terminal  problems;  we  must  go  into  the 
country  and  meet  the  farmer  and  become  interested  with 
his  problems.  We  can  no  longer  rely  so  completely  upon  our 
architectural  plates.  We  cannot  any  longer  impose  upon 
them  problems  as  previously  solved.  We  must  solve  their 
problems  on  the  basis  of  their  own  ner^ds.  tlieir  own  ability  to 
pay,  and  upon  the  revenue  derived. 

There  are  terra  cotta  plants,  wood  working  plants  which 
nend  reorganization.  We  must  be  willing  to  inspect  them, 
follow  through  their  special  needs  and  reorganize  their  plants 
on  the  basis  of  good  planning  insofar  as  it  interprets  their 
rerjuirements. 

Education  of  the  Public— The  architec*  is  by  far  the  best 
equipped  man  today  to  take  over  these  enlarged  problems. 
But  the  public  does  not  think  so.  and  does  not  know  or  care 
to  know  so.  and  he,  the  architect,  is  being  sadly  ignored  and 
is  rarely  employed  in  these  undertakings.  The  new  order  of 
things  is  going  to  require,  unless  the  world's  progress  is  to 
cease,  the  solution  of  innumerable  problems  such  as  these. 
A\'e.  as  architects,  must  attain  greater  public  recognition  for 
our  ability.  We  must  do  it  by  standing  together,  working 
as  a  unit.  We  should  not  seek  to  hide  our  talents.  It  is 
neither  fair  to  us  nor  to  them.  We  owe  it  to  the  public  to 
exhibit  our  wares.  W^e  m\ist  and  should  keep  them  informed 
through  the  press  of  our  capacity  for  service.  The  medium 
of  recognition  has,  as  we  know,  vastly  changed  since  our 
fathers'  time,  when  personal  contact  was  all  that  was  neces- 
sarv  to  get  recognition.  We  must  not  forget  that  method, 
eittier:  we  must  meet  men  as  Ijefore.  though  in  a  larger  spirit 
of  friendliness,  in  the  various  walks  of  life.  But  we  should 
forget  o\ir  former  professional  false  modesty.  At  the  club, 
iijion  tho  street,  in  the  street  car.  if  the  spirit  moves  us.  we 
should  not  be  ashamed  to  talk  shop  to  interest  a  fellow  trav- 
(  ler  in  the  sub,ject  which  is  neai-esl  our  hearts.  You  often 
have  to  listen  respectfully  to  business  men's  talks  upon  busi 
ness  topics,  why  shouldn't  the  public  listen  to  us  upon  our 
topic,  infinitely  more  interesting  than  theirs  if  we  take  a 
little  pains  to  make  it  so.  When  our  fellows  do  a  good  bit  of 
wrrk  let  us  praise  it  and  him  oyier-ly.  and  do  not  confinf 
criticism  to  adverse  comment.  Let  us  for  a  while  at  least 
leave  out  our  adverse  comment  evtm  upon  the  most  haled 
rival.  Let  us  see  that  the  press,  liy  persistent  effort,  will 
nuain  mention  the  name  of  an  architect.  If  it  is  necessary 
to  take  out  paid  publicity,  for  heaven's  sake  let  us  do  it.  But 
above  all.  let  us  get  into  the  game  in  every  manner  of  way 
that  receive-  the  approval  nf  our  rnlichtened  conscience.  .\n<l 
let  ns  do  it  in  commoit.  with  .ioint  action,  mutually  and  willi 
common   friendliness. 

Thp  greatest  opportunities  are  .iust  ahead.  Shall  w<'  try  to 
i;rasp  them  as  a  Richardson  or  a  Hunt  or  a  Sullivan,  and  fail 
in  establishing  an  architectural  sequence?  The  world  will 
not  ac;ain  stand  for  it.  Our  problems  are  more  universal  to- 
day, and  they  must  be  solved  in  a  far  more  universal  fashion. 
I'-.dividualitv  must  count  as  never  before,  but  it  must  be  the 
ioint  individuality  of  the  men  in  the  profession  working  to 
gefher  with  a  far  larger  consciousness. 


Time    Keeping    System    on    $28,- 

()()(),()()()  Boston  Army  Supply 

Base  Contract 

\  timikerping  system  that  gave  a  complete  daily  record 
of  in-er>  wcrliuian  on  the  .iob  and  reduced  i>ay  rolls,  disputes 
to  a  tuiniuium  was  employed  during  the  construction  of  the 
.fl'S. 11(10. (lull  army  supply  liase  r,t  Boston.  Mass.  The  main 
t<'ature  of  llu'  s-stem  was  the  time  card  illustrated  below. 
.\  separali-  (  ard  was  used  for  eacli  individual  every  day.  The 
men  in  tlic  iimc  cliecker's  booths  numbered  the  cards  for 
the  succeeding  sliifl,  so  that  they  were  available  in  nmnerical 
order  wliPii  the  men  t'Ulei-ed  the  booths. 

rhi  laborer  displayed  his  button,  and  the  correspondingly 
niimbi'ii  d  ra.rd  was  picked  up  by  the  time  checker,  time 
stamped  in  the  space  marked  "In,"  and  handed  to  the  man. 
Thf  holder  of  the  card  tluT-n  refiorted  to  his  foreman  who 
took  up  the  card,  after  punching  the  time  at  vvhicli  the  mar. 
Iieutiu    work. 

The  r(u-"man  retained  all  of  the  cards  for  his  gang  imlil 
tie  Covf  riniieni  tield  checker  called  for  them  on  his  rounds 
ill    111"    lull  piirii       Thf    checker   verified    the   presence   of   all 

the  tnen  for  whom  the  fore- 
man held  cards,  and  indi- 
catrd  li>  a  punch  mark,  in 
tiiH  designated  space,  that 
hi'  had  found  and  identified 
tile  iiarticular  individual. 
The  cards  were  then  re- 
turned by  the  checker  to 
the  foreman  and  the  same 
lirncess  was  repeated  in  the 
afternoon. 

At  quitting  lime  the 
foreman  again  imnched  the 
card,  indicating  the  hour  at 
which  the  laborer  ceased 
work,  and  then  returned 
the  cards  to  the  laborers, 
who.  in  turn,  passed  them 
in  at  the  time  booth  as  they 
left  the  grounds,  each  card 
being  again  time  stamped 
by  the  booth  checker,  in  the 
space   marked    "Out." 

.\li    cards   collected    for   a 
111  given   shift,   were   first  sub- 

who    scrutinized    them    for    any    evi- 
For    e.xample.    the    foreman's    morn- 

, not    appeal-    eailier    than    the    time 

stamii  indication  of  the  liour  at  wliich  the  man  entered  the 
grounds;  neither  should  it  be  latei  at  night  than  the  time 
-^hi.wii  liy  the  lime  stamp  at  which  the  man  left  the  grounds. 
There  must  also  appear  two  punch  marks,  indicating  that  a 
i;o>,eriiiMeut  e!ie(dv  has  found  the  man  at  work  in  the  fore- 
iionu  aiiii  till'  afferuoon.  If  these  marks  were  all  consistent. 
tlie  c-inl  was  passed  along  to  the  jiay-roll  department,  where 
(111  mans  hours,  rate,  an<l  pay  for  the  day.  were  entered 
,i|,(ui  the  cai-d.  Tl'e  information  was  then  transferred  to 
ilie  payroll  sheet  so  that  at  the  end  of  the  week  the  several 
ei.i.'ies  could  be  totalled  to  determine  the  amount  of  pay  due. 
•]  lie  punches  used  by  the  foremen  were  numbered  cons.-c- 
iitivelv.  and  lor.Mueu  could  be  identified  by  the  number 
puiulnd  mil.  II!  the  ,ard  ilseir  P.y  keeping  a  record  of  th" 
ili;irieuiii'ii  of  time  for  each  foreman,  it  was  possible  to  use 
the  intei  Illation  or  the  lime  cards  to  distribute  the  day's  pay 
on    ill!     -es;re;ialed   cost    sheet. 

In  oiib  r  te  ileal  this  system  of  time  k-eping.  there  would 
li;-e  to  1  •  colliisiii.'  between  the  laborer,  the  morning  and 
eiiiiing  iiontli  checke'-.  the  lorenoon  and  afternoon  field 
clu  r-kev.   ilie   lereinan.  and   the   time   clock. 

The  enatest  ailvantage  of  the  'system,  has  been  the  almost 
,,t|e,  :ibsenee  ,if  disputes  as  to  amounts  of  pay  to  which  the 
n-en  a,-e  ertilied.  If  there  was  a  disagreement  at  the  "tul 
„f  Ilie  wi  ek  the  s.'vera!  lime  .ard,-  for  the  individual  in  qnes- 
(ieu.  weie  inoduced  and  the  laeis  shown  thereon,  were 
conclusive   as  to   which   side   is   in   cror. 

With   a   total   pav-roll   of  apiiroximately   .fin.ono. on   this 

proiect    tlie  amount   of  pav  adjnsttuent.  due  to  errors  in  pay 
'■uvelopv    has   been   approximately   $17,noo.   and   these   errors 
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have  consisted  cluerty.  of  iinprupi-r  matliematlful  oxtfiisioiis, 
or  in  the  use  of  a  wrons  rating  for  the  lahorer. 

In  order  to  facilitate  dislinguishing  various  rates  of  pay. 
the  men  were  numbered  by  zones.  For  example,  1  to  10,000 
for  laborers.  10,000  to  15,000  for  carpenters,  15,000  to  LMl.OOO 
for  iron  workers,  etc.  The  number  on  the  card,  therefore, 
gave  the  pay-roll  clerk  the  clue  as  to  the  man's  rate,  as  well 
as  to  his  trade.  Also  distinguishing  colors  were  used  to 
identify  employees  of  diflferent  subcontractors. 

This  time  keeping  system  was  worked  out  by  l.l.  fol. 
t'harles  R.  Gow,  Constructing  Quartermaster,  Hoslon  Army 
Supply  Base.  The  William  K.  Kearns  Co..  Boston,  Mass.,  was 
the  general  contractor 


Suggestions  As  to  What  the  Cana- 
dian Engineering  Institute  Can 
Do  to  Secure  Better  Salaries 
for  Engineers* 

By  H.  A.  l;olu.max. 
The  economic  and  social  problems  of  the  engineer  oan 
no  longer  be  ignored  by  the  engineering  society.  .No  longer 
can  the  national  society  remain  indifferent  to  the  present 
position  and  status  of  the  profession  and  still  expect  the 
support  of  the  individual  engineer.  In  the  United  States 
where  the  older  conservative  societies  could  not  or  would 
not  open  their  eyes  to  see  the  true  and  exact  position  in 
which  the  engineer  finds  himself  today,  where  by  means 
of  fictitious  tables  and  diagrams  they  wished  to  deceive 
themselves  and  the  rest  of  the  world  into  believing  that 
the  engineer  occupies  the  same  financial  level  as  men  of 
other  professions,  there  it  became  necessary  to  organize  a 
new  democratic  national  engineering  society.  And  thus  the 
American  Association  of  Engineers  was  formed  for  the  pur- 
pose of  tackling  these  economic  problems  which  had  been 
ignored  by  the  other  societies. 

Here  in  Canada  we  are  perhaps  more  fortunate  in  that 
the  existing  national  society  has  itself  undergone  a  reor- 
ganization, and  in  the  face  of  existing  conditions  is  said 
to  be  willing  and  desirous  to  adapt  itself  to  present  day  re- 
quirements and  assist  the  individual  engineer  in  the  solu- 
tion of  his  economic  problems  as  well  as  his  technical  prob- 
lems. In  this  respect  our  opportunities  to  gain  successful 
results  are  far  better  than  those  of  our  colleagues  in  the 
United  States.  Since  it  is  far  easier  to  accomplish  results 
when  one  strong  organization  is  working  for  the  interests 
of  all  concerned  than  when  several  small  groups  are  work- 
ing separately,  provided,  however,  that  co-operation  and  ac- 
tion can  be  secured  within  that  one  organization. 

The  causes  which  have  produced  this  general  feeling  of 
unrest  and  discontent  are  nominally  two,  poor  pay  and  lack 
of  recognition.  Actually,  however,  the  removal  of  one  of 
these  causes  would  gradually  also  eliminate  the  other.  Give 
the  engineer  the  proper  pay  that  he  deserves,  and  recogni- 
tion will  come  as  a  matter  of  course.  It  is  no  secret  to  any 
one  of  us  that  no  other  thing  has  contributed  so  much  to 
the  degradation  of  the  engineering  profession  and  no  other 
thing  has  affected  so  much  the  prestige  of  the  engineer  as 
the  small  financial  returns  for  engineering  services.  It  is 
idle  and  useless  to  blame  the  public  for  not  giving  the  en- 
gineer the  proper  recognition.  We  must  not  forget  that 
the  public  at  large  knows  nothing  of  the  amount  of  train- 
ing that  one  has  to  go  through  to  qualify  himself  for  an  en- 
gineer. The  public  has  no  idea  of  the  nature  of  the  prob- 
lems that  daily  confront  the  engineer  and  the  sound  judg- 
ment and  skill  that  he  must  exercise  in  order  to  solve  these 
problems.  The  public  knows  nothing  of  these  things  and 
therefore  cannot  appreciate  the  importance  of  the  engineer 
in  ^rms  of  these  attainments  and  qualifications.  The  pub- 
lic has  but  one  method  whereby  to  determine  the  value  and 
Importance  of  any  commodity,  or  any  class  of  people  whose 
services  the  community  requires,  and  that  method  is  by 
means  of  the  usual  medium  of  exchange,  dollars  and  cents. 
The  standing,  importance  and  prestige  of  any  class  in  the 
community  is  in  direct  proportion  to  the  value  of  the  serv- 
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ices  of  the  members  of  that  class.  If,  then,  the  engineers 
themselves  establish  a  low  rate  of  pay  for  their  services, 
the  public  can  only  take  them  at  their  own  valuation  and 
can  only  place  them  in  a  class  and  in  a  position  to  which 
such  valuation  enlilles  them.  It  must  be  evident,  then,  that 
never  will  the  engineers  us  a  class  occupy  the  same  position 
in  the  community  as  the  doctors  or  lawyers  until  they  raise 
the  value  of  their  services  to  the  same  extent  as  that  of  the 
men  of  other  professions. 

When  speaking  of  the  services  of  the  engineer  to  the 
community,  .Mr.  W.  II.  Kinley  suggests  that  the  engineer,  be- 
cause of  the  nature  of  his  education  and  training,  would  be 
the  best  (lualilled  to  solve  the  difficulties  between  labor  and 
capital.  It  is  surprising  that  such  suggestion  should  be  made 
at  all.  for  what  class  of  labor  is  there  that  has  sufliclent  con- 
fidence in  the  engineers,  as  a  class,  to  entrust  them  with 
their  financial  interests,  when  as  a  matter  of  fact,  under  the 
present  economic  conditions  organized  labor  consider  the 
engineers  inferior  to  themselves,  more  than  that  tliey  con- 
sider them  as  a  hopeless  economic  failure. 

But  there  is  even  a  more  serious  aspect  to  the  matter  than 
merely  the  prestige  and  the  dignity  of  the  profession,  and 
we  must  not  for  a  moment  lose  sight  of  it.  The  general  dis- 
turbances in  labor  circles  which  are  being  reported  from 
practically  all  parts  of  the  globe  are  surely  going  to  ma- 
terialize into  at  least  two  definite  results.  In  the  first  place, 
labor  in  the  future  will  receive  a  far  greater  share  from  the 
products  of  the  industries  than  it  ever  received  before.  And 
secondly  the  cost  of  living  is  bound  to  remain  high  in  direct 
proportion  to  the  increased  income  of  labor,  and  will  never 
come  down  to  the  level  of  pre-war  days.  In  that  event  the 
question  naturally  presents  itself,  what  is  to  become  of  the 
salaried  technical  engineer  who  even  before  the  war  had  a 
difficult  task  to  make  both  ends  meet?  Organized  labor  will 
get  a  higher  standard  wage.  Manufacturers  will  get  higher 
profits  by  charging  bigger  prices  for  their  commodities.  The 
farmer  will  get  a  higher  income  by  selling  his  products  at 
increased  i)rices.  In  the  face  of  such  conditions  how  is  the 
engineer  going  to  exist?  Is  the  engineer  to  be  the  only  vic- 
tim of  circumstances  at  whose  expense  the  other  classes  will 
improve  their  material  conditions,  since  he  will  have  to  pay 
the  increased  cost  of  commodities,  while  his  own  income  re- 
mains the  same? 

Some  remedy  must  be  found  to  improve  these  coliditions 
and  so  far  but  one  feasible,  practical  and  desirable  remedy 
has  been  suggested,  and  that  is,  that  the  Institute  should 
adopt  a  standard  minimum  salary  schedule  to  be  paid  for 
various  degrees  and  grades  of  engineering  work.  Such 
schedule  to  be  based  on  the  nature  and  responsibility  of  the 
work,  and  the  technical  qualifications  required  in  order  to 
perform   such  services. 

It  is  realized,  of  course,  that  the  adoption  of  such  dominion 
wide  standards  would  at  first  entail  some  difficulties  in  the 
enforcement  of  same.  But  on  the  other  hand  we  must  not 
forget  that  the  question  of  pay  and  salary  of  the  engineer 
is  not  an  issue  between  the  engineer  and  the  public,  or  even 
between  the  subordinate  and  his  chief.  As  a  matter  of  fact 
it  is  only  a  family  affair,  requiring  just  a  little  adjustment 
among  the  engineers  themselves.  Because  in  nearly  all 
cases  the  pay  and  salary  of  one  engineer  is  usually  entrusted 
to  the  hands  and  to  the  judgment  of  another  engineer,  and 
if  that  second  engineer  could  only  have  a  guide  as  to  what 
is  actually  the  value  of  such  services  as  he  requires  from 
his  applicant,  and  since  such  a  schedule  w'ould  serve  as  a 
guide,  there  should  be  no  diflBculty  in  getting  a  square  deal. 
Furthermore  the  mistake  must  not  be  made  that  the  de- 
mand for  a  square  deal  is  confined  merely  to  the  younger 
men  or  to  the  juniors  as  some  seem  to  be  inclined  to  think. 
The  truth  of  the  matter  is  that  the  profession  is  underpaid 
all  the  way  down  the  line,  that  many  men  in  full  charge  of 
departments  with  great  responsibilities  are  just  as  much 
underpaid  as  their  subordinates  w-orking  under  them,  and 
readjustment  must  be  made  all  the  way  up.  During  the  last 
twenty  years  the  economic  conditions  of  this  country  have 
considerably  changed.  Cost  of  living  was  gradually  mount- 
ing upwards  and  accordingly  all  classes  of  labor  have  de- 
manded, and  received,  gradual  increases  of  wages.  The 
medical,  law  and  other  professions  have  followed  suit  and 
increased  their  fees  to  conform  to  the  increased  cost  of  liv- 
ing. Yet  we  find  in  the  case  of  the  engineering  profes- 
sion perhaps  the  only  profession  of  which  the  members  are 
receiving   the   same   scale   of  salaries   that  they   received   20 
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years  ago.  We  must  remember,  then,  that  so  far  as  re- 
muneration is  concerned  the  engineer  is  20  years  beliind 
the  rest  of  the  world,  and  the  longer  ,\ve  will  wait  with  set- 
tling this  question,  the  longer  we  will  postpone  it,  the  farther 
will  we  remain  behind,  and  the  more  difficult  will  it  become 
to  adjust  matters,  and  tor  this  reason  it  is  desirable  to  take 
prompt   action  in    tackling   this   problem. 

But  there  is  even  a  more  serious  reason  why  the  Institute 
should  take  prompt  action  in  the  matter.  It  is  probtibly  al- 
ready known  to  most  of  us  that  in  recent  months  there  has 
been  formed  in  the  United  States  a  strong  union  organiza- 
tion of  engineers  and  draftsmen,  affiliated  with  the  American 
Federation  of  labor.  That  this  new  organization  is  making 
tremendous  progress  is  evidenced  by  the  fact  that  at  one  of 
the  regular  halt  monthly  meetings  of  the  Chicago  Branch, 
there  w'ere  122  new  members  enrolled  at  one  time. 

Whatever  the  opinion  of  some  engineers  may  be  as  to 
whether  or  not  it  is  desirable  or  possible  that  engineers 
should  form  a  union,  the  inatter  is  now  an  established  fact. 
In  the  United  States,  where  the  engineers  are  already  divided 
into  so  many  different  organizations,  such  a  union  will  prob- 
ably do  more  good  than  harm.  Because  at  least  so  far  as 
financial  gain  is  concerned,  there  can  be  no  doubt  but  that 
tley  will  secure  it.  judging  from  the  accomplishments  of 
other  organizations  affiliated  with  the  American  Federation 
of  Labor.  Here  in  Canada,  however,  the  creation  of  such  a 
union  might  cause  considerable  harm  to  the  profession,  in 
that  it  would  break  up  the  power  and  strength  which  it  is 
intended  to  be  concentrated  in  one  organization.  If  such  a 
union  should  be  formed  in  Canada,  there  is  no  doubt  that 
not  only  juniors  and  the  younger  men  would  join  it.  but  from 
the  sentiments  e.xpressed  by  some  full  members  of  the  In- 
stitute it  iTiay  be  taken  for  granted  that  even  such  would 
join  the  union.  That  that  would  be  to  the  detriment  and 
against  the  interest  of  the  Institute  can  well  be  realized.  And 
it  is  up  to  tlie  Institute  to  take  immediately  such  steps  as 
will  eliminate  tin-  necessity  for  the  formation  of  such  a  union 
here. 

I  would  therefore  suggest  that  a  salary  committee  be  ap- 
pointed tonight  by  this  branch.  This  committee  to  study 
this  question  thoroughly  and  prepare  a  schedule  of  minimum 
salaries  for  engineering  services.  At  the  same  time  the 
secretary  should  be  instructed  to  communicate  with  the 
other  branches  and  request  them  to  prepare  similar  sched- 
ules. All  these  schedules  to  be  submitted  to  the  parent  so- 
ciety, who  would  review  them  and  select  from  them  final 
schedules  for  the  different  provinces  to  be  adopted  by  the 
Institute. 


Correct  Moisture  Content  of   Lumber 

.Shrinking  and  swelling  of  wood,  as  well  as  warping  and 
twisting,  are  caused  by  changes  in  moisture  content.  Such 
changes  always  take  place  when  the  wood  is  not  in  equilib- 
rium with  the  surrounding  atmosphere.  This  state  of  equilib- 
rium depends  mainly  tipcn  the  humidity  of  the  air  and  to 
some  extent  upon   its  temperature. 

Knowing  the  average  temperature  and  humidity  of  any 
given  region,  as  given  by  the  Weather  Bureau  records,  it  is 
possible  to  determine  the  moisture  content  of  wood  corre- 
sponding to  these  conditions.  Wood  dried  to  this  moisture 
content  will  undergo  the  least  possible  amount  of  working 
■n  that  particular  region. 

The  following  table,  compiled  from  data  secured  by  the 
Korest  Products  Laboratory  of  the  U.  S.  Forest  Service  at 
Madison,  Wis.,  shows  the  moisture  content  in  wood  corre- 
sponding to  various  temperatures  and  humidities: 
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All  wooden  products  in  which  swelling,  shrinking,  warp- 
ing, checking,  and  opening  of  glue  joints  are  troublesome 
should  be  manufactured  at  the  moisture  content  and  under 
atmospheric  conditions  corresponding  to  the  average  for  the 
region    in    which    tliev   are  to   be   used. 


Uniform   Specifications,  Plans  and 
Bidding  for   Building    Work 

The  neiii  oi  unitorm  specifications,  uniform  plans  and  uni- 
form bidding  on  buihling  construction  is  pointed  out  in  "Con- 
tracting Cominent,"  a  little  bulletin  published  by  John  Whit- 
laker  &  Co.  of  Detroit,  su!)-conlractors  for  carpentry,  in- 
terior trim,  painting  and  decorating.  The  suggested  improve- 
ments are  as  follows: 

The  Standard  Form  of  (ioneral  Conditions  adopted  by  the 
American  Institute  of  .Architects  and  the  National  .Associa- 
tion of  Huilders'  Exchanges  is  accepted  as  the  best  form  of 
its  kind  and  is  more  widely  known  than  any  other.  It  is 
not,  iiowever,  being  used  extensively  in  some  cities.  What- 
ev.-i-  the  merits  or  demerits  of  that  document  are.  there 
should  be  one  aiul  only  one  such  document  used  in  any  one  lo- 
cality. Contractors  may  then  faniiliarixe  themselves  with  it 
and  architects  would  only  have  to  mention  that  such  a  form 
of  (iciieral  Conditions  applied  to  the  specifications  in  hand. 
There  arc  too  uuiiiy  "own  makes"  on  the  market:  it  doesn't 
make   for   efficiency. 

Trade  Headings.— The  order  of  trade  lieadings  in  specifica- 
tion books  vary  as  to  the  number  ol  architects  and  the  num- 
ber of  such  books.  Trade  headings  should  be  arranged  in  all 
siiecification  books  in  alphabetical  order  or  some  other  ac- 
cepted and  uniform  order  so  that  all  who  use  specifications 
may  liml  ,iiiy  trade  heading  with  a  minimum  of  time  and  ef- 
for;  turning  slieets.  Once  this  is  done,  its  value  will  lie  ap- 
parent. 

Stibject  Matter  Under  Trade  lieadings.  -Subject  matter  or 
paragraphs  of  reference  under  trade  sections  need  uniform 
arrangement  exactly  as  trade  headings  an<l  for  the  same  rea- 
son. In  addition,  this  will  have  a  tendency  to  corral  all  ref- 
erences on  the  same  particular  subject  in  one  place,  rather 
than  scatter  them  in  several  places. 

Wording. — Wording  or  expression  vary  according  to  the 
number  of  architects.  It  would  be  impossible  to  adopt  a  word 
lor  word  form  for  use  of  all  work  under  all  conditions,  but 
there  is  much  standard  construction  which  could  be  uniformly 
worded  according  to  the  best  practice  and  which  would  leave 
no  doubt   as  to  the  intention. 

Uniform  Plans:  Key  of  !\Iaterials.  Symbols.  Abbreviations. 
Some  Keys,  symbols  and  abbreviations  have  by  happy  chance, 
rather  than  agreement,  been  used  alike  by  the  majority  of 
architects,  but  there  is  still  a  great  variation  which  has  a 
strong  tendency  to  confuse  and  cause  error.  Once  they  are 
standardized,  there  will  be  better  efficiency  in  the  architect's 
office  and  in  the  contractor's  office. 

Arrangement  of  Sheets. — There  is  no  general  method  of 
arranging  sheets  in  plans.  The  more  widely  used  method  is 
ill  file  order  of  plans,  elevations,  and  details,  but  there  is  no 
uniformity.  The  reader  only  becomes  settled  into  locating 
things  in  a  certain  way  or  on  one  plan  when  he  has  to  refer 
to  another  plan  where  the  order  is  different,  and  so  he  turns 
several  sheets  back  and  forth  until  he  has  lost  in  mind  what 
he  was  after  or  has  wasted  his  own  time  and  perhaps  an- 
other's. This  is  the  same  effect  of  the  present  arrangement 
(it  trade  headings  and  subject  matter  in  specifications. 

petails.  Some  architects  give  more  details  than  others,  and 
although  it  is  a  difficult  matter  to  lay  down  any  rule  as  to 
liow  much  detailing  should  be  done,  nevertheless,  there  could 
he  some  helpful  uniformity.  Standard  construction  need  not 
be  detailed  to  any  great  extent,  but  anything  complicated,  in- 
tricate or  expressly  different  and  special  should  be  detailed; 
this  is  iii'iliaiis  more  a  matter  of  individual  consideration  by 
.■ach  .irchitect,  but  it  is  worth  some  working  out.  Details  of 
|,laii  slieets  or  elevation  sheets  should  be  done  away  with 
as  tar  as  possible.  Their  biggest  value  is  in  saving  paper. 
Like  details  should  be  assembled  together  on  typically  detail 
sheets.  This  will  centralize  their  location  and  permit  the 
reader  to  locate  them  easier,  surer,  and  with  much  saving 
of  time  without  so  much  chance  of  overlooking  them. 

Closing  Time  for  Bids.  This  is  perhaps  a  small  matter  at 
first  consideratiou.  but  it  is  nevertheless,  of  great  importance 
and  will  have  its  good  effect  if  settled  in  some  definite  way 
Instead  of  bids  being  due  at  all  hours  of  the  day.  adopt  one 
Iiarlicular  hour  when  it  will  be  known  throughout  the  indus- 
try that  bids  are  to  be  in.  This  will  save  much  confusion  and 
delay  on'  the  part  of  contra<iors  who  are  usually  fimiring 
several   plans  at   the  same  time. 

Ciuitractors    to    Be    Known.     There    will    no   doubt    he    some 
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objections  on  the  part  of  some  coniractois  to  ibis,  but  tlie 
fundnnienlal  fact  that  the  owner  or  his  agent  is  entitled  to 
know  who  is  to  do  the  work  of  any  important  trade,  is  sufll- 
ciently  important  to  override  any  selllsli  objection.  It  is  not 
necessary  to  state  in  a  bid  the  name  of  tlie  contractor  for 
every  little  work:  some  common  sense  should  be  used  so  as 
to  prevent  useless  work.  However,  every  important  trade 
should  have  the  contractor  for  that  work  specilied  in  the  bid. 
There  is  a  clear,  clean-cut  air  about  such  an  action.  There 
is  a  tendency  on  the  part  of  owners  lo  call  for  such  informa- 
tion before  closins:  contracts;    why  not  make  it  universal? 

Publishing  Figures.— A  list  of  competitors  and  llmires  in 
each  line  for  examination  at  the  architect's  office  by  each 
bidder  in  that  line  has  an  indirect  and  general  tendency  to 
temper  or  stabilize  bids.  This  phase  is  purely  educational 
lor  contractors.  There  is  a  time-saver  lo  architects  In  a  plan 
to  give  no  figures  over  the  telephone  and  only  on  call  at  the 
offlce  of  the  architect  where  the  architect's  stenographer  can 
look  after  the  matter.  How  much  time  does  the  avera£;e 
architect  spend  in  calls  from  the  several  contractors  in  each 
line  of  trade?     It  is  worthv  of  a  trial. 


Cement  and  Concrete  Testinj^  for 

Subway  and  Elevated  Lines 

in  New  York  City 

The  work  of  constructing  the  rapid  transit  lines  in  the 
city  of  New  York  under  th'-  contract  between  the  city  and 
the  railroad  companies,  is  supervised  by  the  Public  Service 
Commission,  and  the  inspection  of  engineering  materials  is 
carried  out  by  a  division  organized  by  the  chief  engineer. 
Jlr.  George  L.  Lucas,  general  inspector  of  materials,  has 
written  an  account  of  the  methods  employed  in  The  Municipal 
Engineers'  .lournal.   from  which  the  following  is  taken: 

Cement  Testing  Laboratory. — The  cement  testing  labora- 
tory IS  located  in  the  center  of  the  Lehigh  district,  which 
produces  practically  all  of  the  cement  used  on  the  work,  and 
the  force  consisis  of  a  chief  cement  tester,  one  chemist,  and 
six  cement  testers.  This  laboratory  is  fully  equipped  for 
making  all  physical  tests  and  chemical  analyses  on  cement. 
The  samples,  weighing  70  lb.  each,  are  taken  either  from 
the  belt  feeding  into  the  bin.  or  from  the  bin  itself  by  means 
of  a  sugar  sampling  tube,  and  they  are  so  taken  as  to  repre- 
sent the  average  of  the  whole  bin.  When  bins  have  been 
filled,  they  are  sealed  by  the  inspector,  pending  results  of 
28-day  tests  and  analyses.  Thirty  briquettes  of  neat  cement 
and  mortar  are  tben  made  and  tested  for  each  period  of  7 
days  and  28  days,  and  30  briquettes  of  neat  cement  for  24- 
hour  tests.  Sufficient  briquettes  are  also  made  for  test- 
ing through  a  period  of  5  years.  Full  sets  of  tests  are  made 
for  soundness,  fineness,  setting  time,  gage  water  and  specific 
gravity,  and  also  complete  chemical  analyses  are  made. 
Special  autoclave  tests  are  also  made,  but  for  information 
only,  and  are  not  used  for  the  purpose  of  acceptance  or  re- 
jection. Shrinkage  and  expansion  tests  are  made  on  Gin. 
prisms  of  1  sq.  in.  cross  section.  The  long-time  tests  and 
special  tests  give  additional  information  as  to  the  character 
of  the  cement  being  produced  at  a  particular  mill  and  aid 
in  making  decisions  as  to  the  acceptance  or  rejection  of  bins 
of  cement  where  the  usual  tests  come  close  to  the  limits  of 
the  specifications.  When  the  accepted  bin  of  cement  is  ready 
for  shipment,  the  packing,  weigliing  and  shipment  are  super- 
vised by  the  cement  tester  at  the  mill,  who  furnishes  the 
Commission's  specially  serially  numbered  tape  ties  for  seal- 
ing bags:  these  ties  serve  to  identity  the  cement  when  de- 
livered on  the  works. 

Concrete  and  Physical  Testing  Laboratory. — The  main  pur- 
pose of  this  laboratory  is  the  inspection  and  control  of  con- 
crete aggregates  delivered  on  the  works,  ajid  testing  of  con- 
crete, although  it  is  equipped  for  testing  various  other  ma- 
terials. 

Tlie  laboratory  and  its  inspection  force  on  concrete  ag- 
gregates and  concrete  are  in  charge  of  an  assistant  engineer. 
For  the  inspection  of  concrete  aggregates,  inspectors  are  sta- 
tioned at  the  stone  quarries,  and  sand  and  gravel  plants, 
equipped  with  apparatus  for  weighing,  screening  and  grad- 
ing of  stone  or  gravel:  and  for  sand,  with  apparatus  for  de- 
termining its  grading  and  silt  content.  For  inspection  pur- 
poses, the  specifications  have  been  graphically  represented 
in  standard  printed  forms  for  the  various  types  of  material 
by  curves   showing  the  limits  of  coarseness  or  fineness  for 


each  class.  Kach  barge  is  tested  as  loaded,  and  wIkmi  ap- 
proved, the  captain  is  given  a  ticket  before  leaving  the  plant, 
whicli  is  collecti'il  b.v  the  engineers  on  the  works  when  the 
barge  arrives  at  the  unloading  pier  to  prevent  the  delivery 
of  uninspected  material.  Concrete  is  tested  daily  on  vari- 
ous parts  of  the  work  as  it  is  placed  in  the  forms.  For  this 
purpose  a  motor  truck  is  used,  carrying  standard  8-in.  by 
ir.-in.  steel  cylinders  used  in  making  compression  test  speci- 
mens. The  concrete  for  specinu-ns  is  taken  out  of  the  forms, 
and  not  from  the  mixer,  for  obvious  reasons,  poured  into 
the  cylinders,  allowed  to  set  48  hours  under  cover  and  then 
removed  lo  the  laboratory  curing  room  for  uniform  treat- 
ment. Six  cylinders  are  made  for  each  test,  three  each  for 
28-day   and   !U)day   iieriods 

Frequently  the  spot  is  marked  in  the  structure  from  which 
tlie  sample  concrete  was  taken,  and  at  about  the  60-day 
period  a  block  is  cut  from  the  walls  or  structures,  trimmed 
down  into  the  three  test-pieces  6  by  6  by  12  in.  at  a  stone- 
yard  and  tested  at  the  flO-day  period.  This  furnishes  infor- 
mation delerminiiig  to  a  certain  extent  the  relation  between 
the  slrrngth  of  concrete  cylinder  specimens  and  the  actual 
concrete  in  the  structure,  as  the  cylinder  tests  do 
not  represent  the  actual  strength  of  concrete  in. 
the  walls  or  structure  but  serve  the  jiuriiose  of 
comparison  between  concrete  made  in  various  parts 
of  the  works.  The  Commission  requires  in  specimens 
a  minimum  compressive  strength  of  1,.500  lb.  at  28  days,  and 
of  L87.T  lb.  at  90  days,  although  the  actual  strength  of  con- 
crete in  the  wall  largely  exceeds  the  strength  of  test  speci- 
mens. Field  specimens,  cut  from  the  structure  in  two 
months'  time  and  tested  at  90  days  from  date  of  placing, 
show  an  average  compressive  strength  of  3,000  lb.  per 
square  inch:  often  the  strength  of  the  specimens  exceeding 
the  caiiacity  of  the  testing  machine.  As  a  result  of  these 
tests,  rules  regulating  the  consistency,  times  of  mixing  for 
the  different  types  of  concrete  mixers,  temperature  of  con- 
crete before  pcuring  in  winter,  etc..  are  issued,  resulting  in 
a  more  uniform  and  increasing  strength  in  concrete  from 
year  to  year.  Iteports  on  all  tests  made  are  furnished  the 
field   engineers. 

Pleasuring  devices  used  at  concrete  mixing  plants  on  the 
works  are  regulated  by  checking  from  time  to  time  to  deter- 
mine the  proper  proportioning  of  aggregates  and  cement. 
Tjocal  sands  along  the  line  of  the  work  are  frequently  tested 
and  when  found  satisfactory  are  approved  for  use  in  con- 
crete. When  testing  sands,  not  only  is  the  grading  taken 
into  account,  particularly  for  local  sands,  but  2-in.  mortar 
cubes  made  with  the  sand  in  question  are  compared  with 
these  made  with  Standard  Ottawa  sand.  The  mortar  cube 
method  of  testing  sand  is  undoubtedly  the  most  satisfactory 
practical  test  to  which  a  sand  can  be  put. 

Special  testing  and  investigation  work  is  also  conducted 
in  this  laboratory  on  steels,  iron,  asbestos,  lumber,  bond 
tests,  floor  hardeners,  grout  tests,  felts,  insulators,  lumber, 
brick,  joint  fillers,  mineral  aggregates  for  asphalt  and  mas- 
tic, permeability  of  concrete,  rubber  insulation,  waterproof- 
ing fabrics,  integral  waterproofing  compounds,  freezing  tests 
for   water  service  pipes,   etc..  etc. 

Cost  of  Inspection  and  Testing. — The  cost  of  inspecting 
and  testing  two  materials,  namely,  cement  and  steel,  are 
cited  for  a  2-year  period  as  illustrating  what  may  be  accom- 
plished. For  cement,  even  with  the  elaborate  system  of 
inspection  followed  by  the  Public  Service  Commission,  the 
cost  was  0.8  ct.  per  barrel,  exclusive  of  tape  ties.  For  struc- 
tural steel,  including  mill  and  shop  inspection  and  chemical 
analysis  made  in  the  Commission's  laboratory,  the  cost  was 
48  ct.  per  ton.  These  costs  include  all  charges,  such  as  over- 
head,  rent,   salaries,   traveling   ex.oenses   and   disbursements. 


France  to  Expend  $40,000,000  for  Port  Improvement  at 
Havre. — Tlie  French  parliament  has  voted  an  appropriation  of 
?40, 000,000  :'or  improvements  to  the  port  of  Havre.  This  is  part 
of  the  national  plan  of  economic  reorganization  and  is  destined 
to  place  Havre  among  the  bigger  European  ports  for  the  han- 
dling of  trans-Atlantic  traffic.  The  work  provided  for  in- 
cludes a  new  tidal  basin  with  approaches.  1,000  yards  from 
new  quays,  the  widening  and  deeping  of  the  Havre-Tancar- 
ville  vanal  and  the  construction  on  the  left  bank  of  two  new 
floating  docks:  the  building  of  new  breakwaters  in  the  Seine 
bay  with  the  object  of  providing  a  new  floating  harbor  and 
3,000  yarils  of  quays,  and  the  construction  of  four  graving 
docks. 
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Salesmanship    in   the    Contracting 
Business* 

By  LESLIE  H.  ALLEN. 
Smith  was  the  owner  of  several  parcels  of  real  estate  iind 
determined  that  ou  one  of  them  he  would  build  a  large  oflioe 
building.  He  called  in  his  architect,  and  directed  him  to 
prepare  plans  ;aid  get  bids  for  construction.  In  due  time  the 
bids  came  in  and.  on  being  opened,  it  was  found  that  Jones 
was  the  low  bidder,  with  a  figure  of  $2oO,000.  Next  to  him 
-■ame  Brown,  with  a  bid  of  $2o.'i.n(i0.  Next  came  Black, 
with  a  figure  of  $208,000.  The  fourth  figure  was  that  of  An- 
derson, at  $210,000,  while  there  were  three  other  figures  that 
were  higher  still. 

Among  the  trade  Jones  was  known  as  a  low  bidder,  who 
was  willing  to  take  a  chance  at  an.vthing.  If  he  found  that 
he  had  figured  a  job  too  low,  he  would  endeavor  to  recoup 
himself  at  the  expense  of  the  quality  of  the  job  or  take  it 
out  of  his  sub-contractors  in  some  way  or  other.  Brown 
was  known  to  be  a  man  who  endeavored  to  give  a  good  job. 
but  was  not  a  very  skilled  manager,  the  result  being  that  he 
could  not  be  relied  upon  to  deliver  a  building  at  the  agreed 
time  of  completion.  Black  was  known  to  be  a  contractor 
whose  work  was  generally  good,  hut  who  had  the  repiua- 
tion  of  being  a  "shark"  on  extras,  while  Anderson's  reputa- 
tion was  good  in  every  way.  He  was  a  man  who  could  be 
relied  upon  to  deliver  a  building  on  time  and  to  carry  out 
the  specifications  faithfully. 

Lowest  Bidder  Gets  Contract. — The  list  of  bids  was  tabu- 
lated by  the  architect  and  presented  to  the  owner.  The 
reputations  of  the  various  competing  builders  were  not 
known  to  him.  All  that  he  saw^  was  a  list  of  figures  and  hi-, 
architect's  plans,  and  he  thought,  as  most  owners  do.  that 
in  accepting  any  one  of  these  figures  he  would  get  just  the 
same  building  in  the  same  time,  with  the  same  quality  of 
workmanship,  and  the  same  amount  (more  or  lessi  of 
trouble,  bother  and  dispute.  He  supposed  that  the  differ- 
ence in  cost  was  due  to  the  fact  that  the  different  builders 
figured  different  amounts  of  profit  and  the  result  was  that 
he  awarded  his  contract  to  Jones,  the  lowest  bidder. 

Instances  like  this  are  happening  in  every  city  in  the 
country  every  year.  Good  contractors  are  competing  against 
the  poorer  contractors  on  the  same  footing,  and  none  of 
them  are  telling  owners  or  architects  the  good  points  of  the 
services  their  firms  have  to  offer  or  advancing  any  reason 
why  they  should  be  given  jobs  on  any  basis  except  that  of 
low  price. 

If  the  same  owner  intended  to  buy  an  automobile,  he 
might,  if  he  knew  nothing  about  cars,  assume  that  all  were 
equal  in  every  respect,  and  that  the  difference  between  the 
prices  represented  the  difference  in  the  amount  of  profit  de- 
sired by  each  manufacturer.  The  selling  of  automobiles, 
however,  is  not  conducted  on  a  bidding  basis,  but  salesmen 
from  the  rival  firms  take  pains  to  demonstrate  to  the  pur- 
chaser the  good  points  of  their  cars,  and  the  owner  who 
would  not  dream  of  paying  $2,000  more  on  a  $200,000  build- 
ing to  a  better  contractor  will  not  hesitate  to  pay  $3,000  or 
$4,000  more  for  a  high-priced  car  instead  of  a  cheap  ear,  be- 
cause some  intelligent  salesmanship  has  been  used  in  iire- 
senting  the  merits  of   the   higher-priced  article   to  him. 

Sell  Quality  in  Construction.— If  the  same  amount  of  in- 
telligence was  shown  in  the  selling  of  contractor's  services, 
we  should  not  hear  of  so  many  jobs  taken  at  ridiculously 
low  prices,  and  of  so  many  men  figuring  jobs  carefully  at 
prices  high  enough  to  pay  for  good  work,  with  no  hope  of 
landing  them  because  they  know  it  is  useless  to  bid  against 
the  cut-price  competition  of  the  man  who  intends  to  scamp 
the  job. 

in  any  manufacturing  business  the  selling  department  is 
one  of  the  most  important  parts  of  the  organization.  An 
eflScient  sales  manager  is  in  charge  and  properly  trained 
salesmen  are  on  the  road  all  the  time  talking  up  the  merits 
of  their  products.  T_^rge  sums  are  often  spent  ou  adver- 
tising campaigns.  On  most  of  our  work  as  contractors  Wf- 
wait  until  we  are  asked  to  figure  a  job,  then  we  estimate 
the  cost  of  it  and  put  in  our  bid  and  wait  to  find  out  wliether 
we  are  high  or  low.     If  we  are  low  perhaps  we  get  tlie  joli. 


liut    it   is   most    unusual   for  any   effort   to   lie   made   to   "sell" 
a  job  or  "sell"  our  services. 

Salesmanship  Necessary  in  Contracting.— In  order  to  suc- 
cessfully sell,  a  I'ontractor  must  have  clearly  in  mind  what 
he  is  trvin.g  to  sell,  and  the  first  point  to  be  emphasized  is 
that  in  order  to  sell  successfully  he  must  realize  that  he  is 
no'  only  selling  buildings,  but  also  selling  service.  If  a  con- 
tractor buys  a  tract  of  land,  erects  buildings  on  it  and  then 
sells  the  land  and  buildings,  he  is  selling  his  buildings;  but 
a  contractor  wlio  inits  in  a  bid  for  work  to  be  built  on  the 
land  of  the  owner  is  selling  his  service  and  not  the  buildings 
(which  are  a  product  of  his  services!.  In  putting  in  a  lump 
sum  bid  lie  offers  in  effect  his  services  in  assemliling  men 
and  material,  in  building  the  work,  protecting  the  owner 
against  accidents  while  the  work  is  being  built  and  in  guar- 
anteeing the  total  cost  of  the  w'ork.  .-Ml  these  are  services 
rendered.  They  may  be  rendered  well  oi'  they  may  be  ren- 
dereri  badly.  The  contractors  may  be  very  inefficient  in 
uciliug  a  proper  corps  of  men  together.  He  may  be  care- 
less iu  his  buying  and  much  delay  the  completion  of  the  job 
by  late  arrival  of  material:  but  whether  well  or  badly  ren- 
derpd  the  service  is  what  the  owner  is  paying  for. 

It  is  necessary  to  emphasize  this  point  because  the  differ- 
piu-e  between  selling  a  building  and  selling  service  is  a  vital 
one  It  is  not  a  mere  technical  (piibble  but  it  determines 
the  attitude  of  the  builder  toward  his  job.  toward  the  owner, 
towai-d  the  architect  and  toward  his  whole  business  policy. 
Educate  the  Owner. — The  owner  does  not  recognize  this 
fact  because  ncdiody  has  ever  told  him  so.  He  supposes  that 
whether  Jones  or  Anderson  builds  the  building,  it  will  be 
built  in  just  the  same  time,  there  will  be  just  as  much  ma- 
terial of  exactly  the  same  ciuality.  and  the  workmanship  will 
be  exactly  the  same.  Few  builders  realize  that  a  well-built 
.iob  is  worth  more  to  an  owner  than  a  poorly  built  one  and 
go  out  and  sell  a  job  on  this  basis  even  though  by  bidding 
against  the  crowd  they  cannot  hope  to  do  good  work  profit- 
ably. 

Before  any  contractor  starts  out  lui  a  selling  campaign. 
he  must  be  sure  that  he  can  give  services  which  are  worth 
uiiiie  at  a  preference.  It  is  possilile  that  one  sale  can  be 
uKide  by  selling  talk  alone,  but  the  process  cannot  be  re- 
peated with  the  same  owner:  unless  a  salesman's  product 
has  a  reputation  behind  it  the  arts  of  salesmanship  cannot 
larry  him  very  far.  There  is  as  much  difference  between 
llie  service  of  one  b\iilder  and  another  as  there  is  Tn  the 
(inality  of  shoes,  and  a  contractor  who  intends  to  use  intel- 
ligent salesmanship  in  the  securing  of  business  must  be  sm-e 
that  he  can  'deliver  the  goods"  that  be  is  trying  to  sell,  that 
is.  the  services  of  a  good  organization  that  will  iiut  up  good 
buildings,  of  honest  material,  with  good  workmanship  in 
prompt  time. 


''Fi-om   c'ciiiir;i't(ir 


.\tl:is. 


Twenty-Second   .Annual  Meeting  of  Amer- 
ican Society  for  Testing  Methods 

The  iirov'iioiial  program  of  the  22nd  annual  meeting  of  t!ie 
.Viueiican  Society  for  Testing  .Materials,  to  be  held  June  2-1- 
27  at  the  Hotel  Traymore.  Atlantic  City,  has  been  announced. 
The  features  of  special  interest  are  the  presidential  addresses 
am'  ineniorial  sessions  on  June  24,  the  topical  discussion  on 
.luiie  L'.l.  and  the  joint  session  with  the  .-Vmerican  Concrete 
lustiiiite  on  Cement  and  Concrete  on  .June  27.  At  the  joint 
session  American  Society  for  Testing  Materials  committee 
reports  on  cement,  on  concrete  and  concrete  aggregates  will 
be  presented.  The  American  Concrete  Institute  report  on 
tireproofing  also  will  be  submitted.  The  following  pajiers 
iire  li>;ted  tor  this  session:  "Later  Kire  Tests  on  Concrete 
Coliunns."  \V  .\.  Hull;  "The  Slramagraph  and  Its  Applica- 
ti,,u  lo  Concrete  Ships."  F.  I(.  McMillan;  "Effect  on  Fineness 
el  Cement."  I).  .\.  Abrams;  "Cements  Producing  Quick  Har- 
ileiiiug    Concrete."    P.    H.    Hates. 

The  othei-  sessions  of  the  .American  Society  for  Testing 
Ma'erial  uieeting  at*  which  committee  reports  and  paiiers 
will  be  presented  include  the  following:  "Preservation  Coat- 
iu;;s.  Lubricants  and  Containers."  :;  p.  m,.  June  24;  "Steel 
and  Wrought  Iron,"  10  a.  m..  .Inn  2.";:  "Corrosion  and  Magnet 
\.ialysis"  X  p,  m..  June  i.^):  "Testing  and  Apparatus";  "Kub- 
b.  r  Products  and  Textiles."  In  a.  m..  June  26;  "Malleable 
Iri  n  and  Non-Ferrous  Metals."  s  [i.  m..  June  26;  "Ceramics. 
Lime  and  Uoad  Materials."  lo  a.  m.,  June  27:  "Concrete  and 
C.ypsum."  ?>  V-  m..  June   27. 
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l\niliii>'i')iti(j  and  Cont lading  fur  Man  ■.'>>.  i:>i:». 


LicensinjJ  Huildiiiti  C^oiitractors 

The  licensing  of  muster  biiiUiors  was  iidvocated  by  Mr.  S. 
C.  Erickson.  SecretaryTreasurer  Nortliwest  Master  Builders' 
Association,  in  a  paper  presented  al  tlie  annual  convention  of 
the  association.     He  said  in  part: 

There  are  two  main  objects  to  ho  obtained  in  licensing  of 
contractors,  namely.  "UaisinK  the  standard  of  contractors" 
and  "Assisting  an  appronticeship  system."  The  question  raay 
be  asked  why  have  the  buildin.i;  contractors  not  been  licensed 
long  ago?  The  lesser  craft  of  the  building  industry  are  li- 
censed and  we  realize  it  is  of  great  value  for  the  public  as 
well  as  for  the  contractor 

AVe  have  today  young  men  studying  building  construction. 
Some  have  taken  the  practical  line  alone  and  others  both 
the  theoretical  and  practical.  These  men  are  very  much  In- 
terested in  building  construction  and  are  endeavoring  to  make 
themselves  as  proficient  in  their  particular  line  as  possible. 
When  they  start  business  they  have  certain  ideas  which  they 
wish  to  carry  through.  The  lirst  idea  is  to  get  a  chance  to 
create,  so  as  to  show  their  talent  and  ability.  But  in  a  very 
short  time  they  learn  that  a  great  majority  of  the  public  does 
not  stop  and  consider  their  proficiency  and  skill,  but  only  looks 
upon  the  price  submitted  and  generally  accepts  the  lowest 
price,  providing  an  ample  bond  is  delivered  so  as  to  guaran- 
tee the  work  will  be  completed.  It  seems  the  public  does  not 
consider  a  man's  moral  obligation  and  ability,  which  two 
things  are  more  desired  by  all  material  dealers  and  banks 
than  a  few  thousand  dollars  security. 

The  experienced  master  builder  knows  the  value  of  moral 
obligation  and  he  does  not  hesitate  to  pay  a  premium  if  neces- 
sary to  his  sub-contractor  for  such  moral  obligation. 

The  owner  as  a  rule  does  not  build  often  enough  to  profit 
by  his  experience.  He  sometimes  has  numerous  difficulties 
but  generally  forgets  about  them  before  his  next  building 
operation. 

We  have  heard  so  much  of  the  fly-by-night  contractor.  They 
come  and  go  and  some  of  the  most  careful  business  houses 
and  owners  pay  tribute  to  them.  Such  contractors  would  not 
have  a  chance  to  prey  upon  the  public  as  they  would  not  be 
able  to  secure  licenses. 

I  mentioned  in  the  beginning  that  there  were  two  main 
objects.  "Raising  the  standards  of  contractors"  and  "assist- 
ing an  apprenticeship  system."  If  our  master  builders  -were 
licensed  as  mentioned  and  paid  a  fee  of  not  less  than  $100 
(and  rather  should  it  be  from  J.'^OO  to  $500)  we  would  not 
have  men  contracting  today  and  working  for  wages  tomorrow. 
If  a  man  was  sincere  and  wanted  to  start  business,  he  would 
not  hesitate  to  pay  the  specified  license  fee,  as  he  realizes  he 
receives  a  certain  protection  and  can  expect  to  stay  in  busi- 
ness. By  eliminating  all  that  makeshift  of  contracting  the 
contractor  will  be  more  assured  of  steady  work  of  one  kind 
or  the  other  and  he  could  engage  several  boys  as  apprentices 
and  could  take  upon  himself  the  obligation  of  training  them 
to  be  efficient  mechanics.  This  is  very  essential  as  we  have 
heretofore  received  a  great  majority  of  our  mechanics  from 
European  countries:  we  cannot  depend  upon  that  in  the  fu- 
ture, but  we  should  make  such  plans  and  take  such  steps  as 
to  provide  agamst  such  contingency.  Our  young  men  are 
very  quick  to  learn,  but  are  inclined  to  be  unsteady;  if^we 
can  hold  vhem  in  their  apprenticeship  with  one  contractor  for 
two  or  three  years  at  a  fixed  scale  of  wages,  we  will  be  able 
to  teach  them  their  respective  trades  in  a  manner  that  will 
be  a  credit  to  them  as  well  as  to  the  contractor. 


Obituaries 

Captain  Henry  B.  Sauerman.  who  \\  us  one  of  the  organizers  of 
thf  first  con^pany  of  artuy  engineers  in  the  state  of  Illinois,  died 
at  his  home  in  Chicag^o  on  Mav  20.  Captain  Sauerman  was  born  at 
Crown  Point.  Ind..  April  7,  1S79.  and  came  to  Chicago  when  a 
voung  man.  ,\fter  obtaining  his  education  at  Chicago  technical 
schools  and  the  Michigan  Military  Academy.  Orchard  Lake.  Mich.. 
he  entered  the  employ  of  Fairbanks-Morse  &  Co..  where  lie  re- 
mained for  11  years,  first  as  chief  draughtsman  and  later  as  con- 
tracting engineer.  In  It'll  he  joined  his  brother,  .Tohn  A.  Sauerman, 
in  organizing  the  firm  of  Sauerman  Bros..  eTigineers  and  manu- 
facturer.-i.  When  the  original  Company  A.  Corps  of  Engineers,  1. 
X.  O..  was  formed  on  Aug.  1.  1911,  he  enlisted  for  three  years  as 
.a  private,  being  elected  captain  on  .luly  .'50.  1912,  and  remaining 
in  command  of  the  company  until  poor  health  compelled  his  re- 
tirement at  the  end  of  his  period  of  enlistment.  From  Company  A 
grew  the  lOSth  Regiment  of  Engineers,  which  has  .lust  returned 
after  giving  valiant  account  of  itself  on  the  fighting  front  in 
France  and  Flanders.  Captain  Sauerman  was  a  member  of  the 
.\merican  Society  of  Civil  Engineers.  Western  Society  of  Engineers 
and  Chicago  Engineers  Club.  In  191S  he  was  awarded  the  Octave 
Chanute  Medal  bv  the  '^'estern  Society  of  Engineers  for  his  papej 
"Fortification."  which  was  prepared  for  a  meeting  of  the  society 
in  I'.ilfi  and  later  published  as  a  handbook  for  army  engineers. 


Personals 

Lieut  E.  B.  Stearns  1ih,h  been  appointed  sales  manager  for  tiie 
II.   K.    I'erguson  Co,  engineers  ami  contractors,  Cleveland,  O. 

C,  Gmdy  Gates  lia,s  realigned  as  clilef  engineer  of  the  Koanoke 
Iron  >Vi  Hrulgc  Works,  Inc.,  Koaiioke.  Va.,  to  become  chief  en- 
KhuMM-  and  .isslsumt  general  manager  of  the  American  Truck 
Hody  Co    of   .Miutln.-iVllle,   Va. 

M.  Mancusl.Ungaro  mid  1,.  H  Cllb.Ml  have  become  as.soclated 
un<ler  the  ilrm  name  of  Lngaro-llllborl  and  will  engage  In  a  ct\ll 
■  •nglMeirlng  and  archlteciunil  i)rnctice  with  olllcos  In  the  First 
National    I'ank   Rklg.,    Hound  Brook.   N,   ,1. 

John  L.  Stanage,  formerly  engineer  for  the  R,  I.,.  Relslngcr  Co  . 
general  contractors.  Milwaukee,  Wis.,  has  opened  offlces  at  144 
c>nolda  street,  Milwaukee.  Wis.  He  will  specialize  In  the  design 
.uul  conslruellon  of  concrete,  steel  and  timber  industrial  buildings, 
idundations,   rel,'ilnlng  walls  and  structures  of  reinforced  concrete. 

Edgar  I.  Williams,  registered  architect.  U.  Sc.  and  M.  Sc, 
Mas.sachuHolts  Inslllute  of  Technology.'  and  Fellow  of  the  American 
.Ncailemy  In  Home:  Walter  R.  Mahnken,  registered  architect,  Uni- 
verslt.\-  of  Pennsylvania:  and  Alfred  J.  Mahnken,  B.  Sc.  and  C.  E.. 
Rutgers  College,  h.avo  organized  the  architectural  Ilrm  of  Wil- 
liams \-  Mahnken,  with  olllces  at  30  !■:.  42nd  St.,  New  York  Cltv. 


Industrial  Notes 

The  Stark  Rolling  Mill  Co.,  Canton.  O.,  announces  the  appoint- 
luent  of  George  W  .  Scott  as  district  manager  for  the  Chicago 
territory  with  hcailiiuarters  :it  1119  Marquette  Rldg.  Thomas  F. 
Murphy  has  been  appointed  di.-itricl  manager  for  the  Canton  ler- 
rltoiy. 

The  iVIilwaukee  Corrugating  Co.,  Milwaukee,  Wis.,  manufac- 
turer of  sheet  metal  building  products,  has  let  the  contract  tor 
a  new  addition  to  its  factor.v  at  Milwaukee,  which  will  cost  $150.- 
'100.  The  new  section  will  be  125x240  ft.  in  dimensions,  two  stoi  ies 
higli.  of  l)rick  and  metal  construction. 

The  Massey  Concrete  Products  Corporation,  Chicago,  III.,  an- 
nounces the  opening  of  a  I'ittsbiirgb  office  in  charge  of  A.  F. 
Humphrey,  resident  manager.  Mr.  Humphrey  will  be  located  at 
1405  Oliver  Bldg.,  Pittsburgh,  Pa,  J,  A.  Higgs,  Jr.,  has  lieen  ap- 
oointed  resident  manager  of  the  southeastern  district  in  charire 
of  all  sales  in  that  territory,  with  headquarters  at  Chandler  Annex. 
Atlanta.  Ca. 

The  Westlnghouse  Electric  &  Manufacturing  Co.,  East  Pitts- 
burgh, Pa.,  as  a  proper  war  memorial  to  the  more  than  8.000  em- 
ployes of  the  company  who  have  entered  the  service  of  the  Gov- 
ernment in  the  great  war.  has  decided  to  establish  a  number  of 
technical  scholarships.  Each  scholarship  carries  with  it  an  annual 
payment  of  $500,  to  be  made  in  two  installments.  There  will  be 
four  new  scholarships  each  year. 

The  Macomber  &  Whyte  Rope  Co.,  manufacturers  of  wire  rope 
and  wire.  Kenosha,  Wis.,  has  opened  a  New  York  liranch  at  'Ad 
Church  street,  New  York  City,  under  the  management  of  E.  E. 
Robirds,  who  h.is  been  with  the  company  for  10  years,  having  lieen 
successively  manager  of  the  Pittsburgh  and  Chicago  offices  before 
the  opening  of  the  New  York  branch.  A  branch  office  also  has 
been  op<"ned  .at  Birmingham.  Ala.,  under  the  direction  of  .lames 
A.  Boope.  .Southern  manager,  805  American  Trust  Bank  bldg., 
Birmingham. 

The  Blaw-Knox  Co.,  Pittsburgh,  Pa.,  has  taken  over  the  manu- 
factui-e  and  field  operation  of  the  uni-form  system  of  reinforced 
concrete  floor  and  roof  construction,  and  the  uni-form  system  is 
now  iiKoriKirated  in  the  steel  forms  department  of  the  Blaw-Knox 
Co.  and  will  be  known  as  "Blawforms."  Nils  F.  Ambursen,  chief 
engineer  of  the  Ambursen  Hydraulic  Construction  Co.,  and  the 
developer  of  the  .\nibursen  dam,  assumes  the  duties  of  chief  en- 
gineer of  the  building  form  department  of  the  Blaw-Knox  Co.,  and 
W.  L,.  Church,  formerly  of  Westlnghouse,  Church,  Kerr  Co.,  and 
Lockwood.  Gi-eeti  &  Co  ,  engineers,  is  retained  as  consulting  en- 
gineer on  the  operation  of  the  uni-form  s.\'stem- 


Trade  Publications 


The  Jaeger  Machine  Co.,  Columbus.  O.,  has  issued  a  new  general 
catalog  for  its  tonirete  mixers.  It  contains  specifications  for  the 
various  Jaeger  Mixers.  Numerous  interesting  illustrations  of  con- 
Klructicn  jobs  on  which  these  mixers  are  being  used  are  included. 
The  same  firm  also  has  issued  a  catalog  describing  a  small  mixer, 
having  a  capacity  of  3  to  4  cu.   ft.  of  unmixed  materials. 

The  North  Western  Expanded  Metal  Co..  Chicago,  111.,  has  issued 
a  handbook  illustrating  and  describing  the  uses  of  Kno-Burn  ex- 
panded metal  lath  in  fireproof  construction.  The  applications  of 
the  lath  to  various  kinds  of  construction  are  fully  described  and 
numerous  detail  drawings  are  given.  The  book  contains  much  in- 
terestin.^'  information  on  stuccoing,  ornamental  plastering,  over- 
coating, etc.  Specifications  also  are  given  for  various  classes 
of  work. 

The  3rd  edition  oi  Truscon  Standard  Buildings  just  issued  by  the 
Truscon  Steel  Co..  Youngstown,  O..  is  a  complete  revision  of  previous 
editions,  and  contains  practically  all  new  matter.  The  book  dp- 
scribes  and  illustrates  types  and  applications  of  the  Truscon  stand- 
ard buildings  built  of  interchangeable  steel  panels.  The  book  is 
illustrated  with  interesting  applications  such  as  factories,  ware- 
houses, dining  halls,  garages,  foundries,  hospitals,  railroad  build- 
ings, etc.  In  addition  erection  details  are  shown,  also  wall  panels, 
steel  doors,   roof  construction,  etc. 

The  ITth  edition  of  its  Hy-Rib  Metal  Lath  Book  has  been  issued 
by  the  Truscon  Steel  Co..  Youngstown.  O.  The  new  edition  con- 
tains many  t'ntirely  new  details  of  the  use  of  hy-rib  and  metal  lath 
products.  In  its  preparation  the  previous  publications  were  com- 
pletely revised  and  extensive  additions  made.  The  first  section 
of  the  book  is  de\-oted  to  general  information  on  the  properties  ol 
hy-rib  and  metal  laih  products.  Floors  and  roofs  occupy  the  next 
section.  Here  are  given  inany  photographic  illustrations,  types 
of  floors,  tests  and  specifications  and  tables.  The  section  of 
the  bock  devoted  to  walls  and  sidings  is  a  resume  of  the 
use  of  stucco  on  metal  lath  in  walls,  showing  its  application 
to  structural  sleel,  wood  studding,  etc.  Under  partitions,  the 
various  tn)es,  such  as  metal  lath  with  channels,  hy-rib  without 
studs  and  hollow  partitions  are  shown.  Separate  details  a^-id 
specifications  accompany  each  type.  Ceilings,  with  full  details, 
illustrations  and  specifications,  also  tables  of  use,  are  covered. 
Also  pages  are  devoted  to  furring,  fences,  miscellaneous  applica- 
tions,  tanks,    conduits,   etc. 
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Wednesdays)  completely  cover  the  municipal  engineering  and  contracting  field  The  articles  in  the 
first  and  last  issues  of  each  month  (1st  and  4th  Wednesdays)  completely  cover  county  engineering  and 
highway  engineering  and  contracting.  The  articles  in  the  third  and  last  issues  of  each  month  (3rd  and 
4th  Wednesdays)  completely  cover  steam  and  electric  railway  location,  design  and  construction.  See 
the  'mast  head"  on  the  first  page  of  the  Weekly  News  Section  for  information  about  our  weekly 
contract   news. 


Roads  and  Streets — 1st  Wednesday 

<a)    Roadfl  <c)    Street    Cleaning 

ib>    Streets  (d)    Municipal    Miscellanica 

Waterworks   and    Hydraulics — 2nd  Wednesday 

ta)    Waterworks  Ic)    Irrigation     and     Drainage 

lb'    S*wers   and    Saol-        (d)    Power   and    Pumping 
tatlOQ 

<ei    Management   and   Office 
System 


Railways    and    Excavation — 3rd    Wednesday 

(ai    Excavation    and  (ci    Quarries    and    Pu:- 

Dredging  Idl    Railways.    Steam    and 

lb)    Rivers   and   Canala  Electric 

(e)   Management  and  OfTlce 
.System 

Buildings  and   Structures — 4th    Wednesday 

(a)  Buildings  (o    Harbor   Slnictures 

(b)  Bridget  (d)    Miscellaneous    Structures 

let    Properties   of   Materials 
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Will  Common  Labor  Wages  Rise? 

The  hourly  rate  of  wage  of  eomnion  labor"  has  fully  dou- 
bled in  most  sections  of  America  during  the  past  five  years, 
whereas  skilled  labor  rates  have  risen  not  more  than  60 
per  cent  on  the  average.  Does  it  follow  that,  if  the  general 
level  of  wages  continues  to  rise  "common  labor"  will  not 
rise  as  much  as  skilled  labor?     We  think  not. 

Prior  to  the  war  nearlv  a  million  immigrants  came  to  this 
country  every  year.  During  the  war  the  average  number 
was  less  than  a  quarter  of  a  million  annually.  For  genera- 
tions our  common  labor  forces  have  been  recruited  mainly 
from  the  raw  immigrants.  Consequently  when  construction 
of  all  kinds  is  again  in  full  swing,  it  will  be  discovered  that 
'here  is  a  relative  shortage  of  common  laborers.  Unless  a 
irreat  wave  of  immigration  sets  in.  the  wages  of  common 
laborers  will  rise  again  in  the  near  future,  and  we  need  not 

be  surprised  if  they  rise      

more  rapidly  than  the 
wages  of  skilled  work- 
men. This  is  likely  to 
occur  even  though  com- 
mon laborers  remain  un- 
unionized  for  the  most 
part,  for  the  law  of  sup- 
ply and  demand  can  be 
relied  upon  to  e  ff  e  c  t 
w  age  increases  wher- 
ever there  is  a  relative 
scarcity  of  workmen. 

In  the  absence  of  laws 
restricting  immigration 
from  Europe,  high  wages 
and  low  taxes  in  Amer- 
ica will  attract  many 
European  immigrants. 
Indeed,  there  might  be 
a   veritable    flood    of   im- 


28  Pages  =  40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  .say  nothing  of  our 
weeklv  construction  news. 


migration  as  there  was  following  the  close  of  our  Civil 
War.  It  has  been  argued  that  "reconstruction  programs" 
niid  high  wages  in  Europe  will  tend  to  prevent  many  Eu- 
ropeans from  comin!>  to  America,  but  ths  is  open  to  question. 
Koiei?jn  capitalists  are  likely  to  remain  very  timid  for  a  long 
ti-iie.  Moreover  excessively  heavy  taxation  will  greatly  re- 
dtice  their  profits,  and  therefore  the  funds  available  for  in- 
••estments.  This  will  probably  lead  to  huge  government  ap- 
propriations for  public  works,  housing,  etc  ,  by  foreign  gov- 
ernments, and  it  may  be  followed  b^■  extensive  'nationaliza- 
tion" of  industries  m  the  effort  to  give  employment  at  high 
wages.  But  there  will  have  to  be  a  truly  revolutionary  im- 
provenieni  in  gove'-nment  management  if  foreign  govern- 
Uii'iits  Hnii  themselves  able  to  compete  industrially  with 
.-Xiiicncan  corporations  and  individuals. 

!f  forei.gn  governments  fail  to  secure  ;is  great   an  average 
niitpnt    per  (oiJi)!oye   as   is   secureil    in    America,  'hen   foreign 

wages  will  sink  still  low- 
f-  than  .American  wages, 
w  li  e  n  m  e  a  s  u  r  e  d  in 
"goods"  a  n  d  services. 
The  extreme  of  poor 
management  of  indus- 
tries by  a  government  is 
seen  in  Russia  but  we 
shall  s  o  (1  n  see  bad 
enough  results  in  social- 
ii-tic  Gerniaiiy  and  per- 
haps in  tinionistic  Eng- 
land. The  i)revalenl  idea 
in  those  tw  i  countries 
ai)pears  to  lie  that  the 
incentive  of  individual 
profit  can  be  abolished 
without  serious  decrease 
in  the  average  produc- 
tivity of  workmen.  Near- 
ly   all    Europe    and    Rns- 


5Sf. 


Eniihii' fling  and  I'inilrdctinii  foi.hnic   I,  I'JUK 


siu  are  laboring  uiidor  this  delusion,  so  far  as  the  masses 
are  concerned.  Before  it  is  senerall.v  recoRnlzeil  that 
tirst  class  managerial  brains  are  comparalivel.v  rare,  and 
that  governmental  methods  tend  neither  to  the  seleilion  of 
the  best  managers  nor  to  a  stimnlatlon  of  their  efforts,  foreii^n 
governments  will  have  brought  upon  their  citizens  many 
economic  disasters.  Kach  of  these  disasters  will  lead  to 
immigration  fn  America,  provided  we  do  not  close  our  doors 
to   immigrants. 

Krom  present  indications  congress  will  restrict  immigra- 
tion, but  to  what  extent  is  problematical.  The  restriction  will 
certainly  apply  with  greatest  force  to  illiterates.  Hence  it 
is  probable  that  our  supply  of  common  laborers  will  de- 
crease relative  to  the  demand  during  the  ne.\t  live  or  ten 
years.  I'oincidentally  the  wages  of  common  laborers  will 
rise,  until  it  may  come  about  that  there  will  be  no  great 
difl'erence  between  the  wages  of  a  common  laborer  and  of 
a  skilled  workman.  This  tendency  will  be  increased  when 
common  laborers  are  more  generally  members  of  labor  unions. 
I'nskilled  members  of  miners'  unions  have  already  succeed- 
ed in  securing  wages  not  far  below  those  of  skilled  miners. 
Wherever  the  number  of  unskilled  men  exceeds  the  num- 
ber of  skilled  men  in  a  union,  there  is  certain  to  be  a  ten- 
dency toward  equalization  of  wages,  for  labor  unions  are 
democracies  in  which  the  majority  controls.  A  skilled  minor- 
ity in  a  labor  union  can  not  hope  to  retain  indefinitely  a 
wage  rate  much  in  excess  of  that  received  by  an  unskilled 
majority  in  the  same  union. 

In  the  construction  field,  the  majority  of  the  workmen  are 
unskilled.  It  is  probable,  therefore,  that  average  wage  rates 
in  this  field  will  rise  much  more  than  they  have  risen  in  the 
past  five  years.  This  spells  higher  unit  costs  unless  greater 
use  is  made  of  labor  saving  machinery  and  methods.  Engi- 
neers, contractors  and  superintendents  should  study  machin- 
ery and  methods  as  never  before. 


The   Typical    Legislator  and   The 
Despised  Manufacturer 

•We  believe  the  state  slioiild  bo  aulliorized  liy  law  to 
manufacture  products  entering  into  the  public  improvements 
of  the  state."  This  is  one  of  the  recommendations  in  a 
recent  report  of  a  joint  legislative  committee  to  the  Legisla- 
ture of  Illinois.  The  committee  specifically  recommends  the 
building  of  a  state  plant  to  manufacture  Portland  cement, 
because  it  thinks  there  may  be  a  combination  among  cement 
manufacturers  to  regulate  prices. 

We  wonder  whether  this  committee  knows  that  the  city  of 
Los  Angeles  some  years  ago  did  the  very  thing  that  this 
committee  recommends,  and  that  Los  Angeles  has  been  un- 
successfully trying  to  get  the  state  of  California  to  take  the 
cement  plant  off  the  city's  hands.  But  why  wonder?  Was 
there  ever  a  legislative  committee  that  cared  a  rap  about 
the  actual  res-ilts  of  experiments  of  this  sort  in  other  locali- 
ties? Legislative  committees  are  rarely  so  ignorant  as  to 
need  data  from  any  external  source.  Indeed,  they  need  no 
data  at  all.  for  why  was  man  endowed  with  the  power  of 
reasoning  if  he  must  put  any  dependence  on  data?  A  thinker, 
if  worthy  the  name,  should  be  able  to  deduce  all  needed 
conclusions  from  assumed  premises.  Then  why  worry  about 
experiences  with  municipally  or  state  owned  plants  in  other 
states?  If  those  experiences  are  satisfactory  they  add  noth- 
ing to  the  soundness  of  perfect  deductive  reasoning.  If  the 
experiences  are  not  satisfactory,  so  much  the  worse  for  the 
experiences:  the  deductive  reasoning  is  still  sound. 

Legislators  who  have  never  manufactured  anything  are 
ideal  investigators  of  prices  and  costs  of  manufactured  prod- 
ucts, because  they  approach  the  problem  wholly  unpreju- 
diced by  previous  knowledge.  Their  minds  are  as  blank  as 
those  of  the  ideal  juror,  perfectly  open  to  conviction.  If,  in 
addition  to  having  never  manufactured  anything,  a  legislator 
has  never  sold  anything  save  his  own  services,  and  has  never 
bought  anything  save  necessities  and  luxuries  for  his  family 
and  himself,  and  has  never  read  any  articles  or  books  on 
industrial  economics,  then  he  is  doubly  ideal  as  an  investi- 
gator of  manufacturing  costs  and  selling  prices  of  brick, 
cement,  broken  stone,  steel,  and  whatnot.  But  to  make  him 
triply  ideal  as  an  investigator,  he  must  have  a  wholesome 
respect  tor  his  own  astuteness  and  a  corresponding  con- 
tempt for  the  knowledge  of  mere   manufacturers,  engineers 


and   others   who  have  spent  their  lives  in   studying   the  eco- 
nomics of  their  narrow  specialties. 

Hreadthof  intellect,  you  should  underslaiul,  is  attainable 
only  by  men  who  know  next  to  nothing  about  anything  in 
particular:  for  only  to  such  men  Is  given  the  power  to  secure 
cpiicUly  a  complete  knowledge  of  anything  they  choose  to 
investigate.  The  ordinary  business  or  professioiuil  man 
grovels  his  years  away  In  some  little  acre,  mole  like  in  his 
Idindness,  whereas  the  men  of  "general  knowledge" — the 
typical  legislator — soars  above  him  in  the  ether,  his  eagle- 
eye  sweeping  from  distant  horizon  to  distant  horizon.  There 
he  soars  and  soars,  never  weary  of  soaring,  nor  of  making 
the  despised  earthings  "soarer"  and  "soarer"  in  their  envy 
of  his  soaring. 


Secretary  Houston's  Opposition  to 
a  Federal  Highway  Commission 

Secrclar.x  Ihuisloii.  ol  tlie  I  H'lurtmeiu  iil  -Xsi'iculture,  has 
issued  a  statement  giving  his  reasons  for  opposing  a  Federal 
Highway  Commission  to  take  the  place  of  The  Bureau  of 
Public  Koads.  On  another  page  Secretary  Houston's  state- 
ment is  given  in  full.  His  reasoning,  it  seems  to  us,  is  not 
sound.  Naturally  the  Secretary  of  Agriculture  does  not  relish 
the  idea  of  having  the  scope  of  his  authority  decreased  as 
it  would  be  were  The  Burea\i  of  Public  Roads  converted  into 
a  separate  I^'ederal  Highway  Commission.  Still  it  would  seem 
that  the  Department  of  Agriculture  would  remain  a  large 
enough  organization  to  give  the  most  ambitious  of  secretaries 
a  very  busy  time  of  it,  even  if  he  had  nothing  at  all  to  do 
with  the  general  management  of  federal  road  matters. 

As  we  stated  editorially  several  months  ago,  The  Bureau 
of  Public  Roads  has  grown  so  great  and  important  that  it 
sliould  remain  no  longer  attached  to  the  leading  strings  of 
the  Secretary  of  Agriculture.  We  are  glad  to  have  the  secre- 
tary's reasons  why  the  leading  strings  are  desirable,  for  his 
arguments  are.  without  exception,  so  weak  as  to  defeat  his 
purpose. 

The  Secretary,  to  begin  with,  undertakes  to  associate  the 
general  plan  for  a  Federal  Highway  Commission  with  a  par- 
ticular bill  introduced  in  the  Senate  last  February.  But 
most  of  the  advocates  of  a  Federal  Highway  Commission  do 
not  approve  of  all  the  provisions  of  that  bill.  For  example, 
the  bill  provides  for  at  least  two  federal  trunk  line  roads  in 
each  state.  Why  have  any  federal  roads  at  all?  Wliy  not 
continue  the  co-operation  of  the  federal  and  state  govern- 
ments? The  proponents  of  a  Federal  Highway  Commission 
have  never  voted  to  chan.ge  the  existing  plan  of  co-operation. 
What  they  have  agreed  upon  is  the  wisdom  of  converting  the 
Bureau  of  Public  Roads  into  an  independent  department. 

Secretary  Houston  next  proceeds  to  defend  the  work  thus 
far  done  by  the  Bureau  of  Public  Roads,  but  it  needs  no 
defense.  Our  contention  is  that  the  bureau  has  grown  so 
large  and  its  work  has  become  so  important  that  it  should  no 
longer  remain  under  the  general  supervision  of  a  secretary 
of  farms.  Such  a  secretary  necessarily  has  neither  technical 
nor  administrative  knowledge  of  a  kind  that  makes  him 
highly  efficient  as  the  head  of  a  great  highway  department. 
He  points  to  the  fact  that  he  has  selected  one  of  the  most 
capable  of  state  highway  engineers  as  the  head  of  the  Bu- 
reau of  Public  Roads;  but  one  naturally  asks  why  a  man 
of  such  outstanding  ability,  both  as  an  administrator  and  as 
an  engineer,  should  be  held  in  subordination  to  any  secre- 
tary of  agriculture.  If  the  bureau  were  insignificant  in  size 
and  importance,  it  might  be  well  to  continue  it  as  a  bureau. 
Nearly  every  one.  save  the  secretary  of  agriculture,  realizes 
that  the  Bureau  of  Public  Roads  has  already  evolved  into  a 
department  that   should  function  separately. 

Secretary  Houston  even  goes  so  tar  in  his  search  for  argu- 
ments as  to  speak  of  the  added  expense  of  having  five  federal 
highway  commissioners,  each  at  $10,000  a  year.  As  for  our- 
selves we  doubt  the  wisdom  of  having  more  than  one  com- 
missioner, but  if  there  were  even  10  at  $10,000  each,  their 
salaries  would  be  only  a  trifle  compared  with  the  total  an- 
nual expenditures  to  be  made  for  roads  by  the  government. 

Secretary  Houston  raises  the  question  of  legal  complica- 
tions that  might  ensue  were  the  Bureau  abolished.  He 
doubts  whether  the  states  would  quickly  change  their  laws 
so  as  to  provide  for  state  co-operation  with  a  Federal  High- 
way Cpmniission.  If  it  should  prove  legally  impracticable 
to   continue    the   present    co-operation    between    federal    and 
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-state  governments  without  a  change  of  state  laws  to  cor- 
respond with  the  proposed  cliange  in  federal  road  laws,  then, 
pending  such  changes  in  state  road  laws,  the  Bureau  of  Puh- 
lic  Roads  should  be  kept  in  existence  for  a  few  years.  But 
a  Federal  Highway  Commission  or  Department  should  be 
created  at  once,  and  it  should  be  assigned  such  functions  of 
the  Bureau  of  Public  Roads  as  could  be  assigned  without 
interfering  with  co-operation  under  existing  state  laws.  This 
might  cause  some  complication  and  added  expense  during  the 
transition  period  of  about  two  years.  Certainly  no  such  tem- 
porary trouble  should  be  allowed  to  stand  in  the  way  of  a 
permanent  betterment. 

The  Secretary  closes  his  argument  with  the  bugaboo  ques- 
tion: "Why  at  this  stage  introduce  complications  and  em- 
barrassments'" The  answer  is  that  the  embarrassments 
will  be  mainly  imaginary  and  that  the  complications  will  be 
wholly  temporary,  whereas  the  resulting  gains  will  be  en- 
tirely real  and  permanent. 


Is  Experimenting   With   New  De- 
signs of  Pavements  Justifiable? 

A  reader  suggests  that  we  comment  editorially  upon  the 
waste  of  public  money  in  repeating  experiments  with  pave- 
ments.    He  says: 

"The  method  of  today  in  highway  departments  seems  to 
consist  principally  of  experimenting  with  experiments  that 
have  already  been  experimented  with  to  the  detriment  of  the 
pocUethook  at  large  and   to  the  highways  in  general. 

"When  one  political  regime  is  in  power,  with  its  partic- 
ular appointees,  road  construction  is  approached  from  the 
lieginning  and  various  types  of  construction  tried  out.  .^bout 
the  time  the  highway  and  paving  problem  has  been  solved 
by  this  particular  administration,  election  conies  along  and 
a  new  set  of  officials  tackle  the  highway  problems  without 
regard  to  past  experiments,  go  all  over  the  same  ground, 
taking  about  the  same  length  of  time  a.::  their  predecessors 
and  then  comes  another  election  and  so  on.  ad  infinitum. 

"There  are  standard  types  of  street  pavements  and  of 
country  roads  that  have  proved  their  worth  by  40  years  of 
service  under  all  types  of  traffic.  Why,  then,  do  communities 
persist  in  the  search  for  an  impossible  Elysium  branded  as 
•permanent'  when  every  sane  person  knows  that  there  is 
no  material,  not  even  steel,  that  will  last  forever?" 

Our  correspondent  himself  indicates  one  of  the  reasons 
why  experiments  are  so  often  repeated,  namely  our  elective 
system  that  results  in  frequent  changes  of  highway  person- 
nel. Another  cause  of  frequent  change  is  the  inadequacy 
of  salaries  paid  to  city,  county  and  state  engineers  and  other 
public  officials.  Finall.\.  there  is  not  enough  co-operation 
among  highway  departments.  Ijotb  in  conducting  experiments 
and  in  making  the  result.^  a\ailable  to  all  highwa,\-  engineers. 

While  it  is  true  that  there  are  "standard  types"  of  pave- 
ments that  have  demonstrated  their  merits  for  many  years, 
the  need  of  experimenting  with  pavements  will  never  cease; 
for  not  only  may  good  types  be  improved,  for  a  given  traffic, 
but  traffic  conditions  are  changing  to  such  an  extent  that  the 
design   of  pavements  must  be   modified. 

In  experimenting  with  new,  or  even  with  slightly  modified, 
designs,  it  is  a  good  economic  rule  to  make  the  early  experi- 
ments on  a  relatively  small  scale.  Engineers  have  often  de- 
parted from  this  rule,  but  usually  to  their  sorrow.  It  is  not 
necessary  to  build  a  hundred  miles  or  even  one  mile  of  road 
of  new  design  to  test  its  economic  merits.  A  fraction  of  a 
mile  of  road,  carefully  studied  over  a  period  of  years,  will 
usually  serve  as  well  for  test  purposes  as  if  it  were  a  hun- 
dred times  longer.  Then  if  a  large  number  of  short  test 
stretches  are  laid  upon  difterent  soils  and  for  different  densi- 
ties of  traffic  and  if  careful  maintenance  costs  of  each 
stretch  are  kept,  valuable  information  is  secured  at  relatively 
slight  cost. 

Some  engineers  are  so  conservative  that  they  make  no 
tests  at  all.  "letting  well  enough  alone."  Other  engineers  go 
to  the  other  extreme,  and  are  easily  persuaded  to  build 
many  miles  of  roads  that  are  really  experimental  In  ibe 
latter  case,  they  usually  think  that  no  experiment  is  involved 
because  somewhere  a  similar  road  has  been  in  use  a  year  or 
two  and  has  apparently  given  satisfaction.  They  fail  to 
realize  that  "satisfaction"  for  a  short  period  may  turn  into 
dissatisfaction   over    a    long    period,   and    that    "satisfaction" 


under  light  traffic  may  become  "disgust"  under  a  somewhat 
heavier  traffic. 

Conservation  in  adhering  to  types  and  designs  of  proved 
merit  is  usually  regarded  by  inventive  minds  as  being  old 
fogeyism:  hut  it  Is  not  old  fogey  ism  unless  it  is  carried  to 
the  extreme  of  refusing  to  experiment  at  all.  A  first-class 
administrator  is  constantly  experimenting,  but  he  does  it 
"on  the  side"  or  in  a  small  way.  An  inventor  often  makes  a 
very  poor  executive,  not  only  because  he  is  apt  to  make 
changes  continuously,  but  because  the  changes  are  of  a 
wholesale  character. 

Mark  Twain's  biographer  says  that  Twain  lost  a  fortune 
through  "backing"  an  inventor  of  a  typesetting  machine.  The 
machine  tliat  he  had  was  a  success,  but  be  kept  changing  it. 
always  deferring  putting  it  on  the  market  till  he  had  com- 
pletely "perfected"  it.  Finally  another  inventor,  .\lergen- 
thaler  put  his  still  imperfect  machine  on  the  market,  and 
the  inventor  for  whom  Mark  Twain  was  the  "angel"  lost  his 
golden  opportunity. 

There  is  no  such  thing  as  perfection  in  the  field  of  eco- 
nomics. Hence  the  never-ending  effort  to  reduce  unit  costs. 
Hence,  also,  the  wisdom  of  continuing  to  use  that  which 
has  been  shown  to  lie  good,  while  experimenting  on  a  mod- 
erate scale  with  that  which  promises  to  be  better. 

The  Up-to-Date  Drafting  Room 

To  Dip  Editor;  Few  realize  the  progress  whicli  drafting 
ha.'-  made  in  the  last  generation.  Even  in  engineering  cir- 
cles the  work  does  not  receive  proper  consideration.  Thirty 
years  ago  the  drafting  and  construction  work  went  hand- 
in-hand.  In  other  words,  the  designing  and  planning  was 
not  nsarly  so  important  a  functi<'n  as  it  is  toda.\.  Projects 
now  are  thought  out,  designer  and  planned  in  every  detail 
and  carefully  estimated  before  ))roceeding  with  construc- 
tion. This  is  why  drafting,  which  is.  properly  speaking,  en- 
giiieoiing.  has  become  such  a  highly  developed  art,  requir- 
ing an  imr.iense  amount  of  technical  knowledge  and  prac- 
tical experience. 

Inafting  is  not  a  trade  as  it  was  so  considered  years  ago, 
because  it  is  not  phvsical  labor  so  much  as  it  is  mental 
Therefore  drafting  is  actually  a  profession,  regardless  of 
the  fact  that  practically  all  draftsmen  are  employed  and 
not  in  Inisiness  for  themselves.  The  profession  of  draft- 
in'4  sliould  not  be  separated  from  engineering  because  it  is 
the  engineering  profession  just  as  much  ■s  is  the  work  of 
construction.  It  is  imfortunate  that  the  relation  of  draft- 
ing »o  engineering  is  not  better  understood  by  engineers 
and  draftsmen  and  the  public.  It  is  a  great  mistake  for  any 
out'  In  think  that  drafting  is  a  menial  occupation  or  is  the 
unimportant  i)art  of  engineering.  Drafting,  considered  as 
a  whole,  is  tl'.e  most  important  part  of  engineering  for  it 
is  in  the  preiiaration  of  the  design  and  detail  drawings 
that  the  economy  of  the  whole  scheme  or  structure  is  de- 
termined. It  is  the  work  in  the  drafting-room  that  decides 
the  success  oi    failure  of  most  all  engineering  jirojects. 

In  order  then  to  correct  the  n:isunderstanding  aiul  avoid 
the  existing  confusion  regarding  the  draftsman  and  his 
v.ork.  the  word,  draftsman,  and  drafting-room,  had  better 
be  (>liminated  Every  one  recognizes  a  designer  or  capable 
dr:Utsman  as  being  an  engineer,  so  wh.\  not  call  them  engi- 
iicprs'  Likewise  tlie  drafting-room,  the  engineering  de- 
partment'.' As  it  usually  is  so  st\led  in  most  all  correspond- 
tiue.  This  to  me  seems  the  only  way  to  bring  order  out 
i)f  chaos  and  unity  of  iho'igUt  and  purpose  among  engineers 
and   draftsmen. 

Ihere  is  considerable  discontent  in  the  various  drafting- 
rooms  tlirougliout  the  country  whicli  has  heen  brought 
al)ou!  partly  through  this  inclination  to  separate  the  drafts- 
man trom  the  engineer  an<l  partly  on  accoiinl  of  low  sal- 
aries of  draftsmen  as  comiiared  to  laborers  and  tradesmen. 
Cert;iinlv  it  is  an  unstaljle  condition  when  the  man  who 
possesses  the  intelligence  and  ability  to  design  and  con- 
struct a  machine  receives  a  compensation  freciuently  much 
less  than  the  man  who  merely  operates  the  machine.  Em- 
ployers are  striving  to  eliminate  th-'  causes  of  unrest  among 
tlcir  work. lien  and  this  is  one  which  must  be  considered 
anil  remedied  or  else  these  men  through  their  various  or- 
ganizations, soci -ties  or  unions  which  are  now  developing, 
will  bring  it  forcibly  to  their  attention.  Employers  must 
do  tlieir   part   to  make   the   work  of  their  employes  interest- 
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ing  and  salnrlos  iiro  nol   the  only   tliliif;  in   which  ilraflsnirn 
lire   Interested. 

The  driinin^rooni  must.  Ilrsi  of  nil.  have  the  very  best 
system  of  liglitint;  and  this  should  lie  determined  in  ench 
(larticular  ease  by  nil  expert  in  illiiiiilnalion.  Kreiiuenlly 
dniwinRs  are  made  which  reiiulre  working  to  1  100  In., 
therefore  It  Is  highly  Important  that  tliese  men  have  tho 
very   best    lights   to  avoid   eye   strain. 

ttood  drafting  tables  should  be  provided  and  other  nc- 
eomniodhtions  for  '.he  men  who  are  doing  this  very  im- 
portant work.  There  seems  to  be  n  desire  all  too  friM|iienlly 
to  economize  on  the  drafting-room  equipment,  henc  so  many 
common  board  tables  on  wooden  horses,  which  Is  a  great 
mistake.  The  saving  made  in  the  furniture  and  fittings  is 
lost  many  times  over  throiisih  the  discontent  of  the  work- 
man. Special  instrumerts  and  labor  saving  devices  are 
sometimes  the  means  of  considerable  economy. 

For  general  use  In  an  olfli-e,  where  there  is  a  demand  for 
such  instruments. •  a  pantograph,  plainimeter.  parallel  rule, 
a  set  of  ship  curves,  a  calculating  machine,  etc  .  etc.,  are 
well  worth  the  ■  expense.  In  fact  a  drafting-room  not 
PTulpped  with  these  instruments  and  particularly  with 
drafting  machines,  is  about  as  up-to-date  as  a  large  shop 
without  automatic  cutting  machines  or  an  oxy-acetylene 
welding  outfit. 

Draftsmen  are  too  close  to  the  executives  for  the  latter 
to  allow  a  condition  of  unrest  or  discontent  to  prevail.  Their 
loyalty  on  the  whole  is  without  question  and  since  their 
*-ork  is  so  close  to  the  office  safe,  so  to  speak,  it  is  neces- 
sary that  harmony  exist  between  the  executives  and  the  en- 
gineering department.  Otherwise  the  unrest  may  take  the 
form  of  I.  \V.  W.ism  or  Bolshevism,  which  means  nothing 
less  than  the  destruction  of  all  organized  industry  aiu'.  gov- 
ernment. 

Draftsmen  must  do  their  share  of  the  work  of  putting 
drafting  on  a  plane  commensurate  with  the  dignity  it  de- 
serves, which  is  equal  in  every  way  to  that  which  engineer- 
ing enjoys.  There  is  entirely  too  much  criticism  among 
draftsmen.  Criticism  of  another's  work  is  quite  out  of  place 
unless  it  conies  in  line  with  one's  duty  and  then  it  must 
conform  with  what  is  right  and  iust.  A  great  amount  of 
time  is  spent  by  some  draftsmen  in  talking  about  the  vari- 
ous "jobs"  they  have  held  and  petty  treatment  received. 
If  this  talk  was  properly  directed  towards  raisin.a;  the  stand- 
ard of  the  profession,  instead  of  lowering  the  dignity  of 
the  work  it  would  on  the  other  hand  proportionately  raise 
it.  ".lobs"  and  "wages"  must  be  superseded  by  "position" 
and  "salaries."  Avoid  the  emplovment  agency  as  many  of 
the  best  companies  will  not  take  men  from  any  agency 
which  is  in  business  for  profit.  Join  some  engineering  so- 
ciety which  offers  this  service  or  iise  the  I'.  S.  Employment 
Bureau. 

Draftsmen  should  mix  -jp  more  with  other  people  and  not 
"live  such  narrow  lives,  confined  by  the  four  walls  of  the 
drafting-room.  To  make  yourself  known  and  your  work 
understood  does  not  mean  to  be  domineering  or  arrogant. 
The  dignity  of  engineering  will  be  better  preserved  by  being 
modeit.  but  the  economic  status  is  not  raised  by  hiding  your 
light  under  a  bushel. 

ROBERT   ■W.    SHELMIRE. 
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Activities  and  Aims  of  Engineers 
and  Draftsmen's  Union 

To  the  Editor:  In  view  of  tiie  considerable  discussion  in 
the  past  months  concerning  economic  and  social  phases  of 
the  life  of  engineers  and  draftsmen  and  in  view  of  develop- 
Tnents  along  various  lines  in  attempts  to  better  the  situa- 
tion generally,  it  may  be  of  interest  to  note  tha*  representa- 
tives of  the  International  Federation  of  Engi'-eers  and 
Draftsmen's  Unions  were  given  a  hearing  at  Washington  by 
the  Board  of  Railroad  Wages  and  Working  Conditions  ot 
the  U.  S.  Railroad  Administration.  .May  12  and  13.  In  be- 
half of  engineering  and  architectural  enipoves  in  all  branches 
of  railroad  service,  both  in  field  and  office,  a  brief  was  pre- 
sented to  the  board  and  testimony  given  as  to  its  subject 
matter.  This  brief  embodied  four  principal  suggestions 
■which  we  consider  to  be  of  prime  importance  at  this  par- 
ticular time  of  uncertainty,  and  we  requested  their  adoption 


t'lie  of  these  was  the  request  iluit  in  case  the  widely 
rumored  reduction  of  forces  should  occur  (It  has  already)  a 
system  of  pro  rata  furloughs  should  be  Instituted,  to  affect 
all  emplo.M'S  who  are  classed  as  permanent,  making  it  pos- 
sible for  many  men  to  tide  over  emergency  periods  and  for 
some  to  use  theii-  off  time  to  find  permanent  location  else- 
where. These  latter  would  naturally  be  taken  from  the  rolls 
and  thus  aiitomatlcallv  reduce  the  pro  rata  lay  off  for  the 
ri'inaiiKlir. 

When  this  method  was  suggested  in  our  organization  for 
the  ship  yard  draftsmen  it  was  approved  by  them  almost 
wit  bout  exception  as  preferable  either  to  flat  discharge  or 
jiraclically  enforced  acceptance  of  lower  ratings. 

A  further  request  was  for  the  establishment  of  regulatory 
committees  to  be  composed  of  the  more  responsible  technical 
supervisors  and  representatives  of  the  managing  officials. 
Such  committees  by  applying  the  schedule  and  budget  prin- 
ciple to  work  which  is  to  cover  somewhat  lengthy  periods 
could  greatly  reduce  the  tendency  of  railroad  work  to  go 
by  fits  and  starts,  and  be  of  great  value  in  breaking  the  dis- 
ruptive force  of  periods  of  financial  depression.  The  fact 
that  projected  railroad  construction  and  the  men  at  work 
on  it  usually  feel  the  first  effects  in  times  of  stringency 
hardly  needs  repeating,  but  the  fact  of  continual  danger  in 
breaking  up  field  and  office  organizations  and  throwing  the 
men  into  the  market  to  compete  against  and  under  cut  those 
loft  at  work  anywhere  in  the  country  warrants  frequent 
repetition. 

-Any  abrupt  and  continued  cessation  of  plan-making  by 
engineers  and  architects  is  bound  to  have  result-s  reaching 
tar  out  into  labor  and  business  fields.  Mines,  factories  and 
endless  industries  feel  the  bad  effect,  and  it  is  this  which 
we  hope  to  minimize  through  the  policies  outlined. 

The  third  point  of  the  brief  was  the  creation  of  office 
committees,  similar  to  those  in  many  industries,  which  will 
put  into  operation  the  classification  of  technical  employes 
and  the  standardization  of  their  positions,  so  far  as  may  be 
accomplished.  It  was  suggested  that  machinery  be  adopted 
for  this  purpose  similar  to  that  instituted  by  the  Macy 
Board  in  the  private  and  government  ship  yards.  In  this 
way  matfers  of  classification  and  the  adjustment  of  'differ- 
ences are  taken  up  with  supervisors  and  department  heads 
of  managing  officials  and  in  rare  cases  of  special  difficulty 
with   a   regional   examiner  appointed   by   the   board. 

And,  finally,  there  was  presented  the  following  salary 
schedule,  which   we  feel  is  very  moderate: 

MINI.VIUM  SCALE. 

Minimum 

salaries 

per  month. 

Chief  draftsman  $300.00 

Leading  draftsman  or  siiuad-man   250.00 

Draftsman,  Cla.«s  A    210.00 

Draftsman,  Class  B  ITSioO 

Draftsman.  Class  C   1S5.00 

Tracer.   Class  A   125.00 

Tracer.  Class  B 75.00 

-Vssistant  engineer  (or  cnvinee;-  inspector)   250.00 

.Assistant  inspector.  ''h'S  :  a 200  00 

-As.si.stant  inspector.  Class  B   , 150.00 

Instrunientnian   210.00 

Rodman.  rias.s  -A    175.00 

Rodman.  Class  B   1.50.00 

Tapeman.  Class  -V  125.00 

Tai)etnan,  Class  B   : 100.00 

Regular  hours  to  be  'V2  hours  on  five  days  of  the  week 
and  four  hours  on  Saturday,  making  411/2  hours  per  week. 

Xo  overtime  except  where  absolutely  necessary,  and  at  the 
option  of  the  employes,  and  time  and  one-halt  for  all  over- 
time ordered  or  made  necessary. 

All  traveling  and  other  expenses  incurred  for  railroad 
business,  and  also  expenses  attached  to  moving  headquar- 
ters, allowed. 

Civil  service  rules  to  apply  regarding  vacation,  holiday 
and  sick  leaves. 

No  salaries  now  in  existence  to  be  reduced. 

This  schedule  is  slightly  lower  than  that  of  the  Macy 
Board  award  to  marine  draftsmen  and  it  is  certainly  small 
when  compared  with  the  more  than  Itm  per  cent  increase  in 
living  costs  in  the  last   .5  years 

It  may  be  news  to  many  of  your  readers  that  2'<  locals 
were  represented  in  the  convention  of  our  international  In 
New  York  on  April  1st.  This  is  a  comparatively  young 
organization  ani  is  rapidly  expanding  in  the  United  States, 
Canada   and   Central  America. 

Publicity  Committee  Draftsnifru's  and  Designers'  Union, 
Local  14.  Chicago. 
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cago  local  of  the  above  mentioned  union  it  i-;  stated  that  the 
International  Federation  had  over  .o.OilO  members  in  25  locals. 
The  Chicago  local  alone  had  over  700  members.  The  follow- 
ing is  quoted  from  the  circular.] : 

"During  the  last  few  years,  technical  engineering  organi- 
zations have  come  into  existence,  having  for  their  announced 
aims  and  purposes  the  economic  betterment  and  welfare  o£ 
technical  men.  Our  technical  journals  are  publishing  many 
articlts  bearing  on  this  subject.  Even  the  older  purely 
technical  and  scientific  societies  had  begun  to  recognize  the 
great  need  for  concerted  economic  activity.  But  the  lament- 
able situation  disclosed  at  the  hearing  (of  .March  31.  1919j 
before  the  government  wage  board  clearly  shows  that  these 
types  of  organization  are  not  so  constituted  as  to  attain  those 
announced  aims.  In  our  opinion,  if  an  organization  is  to 
succeed  in  being  of  real  benefit  to  the  rank  and  file,  two 
things  are  imperative.  First,  the  constitution  of  such  an 
organization  must  be  so  drafted  that  its  control  will  never 
fall  into  the  hands  of  men  whose  interests  are  not  tound  Uj) 
in  its  success,  for  it  is  obvious  that  if  its  officers  are  men  of 
independent  means,  there  will  lie  no  assurance  that  the  suc- 
cess or  failure  of  the  organization  will  be  vital  to  them; 
second,  the  organization  must  have  the  backing  of  a  large 
body  of  organized  workers  to  give  it  force. 

"As  to  the  first  requirement,  the  men  in  the  rank  and  file 
who  have  been  able  to  read  the  full  proceedings  before  the 
wage  board  are  firmly  convinced  that  what  we  most  feared 
has  happened  to  the  very  organization  we  expected  most 
from,  namely,  the  control  has  paf'sed  to  the  higher-ups,  and 
is  being  used  more  in  their  interest  than  ours. 

"Wherefore,  many  of  us  have,  in  the  quoted  words  of  Mr. 
Dermody.  looked  into  it  for  ourselves,'  with  the  result  that 
this  first  requirement  is  met  by  the  organization  of  an  In- 
ternational Federation  of  Draftsmen's  Unions,  whose  con- 
stitution is  so  drafted  that  its  control  must  always  remain 
in  the  hands  of  men  who  depend  upon  their  salaries  for  a 
living:  and  the  second  requirement  is  now  fulfilled  through 
the  affiliation  of  our  union  with  the  American  Federation  of 
Labor  under  a  charter  giving  jurisdiction  covering  engineer- 
ing and  architectural  workers  in  field  and  office." 


Use   of   Calcium  Chloride  as  Dust 
Preventive  on    Gravel  Roads 

The  Connecticut  Higliway  Commission  has  obtained  excel- 
lent results  from  the  use  of  calcium  chloride  as  a  dust  pre- 
ventive on  gravel  roads  passing  through  sprasely  settled 
sections.  The  methods  employed  in  making  the  applica- 
tions are  described  by  Mr.  W.  Leroy  Ulrich.  Superintendent 
of  Repairs,  of  the  State  Highway  Commission,  in  Public 
Roads,  from   which  the  matter  following  is  abstracted: 

The  material  is  put  up  in  metal  drums,  holding  about  3.50 
lb.  per  drum,  and  costs  at  the  present  time  between  |20  and 
$30  per  ton  at  the  point  of  shipment.  The  price  varies  with 
the  amount  purchased.  The  drums  will  be  painted  by  the 
shippers  without  extra  charge  if  requested.  If  this  is  done, 
material  may  he  stored  for  future  use  in  any  reasonably  dry 
place.  If  it  is  not  done,  the  drums,  being  very  light-gauge 
material,  quickly  rust  out,  exposing  the  chloride  to  the  air, 
from  which  it  immediately  attracts  moisture  and  solidifies,  in 
which  form  it  is  very  expensive  to  handle.  If  properly  sealed 
and  handled,  when  the  drum  is  opened  it  will  roll  out  in  the 
form   of  kernels  about  the  size  and   appearance   of   popcorn. 

In  order  to  obtain  the  best  results  the  surface  of  the  road 
to  be  treated  should  be  kept  in  shape  by  the  use  of  a  drag 
for  about  two  weeks  previous  to  the  application  of  the  ma- 
terial This  will  insure  proper  cross  section  and  a  reason- 
ably smooth  surface  for  receiving  the  material.  The  appli- 
cation may  be  made  by  laborers  spreading  with  shovels,  but 
this  is  not  satisfactory  on  long  sections  as  it  is 
too  slow  and  expensive.  A  uniform  distribution  can 
not  be  obtained  by  this  method.  Any  ordinary  lime  sower 
will  spread  the  chloride,  but  it  is  economical  to  purchase  a 
special  machine  for  this  purpose.  These  machines  may  be 
purchased  in  different  widths  for  use  with  a  single  horse  or 
a  pair. 

In  making  application  with  the  use  of  horses  the  drums  are 
distributed  along  the  road  at  regular  intervals,  one  at  a 
point  if  fl  narrow  machine  is  used,  and  two  if  the  wider.  The 
necessary  interval  is  determined  by  the  amount  of  material 
to   be   annlied       About    IVo    lbs.   ner  sauare   vard   is   necessarv 


for  the  lirst  application,  whJcli  should  be  followed  by  a  .sec- 
ond treatment  at  1  lb.  per  square  yard.  The  interval  be- 
tween applications  depends  upon  the  quality  and  condition 
of  the  surface  on  which  the  nuiterial  is  spread  and  the  char- 
acter and  volume  of  the  traffic  carried.  Under  moderate 
traffic  a  good  surface  would  not  recjuire  more  than  two  ap- 
plications per  year:  under  heavy  traffic  three  may  be  neces- 
sary. The  best  results  are  obtained  if  the  material  is  spread 
on  tlie  road  after  a  rain,  when  it  is  wet,  as  a  better  penetra- 
tion is  obtained  at  this  time. 

In  making  an  application  with  a  2-horse  nuichine  with  a 
spread  of  10  ft.,  two  drums  are  distributed  every  220  ft. 
This  machine  will  hold  the  contents  of  two  drums  and  after 
filling  is  run  up  one  side  and  down  the  other  and  then  up 
the  middle  of  the  road,  stopping  at  the  point  where  the  next 
two  drums  have  been  placed.  This  applies  a  little  less  than 
1  111.  per  square  yard  on  each  edge  of  the  road  and  nearly  2 
lb  on  the  center  10  ft.  This  method  has  proven  more  satis- 
factory than  making  an  even  distribution  over  the  entire  sur- 
taie.  The  same  method  may  he  followed  with  the  one-horse 
machine. 

In  order  to  eliminate  the  necessity  for  the  distribution  of 
the  dnuns.  th.e  machine  may  be  hauled  behind  and  fed  di- 
rectly from  an  automobile  truck.  Kighteen  drums  may  be 
carried  on  a  3-ton  truck,  which,  running  continuously  in  one 
direction,  will  cover  one  width  for  about  6,2O0  ft  Three 
trips  will  complete  the  treatment  of  this  length  of  road.  This 
has  proven  a  little  more  economical  than  distributing  the 
ilruiiip  ami  spreading  with  horses. 

I  luring  the  handling  of  the  material,  all  workmen  should 
wear  rubber  boots,  as  the  chemical  action  of  the  chloride  is 
very  detrimental  to  leather.  It  is  also  well  to  provide  cotton 
gloves,  otherwise  the  hands  will  soon  become  sore.  The 
hoofs  and  hocks  of  the  horses,  which  are  working  on  the 
distributor,  should  be  cleaned  and  greased  night  and  morn- 
ing. After  the  chloride  is  melted  on  to  the  surface  of  the 
lo.id.  it  will  not  cause  injury  to  horses  or  to  automobile  tires. 

I'roper  application  of  calcium  chloride  results  in  a  smooth 
and  practically  dustless  surface,  making  a  road  with  almost 
ideal  riding  qualities.  While  not  considered  as  a  binder  this 
treatment  does  toughen  the  surface,  making  it  less  liable  to 
ravel.  f)ne  of  the  great  advantages  of  roads  treated  in  this 
manner  is  the  ease  with  which  the  resulting  surface  may  be 
maintained.  All  that  is  required  is  a  light  dragging  at  in- 
tervals in  order  to  keep  the  surface  smooth.  On  account  of 
the  moisture  held  in  the  surface  this  may  be  done  whenever 
necessary  without    waiting  for  a   rain. 

The  surface  of  most  gravel  roads  softens  uj)  in  the  spring 
wlien  the  frost  is  leaving  the  groimd  and  the  calcium  treat- 
ment does  not  overcome  this  condition.  The  results  in  Con- 
necticut show  that  the  treated  roads  do  not  mud  up  any 
more  than  untreated  roads  of  the  same  quality  and  not  as 
much  as  roads  of  this  quality  which  have  been  treated  with 
a  nonasphaltic  oil.  The  continued  use  of  chloride  has  an 
accumulative  effect.  After  two  or  three  years,  with  two  ap- 
plications per  year,  the  effect  of  the  material  is  plainly  no- 
ticeable in  the  spring,  after  the  road  has  settled. 

During  the  year  of  191S,  with  labor  at  approximately  $2.7.5, 
teams  at  $7  .50,  3-ton  trucks  at  $2.5.  the  cost  of  this  treatment 
in  I'onnecticut  per  square  yard  per  year  (two  applications) 
lias  been  $().0';i.  divided  as  follows:  Chloride  $0,026.  han- 
dling and   application  $0,005. 


Highways  Most  Be  Built  to  Sustain  Motor  Truck  Traffic. 
—The  use  of  the  motor  truck  has  exceeded  all  prophecies. 
The  war  has  given  it  its  place.  It  is  a  means  of  transporta- 
tion co-ordinate  with  train  and  l)oat.  Highways  must  be 
built  to  sustain  it.  In  each  of  our  three  jirevious  reports  we 
have  plead  for  the  building  of  more  durable  types  of  pave- 
ment We  now  have  in  this  state  1,200  miles  of  durable 
l)avement  of  the  concrete,  brick,  asphalt  bIo<-k,  etc.,  types. 
as  distinguished  from  the  less  durable  waterbound  mac- 
adams, ►'tc  Henceforth,  except  in  unusually  isolated  com- 
luuuities  the  durable  type  will  be  the  only  economical  type 
Till-  higher  first  cost  of  the  former  will  be  offset  in  a  very 
few  years  by  the  higher  maintenance  cost  of  the  latter  under 
heavy  traffic.  There  is  no  further  excuse  for  building  semi- 
iliirable  pavements  in  or  near  settled  districts.  Their 
"cheapness"  has,  with  the  advent  of  the  motor  truck,  become 
extravagance.— From  the  last  annual  report  of  H.  K.  Breed. 
I-iist   Deputy   Highway  Commissioner  of  New   York  State. 
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Highway  Transport  Knj^iiioorin^:  A 
Now   Field  for  Kn^iiieors 

Tlii  I  liiliil  Suiii's  is  fiKt  line  ii(uiii  a  iiiriiul  of  plii'iumii'iial 
expiinslon  <if  hishwiiy  iniprovcipciii  miil  iiiotor  liiiiispDrt. 
This  country  hiis  wllnessftl  ii  niplil  kiowiIi  In  th,'  ullllziillon 
c'f  the  motor  vehlilo  as  i'-.tlkaU'd  hy  a  roKist ration  of  IL'.'i.dtiO 
motor  vebiclos  in  lUiKS  ami  O.UC.f.i:  in  liHS.  While  In  liios. 
a  motor  trncU  was  raroly  seen  on  Amerlenn  hiKhways,  In 
li'IS  not  less  than  f.on.nno  were  in  use  In  the  Initetl  Slai.s, 
motor  tniclis  oonstitiilinK  from  lo  to  20  percent  of  the  ri'K- 
istered  motor  vehicles  in  the  several  states.  niKhway  Im- 
provement lius  not  kept  pace  with  the  incn-ase  in  the  iiiili/.a- 
Hon  of  motor  vehicles.  The  fundamental  basic  axiom  that 
economic  hiphway  transport  is  Impossllile  without  .sood  roads 
should  he  fully  recognized.  A  rt  view  of  the  present  status 
of  highway  Improvement  in  the  I'nited  Stales  Indicates  that 
there  are  about  I'.r.dO.tiuO  miles  of  rural  highways:  that  12 
percent  are  classihed  as  improved:  and  that  about  one- 
lourth  of  1  percent  are  suitable  for  tniiik  lii>;liway  motor 
truck  trallic. 

The  human,  economic  and  social  forces  working  for  the 
improvement  of  highways  and  motor  transport  development 
in  the  I'niied  States  are  of  such  powerful  character  that 
nothing  can  permanently  restrict  progress  in  the  construction 
of  good  roads  -ind  the  growth  of  highway  transport.  Through 
no  other  agencies  is  it  practicable  to  stabilize  urban  and  rural 
development,  to  apprecia'-dy  reduce  the  high  cots  of  living 
as  far  as  food  stuffs  are  concerned,  to  bring  the  producer 
and  consumer  into  close  contact,  and  to  solve  some  of  the 
vital  labor  problems. 

In  his  presidential  address  May  H  at  the  annual  meeting 
of  the  National  Highway  Traffic  Association.  Mr.  Arthur  H. 
BJanchard.  consulting  engineer,  pointed  out  that  this  devel- 
opment of  highway  transportation  has  created  a  demand  for 
men  having  knowledge  of  and  trained  in  a  new  technical 
field,  which  he  designated  as  highway  transport  engineering. 
Mr.  Blanchard  outlined  this  new  field  as  follows:  Funda- 
mentally, this  br-inch  of  engineerin.s  deals  with  the  science, 
art.  economics  and  business  of  highway  transportation  of 
passengers  and  commodities.  In  the  opinion  of  some,  high- 
way transport  may  not  be  considered  as  belonging  to  the 
field  of  technical  training  and  education.  On  sober  thought, 
however,  it  will  be  seen  that  this  branch  of  knowledge  conies 
well  within  the  classic  definition  of  engineering  embodied  in 
the  Royal  Charter  of  the  Institution  of  Civil  Kngineers  of 
Great  Britain,  which,  in  part,  is  as  follows:  'The  art  of 
directing  the  great  sources  of  power  in  nature  for  the  use 
and  convenience  of  men  as  the  means  of  production  and  of 
traffic  in  states  both  for  external  and  internal  trade." 

The  breadth  of  training  for  this  branch  of  engineering 
should  be  far  more  comprehensive  than  has  been  considered 
essential  for  many  technical  branches.  Breadth  of  knowl- 
edge is  essential,  as  the  highway  transport  engineer  must, 
in  many  fields,  deal  with  social  and  economic  conditions  and 
must  always  have  before  him  the  fundamentals  of  sound 
business  methods. 

Comprehensive  courses  in  highway  transport  engineering 
to  be  offered  by  educational  institutions  should  include  the 
following  basic  fundamental  subjects:  Economics,  political 
economy,  social  science,  business  and  contract  law.  scientific 
management,  business  organization,  cost  accounting,  inter- 
state commerce,   marketing  and  distributing   systems. 

The  highwav  transport  engineer  or  manager  should  have 
a  knowledge  of  all  of  the  following  special  subjects: 

History  of  American  transportation  and  rural  development. 
English  highway  transport  methods  and  legislation.  Inter- 
relationship of  highway,  railway  and  waterway  transporta- 
tion including:  Intluencing  factors  of  distances,  rates,  kinds 
of  freight,  equipment.  Port,  terminal  and  warehouse  fa- 
cilities. Interrelationship  of  highway  transport,  good  roads 
and  rural  development  'Back  to  the  Farm"  movement, 
which  is  a  function  of  three  fundamentals,  namely,  building 
systems  of  good  roads,  utilization  of  highway  transport,  and 
establishment  of  economic  distribution  from  producer  to 
consumer. 

American  highway  traffic  legislation:  National,  state, 
county,  township  and  municipal  laws,  licenses,  taxes  and 
traffic  regulations,  especially  those  covering  speeds,  weights 
and  dimensions  of  motor  trucks,  trailers  and  motor  busses. 


Fundamcninis  of  highway  enginciiiug  affecting  economic 
lil^hway  transport  Including:  Administration  of  highway  de- 
liartnients;  highway  systems:  locitlon,  drainage,  foundations, 
grades,  curves,  width  and  shoulders  of  highways:  character- 
istics of  (liflert  nt  kinds  of  roadway  with  particular  reference 
lo  traction:  snow  removal:  guard  rails,  culverts  and  bridges; 
highway  signs, 

.\)n<'rlcan  highway  transport  m(>thods:  Comparison  of 
horse  and  motor  transpoit,  municipal  haulage,  jnuuicipal  de- 
livery systems  store  door  delivery,  inter-city  haulage,  long 
and  .-!horl  haulage  outside  of  cities,  rural  motor  express,  re- 
turn loads  bureaus,  motor  truck  parcel  post,  plant  and  factory 
haulage,  army  transport  methods,  horse  transportation 
Mifthods.  EMU  lent  methods  of  packing,  handling,  loading  and 
unloading  raw  and  manufactured  materials.  Highway  trans- 
port management.  Fundamentals  of  cost  of  highway  trans- 
[lort.  Cost  and  record  systems.  Organization  of  motor  haul- 
.ige  (ompanies      Labor  for  highway  transport. 

Motor  truck,  motor-bus.  tractor  and  trailer  mechanism, 
operation,  inspection,  maintenance,  repairs  and  cost  data. 
.\daptabilltv  of  different  types  of  trucks  and  bodies.  Dis- 
advantages of  overloading  and  overspeeding.  Economic 
utilization  of  tractors  and  traile's.  Garages:  Accessories, 
such  i;s  I  Ires,  fuels,  lubricants  and  mechanical  devices. 

Transportation  surveys,  being  investigations  of  highway 
routes,  highway  transport  legislation,  traffic  regulations,  rural 
and  urban  transportation  opi)ortunities.  competing  carriers 
including  railway,  waterway  and  other  highway  transport 
tacilities.  and  all  othei'  factors  which  may  affect  the  trans- 
portation business  which  it  is  intended  to  establish. 


Operating  Cost  of  Truck  and  Trailer 

For  several  years  the  Kern  County  Land  Co.  has  been  em- 
ploying trucks  and  trailers  for  handling  wheat  from  its  20,000 
acre  field  to  Bakersfield.  Calif.,  20  miles  away.  The  sacked 
wheat  is  carried  from  the  field  in  mule  drawn  wagons  and 
piled  beside  the  road.  It  is  then  lifted  into  the  trucks  by 
an  automatic  loader.  The  company  employs  eight  3-ton 
trucks  with  :i-ton  trailers.  The  trucks  carry  an  average  load 
of  from  b  lo  51/0  tons  and  the  trailers  from  oVa  to  6  tons. 
The  following  figures  from  The  Commercial  Vehicle  show 
the  operating  cost  for  one  of  the  3-ton  Packard  trucks  and 
•i-ton   I-«heeI  trailer  for  an   IS  month  period: 

Ca.ooline     $    827 

"il     36S 

Kej}airs     I.i;i2 

Tires    459 

1  >river     2,241 

'."olal    $5,028 

Tciial  miles  22,454 

Tons    h.-uiled     7.102% 

Ton  mile.s    93,337 

The  average  operating  cost  per  mile  was  22.4  ct.  and  the 
average  operating  cost  per  ton  mile  was  5.39  ct.  The  above 
figures  do  not  include  the  cost  of  garaging,  insurance,  in- 
terest on  investment,  depreciation,  overhead,  taxes  and  li- 
censer. It  also  should  be  noted  that  the  3-ton  truck  when 
fully  loaded  carried  from  5  to  514  tons  and  that  the  four- 
wheeled  trailer  carried  oi/z  to  6  tons.  It  should  also  be  borne 
in  mind  that  automotive  bucket  t\  pe  elevators  were  em- 
ployed to  load  the  sacks  of  wheat  from  the  ground  onto  the 
truck  body.  The  use,  of  this  labor-saving  equipment  naturally 
permitted  the  trucks  to  be  loaded  more  quickly  than  would 
have  hern  the  case  were  they  loaded  entirely  by  hand.  The 
good  condition  of  the  California  roads  in  the  vicinity  of 
Bakersfield  and  to  the  company's  warehouse  18  to  20  miles 
away  also  have  an  important  bearing  on  the  cost  figures. 

AVith  :'ll  of  these  conditions  in  mind  it  is  interesting  to 
note  that  ihc  trucks  averaged  approximately  1.247  miles  a 
month  and  handled  on  the  average  395  tons  a  month.  For 
a  2fi-working  day  month,  this  gives  an  average  of  15  tons 
moved  dailv,  the  main  proportion  of  which  was  sacked  wheat 
carried  from  the  field  to  the  company's  warehouse.  Except 
when  fuel  and  other  supplies  used  in  the  field  were  carried 
the  trucks  ran  back  to  the  fields  empty. 


Cost  of  Road  Surveys  and  Plans. — During  the  period  Oct. 
1.  li'l<;.  to  Sept.  30.  191S.  the  State  Road  Department  of 
Florida  made  surveys,  plans,  specifications  and  approximate 
estimates  for  6'6  road  improvements,  aggregating  S03.7  miles. 
The  cost  was  $9,475,  or  $11.79  ner  mile. 
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Trucks  and  Trailers  in  City  Hauling 

By  using  trucks  and  trailers,  a  Boston  liaulage  firm  in 
three  years  has  tripled  the  tnnnase  handled  by  it.  This  firm, 
Youlden.  Smith  &  Hopkins,  established  its  business  with  two 
horses  and  a  capital  of  about  $r>iio  in  1891.  The  company 
was  headed  by  men  who  were  progressive  and  who  worked 
hard  to  secure  the  best  customers  in  the  city.  These  cus- 
tomers were  secured  by  personal  solicitation  and  by  adver- 
tising in  the  daily  newspapers.  After  securing  this  class  of 
business,  the  company  w^as  able  to  retain  it  by  doing  its  ut- 
most to  please  and  to  give  the  service  desired,  the  outcome 
of  which  was  the  customer  continued  to  deal  with  the  com- 
pany exclusively. 

In  addition  to  operating  the  business  on  such  a  basis,  the 
company  always  made  it  a  point  to  see  to  it  that  its  activities 
grew  as  rapidly  as  those  of  its  customers.  That  is.  as  the 
business   of   the    customer    increased,    the   team    ow'ner    pur- 


Truck  and   Trailer  Outfit   of   Youlden,   Smith  *&   Hopkins  Co. 

-chased  new  equipment  and  saw  to  it  that  ii  always  had 
adequate  facilities  to  handle  the  additional  business.  In  other 
words,  the  teamster  grew  with  his  customers. 

The  business  of  the  Youlden.  Smith  &  Hopkins  Co.,  in- 
creased until  in  1916  it  handled  approximately  .500  tons  of 
freight  daily  within  a  radius  of  10  miles  from  the  main  office. 
an  activity  which  required  150  horses  and  between  45  and  7.5 
•  drivers. 

It  was  about  this  time  that  the  motor  truck  began  to  be 
recognized  as  an  economic  means  of  transportation.  The 
company  saw  an  enormous  field  for  expansion  if  it  was  able 
to  give  its  customers  a  quicker  and  better  service,  and  if  it 
was  able  to  haul  goods  to  the  suburbs  of  Boston  or  within  a 
radius  of  30  miles.  Not  being  able  to  do  this  with  horses. 
the  company  at  first  purchased  two  5-ton  trucks,  these  being 
placed  in  the  service  of  handling  goods  within  a  radius  of 
30  miles,  leaving  the  shorter  hauls  for  horses. 

Not  only  was  a  large  amount  of  business  secured,  but  the 
local  activities  of  the  company  were  also  increased  to  such 
an  extent  that  new  equipment  had  to  be  purchased.  In  doing 
this,  every  truck  purchased  replaced  four  horses,  besides  in- 
creasing both  the  local  and  interurban  activities. 

The  trailers  purchased  were  the  first  to  be  used  in  Boston. 
and  although  many  of  the  officials  of  the  various  communities 
near  Boston  were  against  the  use  of  such  vehicles,  up  to  the 
present  time  it  has  been  possible  to  defeat  any  bill  brousht 
before  the  legislature  prohil)iting  the  use  of  trailers  in  these 
communities. 

The  business  of  tlip  company  has  increased  in  such  pro- 
portion that  it  now  handles  approximately  1,000  tons  of  freight 
daily  during  the  busy  season.  While  a  part  of  this  may  be 
credited  to  the  advertising  in  the  daily  newspapers,  etc.,  it 
,  would  have  been  impossible  for  the  company  to  handle  goods 
within  a  30-mile  radius  with  the  horse.  The  company  em- 
ployed a  system  of  laying  aside  a  portion  of  its  income  eacli 
month  which  is  used  in  advertising  in  the  newspapers,  cir- 
cularizing, etc.  During  the  past  year  approximately  $5,000 
was  snent  in  this  wav. 


The  equipment  now  operated  by  this  teaming  company  is 
U  trucks,  three  trailers  and  120  horses,  the  latter  being  used 
exclusively  for  local  work.  All  of  the.  trucks  with  the  ex- 
ception of  two,  are  of  5-ton  capacity,  while  the  two  smaller 
units  are  of  the  -ton  type.  The  5-tonners  are  .Macks  Fierce- 
Arrows  and  Packards,  while  the  5-ton  trailers  are  of  the  Troy 
manutacture.  In  addition  to  handling  general  merchandise 
ihe  company  does  the  greater  part  of  the  heavy  haulage 
work  in  that  city  and  vicinity. 

The  company  operates  two  laige  offices  in  tho  city  and 
one  stable  in  South  and  another  in  East  Boston.  In  addition 
to  this.  It  tias  a  large  stable  in  Somerville,  the  total  of  the 
three  stables  having  a  capacity  of  140  horses.  It  also  oper- 
ates its  own  fireproof  garage,  having  a  lloor  space  of  24  000 
sq.  ft.,  with  a  capacity  of  50  trucks.  The  rates  charged'  bv 
the  company  for  suburban  hauling  are  computed  between 
those  of  the  freight  and  express  rates.  lOven  though  these 
rates  are  lower  than  those  of  the  express  companies,  a  reg- 
ular express  service  is  given  at  all  times. 


Salary  Schedule  for  Road  and  Municipal 
Engineers 

The  Cliicago  Chapter  cl  the  American  Association  of  Kngi- 
neers  has  adopted  a  schedule  of  salaries  for  various  engi- 
neering positions.  The  schedule  has  been  referred  to  the 
parent  organization  with  the  suggestion  that  it  be  utilized 
for  a  further  study  with  a  view  to  formulating  a  general 
schedule  of  salaries.  The  salaries  recommended  by  the  Chi- 
cago Chapter  for  road  and  municipal  engineers  are  as  follows: 

Ki  i.-VD    EN'iil.VRKi;S. 
fK.,i-   sCiti-.-    having    i;i).i)0(     to    luii.OOi)   miles   of   roiul.    with    highway 

'lepaniiient    spendinsf   at    least    ?5.0iii).ili)0    per    v,-ar  1 
'  iiu-r   highway  engineer    '  $S.i)00-SIO  00.) 

Al.unteiiance   ensmeer   .,  .r;,,,,.  ^f,,„ 

Bridge    engmeer    4 j;,,,,.  ,;  000 

Engineer  ot  tests :.„„„.  ^,^n,) 

rnvisiOTi   enjfineer   :T.Oi:0   to   111. 000   mile.sl H  600-  .i  IKMI 

As.>iistant  engineer ■''too  's'iIOo 

Resicjent   engineer    .■.'..■.■.■.■.'  2.'700-  '?, 'rtoo 

Uijef  designing  engineer    3,000-  4.000 

Designing  engineer    o  ;,|,).  ;;  .jiiii 

Junior  engineer.  Class  A....' '      ''    '  5'ioo-  -''too 

7'inior  engineer.   Class  B r,=iOO-  V mn 

In.'^lieclor    l!320-  li.sno 

Mt'NTcip.Ai,  i:ni;i.\"kki'..';. 

City  engineer:   annual  WMrk.    .$.i.(IOIl.O»rt $12  O'lO-SI.'  000 

I'ity  engineer:   annu.il  work.   .<2,r>0ii'.iioii s'liOO-  ln'oiiii 

I 'in    engineer:   animal   wcnlc.   :«1.000,0()o li'ooo-  7  .i<iO 

City  engineer:  annual   work.      .?50O.O')0 4!flOO-  .liooo 

l.'t-I>artment    engineer    .^jOOO-  7';>h" 

liivision    tngineer       .'■.■.'.■  i.'oOO-  7',50ll 

.\s.-<istant  engineer   :;.000-  :!  H'M 

In.'JMumentnian    (pr..|"eral>h     t.-ehnie.il    graduatei 2,0<)0-  2. 4^0 

lioilman    (high  school,  seeoiid  grade) l.OSO-  I  ,500 

Insi.eelor   1,:1S0-  l!,SO0 

.Arehiteet     :!.000-  5.001 

Siesigning  engineer  (teclinical  graduate.  10  years'  ex- 

perielu-e)     .' t.iioO-  fi.OOO 

Itesigne'i-  (teehnieal  gradu.He,  5  years'  e.vperience  i .  . . .  ;{.::0()-  4,40o 

Iietailer    (teehnieal    graduate    preferai>l.v) 2.000-  :j.(i00 

Tracer    iteehnieal    higii    sehool ) " 1,200-  l.SOO 

Uraftsnian,    areiiiteetural     l.SOO-  :l,ooo 

I»raftsnian,  map  nr  topograpliic l.SOO-  2.400 

Uraftsman.   slruelural    l.SOO-  2.100 

New  Road  Work  Records  Made  in  April. —  During  April. 
I'.il'.i.  the  Secretary  of  Agriculture  approyed  project  state- 
ments for  !2i)  Federal  aid  projects,  involving  the  improve- 
ment of  923.53  miles  of  road  a'  a  total  estimated  cost  of 
$l(;.2(il,32(;.  and  on  which  Federal  aid  in  the  amount  of 
IT.52S.550  was  reriuested.  This  represents  the  largest  num- 
ber of  project  statements  appro\ed.  the  largest  total  esti- 
mated cost,  and  the  greatest  amount  of  Federal  aid  requested 
diirinf;  any  month  since  the  passage  of  the  Fcc'eral  .Aid  Road 
Act.  .\l:ii'ch.  1919.  had  surpassed  all  records  In  these  items 
up  til  thai  moutli.  During  .Viiril  there  were  executed  by 
the  Secretary  and  the  several  slate  highway  departmetils 
55  project  agreements  involving  the  improvemenl  of  521.51 
miles  of  road  at  a  total  estimated  cost  of  $4.i!2i).  115,  and  on 
which  .'i!2.li39,(;i  1  Federal  aid  was  requested  and  set  aside 
in  tl'e  lrea.-!Ury.  In  addition,  agreements  to  cover  72  other 
projects  were  placed  in  process  of  execution  during  the 
uHiiith.  I'p  to  and  including  .-Xpril  3u,  1919,  project  state- 
ments for  A  total  of  1,057  projects  had  been  approved,  after 
(icductin.g  all  ajiproved  projects  cancelled  or  withdrawn 
by  State  highwav  departments.  The  1.057  projects  involved 
I0.5SI1.17  miles  of  road,  a  total  estimated  cost  of  $:t2,933,121. 
;iii(l  a  total  of  $3fi,57i;,.S57  Federal  aid.  (In  the  same  date 
a  total  of  535  project  agreements  had  been  executed,  in- 
volving 4,()24..S3  miles  of  road,  a  total  estimated  cost  of  $39.- 
'•59,327,  and  a   total   of  $15,014,929   Federal  aid. 
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The    Orj^ani/ation   of    a    Standard 
Municipal  Testinj^  Laboratory* 

Hy   .1.  (V   PHKSTON. 

As«i&Utnt  KitKloi'vr,  KcHhesli'r  IStinaii  >■(  .Mtiiilrlpul  Kt'Hciiirli.   Inc., 
Kot'lu'Hlor.    N.    Y. 

A  slandiiril  tostlng  Inbonitory  slioiild  be  owned  by  every 
progressive  miintolpiilUy.  The  eost  of  the  proleolloii  f)ir- 
iiished  by  it  over  public  piirehuses  and  the  siivIiik  throuRh 
Ihe  prevention  of  losses  by  overcoming  pinny  irrej;iilnrilirs 
of  nsitKe  is  eheiip  Insurnnoe. 

The  problem  of  obtaining  the  best  materials  for  use  in 
public  work  Is  a  big  one.  Rapid  progress  In  Ihe  nianufac- 
lure  ol  niati-rials.  and  the  treqiiency  with  which  substitutes 
are  coming  to  be  offered  for  acknowledged  standards,  makes 
laboratory  control  over  the  purchase  and  use  of  such  mate- 
rials especially  Important.  First  class  materials  can  be  pro- 
cured and  ;heir  proper  use  can  be  ensured  in  no  other  way. 

I'roper  stan<lards  aid  \n  reducing  Jhe  cost  of  work,  espe- 
oially  those  standards  of  materials  and  workmanship  which- 
c;'n  be  maintained  only  with  the  aid  of  the  laboratory.  Not 
imly  should  the  materials  purchased  shade  the  minimum 
standards  set  up  by  specifications,  but  preference  should  be 
given  to  the  best  of  those  offered. 

Testing  has  been  considered  only  as  a  science  to  be  occa- 
sionally used  to  determine  the  ability  of  a  material  to  meet 
standard  requirements.  Rarely  has  it  been  utilized  as  a 
regular  function  to  determine  relative  quality.  Less  often 
has  it  been  the  practice  to  utilize  the  knowledge  of  trained 
technicians  on  the  laboratory  stf.ff  to  aid  in  obtaining  the 
best  usage  from  the  materials  afler  their  purchase 

As  usual,  government  has  been  slower  than  industry  to 
acknowledge  the  economies  which  follow  the  scientific  pur- 
chasing and  use  of  materials.  I.aboratories  have  been  de- 
veloped by  the  Federal  government,  by  various  states,  and 
even  by  a  few  of  our  inore  enterprising  cities.  Bul^the  cases 
where  the  majority  of  the  possibilities  of  a  laboratory  have 
been  developed  are  negligible. 

Duties  and  Functions  of  the  Municipal  Testing  Laboratory. 
— The  essential  duties  of  a  propevlx  operated  testing  labora- 
tory for  any  city  are: 

L     To  develop  uniform   standaids. 

2.     To  establish  a  fair  basis  for  the  purchase  of  materials, 

:;.     To  obtain   proper  qualities  in  materials  purchased, 

■4.     To  insure  the  proper  usage  of  materials. 

5.  To  reduce  risk  costs  to  both  the  contractor  and  the 
city. 

f>.     To  aid  in  the  advancement  of  knowledge  of  materials. 

Any  municipal  testing  laboratory  that  fails  to  completely 
fulfill  these  duties  neglects  its  useful   field. 

Clean  cut  competition,  based  on  the  contractor's  ability  to 
furnish  the  best  of  those  materials  desired  can  be  obtained 
only  by  the  use  of  clearly  defined  standards  as  set  forth  in 
the  spectifications  and  in  their  uniform  and  contiruous  en- 
forcement by  the  testing  laboratoi^y. 

.Many  modern  standards  for  materials  have  been  developed 
b.\  practical  field  experience  and  by  laboratory  analysis  and 
research.  Many  of  these  standards  have  been  set  forth  in 
the  publications  of  our  national  technical  societies.  The  con- 
sistent use  of  these,  and  other  standards  that  should  be  de- 
veloped by  the  local  laboratory,  establishes  a  fair  basis  for 
piirchasing  materials  and  reduces  the  risk  cost  to  both  the 
contractor  and  the  city. 

The  laboratory's  responsibility  does  not  cease  after  it  has 
determined  which  contractor  has  offered  satisfactory  mate- 
rials. Able  contractors  realize  the  necessity  for  standards 
and  not  only  willingly  abide  by  the  specifications  but  prefer 
to  do  so.  Less  scrupulous  contractors,  however,  resent  be- 
ing held  to  the  letter  of  the  specifications  and  frequently  find 
some  way  to  deviate  from  them.  So  it  is  evident  that  pick- 
ing the  lowest  bidder,  with  the  aid  of  the  careful  comparison 
of  the  values  offered,  does  not  end  the  laboratory's  responsi- 
bility. It  must  insist  that  contractors  honestly  furnish  the 
same  standards  of  materials  as  they  proposed  with  their  bids. 
If  this  is  not  done  the  less  scrupulous  contractors  readily 
can  underbid  their  competitors  and  yet  make  large  profits. 
If  the  laboratory  does  not  prevent  this,  the  able  contractor 
is  compelled  to  make  similar  substitutions  or  else  fail  to  be 
able  to  bid  low  enough  to  obtain  contracts.     The  municipal- 


ity does  ntit  get  what.lt  pays  for  when  such  conditions  exist. 
Piirnlshlng  staff  advice  to  the  various  municipal  depart- 
mi'Uls  and  luirenu  heads  on  problems  of  specillcalion.s,  etc.,  is 
iinotlii-r  laboratory  duly  which  pioperly  ciiunol  lie  diare- 
garded. 

The  degree  In  which  Ihe  laboratory  fuUUls  ilsduties  is  re- 
Heeled  in  (he  service  an<l  life  not  (Uily  of  the  materials,  but 
in  the  luibllc  work  In  which  they  are  in<'orporated.  Excessive 
mninlenaiK  !■  is  necessitated  If  Ihe  nuUerials  are  not  of  the 
proper  grade  so  that  nuiterlals  which  had  a  relatively  cheap 
MrsI   cost  ullimately  become  unduly  expensive. 

Fields  of  Service  of  the  Laboratory.  The  fields  of  service 
iif  Ihe  municipal  testing  labiiialcu  y  are  practicallv  limitless. 
The  llrst  (luestion  that  should  be  asked  before  enlering  any 
one  Held  of  service,  or  before  expanding  existing  branches  of 
service.  Is  "What  Is  the  iinporlanic  of  this  field  relative  to 
Ihe  olh<>rs'."' 

The  municipal  laboratory  usually  originates  in  tlie  engi- 
Tieering  (or  public  works)  departments  because  of  the  tech- 
nical nature  of  the  work  done  there.  For  this  work  the 
laboratory  should  not  only  do  routine  testing  but  should  in- 
vestigate local  sources  of  materials  such  as  sand  pit'?,  stone 
Muarries.  etc.  But  the  laboratory  should  expand  from  a 
purely  construcllon  or  engineering  laboratory  into  the  city's 
standard  laboratory  and  be  under  Ihe  supervision  of  the 
Hoard  of  Control  and  Supply  for  the  city.  It  should  serve, 
not  only  the  engineering  field,  but  also  the  city's  fire,  police, 
water  purchasing,  and  other  bureaus,  shops,  garages  and 
utilities.  For  example,  it  should  determine  the  relative  value 
nf  the  city's  fuel,  foods,  materials  of  building  construction, 
rubber  for  fire  hose  and  flremen's  boots,  etc.;  etc. 

fntil  the  laboratory  can  be  organized  and  equi|)i)pd  as  a 
'.Standard  [.aboratory"  to  handle  the  te'^ting  that  is  war- 
ranted by  the  entire  field  of  municipal  activities,  the  scope 
of  the  work  will  be  mostly  engineering  testing.  The  ques- 
tion naturally  aroused  is  how  will  the  men  be  usefully  emr 
ployed  during  the  winter  months.  If  the  letting  of  contracts 
is  planned  in  advance,  then  many  samples  of  materials  will 
be  received  with  bids  for  work  during  the  earlv  spring  of 
Ihe  year.  Investigations  of  materials  and  specification  re- 
modeling would  fill  in  the  partly  vacant  time  treed  by  the 
curtailment  of  the  work  in  the  late  fall.  In  the  beginning, 
the  mid-winter  testing  may  be  confined  to  sewer  work,  for 
example,  and  the  remaining  time  could  not  be  more  profitably 
applied  than  if  used  for  research  w^ork.  An  example  of  this 
possibility  is  the  determination  of  the  applicability  of  mag- 
netic testing  of  iron  and  steel.  Determining  the  practicabil- 
ity of  ideas  received  from  the  field  and  arising  in  the  labora- 
tory during  the  busiest  tiires  of  the  construction  season  is 
another  item  of  work  properly  belonging  to  the  winter  season. 

.^s  the  volume  of  testing  increases  and  the  scope  of  the 
laboratory  expands,  occasional  special  studies  will  warrant 
e\en  more  highly  specialized  /.pparatus  than  is  needed  for 
routine  testing.  In  order  that  such  special  work  may  receive 
accurate  analysis,  and.  at  Ihe  same  time,  that  the  investment 
in  special  equipment  be  made  economical,  it  is  recommended 
that  the  laboratory  do  some  local  commercial  testing.* 

The  laboratory  then  not  only  would  serve  all  of  the  city 
departments  but  aid  local  industry.  This  would  materially 
facilitate  civic  business,  procure  better  materials  for  citizens, 
and  would  brin.g  revenue  to  the  city.  The  more  frequent  use 
of  special  apparatus  would  make  its  purchase  economical 
Experiments  then  could  be  performed  that  ordinarily  would 
not  be  made  because  of  the  lack  of  facilities.  The  extra 
money  and  work  to  be  done  would  be  provided,  thereby  en- 
abling the  employment  of  highly  specialized  scientists  In 
many  branches  of  the  work.  In  performing  this  function  it  is 
essential  to  keep  all  interests  secondary  to  the  oflScial  city 
requests.  gi\ing  each  class  of  work  the  relative  attention  that 
it  deserves. 

Development  of  Personnel  of  the  Laboratory. — The  suc- 
';essful  opi^  ration  of  any  enterprise  depends  upon  the  per- 
sonnel rosponsil'Ie  for  it.  This  is  especially  true  of  a  testing 
laboratory.  No  mattoi-  what  plans  are  adopted  they  will  be 
fruitless  unless  energetically  carried  into  effect.  Moreover, 
efficient  growth  depends  upon  the  initiative  and  earnest  effort 
of  the  laboratory  personnel  to  cover  its  useful  field.  ♦ 

Naturally  a  capable  and  experienced  director  is  very  im- 
portant.    He  should  be  .given  money  and   authority  to  grad- 

*Ir.  some  cities     a  charter  chanef'  or  some  torm  ol"  state  le^isla- 
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iially  build  np  a  modern  testing  laboratory  that  will  properly 
safeguard  the  city's  interest.  It  he  is  qualified  to  determine 
the  relative  value  of  expenditures  and  purchases  for  the  city, 
he  is  fit  to  be  trusted  with  an  expense  account  ample  enough 
to  enable  him  adequately  to  cope  with  the  ever-changing  con- 
ditions in  his  work.  The  director  should  not  be  restricted  by 
any  influences  except  limitations  similar  to  those  placed  up- 
on a  ihoroughly  business-like,  energetic  manager  of  an  indus- 
trial enterprise.  This  is  no  more  than  fair  to  the  taxpayers, 
■whose  piililic  purchases  he  would  endeavor  to  safeguard,  im- 
prove and  cheapen.  The  testing  laboratory,  rightfully  con- 
sidered, is  a  municipal  business  enterprise  in  which  the  tax- 
payers are  the  stockholders.  The  laboratory  director  is  the 
manager  of  the  enterprise  by  right  of  his  special  knowledge 
and  experience.  Not  only  money,  but  authority  to  spend  it 
must  be  allowed  him.  Dividends  in  the  form  of  decisions  as 
to  the  best  materials  are  the  economic  products. 

On  the  staff  of  the  laboratory,  in  addition  to  the  director, 
should  be  specialists  in  the  various  branches  of  science  used 
in  the  testing  of  materials.  For  example,  a  chemist  is  needed 
to  attend  to  the  testing  and  aiding  in  the  proper  usage  of 
bituminous  materials,  to  analyze  gas.  water,  coal,  sewage, 
gasoline,  rubber,  explosives,  etc.  A  civil  engineer  is  required 
to  test  paving,  building,  and  other  construction  materials. 
An  electrical  engineer  is  needed  to  test  and  experiment  with 
the  str'^et  lighting  system,  etc.  A  mechanical  engineer  will 
be  needed  to  take  care  of  tests  on  such  things  as  structural 
materials  and  machinery,  when  the  volume  of  such  work  in- 
creases enough  to  unbalance  the  regular  duties  of  the  civil 
and  electrical  engineers.  Later,  when  the  laboratory  ex- 
pands to  inchide  the  bureaus  of  health  and  public  safety,  a 
specialist  in  sanitary  chemistry  will  be  needed  to  test  foods 
of  a  special  nature  or  over  which  there  is  a  controversy  and 
to  assist  the  police  bureau  to  solve  poisoii  cases  and  other 
such  problems.  The  textile  expert  should  determine  the 
paper  and  binding  best  tor  use  in  school  boks,  etc. 

One  of  these  specialists  should  be  designated  as  the  prin- 
cipal assistant  to  the  director  and  instru;ted  to  assume 
charge  of  affairs  during  the  latter's  absence.  It  is  not  neo- 
essarv  that  this  man  be  the  one  receiving  the  highest  salary 
or  having  been  employed  longest:  ability  should  be  the  de- 
termining factor. 

Another  addition  to  personnel  that  as  yet  has  not  been  con- 
sidered by  laboratories  in  general,  is  a  corps  of  inspectors  for 
collecting  samples.  The  laboratory  should  not  wait  for  sam- 
ples to  be  sent  in  for  tests  but  should  arrange  for  their  sys- 
tematic collection.  This  calls  for  the  development  of  an  or 
^anizatiorf  to  collect  them.  I'sually  it  has  been  the  custom 
for  field  inspectors  assigned  to  the  particular  job  to  collect 
the  samples  from  it  and.  by  various  means,  to  send  them  to 
the  laboiatory.  This  not  only  leaves  the  collection  of  sam- 
ples to  chance,  but  just  as  experience  has  proved  the  inad- 
visal)ility  of  leaving  to  the  field  inspectors  the  determination 
-of  quality  of  materials,  so  it  is  true  that  field  inspectors 
seldom  are  qualified  to  select  samples  for  varying  grades  of 
materials.  The  only  safe  and  sure  procedure  is  to  have 
traintd  laboratory  men  go  into  the  field  and  collect  all  sam- 
ples This  is  in  direct  opposition  to  the  now  obsolete  theory 
governing  the  policy  of  many  laboratories:  that  the  tester 
should  know  as  little  as  possible  of  the  source  and  identity 
-of  the   samples. 

Tlie  inspection  (or  sample  collection)  corps  should  be 
headed  by  a  chief  inspector  who  should  see  that  the  work  of 
each  of  the  laboratory  specialists  receives  the  relative  atten- 
tion due  It.  Besides  collecting  samples  it  should  be  the  duty 
of  the  collection  organization  to  keep  laboratory  records  of 
contracts  advertised  by  the  city,  bids  and  materials  received, 
contracts  awarded,  work  about  to  be  begun,  construction  in 
progress  (by  the  use  of  a  graphic  progress  chart,  etc.),  and 
jobs  completed.  This  would  be  an  invaluable  aid  in  plan- 
Tiing  the  laboratory   work. 

The  collection  organization  is  of  great  value  in  other  re- 
-spects.  By  its  use  laboratory  control  of  materials  is  more 
complete,  and  field  inspectors  can  be  instructed  in  the  proper 
use  of  materials.  Certain  of  the  inspectors  should  be  sta- 
-tioned  at  asphalt  plants  when  in  operation,  also  at  local 
plants  of  local  manufacturers  of  brick,  tile,  etc.,  thereby  en- 
suring better  plant  control  and  also  aiding  the  laboratory  in 
checking  or  rather  inspecting  the  output  of  such  plants. 
Moreover,  complaints  arising  from  the  field  or  from  property 
rnvners   as   to   the  character  of   materials   and   workmanship. 


can  readily  be  investigated  by  the  laboratory  inspectors,  in- 
dependently of  the  regular  field   inspectors. 

Incentive  for  field  inspectors  and,  at  the  same  time,  which 
is  very  important,  a  nucleus  for  a  future  laboratory  staff,  will 
result  if  the  laboratory  inspection  (or  sample  collection) 
corps  is  selected  by  merit,  whenever  possible,  from  the  best 
qualified  men  in  the  construction  (or  field  inspection)  corps. 
Such  men.  if  they  have  tlie  necessary  professional  qualifica- 
tions, become  fitted  for  the  laboratory  inspection  corps  be- 
cause of  their  experience  and  training  by  the  present, labora- 
tory inspectors  in  the  use  of  materials.  Also  they  frequently 
merit  furtlier  promotion  to  regular  staff  positions  in  the 
laboratory.  Laboratory  inspectors  who  do  not  have  the  es- 
sential professional  (puilitications.  can  be  transferred  when 
conditions  warrant  it  to  some  other  branch  of  the  technical 
service,  such  as  the  Engineering  Department,  or  the  Depart- 
ment of  Public  Works,  etc 

Because  of  the  usual  increase  of  work  for  tlie  collecliou 
corps  during  the  summer  construction  season,  it  is  good 
policv  to  employ  a  few  students  from  advanced  technical 
schools  during  their  summer  vacation,  to  aid  iu  the  gathering 
:ind   routine  testing  of  samples, 

A  stenographic  clerk  is  needed  in  the  laboratory  in  order 
that    clerical   work   may   not   consume   time   properly   applied 
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to  scientific  work:    for  the  experts  should  not  stop  their  im- 
portant duties  to  typewrite  records,  reports,  letters,  etc. 

Civil  service  is  necessary  to  ensure  a  stable  organization 
tor  the  laboratory.  Clearly  defined  requirements  for  staff 
positions  should  be  set  up.  and  provision  made  for  advance- 
ment lioth  in  salary  and  position  as  a  reward  for  meritorious 
service.  This  is  the  only  way  in  which  capable  and  ener- 
getic men  can  be  attracted,  on  the  one  hand,  and  in  which 
political  interference  can  be  prevented  on  the  other.  Tenta- 
tive requirements  for  a  few  of  the  various  positions  in  the 
laboratory  staff  are  suggested  as  follows: 

The  laboratory  director  should  be  at  least  :iO  years  of  age: 
he  should  he  a  chemist  or  civil  engineer,  having  graduated 
with  a  degree  from  a  college  of  recognized  standing:  and 
should  have  :it  least  five  years'  experience  in  testing  and 
using  the  majority  of  the  materials  cared  for  by  the  labora- 
toiy.  He  should  have  the  demonstrated  ability  to  plan  and 
to  direct  the  work  of  men. 

The  chemist  should  hold  a  degree  from  a  college  of  recog- 
nized standing,  and  he  should  have  at  least  two  years'  ex- 
perience in  the  standard  methods  of  testing  and  using  such 
materials  as  bituminous  paving  materials,  water  for  munici- 
pal consumption,  gas,  coal,  sewafc.  rubber,  explosives,  gaso- 
liiii'.   etc. 

The  i|ualitications  for  the  otiiei  men  should  l)e  developed 
:ilong  these  lines.  The  specifications  and  reciuirenients  set 
up  for  positions  in  the  Central  Testing  Laboratory  of  New 
York  City  offer  a  good  basis  for  further  development,  but 
they  are  not  thought  to  be  complete  in  many  respects. 

The  organization  above  outlined  is  graphically  represented 
in  Fig.  1.  The  number  and  type  of  specialists  mentioned  are 
not  necessarily  all  of  those  needed;  those  mentioneii  are  the 
imes  generally  required  for  engineering  work  but  do  not  in- 
clude the  men  needed  to  attend  to  textiles,  etc..  as  will  be 
re<iuired  as  the  laboratory  expands  to  more  fuUv  cover  its 
prop' r   field. 

Arrangement  of  Laboratory.  The  size  and  number  of 
rooms  required  for  laboratory  purposes  is  a  matter  which 
must  be  detecmined  differently  for  each  case.  In  some  cases 
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the  hiboi'iKory   may  be  starit'il  in  lliree  of  four  looms  in  tlie  worUI'iK    li«'l   t<>  "".v    niofpssloniil   nuin   is   n   complete   refer- 

basenient    of    some    luiblli-    liiiililint;;     but    In    any    event    It  enee  librjiiy.     It   Is   Imiioiianl    that   a   selentillc   man   develop 

sluniUl  be  kept  In  mind  that  by  tl-.e  time  it   has  developed  to  methods  an(!  nmleistand  principles  and  laws,  luit  the  details 

fully   care   for  Us   proper   lields.   the   laboratory    will    require  and  di'ta  attached  lo  them  should  not  cIok  his  brain;  thereby 

not   only   several   rooms   but   several   doors  of  a   buildinn.  liinderiuK   clear   thinking,     lie   should    be   familiar   with    the 

A  basis  tor  deternilnlng  the  numl>er  of  rooms  and  their  details,  however,  and  should  know  where  to  tinil  them,  and 
arransement  Is  siven  by  the  foUowiuK  items;  the  entrance  have  books  containing  them  readily  accessible, 
into  the  laboratory  should  be  through  or  by  way  of  the  of-  ''"'if  library  should  be  kept  up-to-date  with  the  latest  edi- 
fice. This  will  prevent  visitors  from  walklni^  promiscuously  lions  of  teclinical  books  of  a  wide  range  of  subjects.  It 
Ihiongh  *the  laboratory  and  Interrupting  work.  Sometimes  should  be  the  object  to  collect  books  containinij;  specific 
the  objection  has  been  raised  that  by  having  the  entrance  data.  Hooks  of  a  general  nature  need  not  be  had  in  the 
room  the  oflice,  it  is  Impossible  lo  keep  the  room  clean,  be-  laboratory,  hut  it  is  advisable  to  have  a  list  of  such  books 
cause  of  the  freqiiency  with   which   bulky  and  dirty  samples  'bat  nuiy  bi>  found  In  the  local  libraries. 

are  brought  Into  the  laboratory;    for  this  reason  It   is  best  to  Technical  magazines  are  an  important   item   iu   the  library. 

have  a  side  door  or  hallway  entrance  opening  Into  an  alley-  'I'be   laboraltuy   illrector   should    lualie   it    his   duly   to  obtain 

way.  so  that  samples  may  be  taken  in  by  it,  and  thus  not  dirty  and  study  all  information   published   in  the  leading  technical 

the  oflice.     However,  the  objection  is  minor  and  should  not  journals  and  the  men  should  be  reiiuired  to  devote  a  specific 

prevent  the  oflice  from  being  the  entrance  room.  amount  of  their  time  in  following  their  fields  as  covered  by 

The  ollice  should  contain  desk  room  for  each  man;  a  large  certain   of  the   magazines.     The   magazines  should   be   refer- 

lable  to  be  used  for  computing  data:  a  folding  drawing  table;  enced   and   bound   for   the   future   use  of  the  laboratory  spe- 

plenty  of  space  for  record   files;   cabinets  for  delicate  appa-  cialists. 

ratus  and  book  cases.  System  in  the  Lnboratory.     The  regularity  and  nroinptness 

A  special  room  is  needed  to  contain  apparatus  and  chem-  ^'i  testing  is  another  factor  affecting  the  success  of  laboratory 

icnis    for    testing    bituminous    materials,    etc.     Such    a    room  operation.     System  is  required   to  insure  the  daily  perform- 

should  be  amply  provided  with  gas  hoods  and  ventilating  fans.  ance  of  duties,  to  make  sufficient  plans  to  properly  balance 

It  is  also  very  good  practice  to  have  a  gaslight  enclosed  shelf  duties  and  lo  give  to  any  one  item  the  attention   which   its 

in  the  center  of  the  chemical  testing  room  in   which  should  relative   importance   warrants.      It   is   necessary,    in   order   to 

be  kept  all  bunsen   burners  and  other  apparatus  which   may  Plan  for  work  in  advance,  that  charts  and  information  of  the 

ignite  inflammable  gases.     This  shelf  should  be  enclosed  with  nature   suggested   when   the   laboratory's  corps   of  inspectors 

glass  windows   which   can   be  opened   lo   allow   the  entrance  >vas    discussed,    be    utilized.      The    laboratory    should    make 

and  removal  of  materials  as  needed;   it  should  have  several  daily  itemized  work  schedules  by  the  use  of  the  work  plans; 

connections  for  water  and  gas  and  should  be  covered  with  a  by   insisting   that   contractors   give   ample   notice   before    be- 

water  and   tire  proof  material   (such  as  galvanized  tin);   and  ginning  various   phases  of  work;    from   report   cards   sent   in 

should   be   ver.tilate'i   at   'he   top   bv   means   of   electric   fans  by   the   field   inspectors;    or   by   written  reports   of  the   field 

opening  lo  the   free  atmosphere.     The   centrifugal  machines  engineers  and   city   purchasing  agents;   and  by  other  means 

used  for  washing  bituminous  mi>tures  should   be  located  at  of  cooperation.     These   schedules   should  be  rigidly   adhered 

some  distance  from   this  enclosed   shelf  in  order  to  prevent  to.  and  only  deviated  from  by  force  of  dire  emergency, 

carbondisulphide  vapors  from  reaching  the  bunsen  burners.  Without  a  work  schedule,  or  with  one  that  is  but  partially 

Another  room   should  be  allotted   for  use  in   testing  sand,  '  nfo'cctl.   the    writer   has   observed   that   samples   frequently 

cement  and   concrete.     It  should   contain   storage   racks  and  '•'•'^^^  ""'  collected  in  time  or  thai  test  results  were  obtained 

ovens    for    briquettes,    cubes,    etc.     Another    room    mav    be  'o"  ''^'<'  f""'  "«<".  or  were  so  late  as  to  materially  delay  and 

needed  for  electric  testing  and  will  require  electrical  meters,  interfere   with   the   work   schedule   of  the   contractors.     Fur- 

swiiciiboards.   transformers,   lamp   racks   and   motor  connec-  thermore,   but  a  limited  amount  of  work   could   be   handled 

tjons.  ^"''    even    that    amount    was    hastily    and    incompletely    per- 

The  brick  testing  rattler  machine,  the  Deval  stone  machine  formed.     What  happened  was  simply  thai  the  multiplication 

and  the  coal  testing  apparatus  are  best  located  in  the  cellar,  °^  duties  was  allowed  to  become  a  complication, 

as  should  be  all  other  large  and  heavy  crushing  and  grinding  ^he  work  schedule  should  be  checked  by  records  of  work 

machines  also.  done  from  day  to  day.  thereby  giving  data  on  which  to  base 

A   stock   room    is   essential   to    contain   a    good    supply   of  P''i"s  and  from  which  to  prepare  a  yearly  budget  and  other 

chemicals  and  other  needed  materials  required  over  a  given  tabulated    information    essential    to    the    development    of   the 

period.  laboratoiy. 

Unless  the  laboratory  is  very  large,  it  is  not  thought  eco-  Records   of  all   tests   made   by   the   laboratory   during   the 

nomical  to  equip  a  room  as  a  machine  or  carpenter  shop,  be-  P****  ^""'^  >''^'^'"s  should  be  referenced  on  file.    Law  suits  which 

cause  ordinarily   the  tools  needed   for  minor  repairs  to  ap-  ^^^'^  developed  from  disputes  by  contractors  have  been  set- 

paratus  can  be  obtained  from  the  municipal  shops.  '^'^*'  ^^  ^"'^^>'   relialjle  facts. 

Equipment  of  Laboratory.— Most  of  the  testing  procedures  Status  of  New  York  State   Road  Work  in  1918.— New  York 

have  been   standardized  enough  lo  warrant  the  manufacture  Stale  hiuhway  conl.-acts  aggregating  ?,6?,  miles  of  road  were 

of  standard  appi-ratus  and  testing   equipment  to  replace  the  completed  in  IPl.S.  The  status  of  this  work  on  June  ],  1919.  is 

"make^shift  equipment,  which  was  formerly  customarily  pre-  outlined  as  follows  in  the  last  annual  resort  of  H.  E.  Breed, 

pared    in   laboratories.     Standard   apparatus   saves   time   and  First   Deputy    Highway   Commissioner: 

enables  the  tester  lo  obtain  more  accurate  results;  and  by  its  Miles.  Miles. 

use  the  "personal  factor"  is  largely  eliminated  and  data  and  "gaUi^g  ^'  ^''^^'  "^'"'^*'  ^'"'^  contracts  in  force  a^gre- 

results    obtained    are    more    easily    duplicated.      Considerable  Contracts  awarded  during  isiS. ....!!!'.!.'....!'.'.. .'..'.     ..'..'.       ono 

apparatus  is  necessary  to  perform   standard  tests  bv  stand-  t,  .  ,        ,  ....       ,,,„  ■ 

J  .,      ,  J   ■  ,        .\,    »    -^  I,  ,  „  Total   under  contract   during  II'IS 1.111 

ard  methods  and  m  order  that   il.s  purchase  may  be  econom-       Contracts  cumpleted  and   acceote-d  during  1918 269 

icallv  made,   it  is   suggested   that    It   be   purchased   in    install-  Contracts  completed   during   liilS   but   not   in   time  for 

raents  of  comparatively  small  lots.     Once  the  laboratory  be-  ___! 

comes  properlv  equipped,  it  should  be  kept  so  bv  a  system,      i.eaving  under  contract  Jan.  i.  liuo 748 

.         u            J    c    -.                 .-.         ^                   »         ■         ut    •      J           T,  O"    contracts    m    force    .Tan.    1,    1919.    aggregating    748 

whereby    a    definite   quantity    of   apparatus    is    obtained    each  mile.«  certain  work  has  been  performed  as  follows 74S 

vear  Prior  to  Jan.   1,   191S 2.'!R     

•         "  Paring  191S 41        '>7<' 

Apparatus  that  has  become  obsolete  due  lo  improvements  ' '  •     •  •    " 

in  methods  of  testing,  etc..  should  not  crowd  and  overburden  Leaving  on  Jan.   l.  1919.  actual  work  to  be  performed 

.,      .    ,  .  ,    °  ,  ii.    i  -i  ..  ■     I,       J     .,  under   contracts  in    force 469 

the  laboratory,  under  tne  excuse  that  it  may    come  in  handy.  

.•\pparatus  out  of  repair  should  be  put  into  workable  condi-  Nebraska  Highway  Department  Publishes  Magazine. — For 
lion  at  the  earliest  possible  moment,  in  order  that  tests  may  the  purpose  of  furnishing  county  oflTicials  and  others  inter- 
not  be  delaved.  Improper  care  of  equipment  will  result  in  ested  in  road  improvement  with  a  complete  financial  status 
rapid  deterioration;  delicate  apparatus  should  be  kept  in  of  appropriations  and  expenditures,  together  with  other  ma- 
specially  designed  cases.  Some  of  the  spare  time  of  the  terial  relative  to  the  progress  of  road  building  in  the  state, 
laboratory  men  should  be  utilized  to  inspect  the  apparatus  the  Nebraska  Board  of  Irrigation,  Highways  and  Drainage  is 
periodically.  now  issuing  a  Monthly  Highway  Report.  The  first  issue  of 
A  library  should  be  considered  properly  as  part  of  the  the  magazine  appeared  on  May.  1.  It  is  edited  by  Geo.  E. 
equipment    of    a    testing    laboratory.      The    mos't    important  .Johnson,  Secretary  of  the  Board. 
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Road  Surfacing  with  Sand  Clay 
from  Salt  Flats 

Difficulty  in  obtaining  iniulsliell  fur  surfacing  roads  in 
Aransas  County,  Texas,  led  to  a  trial  of  a  sand  clay  material 
from  salt  fiats  adjacent  to  the  highways.  The  methods 
of  using  this  material  and  the  results  obtained  are  described 
by  Mr.  Richard  H.  Phillips.  Engineer  of  Aransas  County,  in 
Public  Roads,  to  which  we  are  indebted  for  the  matter  that 
follows: 

The  deposits  of  sand  clay  in  salt  fiats  vary  in  composition, 
but  for  use  in  road  making  enough  silt  or  earthy  matter 
must  be  present  to  form  a  film  or  coating  to  the  grains 
of  fine  sand,  so  that  when  drained  of  excess  moisture  and 
compacted  under  traffic  it  will  form  a  uniform  wearing  sur- 
face. It  develops  that  this  material  is  primarily  a  mixture 
of  Epsom  salts  and  gypsum,  with  some  impurities. 

The  deposits  dr'twn  from  are  located  in  what  are  known 
as  salt  fiats,  distant  anywhere  from  100  to  3,000  ft.  from 
low  water  at  the  bay  shore.  Seme  seasons  these  flats  are 
covered  4  to  6  months  of  each  year  with  salt  water,  but 
most  of  them  from  which  road  material  is  obtained  are 
covered  for  only  2  to  31^  months  of  each  year.  In  the  sprins 
when  these  flats  are  becoming  dry  the  salt  crystallizing  on 
the  weeds  and  lowest  points  becomes  quite  noticeable.  Local 
rains  cover  the  lowest  points  with  water  and  tend  to  dilute 
the  salt  content,  but  the  surface  of  these  flats  soon  becomes 
dry  through  evaporation.  In  some  deposits  the  earthy  con- 
lent  is  a  black  silt,  some  dark  brown,  and  other  deposits 
are  of  a  light  yellowish  brown.  Wnile  designated  as  sand 
clay  from  salt  flats,  the  sand,  as  can  be  gathered  from  the 
above    description,    largely    predominates. 

There  is  an  excess  of  moisture  in  most  deposits,  which 
generalh'  drains  out  while  being  hauled  to  the  road,  leav- 
ing the  mass  in  a  suitable  conaitlon  tor  spreading.  This 
material,  evenly  spread,  readily  compacts  under  traffic, 
•^ny  depressions  that  appear  are  filled  with  shovels  or  by 
use  of  a   blade  machine  or  a  thiee-blade  drag. 

When  properly  surfaced  the  top  of  the  road  is  some- 
what like  a  slieet  asphalt  surface  in  dry  weather. 

!t  becomes  slippery  in  wet  weather,  and  for  that  reason 
the  crown  should  be  made  slight  (not  to  exceed  %  in.  to  I 
ft).  If  the  proper  attention  is  paid  to  maintenance  and 
repair  a  slope  of  'i  in,  to  1  ft.  will  be  sufficient. 

Wide  Roadway  Necessary  for  Best  Results  with  Sand  Clay 
Surface. — The  roads  on  which  sand  clav  has  been  used  were 
surfaced  in  van-ing  widths,  10,  12,  14  ft.  and  a  small  amount 
of  Ifi  ft.,  none  of  which  were  wide  enough. 

Vehicles,  in  passing,  even  on  l(i-ft.  widths  generally  have 
their  outside  wheels  off  the  improved  surface,  especially 
where  the  crown  is  steep.  In  such  cases  the  wheels,  in  get- 
ting back  on  to  crowned  surface,  break  through  the  edges. 
This  being  frequently  repeated,  soon  renders  the  entire 
road  unfit  for  heavy  hauling  and  makes  exceedingly  rough 
going  for  auto  traffic,  either  light  or  heavy. 

To  obviate  this  condition  all  roads  in  Aransas  County 
designated  as  state  highways  and  on  which  sand  clay  sur- 
facing is  to  be  used  are  laid  out  24  ft.  wide  with  shoulders 
not  less  than  2  ft.  wide  to  be  solidly  rolled  to  same  slope 
as  the  sand  clay  surfacing. 

With  this  width  of  traveled  roadway  the  wear  of  the  sur- 
face is  comparatively  uniform  and  more  Easily  maintained 
in  good  condition. 

The  data  covering  the  use  of  sand  clay  in  Aransas  County 
can  be  somewhat  summarized  as  follows: 

Width  of  original  surfacing  varied  from  10  to  16  ft. 

Thickness  of  original  surfacing  varied  from  '?,  to  6  in. 

Foundation  for  surfacing:  Some  places  used  old  traveled 
way  (sandy  loam  I.  at  other  points  graded  with  slips  or 
fresnos  and  dragged  without  rolling,  at  other  points  the 
surfacing  material  dumped  on  the  swamp  or  prairie  grass 
after  the  side  ditches  had  drained  the  roadbed,  the  grass 
in  the  latter  case  providing  a  better  foundation  than  where 
the  roadway   was  newly   graded. 

The  material  was  dumped  without  being  evenly  spread 
with  the  result  that  ruts  and  humps  were  numerous:  some 
stretches  were  surfaced  with  material  with  scarcely  any 
clay  or  salt  content.  Such  stretches  rapidly  approached 
the  condition  that  exists  where  deep  loose  sand  is  encoun- 
tered. 

Layout    of    Improved    Roads. —  The    roadway    for    improved 


highway.s  recently  planned,  cspetiaiiy  that  section  of  state 
highway  No.  12  (.lefferson  Davis  .Memorial  Highway)  be- 
tween Aransas  Pass  and  Hockport.  has  been  laid  out  as  fol- 
lows: 

Width  of  surfacing  24  ft.,  shoulders  not  less  than  2  ft. 
between  culverts,  curbs  12  ft. 

Slope  of  crown    li   in.  to  1   ft. 

The  old  traveled  road  is  luu  disturbed  and  where  jiossible 
the  additional  width  of  suligrade  is  brought  up  to  the  level 
of  that  of  the  old  road.  It  is  found  that  the  moist  .sand  clay 
will  form  a  clos"  bond  to  even  the  most  solidly  compacted 
surface;  hence,  when  the  new  surface  material  has  been  used 
on  uudistuibed  i)ortions  of  the  old  road,  the  latter  is  found 
to  pi-(!vicle  -1   foundation  of  the  very  best. 

Generally,  the  new  surfacing  is  to  be  not  less  than  (! 
in.  thick,  hut  at  some  points  where  there  is  already  an  tin- 
broken  thickness  of  sand  clay  only  enough  is  added  to  bring 
the  top  to  uniform  grade. 

In  some  sections  there  are  a  few  stations  where  the 
grade  of  old  road  has  to  be  brought  up  to  established  grade 
v.ith   material   from  the  side. 

Surfacing  material  consists  of  selected  sand  from  salt 
<lay  adjacent  to  the  road,  the  haul  varying  from  14  to  2 
iiijles. 

In  some  deposits  there  is  from  1  to  (!  in.  clear  sand  on 
to]).  Cenerally  there  is  sufficient  clay  present  to  admit  of 
the  use  of  1  in.  or  more  of  the  clear  saiui  top,  but  in  no 
case  is  any  material  allowed  that  will  not  properly  com- 
pact under  traffic  or  road  roller  when  excess  moisture  is 
drained   out. 

Cost  of  Surfacing  with  Sand  Clay.— The  cost  of  this  sur- 
facing has  varied  from  2.'.  ct.  to  42 Vi  ct.  per  cubic  yard  for 
first  U-mile  haul,  including  loading  and  unloading,  and 
from  .1  ct.  to  7%  ct.  per  cubic  yard  for  each  additional  Si- 
mile  haul. 

The  spreading  costs  from  5  ct.  to  2U  ct.  The  range  of 
prices  is  due  partly  to  care  with  which  material  was  selected, 
the  manner  in  which  it  was  spread,  and  also  the  time  when 
the   work   was  done. 

Shipyard  construction  and  other  building  activities  in  vi- 
cinity of  Rockport  and  Aransas  Pass  has  tended  to  raise 
the  price  of  both  labor  and  teams,  so  that  the  maximum 
figures  mentioned  iust  about  cover  the  cost  at  this  date. 
Common  labor  costs  2.5  ct.  to  '-','1  ct.  per  hour  and  teams  'la 
i:\.   to   7.'.   ct     per  hour 

Material  has  generally  been  loaded  into  wagons  by  shovel- 
ing, but  at  a  number  of  points  the  conditions  are  favorable 
to   use   of  the   .Maney   4-wheeled   scraper. 

Maintenance  of  Sand  Clay  Roads. — The  salt  content  in 
well-selected  sand  clay  from  salt  flats  prevents  the  surface 
Irom  becoming  unduly  dry  during  the  hottest  seasons,  and 
over  'light  sufficient  moisture  is  absorbed  to  enable  one  to 
quicklv  distinguish  roadway  surfaced  with  this  material 
from  other  portions  surfaced  with  material  from  which  the 
salt    content   is   absent. 

Annual  wear  is  estimated  at  aiiout  :!'l(i  in.,  which  is  ap- 
proximately 7:!.:!;'.  cu.  yd.  per  mile.  Add  to  this  amount, 
say.  .'.0  cu,  vd.  per  mile  for  filling  depressions  that  develop 
•inder  traffic  and  figuring  the  material  at  7.'i  ct.  per  cubic 
',ard  aiiplied,  the  maintenance  cost  for  surfacing  will  run 
to  about  .$100  per  mile  annually. 

When  a  count v  is  able  to  provide  the  eciuipment,  a  motor 
truck  of  about  2V^  yd.  capacity  provided  with  a  bed  having 
four  doors  operated  separately  by  the  driver  and  a  special 
type  of  :!-bla(le  drag  will  prove  to  be  an  economical  method 
of  keeping  the  roadway  surface  in  first-class  condition.  In 
addition  to  this,  use  a  suitable  drag  or  road  machine  prompt- 
ly after  rains  to  shape  up  the  shoulders  and  ditches.  An 
s  ton  roller  will  be  a  valuable  aildition  to  be  used  for  coni- 
]iacting  the  shoulders  an<l  such  portions  of  the  roadway  as 
may  need  attention   from  time  to  time. 

The  sand  clay  surfacing  is  somewhat  slippery  in  wet 
weather,  but  it  should  be  noted  that  the  most  uns.-itisfactory 
condition  oblains  where  the  surface  has  been  allowed  to 
i)ecoine  filled  with  ruts  and  humps,  and  the  latter  along 
with  a  slope  already  excessive  present  a  slope  as  great  as 
1  to  2  in.  to  the  foot.  If  proper  maintenance  of  the  sur- 
face !s  observed  and  no  greater  slope  than  1,4  in.  to  the  foot 
is  allowed  it  will  be  found  that  but  little  sliding  will  occur 
on  a  roadway  24  ft  wide,  such  a  width  being  suflicient  for 
auios  to  pass  at  usual  speed  without  having  to  swerve  out  of 
direct  line. 
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Treating  Slippery  Sections.  Soot  Ions  »lilih  iiiiilor  iriilllc 
(levelop  H  slippery  siirrtii  o  in  woi  vvoiilhor  will  lio  lioncllloil 
by  using  about  50  cu.  yd.  of  tine  slioil  (olthor  partially  dlsinlo- 
gruloil  oystor  shoU  of  size  1  :!2  In  to  1  In.  or  lino  sholl  otlior 
than  oysteri  sproail  ovonly  over  the  surfaoo  or  iiso  an  oiiual 
anu>iii:t   of  ilry  sand   froo   from  earthy   matter. 

It  should  be  partloularly  noted  that  the  life  and  easy  main- 
tenance of  a  roadway  surfaced  with  sand  clay  from  salt 
tluts  are  predicated  largely  on  one  condition,  and  that  Is  (ho 
treated  width  shoidd  never  be  less  than  what  Is  required 
for  vehicles  to  pass  withoul  one  or  both  liavini;  to  get  ofV 
the  treated  surface 

Surface  Treatment  with  Light  Road  Oil  or  Heavy  Bitumen. 
— The  surface  treatment  of  sholl  or  sand  clay  roads  with 
either  light  road  oil  or  heavy  bitumen  Is  not  favored  in  this 
locality,  and  has  not  proven  a  success  where  the  surface 
exposed  to  wear  is  composed  of  sand  or  shell  bound  with 
bitumen. 

The  best  bituminous-treated  surface  tiled  in  this  vicinity 
for  dry  shell  road  consists  of  a  priming  coat  of  about  0.;i 
gal.  refined  coal  tar  (about  1.15  specific  gravity),  followed 
with  a  coat  of  about  0.45  gal.  refined  coal  tar  (about  1.25 
specific   gravity),   both   coats   applied   hot. 

The  second  coat  to  be  followed  with  a  layer  of  trap  rock 
of  size  ^g  in.  down  with  two-thirds  of  the  fines  screened  out 
the  amount  of  trap  rock  to  be  from  60  to  70  lb.  per  square 
yard.  Occasional  spots  of  bleeding  to  be  blotted  with  clean 
drv  sand,  but  in  general  the  coating  of  trap  rock  should  be 
sufficient  to  prevent  the  tar  from  l)eing  picked  up  by  wheels 
in  traffic 

The  same  kind  of  bituminous  trap-rock  treatment  can  be 
given  the  sand  clay  surface  after  a  coating  of  fine  dry  shell 
free  from  earthy  matter  has  been  spread  and  ground  into  the 
sand  clay  surface  by  traffic.  The  sand  clay  surface  with- 
out the  dry  shell  will  not  allow  siifticient  bond  of  the  bi- 
tuminous  trap-rock   treatment. 


Average  Bidding  Prices  on  New  York  State 
Road  Work 

Bidding  price.s  at  .Vyiil  ami  .May  lettings  of  the  New- 
York  State  Commission  of  Highways  ran  reasonably  close 
to  the  engineers'  estimates.  The  following  were  the  average 
unit  bid  prices  on  some  of  the  main  items: 

April  Ma;-. 

Earth   «xr;;vation.   per  cu.    yi! $  1.05  $  1  IS 

Rock  excavation,  per  cu.  yd 2  :ifi  2.81 

D-in.  vitrified   clay   underdrain.   per  ft 4fi  .39 

Cobl'!>-  sjtittfp.  sand   joints,    per  sq.   yd ■     .92  .i3 

>teial   rcinforcp-.Tienl.   per  lb 10  .10 

^^iscellan^■ous  iron   and   steel,   per  lb 09  .10 

Wooden   s:tiard   railins:.   per  lin.   ft 4"  .41* 

Pipe   railing,    per   lin.   ft 1.77  .... 

Concrete  sign   posts,   each 15  52  15. 5S 

Cast    iron   pipe,    per  ton 76  on  74.71 

Foundation  course,   field  or  quarry  stone,   per  cu    .vd.     3.29  3.65 

Bottom  course,  broken  stone,   per  cu.   yd 4.74  4.86 

Concrete   foundation  for  pavement,   per  cu.    vd 10.25  .... 

Metal   reinforcement  for  pavement,   per  sq    ft 03M:  .OJVi 

Cement   i-oncreie  pavement,  per  cu.   yd 12.75  12.56 

Second  class  concrete,  per  cu.   yd 12.87  12.19 

Third  class  <  oncrete.   per  cu    yd 11.90  11.35 

Bituminous  macadam,  penetration  rretl'od.  per  cu.  yd    6.30  6.83 
Biti'minous    material    "A."    pefletr-»t-on    method.    p'T 

gal 16  .127 

Bituminous   material   "T.  "   cold   application,    per  gal.       .23  .17% 

"VTaterhound  macadam,  broken  stone,   per  cvi.   yd....     660  6.62 

Bitulithir  pavement,   pt-r  s:i.   yd 2.05  ... 

Brick     2.00 


Rock  with  Crushing  Strength  of  53,880  Lb. — Deposits  of 
trap  rock  h.tving  a  crushing  strength  of  5:'.,SS0  lb.  per  square 
inch  have  been  located  near  Austin,  Tex.  Results  of  tests 
of  this  rock  made  at  the  University  of  Texas  are  sum- 
marized   as    follows    in    The   Highway    Magazine: 

Specific  gTavit\-    :^.21 

Weight  per  cu.   ft.,   lb 200.6 

Per  cent  of  wear 2.9 

French  coefficient    14 

Hardness    19 

Toug-hness     23.5 

*"'ementinK  value  (did  not  slake) 144 

r'-iishMiir  strength.  Ih.   per  sq.   in    on   a   2-in    cube 53.SS0 

This  rock  is  located  about  7  miles  southwest  of  Austin  on 
an  old  marine  volcano,  known  as  Pilot  Knob.  There  is  a 
very  extensive  deposit  of  this  rock  at  that  point,  but  it  has 
not  been  used  as  a  road  material  on  account  of  the  fact  that 
there  is  no  railroad  leading  out  to  It.  There  are  several 
other  lesser  deposits  of  this  same  material  around  Austin. 
The  Technical  geological  name  for  this  rock  is  Nephelite 
Basalt. 

(1 


WhitelUicks  Mark  "Danj^er  Lines" 
on  Pavement 

White  onamcli'd  liricU  sol  in  (lie  pavomoul  are  employed 
by  the  1  nllod  Uallroads  of  San  I'^ruiu'lsco  for  marking  the 
limits  of  danger  zones.  This  plan  is  used  at  the  foot  of 
.Market  Stroi't  where  the  street  cars  roimd  loops.  As  the 
front  and  rear  ends  of  the  cars  swing  out  well  beyond  the 
rails  on  the  sharp  curves  it  has  been  the  .custom  to  keep  a 
white  stripe  painted  on  the  pavement  to  mark  the  limit  ot 
the  danger  zone.  Hut  as  these  lines  lasted  only  a  few  weeks 
and  in  fact  were  at  their  maximum,  efficiency  as  markers  oniy 
for  the  first  few  days  because  the  contrast  in  color  (|uickly 
wore  olT.  particularly  in  wet  weather,  they  were  replaced 
with  intermittent  rows  of  white  enameled  bricks.  It  is  ex- 
pected, states  the  Hlectric  Hallway  .lournal.  that  marking  by 
bricks  will  be  cheaper  in  the  long  run  than  the  use  of  paint. 
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"D.ir)ii(^r-     Lines       Marked     tn     Pavement    With     White     Brick. 

Moles  wfvv  ciii  in  '\\:-  iisphall  a  trifie  larger  than  the  bricks 
wliich  were  then  grouted  in  with  neat  cement.  The  use 
of  a  dotted  line  was  considered  more  striking  to  the  eye 
than  a  conciiu'ous  line  would  have  been.  About  :330  bricks 
were  used  for  all  three  loops.  These  bricks,  which  cost  $110 
per  thousand,  would  not  he  suitable  under  vehicular  traffic, 
out  are  expected  to  give  satisfactory  service  at  this  point 
where  nothing  but  pedestrian  traffic  crosses  the  pavement. 

The  words  Danger,  Keep  Off"  were  put  in  two  places 
just  inside  the  white  brick  line,  set  flush  with  the  pave- 
ment surface.  The  letters  were  made  12  in.  square  and 
were  cast  at  the  company's  shops,  the  facing  material  being 
marble  dust  and  white  cement.  The  letters  are  2  in.  thick, 
of  which  only  the  upper  half  is  the  white  composition,  the 
lenialndcr  being  common  concrete  reinforced  with  No.  12 
galvanized  wire.  The  letters  were  cast  face  down,  the  marble 
compourd  being  put  into  the  forms  first  and  on  this  a  solid 
concrete  base  12  in.  square  was  cast  on  all  letters  alike. 

When  the  letters  had  to  be  put  in  basalt-block  pavement 
a  section  of  the  blocks  was  removed  and  the  letters  were 
set  in  asphalt.  Asphalt  was  filled  in  the  inclosed  parts  of 
the  letters  before  they  left  the  casting  yard.  The  bricks  and 
letters  were  laid  by  the  street  repair  crew  without  difficulty, 
the  work  neing  done  under  the  direction  of  B.  P.  Legare. 
engineer  maintenance   of   way.   United   Railroads, 

Status  of  Federal  Aid  Road  Projects. — Up  to  May  of  this 
year,  l,n.J7  project  statements  for  Federal  aid  roads  had  been 
approved  by  the  Secretary  of  Agriculture.  They  involve  the 
improvement  of  10,580  miles  of  roads  at  an  estimated  cost 
of  $92,9.')3,121,  of  which  the  Federal  aid  requested  was  $:!6.- 
576.857.  The  amount  of  Federal  funds  available  on  March 
1  for  road  building  was  more  than  $72,900,000,  which,  under 
the  law,  must  be  matched  by  an  equal  amount  from  the 
stater,,  making  a  total  of  $145..S0O.O0O  which  includes  ap- 
proximately $9,800,000  from  Federal  and  state  sources  for  roads 
in  the  National  Forests.  Funds  that  will  become  available 
on  .lulv  ]  with  equal  contributions  from  the  states,  will  pro- 
vide an  additional  $198,000,000  for  Federal  aid  road  work, 
making  an  aggregate  sum  of  $:!43.800.('00  available  for  the 
calendar  year.  It  is  expected,  however,  that  the  states  will 
defer  taking  up  part  of  the  available  funds  until  1920 
36) 
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Items  Which  Must  Be  Considefed 

in  Calculating  Cost  of  Truck 

Operation* 

Motor  truck  costs  aiv-  a  delusion  and  a  snare  unless  they 
are  properly  applied  and  the  conditions  under  which  they 
were  secured  are  fully  considered.  From  the  present  or 
prospective  truck  owners'  viewpoint  truck  cost  Hgures  are 
of  value  from  three  angles,  as  follows: 

1.  To  determine  upon  the  rates  to  be  charged  when  the 
truck  Is  used  in  public  haulage. 

2.  To  estimate  the  cost  of  liuck  haulage  as  compared 
with  other  methods  of  shipment. 

:j.  To  compare  the  costs  of  operation  of  one  truck  with 
that  cf  another  of  the  same  capacity,  in  the  same  class  of 
work,  in  the  same  city,  or  to  determine  if  the  cost  of  any 
one  iten  of  truck  expense  is  excessive. 

Comparing  Truck  Cost  Figures  w  th  Ra  I  Rates.— In  order 
to  determine  the  comparative  cost  of  trucli  haulage  with 
railway  or  waterway  transportation,  in  which  the  rates  are 
generally  given  in  so  much  per  hundred  pounds  between 
any  two  points,  it  is  of  course  necessary  to  calculate  the 
cost  of  highway  transportation  on  the  same  basis.  In  this 
connection  it  should  always  be  borne  in  mind  that  whereas 
the  railway  and  waterway  rates  are  from  terminal  to  ter- 
minal, the  truck  delivery  is  generally  direct  from  the  plant 
or  place  of  business  of  the  consignor  to  that  of  the  consignee. 
In  any  comparison  of  truck  cost  figures  with  rail  or  water- 
way haulage,"  the  total  cost  of  m.oving  the  goods  from  the 
point  of  origin  to  the  point  of  delivery  should  be  the  basis 
taken  when  the  motor  trucks  deliver  direct  from  the  ship- 
per to  the  consumer.  This  is  necessary  because  bv  the 
railway  or  waterway  method  of  shipping  there  are  many 
items  which  must  be  charged  and  which  yet  do  not  appear 
in  the  freight  rate  between  the  two  points.  These  addi- 
tional •  items  include  teaming  charges  at  each  end  of  the 
route;  the  extra  costs  of  crating  or  boxing  not  generally 
necessary  when  goods  are  shipped  by  truck  and  the  increased 
weight  of  the  shipments  by  rail  due  to  the  weight  of  the 
crating  or  boxing  on  which  the  same  rate  per  hundred 
poimds   must   be  paid  as  for  the  goods  themselves. 

Cost  Keeping.— Most  owners  believe  that  the  peculiar  con- 
ditions ol  theii'  own  particular  business  require  some  special 
form  for  keeping  their  truck  costs.  This  is  not  the  case,  for 
the  items  entering  into  truck  cost  are  well  known  and  onlv 
few  in  number. 

Truck  costs  may  first  of  all  be  divided  into  two  niitin 
heads,  a?   follows: 

1.  The  actual  charges  against  the  truck  operation,  in- 
cluding operating  ciiarges.  maintenance  charges  and  fixed 
charges. 

2.  All  overhead  items  which  are  necessary  in  order  that 
the  trucks  be  operated  as  a  means  of  performing  w  irk  by 
nctually   moving   goods. 

It  is  very  important  that  these  two  classes  of  char.ges  be 
kept  separately  in  order  that  the  mechanical  or  operating 
efficiency  of  tlie  truck  be  determined  and  leaks  in  that  re- 
gard be  stopped.  Then,  too,  the  actual  operating,  mainte- 
nance and  fixed  charges  are  of  practically  the  same  nature 
for  anv  size  or  make  of  truck,  whereas  the  overhead  charges 
vary  greatly  according  to  tne  class  of  work  in  which  the 
trucks  are  engaged.  Because  of  this  great  variation,  these 
overhead  items  should  be  charged  separately.  They  should 
not  he  lost  sight  of  entirely  by  any  means,  as  has  often 
been  the  case  when  a  truck  owner  forgot  to  charge  over- 
head, supervision  and  provision  for  idle  truck  time  or  part- 
load  work. 

The  a'-tual  charges  against  the  truck  operation  may  he 
divided  under  three  heads,  including  operating  charges, 
maintenance  charges  and  fxed  charges.  Under  the  heading 
r^f  maintenance  charges  may  be  placed  the  items  of  gaso- 
line, oil.  grease,  kerosene,  driver,  helper  and  mechanic.  Un- 
der maintenance  charges  may  be  placed  the  cost  of  tires  at 
so  much  per  mile  according  to  the  guaranteed  life:  repairs, 
overhauling,  painting,  etc.;  spare  vehicle  rental  and  a  pro 
rata  charge  for  garaging.  Under  Pxed  charges  may  be 
placed  items  for  all  forms  of  insurance,  including  fire, 
l-'ability   and   collision,  on  the  tri.ck   itself  and   insurance   on 
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tlie  goods  cairied;  interest  on  the  investment  at  'J  per  cent 
(IV  (itiier  legal  rate  of  interest;  depreciation  on  chassis,  body 
and  piniipmenl.  and  total  taxes  and  licenses.  These  items 
must  be  charged  against  the  actual  truck  operation  and  hold 
true  no  matter  what  sjze  or  make  of  truck  is  employed  nor 
what  manner  of  work  it  is  engaged  in. 

The  average  yearly  cost  of  operation  of  a  motor  truck, 
including  the  items  just  given,  is  sometimes  equal  to  if  not 
greater  than  the  original  cost  of  the  truck  chassis,  body  and 
other  eriuipment,  II  is  very  important  for  the  truck  owner 
to  know  till-  relative  importance  of  the  various  items  under 
;he  three  heads  of  operating,  maintenance  and  fixed  charges. 
It  is  easy  to  visualize  these  various  charges  and  their  im- 
portance in  the  yearly  cost  of  operation  by  thinking  of  them 
as  the  Big  S  in  truck  operation.  These  Big  8  items  and  their 
order  of  importance  are  generally  as  follows: 

1 .  Driver. 

2.  Tires. 

",     Casoline. 

4.     Overhauling. 

.1.     tiepreciation. 

('•.     Insurance, 

7      Interest 

"<.     (iarage. 

Only  two  principal  forms  are  necessary  to  keep  these  va- 
rious items  of  actual  truck  operation  included  under  the 
lieads  of  operating,  maintenance  and  fixed  charges  One  of 
these  forms  must  be  a  driver's  daily  route  card,  on  which  he 
aill  iiiit  down  the  work  accomplished  during  the  day.  This 
:  hould  include  the  number  of  trips  made:  the  number  of 
t<ins  or  packages  hauled  in  and  out:  the  mileaae  per  trip; 
the  amount  of  gasoline,  oil.  grease,  kerosene  and  waste  used; 
a  notation  for  a  helper,  if  employed,  and  for  a  mechanic  if 
any  work  was  done  on  the  truck  outside  of  the  time  usually 
set  ai-ide   for   il. 

The  inforuuition  set  down  on  the  driver's  daily  route  card 
must  be  secured  day  by  day  and  kept  separately  fcr  each 
truck.  At  the  end  of  the  month  it  may  be  transferred  to  a 
monthly  sheet,  the  various  items  being  set  down  under  the 
heads  of  operating,  maintenance  and  fixed  charges. 

After  all  these  data  for  a  month's  operation  have  been 
i-atheied  together,  the  reverse  side  of  the  monthly  or  yearly 
form  may  be  employed  for  estimating  the  unit  cost  of  oper- 
:.tio7i  on  any  desired  basis  This  may  well  be  done  by  dividing 
ap  the  data  under  the  heads  of  Investment,  i'erformance 
i;ecord.  Bertormance  Averages  and  Recapitulation,  Under 
rhe  head  of  Recapitulaticm  one  may  estimate  the  cost  per 
liay  maintained:  Ilu'  cost  per  day  operated:  the  cost  per 
mile  operated:  the  cost  per  commercial  ton-mile,  nackage- 
:nile  or  stop-mile 

.-\fter  these  <-o~t  figures  liave  been  obtained  on  two  such 
rnrms.  one  must  add  the  overhead  charges.  For  truck  own- 
ers engaged  in  imhlic  haulage,  the  final  or  total  operating 
iharge  as  determined  from  the  monthly  or  yearly  sheet  men- 
tioned nhoM-  should  be  doubled  if  the  truck  owner  expects 
to  obtain  :>  reveuu"  of  Irom  in  to  I.',  per  cent  profit  on  the 
'•aiiital   invested 

Too  often  the  truck  owner  estimates  his  monthly  or  daily 
,-osl  of  operation  with  a  maximum  load,  only  1o  find  that  in 
u'tual  practice  his  fuck  is  idle  TiO  or  CO  days  a  ye;)r.  and. 
in  addition,  is  only  :;:;  per  cent  efficient  on  the  days  when 
it   is    not    idle. 

As  a  genentl  rule  tlo'  doublins;  ol  tlie  nuinthlv  or  daily 
.  osl  i.f  tnicl;  operation  to  detcrmii,e  upon  a  rate  to  be  charged 
for  moving  goods  will  iie  sufficient  to  take  care  of  idle  truck 
,i,i,,.  .,,1  I  all  of  the  other  overhead  expense-  to  insure  the 
neck  owner  obtaining  a  revenue  of  from  lo  to  1 :.  per  cent 
profits  on  the  capit.^  invested.  These  other  neces.^ary  items 
iiHluded  in  ihi'  doubling  of  the  charge  consist  of  supervision. 
,,fiiee  reni  and  office  force,  idle  truck  time,  non-capacity 
\,y,i,\'<  the  maintenance  of  warehouses  or  dep -ts.  advertis- 
the   co,--t    of   getting    business    and    many    other    smaller 


i-onis  whi.-h  must  be  included  when  the  truck  owner  sells 
innsportation  as  a  business  and  has  no  other  source  of  rev 
,.,„„.  as  is  the  case  of  a  wholesaler  or  retailer  who  must 
rrsi  'sell  his  goods  and  then  deliver  them  by  means  of  trucks. 
I„  the  laitcr  class  of  truck  owners,  the  actual  operating 
,  Irirges  included  under  the  heads  of  operation,  maintenance 
P-l  lived  expenses  are  of  'he  same  nature  as  with  the  trucks 
,1.  -•„'■  public  hauling,  althougli  the  overhead  charges  naturally 


•,i;v   accordiiiL-   t 


.'  to  the  class  of  business  considered 
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Hij^hway     Construction     in     New 

Jersey  to  Meet  Future  I'raf- 

fic  Conditions 

An  Interest iiiK  description  nf  wluil  New  Jersey  is  now  doing 
on  its  stale  lilsiliway  system  to  provide  for  fiilnre  triiliic 
requirements  was  given  by  Sir.  W.  O.  Thompson.  State  llinli- 
way  ICngineer.  In  a  paper  presented  May  \\  at  the  aiiiiual 
meeting  of  the  National  Highway  Trndli-  Association.  We 
niiote  from  his  paper  as  follows: 

Alignment,  Grades  and  Width. — On  all  State  highways  the 
graiU'il  width  or  carriasewny  from  gntter  to  gutter  will  he 
not  less  than  :!0  ft.  In  the  open  country  we  are  going  to 
considerable  e.xpense  to  secure  curves  not  sharper  than  (!''. 
and  grades  not  e.\ceeding  .">  per  cent.  .Ml  curves  sharper 
than  r>'  are  being  super-elevated  or  banked,  there  being  a 
gradual  transition  from  the  straightaway  to  the  curved  sec- 
tion. This  m-nhod  has  already  proven  its  value  as  an  aid 
to  easy  riding  since  there  is  no  perceptible  strain  or  over- 
turning motion  while  rounding  the  curves  so  treated. 

Drainage. —Particular  attention  is  being  given  to  sub- 
foundation  drainage,  upon  the  adequacy  of  which  the  integ- 
rity of  the  pavement  depends  in  marked  degree.  It  is  be- 
lieved that  expense  incurred  on  this  factor,  before  the  pave- 
ment is  laid,  is  justified  because  the  pavement  may  be  re- 
built or  rejuvenated  from  time  to  time  without  entire  removal 
to  correct  drainage  conditions  which  should  have  been  cared 
for  during  the  initial  construction.  On  long  flat  stretches 
storm  sewers  are  being  built  with  catch  basins  I'o  carry  off 
surface  water  which  would  not  flow  in  flat  grade  side  ditches 
or   gutters. 

Pavements. — Hard  pavements  will  be  not  less  than  is  ft. 
wide.  In  addition  there  will  be  .">  ft.  stone  slioulders  on  each 
side,  making  in  effect  24  ft.  pavements.  There  will  then  be 
3  ft.  earth  or  gravel  shoulders,  making  a  total  of  ;!0  ft.  of 
carriage  or  traveled  way.  On  the  main  heavily  traveled 
routes  are  being  laid  concrete  pavements  S  ins.  thick  at 
the  sides  and  lOii  ins.  thick  at  the  center.  On  the  secondary 
routes  are  being  laid  concrete  pavements  6  ins.  thick  at  the 
sides  and  Si,^  ins.  thick  at  the  center.  Where  asphaltic, 
brick  or  stone  block  pavements  are  used  they  will  have  con- 
crete foundations  not  less  than  6  ins.  thick,  except  that  in 
the  more  isolated  sections,  where  traffic  will  not  be  heavy 
for  many  years,  asphaltic  pavements  will  be  laid  on  existing 
macadam  bases,  where  such  exist  of  proper  width  and  depth. 
None  of  the  State  highways  will  be  paved  with  macadam  or 
bituminous  macadam,  or  any  other  material  inferior  to  asphalt 
or  concrete. 

Why  "City  Pavements"  Are  Being  Used  on  Highways. — 
A  sincere  effort  is  being  made  to  build  for  tlie  highway 
tr.affic  demands  of  tomorrow.  In  alignment,  width,  grade 
and  pavement,  the  viewpoint  is  that  we  are  building  tor  a 
long  time  to  come  and  the  best  obtainable,  within  reasonable 
financial  limits,  should  be  had  now. 

In  the  Engineering  News  Record  for  May  8  is  found  this 
question,  "Why  are  such  revolutionary  changes  necessary 
in  pavements  which  have  given  satisfactory  service  on 
heavy  traffic  city  streets  heretofore?"  It  seems  to  me 
there  are  several  good  reasons  for  the  building  of  city  pave- 
ments on  interurban  and  country  highways.  In  the  first 
place,  city  streets,  until  the  past  3  years,  were  never  sub- 
jected to  the  test  to  which  they  are  now.  and  will  hereafter 
be  subjected,  and  it  remains  to  be  proven  that  present  city 
pavements  will  stand  the  new  strain.  We  can  all  remem- 
ber when  no  vehicle  using  New  York  streets  traveled  at  a 
greater  speed  than  4  or  .5  miles  per  hour.  Heavy  horse-drawn 
trucks  downtown  moved  "or  4  miles  per  hour.  Now,  motor 
trucks  with  the  same  and  heavier  loads  travel  1.5  or  20  miles 
per  hour.  On  rough  pavements  the  impact  and  destructive 
forces  are.  therefore,  now-  many  times  greater,  notwithstand- 
ing the  change  to  solid  rubber  tires.  It  these  things  be  true 
in  crowded  city  streets,  will  they  not  be  more  true  on  country 
highways,  where,  when  city  restrictions  as  to  speed  no  longer 
hold,  every  class  of  motor  vehicle  increases  its  speed  to  2.5 
or  .50  miles  per  hour.  I  am  convinced  that  if  speed  alone 
were  to  be  considered,  it  will  be  necessary  to  build  stronger 
pavements  on  interurban  highways  than  on  city  streets, 
especially  in  New  Jersey,  where,  because  of  its  many  indus- 
tries, the  motor  trucking  between  cities  is  very  heavy  today. 
Tomorrow  w-ill  but  bring  a  greater  volume  and  density. 

The  drainage  factor  also   requires  tkat   heavier  pavement 


toiindaticns  lie  buill  on  iiilerurbau  highways.  City  streets 
are  usually  paved  from  curb  to  curb.  They  are  underlaid 
by  sewers,  pipe  lines,  conduits,  etc.,  all  of  which  conduce  to 
good  sub-foundation  drainage,  while  surface  water  runs  to 
the  gutters  and  is  (lulckly  carried  away  by  the  sewers.  In 
the  countr.N,  and  especially  in  cuts,  there  are  springs,  the 
menace  of  which  it  is  ditllcult  to  remove.  Water  from  open 
ditches  and  hillsides  seeps  into  and  under  the  foundation. 
In  wfl  weather,  the  foundation  Is  softened.  In  cold  weather. 
'the  saturated  foundation  freezes  and  expands,  heaving  the 
pavement  .ind  often  breaks  the  surface.  Considering  the 
destructive  effect  of  impact  at  high  speed,  and  of  inade- 
(|uate  drainage,  and  the  relative  effect  of  these  two  factors 
on  city  pavements,  it  is  believed  justification  exists  for 
buildlii!;  heavier  pavements  In  the  country  than  in  the  cities. 

Bridges. — Our  State  highway  bridges  are  being  designed 
and  built  for  a  loading  of  20  tons,  it  being  assumed  that  75 
per  cent  of  the  vehicle  load  will  be  on  the  rear  axle.  Under 
bridges  spanning  the  highways,  vertical  clearance  will  be  not 
less  than  1 1  ft.  from  pavement  to  under  side  of  girder. 

Railroad  Grade  Crossings. — Railroad  grade  crossings  are 
being  eliminated  wherever  and  as  rapidly  as  practicable. 
In  oiu'  instance  of  a  section  of  the  State  highway  now  under 
construction,  the  relocation  of  the  highway  to  parallel  the 
railroad  will  do  away  with  eight  grade  crossings  within  four 
miles;  this  includes  the  parallel  tracks  of  two  different  rail- 
way   systems. 

Signs. — A  comprehensive  system  of  road  signs  Is  being 
installed  to  indicate  direction,  distance,  dangerous  crossings, 
curves  and  .grades.  These  will  be  substantial,  having  con- 
crete posts,  and  the  inscriptions  so  designed  and  worded  as 
io  enable  the  motorist  to  proceed  with  the  least  incon- 
venience and   loss  cf  time. 

Observing  the  singular  lack  of  markers  to  enable  motorists 
to  proceed  through  city  streets  while  en  route  from  one  city 
to  another,  and  to  quickly  reach  the  trunk  highway,  we  are 
making  the  street  corners  with  a  distinctive  sign,  which  will 
enable  tourists  to  pass  from  the  State  highway  entering  the 
city  through  the  widest  streets  in  the  most  direct  manner 
possible,  to  the  State  highway  leaving  the  city.  At  present 
there  are  few  corners  on  through  routes  in  large  cities  so 
marked  as  to  expedite  movement  of  through  traffic. 

The  S'ate  Highway  Commission  has  published  and  is  now 
circulating  an  official  map  of  the  State  highways,  showing 
all  State  and  county  roads,  indicating  sections  of  routes 
under  construction,  and  printed  data  concerning  detours,  to 
enable  motorists  to  most  conveniently  avoid  the  construc- 
tion work.  This  map  and  information  will  be  revised  from 
year  to  year  as  the  work  proceeds,  so  as  to  be  always  up 
to  date. 

State  Will  Pave  Through  IVlunicipalities. — In  order  that 
there  shall  be  no  unpaved  sections  through  small  cities  and 
towns  on  the  State  highways,  the  State  will  pave  at  its 
e'^nense  through  all  municipalities  having  a  population  under 
12,000.  With  municipalities  having  a  population  exceeding 
12,00n,  the  State  may  enter  and  is  now  entering  into  agree- 
ment with  such  cities,  by  which  each  shall  pay  a  portion  of 
the  cost.  In  many  of  the  smaller  communities  the  town 
authorities  are  paving  from  the  State  pavement  to  the  curb. 
The  routes  of  all  State  highways  are  so  designated  or  laid 
out  as  to  enter  the  large  cities  through  their  widest  streets, 
so  through  traffic  will  not  have  to  use  the  narrow,  congested 
city  streets.  The  countv  engineers  of  New  Jersey,  with  the 
State  Highway  Department,  have  adopted  a  standard  system 
of  marking  so  all  highways  under  county  control  will  be 
thoroughly  posted  in  the  same  manner  as  the  State  high- 
ways. These  facts  are  cited  simply  to  show  that  the  coming 
needs  are  fully  realized,  and  earnest  effort  is  being  made  to 
provide    foi'   them. 

Highw-iy  Requirements  for  the  20th  Century. — Briefly 
stated,  highway  requirements  for  the  20th  century  trans- 
portation, as  we  see  them,  are  the  following:  Ample  funds, 
good  alignment  with  flat  curves  and  low  grades:  adequate 
sub-foundation  drainage,  the  widest,  strongest,  toughest  pave- 
ments obtainable:  where  they  enter  large  cities  paved 
widths  should  be  several  feet  wider  than  in  open  country. 
Bridges  designed  for  at  least  20-ton  loads,  few  or  no  railroad 
grade  crossings:  a  comprehensive,  thorough  system  of  mark- 
ing for  distance,  direction,  and  dangerous  conditions;  and  a 
system  of  reasonable  and  enforced  tratfic  laws  which  will 
protect  all  motorists,  yet  permit  the  expeditious  movement 
of  traffic. 
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Hot  Mix   Bituminous  Pavements* 

By  F.  P.  SMITH. 
('onsulting-  Kngiiieei'.  Xeu'  York  City. 
General  Considerations  Regarding  Foundations. — The  very 
desirable  quality  of  flexibility  possessed  by  bituminous  pave- 
ments makes  it  necessary  to  provide  a  stable  foundation.  The 
character  of  the  foundation  required  will  depend  upon  the  traf- 
fic, climate,  character  of  subsoil  and  drainage  conditions.  The 
heavier  the  traflic  the  stronger  must  the  foundation  be.  In 
cold  climates  where  the  ground  freezes  to  considerable 
depth  in  winter,  the  spring  thaws  produce  a  very  unstable 
condition  of  the  subsoil  and  in  such  cases  the  foundation 
must  be  stronger  than  is  required  in  climates  where  there 
is  little  or  no  frost.  A  well  drained  sandy  soil  is  much  less 
affected  by  these  temperature  changes  than  is  a  heavy  clayey 
soil.  In  all  foundations  drainage  is  by  far  the  most  im- 
portant single  consideration.  With  adequate  drainage  a 
much  thinner  foundation  can  be  laid  than  where  it  is  absent 
or  imperfect  and  the  cost  of  proper  drainage  is  often  far 
less  than  the  added  cost  of  an  adequate  foundation  on  im- 
perfectly drained   ground. 

A  number  of  different  types  of  foundations  have  been  suc- 
cessfully employe<l,  such  as  old  macadam  or  telford;  broken 
stone  rolled  dry  or  cemented  together  with  some  form  of 
bituminous  cement;  old  cobblestone,  Belgian  block  or  gran- 
ite set  pavements;  old  brick  or  asphalt  block  pavements: 
bituminous  concrete;  natural  cement  and  Portland  cement 
concrete. 

Where  the  traffic  is  lisht,  as  on  country  roads  which  are 
not  main  arteries  from  or  between  large  cities  and  in  some 
residential  streets,  old  macadam  or  telford  roads  have  proved 
to  be  suitable  foundations  for  bituminous  surface  mixtures. 
In   the  opinion   of  the   speaker,   telford  is   preferable   to  ma- 
cadam  owing  to   the   fact   that  the   larger   stones   composing 
its  base  have  a  partial  slab  effect  and  therefore  resist  more 
strongly  any   pressure  tending  to  displace  thera  or  to  force 
them   into  the  subsoil.     In   some   cases,  notably  the  Thames 
embankment  in  London,  a  macadam  foundation  covered  with 
an    asphalt    pavement    has    successfully    carried    very    heavy 
traffic,  but  the  layer  of  stone  has  been  built  up  during  many 
years  and  is  very  thick  and   the  drainage  is  nearly  perfect. 
Under  very  severe  conditions  the  use  of  macadam  or  telford 
as   a   foundation   for   bittiminous   pavements   is   to   be   depre- 
cated and  more  failures  than  successes  have  resulted  from  it. 
Utilization    of    Existing    Pavements   as    Foundations. — Many 
roads    are    classified    as    macadam    which    contain    no    base 
course  ot  large  stone  and  are  in  reality  old  dirt  roads  w-hich 
have   never  been   properlv   drained   and   on   which   fine   stone 
has  been   dumped   and   consolidate!   by  traffic.     Before  using 
any   macadam   road   as   a   foundation,   its   history,   and   more 
particularly  its   condition  in  the  spring  of  the   year,  should 
be  investigated.     A  sufficient  number  of  test  holes  should  be 
put  down  to  determine  the  character  and  depth  of  the  stone 
and  provision  made  for  proper  under  and  side  drainage.     It 
will  usually  be  necessary  to  rebuild  the  road  in  a  number  of 
places   and   in    most   instances   the   crown   must   be   reduced. 
Wherever  possible  this  should  be  done  by  filling  up  the  de- 
pressions and  building  up  the  shoidders.    Traffic  will  compact 
a  road  far  better  than  will  a  roller  and  a  road  surface  which 
has  been  scarified  and   rolled  will   not  be  as  hard  and  firm 
as  one  which  has  been  compacted  by  years  of  traffic.  Where 
depressions  are  to  be  filled  or  shoulders  are  to  be  raised,  the 
road   bed   should  be  cleaned   and   slightly  loosened  to  Insure 
proper   bonding   of    the   new   stone,   which    should   be   of   the 
same  size  as  would   be  employed  in   building   up  the  corre- 
sponding   portion    of    a    new    macadam    road.      It    should    be 
thoroughly  wetted  and  rolled   with   a  10-ton  road  roller  with 
the   addition    of   sufficient    screenings    until    vehicles    passing 
over   it    do    not    cause    displacement.      Unless    this    work    is 
thoroughly    and    conscientiously    done,    the    foundation    will 
not  be  of  uniform  strength  throughout,  and  settlements  will 
occur  where   the   new   stone   was   out.     If  it   is  necessary   to 
scarify  the  road  surface,  this  should  be  done  to  the  minimum 
possible  depth,   after  which   the   surface   should  be   built  up 
exactly  as  if  constructing  a  new  macadam  road  and   rolled 
until    the    utmost    compaction    is    obtained.      Wherever    pos- 
sible traffic  should  then  be  turned  upon  the  road  for  a  few 
months  to  develop   any  weak  spot   in  it,   and   to   secure   stiU 
better  compaction. 


•From  a  paper  presented  May  21  before  the  Gth  Canadian  Oood 
Roads  Congrress. 
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Old  pavements  of  brick,  granite,  etc..  should  not  be  used 
as  a  base  if  it  is  first  necessary  to  reset  them.  Relaid 
blocks,  until  bedded  by  traffic,  are  not  rigid,  and  have  a  ten- 
dency- to  rock,  and  asphalt  pavements  laid  on  such  founda- 
tions in  New  York  City  have  rapidly  disintegrated  wherever 
they  we;e  exposed  to  heavy  traffic. 

Foundation  of  Bituminous  Concrete.  Bituminous  concrete 
is  sometimes  employed  as  a  foundation.  One  of  the  best 
types  of  it  is  made  of  run  ot  the  crusher  stone  from  2  in. 
down  to  dust,  so  graded  and  mixed  with  sufficient  sand  as 
to  make  a  fairly  dense  and  rigid  mixture  carrying  about  6 
per  cent  of  asi)halt  cement.  When  this  is  ke|)t  clean  and  the 
wearing  surface  laid  upon  it  at  once,  no  binder  course  is 
necessary.  It  has  less  bridging  strength  than  Portland 
cement  concrete  and  should  only  be  laid  on  firm,  well  drained 
subgradcs  and  is  not  suitable  for  very  heavy  traffic.  It  is 
usually  laid  from  4  to  (j  in.  thick.  It  is  very  slightly  subject 
to  expansion  and  contraction  cracks  and  the  overlying 
bituminous  wearing  surface,  if  properly  laid,  adheres  to  it 
very  strongly,  increasing  its  resistance  to  displacement  un- 
der traffic.  It  is  also  water-repellant  and  underlying  moisture 
will  not  be  sucked  up  through  its  pores  and  attack  the  bot- 
tom  of  the   wearing  surface. 

Concrete  Foundations. — Portland  cement  concrete  founda- 
tions vary  according  to  conditions  from  t  to  !•  in.  in  depth 
and  in  every  case  before  laying  them  the  subsoil  should  be 
thoroughly  compacted  and  drained.  In  certain  localities  in 
the  northwestern  portion  of  the  United  States  and  Canada 
very  heavy  clay  soils  are  found,  which  in  winter  frequently 
develop  cracks  4  to  o  in.  in  width  and  heave  ver.v  badly.  In 
such  cases  cress  trenches  should  lie  dug  every  2-5  or  30  ft. 
and  filled  with  coarse  !)roken  stone  and  connected  with 
longitudinal  trenches  at  the  side  of  the  street,  similarly  filled 
and  draining  to  catch  basins.  Concrete  should  not  be  laid 
directly  on  such  a  soil.  Sand  or  gravel  should  first  be  spread 
i^pon  it  to  such  a  depth  that  when  rolled  it  will  forrp  a  layer 
-  to  1  in.  in  thickness  and  the  concrete  sliould  be  placed  on 
this. 

Wearing  Surface. — This  is  composed  of  mineral  aggregate 
.■ind  liituniinoiis  binder.  The  mineral  aggreg-ite  constitutes 
from  SO  to  90  per  cent  of  the  pavement,  and  takes  prac- 
tically all  the  w-ear  resulting  from  traffic.  It  must  therefore 
be  selected  with  great  care.  It  must  be  hard  enough  to 
carry  the  traffic:  it  must  have  clean  grains  or  particles  to 
insure  the  bitumen  adhering  to  them,  and  these  ^jrains  ur 
particles  must  be  graded  from  coarse  to  fine  so  as  to  make 
a  pavement  of  the  maximum  density,  with  the  smallest  sized 
voids  obtainable  and  with  sufficient  inherent  stability  to 
resist  displacement  under  the  shoving  action  of  traffic.  The 
surfaces  of  the  grains  or  particles  must  be  of  such  a  char- 
acter that  the  bituminous  cement  will  adhere  satisfactorily 
to  them.  Karth.  sand,  gravel,  broken  stone  or  slag,  and 
finely  ground  limestone  or  Portland  cement  or  combinations 
of  tneri.  are  the  materials  used  in  the  type  of  pai-ements 
undT  discussion. 

Earth  is  used  in  a  special  type  of  pavement  which  has 
been  deveioped  within  the  past  .'.  years.  It  should  be  of 
such  fineness  that  at  least  .")0  per  cent  of  it  will  pass  a  200- 
mesli  sieve  and  it  should  contain  from  1.')  to  Til  per  cent  of 
clay,  depending  upon  its  character.  This  material  requires 
a  special  kind  of  plant  to  handle  it 

Sand  should  be  clean  grained,  hard  ami  moderately  sharp. 
The  grains  should  be  chiefly  quartz  and  should  have  rough 
l>ilted  surfaces.  Where  necessary,  the  proper  grading  of 
the  different  sized  grains  must  be  obtained  by  mixing  sev- 
eral sands  or  in  certain  cases  by  the  addition  of  unweath- 
ered  crusher  screenings.  When  using  the  ordinary  typo  of 
bituminous  mixing  plants  the  presence  of  clay  is  undesirable, 
eilher  as  a  coating  to  the  grains  or  disseminated  throughout 
the  mass.  For  medium  or  heavy  traffi'-  naven'ont-  -dl  par- 
ticles retained  on  a  10-mesh  screen  should  be  discarded.  For 
light  trattic.  :;  to  T,  per  cent  of  .S-niesh  particles  can  be  incor- 
;iorated  in  the  pavement  with  aiivantage  or  broken  stone  of 
the  sizes  and  in  the  amounts  dcscrilied  under  "Topeka  Mix- 
ture." Sands  containing  a  large  amount  of  flinty  grains 
;i:vi:d  be  avoided  as  bitumen  does  not  adhere  well  to  flint. 
Cravel  should  be  clean  grained,  hard  ami  free  from  ad- 
hering clavev  particles.  It  is  lacking  in  stability  owing  to 
it^  roundness  and  is  usually  considerably  improved  by  pass- 
j-i-  it  through  a  crusher.  Gravel  with  a  rough  pitted  sur- 
face is  to  be  preferred  and  gravel  containing  a  large  per- 
of  flinty  particles  is  to  be  avoided.     It  is  unsuitable 
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(or  the  conslrui-lion  of  piivomonls  i'iiiT>ln»;  Ir'hvv  inilUo  iind 
infci-ior  In  nil  respects  to  cnisheii  stone. 

Broken  stone  should  be  freshly  enished,  prefenilily  in 
cubiciil  shapeil  particles.  The  size  and  hardness  veiiuln-d 
depend  upon  the  trntnc  which  the  pavement  is  to  carry. 
Dense  liard  limestone  will  carry  medium  and  HkIiI  tralllc 
satisfactorily.  Where  the  trathc.  even  thonKh  comparatively 
light  in  volnine.  Is  composed  of  heavy  Iron-llred  iinils.  n 
dense  hard  trap  is  required.  Trap  Is  now  commonly  nsed 
in  the  manufacture  of  asphalt  block,  although  In  the  past  a 
large  number  of  asphalt  blocks  made  from  limest(<ne  gave 
excellent  service  under  light  trallic.  Cranite  is  not  usually 
satisfactory,  as  it  is  too  coarse  and  uneven  in  texture  and 
much  of  it  is  friable  and  It  is  liable  to  shatter  in  crushing. 
iMesh  composition  or  grading  of  the  various  sized  particles 
IS  just  as  important  as  with  sand.  It  is  not  suitable  for  use 
in  pavements  carryin:;  very  heavy   tratflc. 

Hard,  dense  basic  slap  is  to  be  preferred.  It  should  be 
stable  when  exposed  to  the  weather  and  not  show  any  ten- 
dency to  slack  ov  disintegrate.  It  is  only  suitable  for  light 
tiaffic  and  should  preferably  be  coated  with  a  very  lluid 
bitumen. 

The  filler  should  be  finely  ground  limestone  or  Portland 
cement,  the  latter  being  preferable  for  mixtures  designed  to 
carry  extremely  heavy  traffic.  For  light  traffic  the  speaker 
prefers  the  limestone  dust,  as  it  does  not  have  such  a  marked 
drying  effect..  Whichever  is  used,  it  should  be  ground  so 
that  at  least  65  per  cent  of  it  will  pass  a  20il-mesh  sieve. 
Pulverized  clay  also  makes  an  excellent  filler,  but  is  difficult 
to  handle,  owing  to  its  tendency  to  ball  and  cake  it  it  becomes 
the  least  bit  damp. 

Bituminous  Binder,  or  asphalt  cement  as  it  is  termed  in  the 
sheet  asphalt  industry,  must  possess  such  properties  that  it 
will  firmly  bind  together  the  mineral  particles  and  resist 
the  disintegrating  action  of  traffic  and  the  elements.  The 
necessary  tests  for  determining  whether  or  not  it  is  pos- 
sessed of  these  properties  are  fairly  well  standardized  and 
are  embodied  in  most  standard  specifications.  The  con- 
sistency of  the  bituminous  binder  varies  somewhat  with  the 
type  of  mineral  aggregate,  but  otherwise  its  general  char- 
acteristics are  about  the  same  for  all  types  of  the  pavements 
under  discussion. 

Out  of  the  raw  materials  which  we  have  discussed,  four 
distinct  types  of  hot  mix  pavement  are  laid.  They  are  as 
follows: 

Sheet  asphalt,  in  which  f/ie  mineral  aggregate  contains  no 
particles  which  would  be  retained  on  a  %-inch  screen. 

TOpeka  pavements,  which  usually  consist  of  a  standard 
sheet  asphalt  mixture  to  which  has  been  added  from  15  to 
25  per  cent  of  stone  passing  a  ^4-in.  screen  and  retained  on 
a  10-mesh  screen  and  approximately  10  per  cent  of  stone 
passing  a  %-in.  screen  and   retained  on  a   %-in.  screen. 

Bituminous  conciete  pavements  (Bitulithic,  Warrenite, 
etc.),  having  a  mineral  aggregate  consisting  largely  or  wholly 
of  stone  of  varying  sizes  from  1%  in.  down. 

Pulverized  earth  pavements  (National  pavement),  having 
a  mineral  aggregate  composed  wholly  of  pulverized  clayey 
earth  of  such  fineness  that  at  least  50  per  cent  of  it  will 
pass  a  200-mesh  sieve. 

The  following  are  typical  analyses  of  the  foregoing  types 
of  pavements: 

Pul\eri/.pd 

■      -                         , — Sheet  asphalt — ,  Bi-  earth 

Light  Heav>-  Topeka  tuminous      pave- 

traffic.  traffic.  mixture,  concrete.      ment, 

Per  cent.  Per  cent.  Per  cent.  Per  cent.  Per  cent. 

Ritunien   11.0  10.5  .S..t  7.0              17.5 

Passing  200  mesh...   14.0  10  .=i  •'>..=>  .i.O               ,S5.5 

Pa.ssing  ion  mesh...   14.0  10.0  6.0  4.0               12.0 

Pay.^inK     •'iOmesh...    U.O  10.0  R.O  2.0                  6.0 

Passing     50  niesti...   10.0  14.0  6  0  5.0                5.0 

Passing    40  mesh . . .   11.0  14.0  10.0  4.0                S.O 

PassinK    30  mesh...   10.0  iX.O  10,0  4.0                 1.0 

Pasx'ne     20  mesh...     .'>.0  10.0  SO  S.O 

Passing     10  mesh...     3.0  S.O  6  0  5.0 

Passing      f.  wesh ...  6.0  3.0 

Passing      4  mesh 

Passing      ?  mesh ... 

i'assing  ^''  mesl 

Passing     1"  mesh 

Passing  1 ',4"  mesh 

100  0  10''. 0  100.0  100.0  100  0 

Sheet  Asphalt  Pavement. — Sheet  asphalt  will  sustain  a  very 
heavy  tra.ffic.  This  statement  applies  more  especially  to  a 
traffic  largely  composed  of  quick  moving,  light  to  medium 
loaded  vehicles,  such,  for  instance,  as  prevails  on  Fifth  av- 
enue. New  York.  It  is  not  the  most  suitable  type  of  pave- 
ment   for   a    very    dense,    slow    moving,    heavily    loaded    iron 


14.0 

7.0 

lli.O 

20.0 

14.0 

12.0 

.5.0 

tired  tralllc.  Wood  block  and  granite  block  will  outlast  it 
under  Ihes"  conditions.  It  will  not  give  satisfaction  where 
there  is  practically  a  total  ahsence  of  tralfic.  as  it  then  is 
liable  to  divelo|i  cracks,  apiiarcntly  requiring  the  kneading 
action  of  tralllc  to  equalize  the  stresses  set  up  by  contraction 
and  expansion  and  to  keep  It  in  proper  condition,  it  Is  en- 
tirely suitable,  however,  for  traffic  varying  from  the  light 
delivery  tralfic  of  residence  streets  to  the  dense  but  quick 
moving  tralfic  of  Fifth  avenue.  New  York,  or  the  Thames 
embankment.  l.ond(Ui. 

On  account  of  their  smoothness,  sheet  asphalt  pavements 
are  not  suitable  for  use  on  excessive  grades.  Generally 
speaking,  streets  carrying  a  fair  amount  of  traftic  can  be 
paved  with  asphalt  If  the  grade  does  not  exceed  t;  per  cent. 
In  some  cases  where  the  traffic  was  very  light  and  a  smooth 
pavement  was  considered  essential,  it  has  been  laid  on 
trades  running  up  to  10  per  cent  and  12  per  cent,  but  this 
Is  rather  exceptional.  Where  the  traffic  is  heavy,  a  .1  per 
cent  to  4  per  cent  grade  is  usually  considered  as  the  limit. 
In  most  of  the  largest  cities  of  the  United  States  the  maxi- 
mum grades  on  which  this  type  of  pavement  is  laid  vary 
from  4  Mi  per  cent  to  S  per  cent,  regulated  largely  by  the 
tralfic  and  climatic  conditions. 

Oenerally  speaking,  the  heavier  the  traffic,  especially  Iron 
tired  traffic,  the  finer  should  be  the  mineral  aggregate  used 
owing  to  the  fact  that  the  coarse  particles  are  more  liable  to 
fracture  than  the  smaller  particles.  Where  fracture  takes 
place  to  any  cpnsiderable  extent,  rapid  deterioration  of  the 
pavement  will  ensue,  as  the  bituminous  cement  ordinarily 
nsed  is  not  sufficiently  fluid  at  atmospheric  temperatures  to 
rebond  and  recoat  the  fractured  particles,  and  these  will 
quickly  be  pulverized  and  washed  out.  leaving  depressions 
where  water  will  accumulate  and  eveiitually  rot  the  pave- 
ment. Where  the  traffic,  even  though  heavy,  is  largely  or 
wholly  composed  of  rubber  tired  vehicles,  a  greater  propor- 
tion of  coarse  particles  is  permissible  and  desirable.  In 
proper  i  roporticns  they  add  greatly  to  the  stability  of  the 
pavement  fnd  imder  conditions  stated  the  light  traffic  mix- 
ture given  in  the  table  would  be  entirely  suitable  if  the 
biiunien   were   increased   to,   say,  11    per  cent. 

The  standard  sheet  asphalt  construction  of  the  present 
day  is  1%  in.  of  binder  and  IV2  in.  of  wearing  surface.  The 
binder  should  be  of  the  "close"  type,  i.  e..  should  contain 
iipproximately  20  per  cent  of  material  passing  an  S-mesh  sieve 
and  approximately  15  per  cent  each  of  i/4-in.  anl  14-in.  stone. 

A  close  hinder  properly  made  and  laid  will  he  superior  in 
many  respects  to  the  mixtures  which  have  been  laid  on  a 
large  number  of  country  highways  and  will  carry  a  fair 
amount  of  traffic  for  a  considerable  time  without  suffering 
any  serious  damage.  Poor  binder  will  break  up  very  easily 
— sometimes  it  can  be  kicked  up — and  the  hauling  of  the  hot 
surface  mixture  over  it  will  damage  it  very  seriously.  Sur- 
face mixture  laid  on  a  binder  of  this  kind  which  has  been 
hrdly  broken  np  might  ylmost  as  well  be  laid  on  loose  broken 
stone  and  will  not  give  satisfactory  service  under  heavy 
traffic.  The  binder  should,  of  course,  be  thoroughly  com- 
pressed with  a  steam  roller  before  laying  the  wearing  sur- 
face on  it.  Lack  of  compression  will  produce  an  unsatis- 
lactory  foundation  for  the  wearing  surface,  and  binder  which 
is  too  cold  or  made  with  too  hard  an  asphalt  cement  or  an 
insufficient  quantity  of  asphalt  cement  can  not  be  properly  com- 
pressed into  a  dense,  tough  mass.  In  hauling  the  binder  to 
the  street  over  long  distjinces  or  in  very  cold  weather,  it 
may  become  chilled  below  the  danger  point.  During  the 
hauling  process  a  certain  amount  of  surplus  asphalt  cement 
usually  drains  off  of  the  stone  and  accumulates  on  the  bot- 
tom of  the  cnrt  or  wagon.  Tf  these  excessively  rich  por- 
tions he  laid  on  the  street,  what  are  called  rich  or  fat  spots 
in  the  hinder  course  will  he  produced.  As  the  name  im- 
plies, these  are  places  carrying  an  excess  of  asphalt  cement. 
If  these  are  permitted  to  remain  the  surplus  asphalt  cement 
will  be  absorbed  by  the  hot  surface  mixture  when  it  is  placed 
over  them.  This  will  make  a  soft  spot  in  the  finished  pave- 
ment which  will  be  displaced  by  traffic  and  eventually  pro- 
auce  a  hole  or  depression  in  the  pavement.  They  should 
therefore  be  cut   out  and  replaced  with  normal  hinder. 

Before  laying  the  surface  mixture  on  the  finished  hinder 
course  the  latter  should  bo  dry  and  swept  clean  of  dirt: 
otherwise  the  layer  of  wearing  surface  will  not  adhere  prop- 
erly to  it.  Binder  should  be  covered  with  surface  mixture 
as  soon  as  practicable  after  laying  it.     In   many  large  cities 
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it  is  required  thai  all  binder  laid  should  be  cos-ereii  the 
same  day  with  surface  mixture. 

Extreme  care  should  be  taken  to  insure  a  proper  union 
between  the  surface  laid  on  successive  days.  The  first  loads 
laid  in  the  morning  at  the  point  of  termination  of  the  previous 
day's  work  should  be  a  little  hotter  than  nornial  so  that  the 
hot  mixture  may  soften  the  cold  edge  of  the  pavement  and 
bond  perfectly  to  it.  The  joint  should  be  beveled  and  freshly 
cut  away  unless  the  rope  ioint  or  a  similar  method  is  em- 
ployed. 

The  practice  of  painting  the  edge  of  the  joint  with  hot 
asphalt  cement  is  not  to  be  recommended,  as  unless  extreae 
care  is  exercised  too  much  asphalt  cement  will  be  used  and 
that  portion  of  the  pavement  will  be  too  rich  in  bitumen  and 
consequently  softer  than  the  rest,  which  will  result  in  un- 
■even  wear  and  possibly  shoving.  Great  care  should  be  taken 
not  to  leave  any  hump  or  depression  where  the  joint  is  made. 

Topeks  Mixture  Pavements. — Topeka  Mixture  pavements 
are  laid  from  two  to  three  inches  thick  and  are  frequently 
placed  directly  en  the  foundation.  Much  better  results  are 
obtained  by  using  a  binder  course  11/2  in.  thick  next  to  the 
foundation  with  a  IV^  or  2  in.  wearing  surface.  This  greatly  re- 
duces the  tendency  of  the  finished  pavement  to  shove.  With 
a  well  graded  mixture  a  squeegee  coat  is  unnecessary,  al- 
though it  is  frequently  employed. 

The  mineral  aggregate  as  fed  to  the  drier  consists  of  a 
mixture  of  broken  stone  and  sand  which  is  liable  to  segre- 
gate in  the  bin.  The  hot  aggregate  should,  therefore,  be 
screened  and  separated  into  two  sizes  and  kept  in  separate 
bins.  Definite  amounts  of  coarse  and  fine  material  should 
be  weighed  into  each  batch.  Unless  these  precautions  are 
observed,  portions  of  the  pavement  will  have  an  excess  of 
coarse  material  and  vice  versa  and  the  normal  bitumen  con- 
tents for  an  average  mixture  will  be  too  rich  for  the  coarse 
portion   and    too   lean  'for   the   fine   portion. 

The  bitumen  content  of  these  mixtures  is  somewhat  lower 
than  for  sheet  asphalt  and  must  be  very  closely  watched 
and  kept  within  much  closer  limits  than  are  necessary  with 
sheet  asphalt  mixtures.  One-half  per  cent  above  or  below 
normal  is  about  the  permissible  variation.  Too  little  bitumen 
will  make  a  pavement  which  is  too  open  and  porous  and  too 
much  bitumen  will  render  the  pavement  very  liable  to  shov- 
ing 

The  general  methods  of  manufacturing  and  laying  and  the 
precautions  to  he  observed  are  substantially  the  same  as 
for  sheet  asphalt. 

Bituminous  Concrete  Pavements. — Bituminous  concrete 
paverr.eo";  have  a  mineral  aggregate  consisting  whoUv  or 
largely  of  stone  of  varying  sizes  from  1%  in.  down.  Some 
of  them  are  made  of  run  of  the  crusher  stone  and  some  of 
them  (Bitulithic.  etc.)  are  made  of  carefully  graded  aggre- 
gates. Where  the  aggregates  are  graded  it  is  customary  to 
separate  the  different  sized  particles  in  from  three  to  five 
bins  and  weigh  out  definite  amounts  from  each  bin  for  every 
batch.  The  normal  bitumen  content  is  lower  than  in  Topeka 
mixture  Xn  excess  of  bitumen  will  affect  them  in  much  the 
same  way  as  a  Topeka,  but  to  a  smaller  extent.  From  2 
to  o  in.  of  the  surface  mixture  are  usually  laid  directly  on 
the  foundation.  It  is  very  difficult  to  completely  close  up 
such  a  mixture  by  rolling.  It  is  usually,  therefore,  given  a 
squeegee  coat  of  hot  bituminous  cement,  after  which  stone 
chips  are  spread  over  the  surface  and  rolled  in.  the  excess 
being  left  to  be  ground  away  by  traffic.  In  some  cases  a 
thin  layer  of  what  is  substantiallv  a  sheet  asphalt  surface 
mixture  is  used  as  a  seal  coat  and  if  this  practice  is  fol- 
lowed the  paiement  will  carry  a  heavier  traffic  than  if  a 
coarse  stone  surface,  liable  to  fracture,  is  left   exposed. 

Pulverized  Earth  Pavements  (National  Pavement.), — 
These  are  lisuallv  laid  without  any  binder  course  and  from 
1  Vi  to  2V„  in.  in  thickness.  They  are  very  rich  in  bitumen 
(1.5  to  20  per  cent),  but  are  extremely  stable  and  so  malle- 
able that  at  a  temperature  of  fiO-75°  F..  a  piece  may  be  cut 
out  of  them  and  hammered  back  with  a  hammer  and  a  per- 
fect cold  weld  obtained.  Their  stability  is  due  to  the  ex- 
treme fineness  and  absorbent  properties  of  the  mineral  ag- 
gregate and  for  the  same  reason  it  is  impossible  to  wear 
away  the  suiface  by  any  fracturing  or  grinding  of  the  In- 
dividual particles,  as  they  have  been  reduced  to  practically 
their  ultimate  state  of  fineness  before  incorporating  them 
into  the  pavement.  In  many  respects  thev  resemble  the 
old  French  rock  pavements,  which  had  an  unequaled  record 
for  long  life.     As  compared  with  the  French  rock  pavements. 
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(hey  do  not  become  polished  under  traffic,  but  maintain 
throughout  a  ver.\  wide  range  of  temperature,  a  consistency 
very  closely  approachin.i;  that  of  sheet  lead,  and  as  thev  con- 
tain from  one  and  onehalf  times  to  twice  as  much  bitumen, 
they  are  more  waterproof  and  wear  resisting.  The  clayey 
material  of  wliieh  they  are  composed  has  a  much  greater 
affinity  for  bitumen  than  any  other  known  paving  material 
which  still  further  adds  to  their  permanence.  A  Xational 
pavement  weighs  about  1  TiJ  lb.  per  square  yard  2  in  thick 
as  compared  to  20(1  lb.  per  square  yard  for  sheet  asphalt  of 
the  same  thickness.  Their  cost  is  somewhat  higher  than 
sheet  asphalt  owing  to  the  large  amount  of  water  frequently 
contained  in  the  mineral  aggregate  and  th.>  high  percentage 
of  bitumen  used  in  them.  They  are  capable  of  carrying  the 
heaviest  kind  of  traffic,  and  when  properly  constructed  mark 
less  in  summer  than  do  sheet  asphalt  pavements  and  are 
much  less  susceptible  to  shoving  and  displacement.  They 
are  equally  suitable  for  very  light  traffic.  The  bituminous 
cement  used  in  them  is  about  W  penetration  at  11"  F„ 
which  is  much  softer  than  is  used  in  other  types  of  mixed 
pavements.  For  this  reason  they  do  not  become  hard  and 
crack  even  if  not  subjected  to  traffic  for  a  considerable 
length  of  time. 


Tests  of  New  York  Statie  Department  in  Use 
of  Calcium  Chloride  in  Hastening 
Setting  of  Concrete 

Tests  (■ompIef«.d  last  year  by  the  Department  of  Con- 
struction of  the  New  York  State  Highway  Commissioner  in- 
dicate that  the  use  of  calcium  chloride  in  the  mixing  water 
increases  the  strength  of  concrete.  The  tests  were  made 
to  determine  the  advantages  in  the  use  of  calcium  chloride 
solution  to  hasten  the  setting  of  cement  concrete.  It  has 
I'een  staled  that  by  use  of  this  solution  concrete  gun  foun- 
dations could  be  put  in  use  three  days  after  constructioi'i. 
The  tests  made  by  the  department  were  for  the  purpose  of 
(Ipt.M-niining    whether    f)-,e    rapid    s<'tting    would    decrease    the 


Age  in  Months 


Results  of  Te;its  Showing    Relative  Strength  of   Mortar  Cubes  Mixed 
With   Water  and  4   Per  Cent  Calcium  Chloride   Solution. 

ultiirate  strength  which  tin-  roncieie  woulil  attain  It  is 
well  known  that  abnormally  (juick  setting  cements  do  not 
us'ially  make  concrete  which  is  as  strong  ultimately  as  the 
slower   setting  cements. 

I.alioratorv  test  sample,-;  were  prepared  and  tested  at  ages 
varying  from  one  dav  to  one  year.  The  results  are  shown 
in  the  diagram,  which  is  reproduced  from  the  recently  is- 
s'led  annual  rejiort  of  M.  K.  lireed.  First  Deputy  Highway 
Commissioner  in  charge  of  the  Department  of  Con- 
struction. They  indicate  that  the  use  of  a  I  per  cent  solu- 
tion of  calcium  chloride  in  mixing  water  for  cement  con- 
crete iiu  reases  the  strength  attained  at  all  ages  up  to  one 
year  lieyond  that  is  still  probh  niatical,  but  what  evidence 
the  Depi'.rtment  has  indicates  certainly  no  deterioration,  and 
a  probable  continued,  but  slower,  gain.  The  maxiniiim  in 
crease  apijears  1o  be  about  20  per  cent  at  the  agi'  of  one 
month. 

The  importance  of  this  determination,  states  the  report, 
will  be  appreciated  when  it  is  considered  that  by  the  use 
of  this  solution  it  will  be  possible  not  only  for  the  contrac 
tor  but  also  for  the  public  to  make  use  of  cement  concrete 
pavements  a  few  days  after  they  have  been  laid  without 
risk  of  damage.  It  will  mean  the  completion  of  much  work 
ii-,  the  autumn  which  has  hiilierto  had  to  wait  over  unfin- 
ished until  spring. 
41) 
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How  to  Analyze  Business  Prospects 

for  a  Rural  Motor  Express 

Route* 

Bv  ,1.  A,  lOi.lJ.NS. 

laves: 'cHSor  in  Market  S>n\>>s,   liurt'iiu  ni   Mmkois.  riilt<><l  Siiitis 
I>il>nrtnU'i)(    o(    A^i'U'tiltui'f. 

The  nuitor  tiut-k  iis  an  iiu\iliury  iraiisportiitioii  fiicility  is 
relatively  so  new  that  Its  actual  possibilities  unil  liiiiitaiions 
are  not  thoroughly  understood  even  by  those  who  have  been 
most  intinintely  in  contaei  with  the  problems  of  highway 
transportation.  It  is  but  natural  then  that  the  development 
of  rural  motor  express  routes  has  proceeded  on  anything  but 
a  sytemalic  or  carefully  conceived  program.  Karly  efforts  in 
this  direction,  therefore  have  been  productive  of  much  prac- 
tical experience  which  will  prove  very  helpful  to  those  just 
entering  the  field  of  rural  transportation. 

The  most  common  errov  of  the  beginner  is  not,  as  a  rule, 
in  the  selection  of  his  operating  equipment,  but  lies  rather 
in  hi.-^  failure  to  properly  analyze  his  busines  prospects  In  ad 
\ance.  Because  securing  eiuipment  involves  the  expendi- 
tore  of  money  in  advance,  the  ordinary  operator  usually  ex- 
ercise? reasonabio  discretion  in  purchjising  his  rolling  stock. 
Conversely,  because  of  the  fact  that  no  direct  outlay  of  money 
is  involved,  he  fails  to  devote  sufficient  attention  in  advance 
t;i  his  business  arr;^ngenienis.  The  common  assumption  is 
that  a  proper  volume  of  business  will  develop  as  the  route 
lecomes  established  as  a  regular  carrier.  The  character  of 
this  business  and  it:-  permanence  appear  as  minor  consider- 
ations. 

Advance  Survey  Essential. —  Where  a  new  motor  route  is 
being  considered  it  is  essential  that  a  careful  survey  be 
made  in  advance.  A  territory  which  appears  at  first  glance 
to  be  admirably  adapted  to  motor  hauling  may  prove  very 
disappointiiig  to  the  man  who  actually  undertakes  to  estab- 
lish such  a  service.  First-hand  information  can  be  secured 
only  by  a  direct  convass  of  the  prospective  field  of  operation. 
Such  a  survey  to  be  of  value  must  include  all  the  primary 
factors  which  will  mean  success  or  failure,  yet  in  actual  prac- 
tice these  considerations  are  only  the  dictates  of  good  busi- 
ness judgment.  It  will  be  found  that  two  general  factors  in- 
fluenre  the  future  of  a  rural  motor  route.  These  factors  are: 
the  volume  of  business  or  tonnage,  and  those  surrounding 
conditions  which  have  a  direct  bearing  on  the  business. 

Amount  and  Character  of  Tonnage  to  Be  Moved  Important 
Factors. — Primarily,  of  course,  the  profits  of  a  route  will 
very  directly  with  the  tonnage.  The  greater  the  prospective 
tonnage,  the  greater  the  profits,  other  factors  considered. 
Equally  important,  however,  is  the  distribution  of  tonnage 
throughout  the  season.  The  track  operator  in  a  district 
producing  grain  exclusively,  who  has  offered  to  him  a 
greater  tonnage  than  he  can  possibly  care  for  during  one 
month  in  the  year  and  who  has  little  or  nothing  to  haul  dur- 
ing the  other  11  months,  is  obviously  headed  toward  failure. 
It  is  apparent  therefore,  that  the  total  quantity  of  agricul- 
tural products  moving  from  the  territory  under  consideration 
is  not  an  entirely  accurate  guide  tor  the  prospective  oper- 
ator. 

The  ideal  territory  from  the  point  of  view  of  the  motor 
operator,  is  the  area  whose  total  productivity  is  large,  but 
whose  products  move  to  market  in  a  fairly  steady  stream 
throughout  the  year.  Regions  given  over  to  dairying,  im- 
portant truck  farming  districts,  and  areas  of  intensive  but 
diversified  farming  have,  therefore,  proven  most  profitable 
to  pioneers  in  motor  transportation. 

In  making  a  preliminary  survev,  it  is  equally  important 
that  consideration  be  given  to  the  character  of  the  tonnage 
to  be  moved.  Low  priced,  bulgy  staples  such  as  hay.  as  a 
rule,  will  not  bear  the  motor  truck  tariff.  On  the  other 
hand,  perishables,  -.vhich  must  move  to  market  promptly  if 
deterioration  is  to  be  avoided,  may  readily  bear  an  express 
tariff  because  of  the  speedier  service  given/ by  the  motor 
truck.  Light,  bulky  products  require  an  undue  amount  of 
space  and  may  not  prove  unprofitable  as  a  load.  In  general, 
loads  which  have  a  high  value  per  unit  of  weight  or  size  offer 
the  most  profitable  return. 

Loads  Need  Not  Be  Confined  Entirely  to  Farm  Products. — 
Although  rural  express  routes  may  be  developed  for  the  pur- 
pose of  affording  more  adequate  transportation  facilities  for 
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liKiicult.M'al  communities,  it  does  luit  necessarily  follow  that 
loads  should  be  conlined  enlirely  to  agricultural  products. 
In  many  cases  tonnage  furnished  by  small  industrial  plants, 
country  merchants,  aiul  city  dealers  with  a  rural  clientele, 
has  made  possible  the  profitable  operation  of  a  rural  motor 
route  whose  primarv  function  is  to  serve  the  farmer.  Few 
farming  districts  can  support  a  motor  route  with  a  tonnage 
•>f  farm  iiroducts  alone  The  operator  who  serves  the  farm 
as  disiinguislicd  from  the  rural  community  generally  is  pin- 
'liug  his  laith  to  a  rather  slender  support. 

The  original  survey  should  also  cover  the  return  load 
feature.  It  is  fairly  safe  to  assert  that  no  rural  motor  ex- 
Iiress  route  can  exist  entirely  on  a  one-way  load.  Here  again 
arises  the  necessity  for  establishing  contact  with  commer- 
cial shipi)ers  whose  dealings  include  loads  both  ways.  Coun- 
try merchants,  as  a  rule,  provide  a  considerable  part  of  the 
load  coming  from  the  city,  and  the  importance  of  this  busi- 
ness cannot  be  overlcoked. 

External  Factors  to  Be  Considered.—  There  are  a  number  of 
exteriuil  factors  which  should  be  carefully  canvassed  in  ad- 
vance The  character  of  the  roads  over  which  the  trucks 
must  run  is.  of  course,  a  prime  consideration.  If  the  road  is 
poor,  operating  expenses  may  be  so  high  per  mile  of  oper- 
ation that  no  ordinary  tonnage  will  enable  the  operator  to 
show  a  profit 

The  wise  beginner  will  carefully  study  existing  transporta- 
tion facilities  in  the  territory  he  expects  to  serve.  To  offer 
service  in  a  district  in  direct  competition  with  established 
carriers  whose  service  is  entirely  satisfactory,  would  show 
poor  business  judgment.  If,  however,  the  motor  truck  can 
offer  a  more  direct  outlet  to  market,  can  move  perishable 
products  more  speedily,  or  can  offer  a  more  complete  pick- 
up or  delivery  service,  it  may  successfully  establish  itself 
side  by  side  with  older  carriers  whosje  service  will  thus-  be 
supplemented.  The  prospective  operator  should,  therefore, 
pay  particular  attention  to  the  schedules,  collection  and  de- 
livery arrangements,  and  rates  of  existing  carriers.  No  set 
rule  for  motor  rates  can  be  set  forth  in  advance.  If  rates 
on  shipments  by  motor  truck,  however,  are  very  much  out 
of  line  with  other  local  rates,  it  is  obvious  that  no  permanent 
businei^-s  will  be  secured.  Hence,  a  comparison  of  rates  and 
service  of  established  carriers  is  almost  essential  it  the 
proper  rate  by  motor  truck  is  to  be  arrived  at. 

Getting  in  Touch  with  Prospective  Shippers. — Coming  di- 
rectly to  a  consideration  of  the  actual  method  of  making  a 
survey  of  a  proposed  rural  motor  route,  it  will  be  apparent 
at  once  that  it  will  not  be  possible  to  personally  interview 
every  shipper  or  potential  shipper  in  advance.  Direct  per- 
sonal contact,  however,  is  necessary  to  a  clear  understanding 
of  the  problem.  There  are  several  valuable  points  of  contact 
available  to  the  prospective  operator.  The  county  agricul- 
tural agent  usually  has  an  intimate  first-hand  knowledge  of 
conditions  surrounding  the  production  and  movement  of  farm 
products  in  his  county.  His  suggestions  wull  be  based  on  a 
knowledge  of  local  shipping  conditions  and  cannot  be  over- 
looked. He  is.  therefore,  to  be  considered  as  an  unbiased 
source  of  much  valuable  information. 

Local  merchants  may  be  approached  from  two  angles,  as 
prospective  shippers,  and  as  having  fairly  comprehensive 
ideas  with  respect  to  the  transportation  needs  of  the  com- 
munity. Part  of  the  country  merchant's  stock  in  trade  is  his 
familiarity  with  local  agricultural  and  commercial  interests. 
Hir;  advance  co-operation  is  therefore  of  great  help.  Local 
bankers  also  are  abreast  of  conditions  in  their  respective 
communities  and  can  offer  much  that  is  helpful  and  inform- 
ing. As  a  rule  the  local  banker  is  in  as  close  touch  with 
conditions  in  his  district  as  any  person  who  could  be  ap- 
proached. 

The  principal  shippers  among  the  farmers  must  also  be 
visited,  and  their  co-operation  secured.  If  the  important 
farmer  shippers  will  contribute  substantially  toward  the 
maintenance  of  a  motor  express  route  from  the  outset,  the 
smaller  farmers  will  soon  fall  into  line.  If  the  larger  ship- 
pers will  not  support  a  route  its  ultimate  success  is  very 
problematical.  A  fair  check  on  the  possibilities  of  a  pros- 
pective route  may  be  obtained  by  the  operator  who  attempts 
to  actually  sectn-e  pledges  on  a  part  of  his  tonnage  in  ad- 
vance. Of  course  advance  pledges  are  out  of  the  question 
in  manv  cases,  but  the  operator  whose  patrons  evince  a 
willingness  to  sign  up  in  advance  has  a  tangible  evidence  of 
the   value  of  motor   service  to  the   community. 

Transportation   Survey   Not   Difficult. — In  conclusion  it  may 
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be  said  that  no  transportation  survey  can  be  outlined  in  ad- 
vanre  in  its  entirety.  Local  conditions  vary  so  markedly  in 
different  districts  that  a  cut  and  dried  program  cannot  he 
worked  out  which  will  be  applicable  to  rural  districts  gen- 
erally. In  the  main,  however,  certain  basic  factors  must  be 
considered  and  these  must  constitute  the  starting  point  of  the 
survey.  The  considerations  which  have  been  discussed  as 
generalities  in  this  paper  are  basic  in  character. 

A  discussion  of  features  to  be  covered  in  a  transi)ortation 
survey  may  leave  the  impression  that  such  a  survey  is  semi- 
technical  in  nature  or  is  a  cumbersome  or  elaborate  piece  of 
work  for  the  practical  man  who  desires  to  venture  in  the 
field  of  motor  transportation.  In  actual  practice,  however, 
such  a  survey  is  surprisingly  simple.  The  considerations 
which  have  been  discussed  as  separate  problems  are  seen 
grouped  as  one  problem  in  connection  with  a  survey  made  in 
any  particular  district.  Considering  the  value  of  such  a  sur- 
vey it  is  difficult  to  see  how  it  can  be  neglected  if  a  new- 
motor  route  is  to  be  successful  from  the  start. 

In  the  final  analysis  a  transportation  survey  for  a  rural 
motor  express  route  is  merely  the  application  of  business 
foresight  and  judgment  to  a  practical  business  proposition, 
and  the  actual  conduct  of  such  a  survey  can  safely  be  left 
to  the  man  who  is  guided  by  common  sense  rather  than  by 
technicalities.  ' 


Multiple   Loading   .Stations    Effect    Econ- 
omies  in   Handling   Road    Materials 

When  a  source  of  materials  tor  a  road  job  is  at  some 
point  at  right  angles  to  the  highway  to  be  improved,  the 
materials  may  easily  be  brought  on  the  contract  at  more 
than  one  point,  in  which  case  very  considerable  economies 
can  be  secured  by  the  establishment  of  more  than  one  load- 
ing station.  The  following  example  of  the  methods  of  haul- 
mg  for  such  a  job  are  taken  from  "Blue  Print  Suggestions 
on  Roadwork."  a  recent  publication  of  the  Koehring  iWachine 
Co.,   Milwaukee,  Wis. 

In  the  diagram,  A  to  D  represents  several  miles  of  high- 
way and  M  the  source  of  materials. 

Establishing  a  loading  station  at  L-1.  the  first  working  unit 
would  require  industrial  car  equipment  from  A  to  B.  oper- 
ating two  mixers  from  A  and  B  toward  L-1. 

The  next  working  unit  w^ould  be  from  B  to  C,  with  loading 
station  at  L-2.  operating  two  mixers  from  B  and  C  toward 
L-2. 

As  fast  as  the  work  is  completed  from  B,  the  car  equip- 
ment from  the  B  end  would  be  transferred  to  the  section 
from  C  to  D,  so  that  bv  the  time  the  B  to  C  section  is  com- 
pleted the  industrial  car  line  is  complete  from  L-2  to  D  and 
two  mixers  are  ready  to  complete  the  remaining  section  from 
C  to  T). 

This  handling  of  the  work  requires  about  two-thirds  less 
industrial    car    equipment — offering   the    advanta.ce    of    short 


This  Diagram,  Representing  a  Contract  for  Several  Miles  of  High- 
Way,  Shows  How  Such  a  Contract  May  Be  Divided  Into  Small 
Working  Units  Resulting  in  a  Saving  of  Haulage  Equipment 
and  an   Increase   in    Efficiency. 

industrial  car  hauls,  which  is  easily  regulated  to  the  opera- 
tion of  the  mixer.  In  fact,  the  requirements  of  industrial 
car  equipment  are  less  than  two-thirds,  because  in  the  longer 
haul  more  cars  are  required  as  a  reserve  during  the  transit 
of  the  train  over  the  long  haul. 

In  addition,  the  double  loading  station  plan  affects  a  con- 
siderable handling  economy  from  the  source  of  materials 
to  the  loading  stations  to  the  subgrade.  A  single  loading 
station  in  the  center  of  the  contract  would  compel  haulage 
from  M  to  the  middle  point  of  the  contract.  Multiple  load- 
ing stations  bring  the  materials  in  more  direct  line  to  the 
work  as  it  proceeds  along  the  lines  T  and  T-L 

When  materials  are  placed  on  subgrade-  without  loading 
stations,  hiiulage  from  source  of  materials  may  be  direct 
from  M  to  its  destination  on  the  subgrade,  as  is  represented 
by  the  light  dotted  lines. 


Views  of  Secretary    Houston   Re- 
garding Creation  of  Federal 
Highway  Commission 

Secretary  Houston,  in  response  to  a  communication  from 
a  city  Chamber  of  Commerce  letiuesting  his  views  regarding 
the  creation  of  a  Federal  Highway  Commission  and  the  wis- 
dom of  taking  the  l<>deriil  supervision  of  highways  from  the 
Kepailment  of  Agriculture  and  placing  il  undc]-  such  a  com- 
mission, has  sent   the   following  reply: 

■1  have  your  letter  of  .May  2  in  which  y4)U  state  that  your 
Chamber  o)  ('(uiunerce  has  been  asked  to  adopt  a  resolution 
calling  on  the  Congress  of  the  I'nited  States  to  create  a 
F'ederal  Highway  Commission  and  that  you  note  that  such 
resolution  has  been  adopted  by  a  number  of  commercial 
organizations,  including  the  finited  States  Chamber  of  Com- 
merce. Vo':  ask  for  an  expression  of  my  views  on  the  mat- 
ter and  particular!.\'  whether,  in  my  opinion,  it  would  be 
wise  to  take  the  FVderal  supervision  of  highways  from  the 
Department  of  Agriculture  and  place  it  under  such  a  commis- 
sion as  that  proposed. 

"Before  expressing  my  views,  it  might  be  well  for  me  to 
point  out  fertain  fundamental  considerations  which  should 
be  borne  in  mind  in  determining  any  sound  policy  of  high- 
way administration  and  development:  (I)  The  roads  in  each 
section  of  the  country  are  ot  varying  degrees  of  importance 
in  the  service  which  they  render  or  may  render  to  the  par- 
ticular locality,  to  the  state,  and  to  the  nation  as  a  whole; 
12)  This  is  a  big  country  and  the  traffic  conditions  and  needs 
vary  greatly  from  section  to  section;  Ci)  The  State  High- 
way Departments,  being  in  immediate  touch  with  local  con- 
ditions, are  best  able  to  classify  the  roads  properly  on  the 
basis  of  the  economic  purpose  which  they  mav  serve;  (1) 
The  Federal  Government,  under  the  present  Bankhoad  Fed- 
eral Aid  Road  Act,  is  co-operating  in  the  improvement  of  the 
roads  of  greatest  importance,  the  classification  of  which  is 
fixed  by  the  State  Highway  Departments;  and  |.^)  When 
this  classification  has  been  carefully  made  and  by  agreement 
lietween  the  highway  departments  of  adjoining  states,  the 
roads  of  first  iinportance  generally  meet  at  state  boundaries, 
and,  therefore,  become  interstate  highways  of  nation-wide 
utility.  The  Federal  Ciovernment.  under  the  present  law,  is 
aiding  the  state  highway  departments  in  the  classification  of 
their  roads  on  the  basis  of  importance  and  needs,  and  Fed- 
eral aid  is  rapidly  being  extended  for  their  improvement,  on 
projects  submitted  by  the  states  and  approved  by  this  de- 
partment. 

"Having  these  points  in  mind,  I  have  been  unable  to  see 
the  need  for  the  creation  of  a  separate  Federal  Highwa.v 
Commission  or  the  wisdom  of  substituting  for  the  present  co- 
operative program  a  plan  which  would  commit  or  limit  the 
Federal  Covernment  to  the  construction  of  two  Federally- 
owned  and  maintained  trunk  lines  in  each  state  of  the  I'nion. 
There  was  a  bill  introduced  in  the  Senate  of  !he  I'nited 
States  on  Feb.  1.1.  V^V.^.  embodying  these  suggestions.  This 
proposed  legislation  provides  for  a  Federal  Highway  Com- 
mission of  five,  each  receiving  a  salary  of  $lu.ftno  a  year, 
whose  duty,  among  other  things,  would  be  to  establish,  con- 
struct and  maintain  a  system  <if  highways  'to  comprise  not 
less  than  two  main  trunk  line  roads  in  each  state,  and  join- 
ing the  National  Highway  System  in  the  adjacent  states 
and  countries.'  The  Commission  is  given  the  power  to  se- 
lect the  trunk  line  roads  to  be  constructed  after  having  re- 
■luestfii  the  State  Highway  Departments  to  recommend 
roiit<>.-  The  Federal  f!overnmenl  is  to  assume  'he  mainte- 
nance of  these  roads.  The  Commission  is  furthermore  em- 
powered to  take  over  the  work  of  all  existing  Federal  agen- 
cies relating  to  highway  transportation  and  'to  purchase 
■  ease,  rent,  operate,  and  maintain  such  motor  and  other 
transportation  facilities  as  it  may  deem  necessary  in  per- 
formance of  its  duties  under  this  Act.' 

"In  .Inly.  liUC,  the  Hankliead  Road  Act  was  passed.  It 
provided  appropriations  out  of  the  Federal  Treasurv.  to  be 
nialclied  by  equal  sums  from  the  states,  for  the  construction 
of  roads,  and  provided  finlher  that  no  state  should  receive 
any  of  the  money  appropriated  unless  it  had  a  highway  do- 
[lartmeut  with  adeqiiate  powers.  The  law  placeil  the  admin- 
islraliou  of  the  act  in  the  hands  of  the  Secretary  of  Agri- 
culture, in  cooperation  with  the  4.S  state  highway  depart- 
ments.    It   was  enacted  only  a  short   time  before  we  entered 
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the  "V^irnpeNn  war  iiml  its  opoiation  was  nooessarlly  Rroully 
Interlereu  with  by  the  ilistitrbed  t-omltllons.  Thei-e  were 
also  certain  feutures  of  the  law  that  made  Its  siiiootli  ad- 
liilnlsl ration  dinieiilt.  After  the  cessatinn  of  hostilities,  with 
the  niM>i'o\al  of  ihe  IMesideni.  1  reniiested  I'ongress  to  niak<' 
a  large  additional  approiiriallon  Ir  aid  the  states  In  hiRhway 
eonstriictlon  and  also  to  make  eertaln  amendments  to  the 
law,  the  necessity  for  which  experience  luut  demonslrali-d. 
Congress.  thro<ii;h  the  Haiikhead  ameiidnuMil  to  llie  I'ost 
Office  Appropvlatioi'  Hill,  provided  an  aildillonal  appropila- 
tion  of  $20!<.000,00(i  and  substantially  mad''  Ihe  ;Mnemlmenls 
suggested. 

"I'lider  existing  legislation,  there  is  no  special  obstacle, 
so  far  as  I  can  see,  to  the  constniolioM.  in  the  different  states 
of  the  I'nton,  of  those  roads  which  serve  the  ;^reatest  eco- 
nomic needs.  In  the  llrst  place,  the  detlnition  of  the  kind  of 
roads  that  can  he  constructed  has  been  greatly  broadened 
and.  in  the  second  place,  the  limitation  on  the  I'ederal  con- 
tribution for  any  one  road  has  1  een  increased  from  $'.il.ilOil 
to  $20,011(1  a  mile.  Following  this  legislation,  the  regulations 
governing  the  administration  of  the  act  and  the  standavd:; 
for  plans,  specifications,  and  estimates  have  been  modilied 
and  one  of  the  most  successful  former  state  highway  engi- 
neers in  the  country  has  been  placed  in  immediate  charge 
of  the  Federal  Aid  Koad  work.  He  has  at  his  dispo.^al  a 
considerable  staff  of  local  and  district  engineer  aids  and  no 
pains  will  be  spared  lo  provide  any  furtlier  I'^ederal  assist- 
ance that  may  be  needed.  The  machinery  provided  by  the 
Bnnkhead  amendment  includes  not  only  the  Federal  Bureau 
of  Public  Roads,  one  of  the  largest  and  most  eftective  orean- 
izaUons  of  its  kind  in  the  world,  but  also  the  4S  state  high- 
way departments,  the  two  agencies  working  in  close  co- 
operation. It  is  also  a  part  of  the  plan  to  have  an  advisory 
committee,  composed  of  representatives  of  the  State  Highway 
Departments,  selected  by  the  American  Association  of  State 
Highway  Officials  with  due  regard  to  geographic  considera- 
tions, to  work  in  intimate  touch  with  the  Federal  Bureau. 
meeting  with  its  officers  at  stated  periods  and  at  such  other 
times  as  may  be  necessary.  This  machinery,  in  effect,  is  an 
expert  national  commission  intimately  in  touch  through  its 
various  parts  with  all  sections  of  the  Fnion,  having  no  other 
puipose  than  that  of  serving  the  public  interest.  It  is  difficult 
to  see  what  need  there  can  be  for  additional  machinery. 

•Very  properly  the  Bankhead  Act  places  on  the  highway 
authorities  of  the  several  states  responsibility,  in  large  meas- 
ure, for  selecting  the  roads  to  be  constructed.  Obviously,  the 
local  autho;ities  are  in  a  better  position  to  judge  what  roads 
would  se-.-ve  the  largest  economic  needs  than  any  group  of 
men  sitting  in  Washington  would  be.  It  is  the  duty  of  the 
Federal  Bureau,  with  its  district  engineers,  to  see  that  the 
provisions  of  the  law^  are  complied  with.  It  is  giving,  and 
will  continue  to  give,  all  possible  assistance  to  the  state  au- 
thorities in  all  their  technical  problems  as  well  as  in  the 
planning  of  state  systems  and  in  the  classification  of  roads. 
It  has  been  the  policy  of  the  department  from  the  outset, 
in  order  to  prevent  haphazard  action,  to  have  the  state  high- 
way authorities  prepare  and  present  tentative  state  systems 
of  roads  It  was  apparent  that  a  rig'd  system,  not  subject 
lo  modihcations  as  conditions  might  require,  would  be  inad- 
visable. Each  state  authority  has  worked  out  a  svstem  and. 
in  general,  it  is  being  followed  in  the  development  of  proj- 
ects and  the  construction  of  roads.  In  a  number  of  instances 
systems  in  general  terras  have  been  adopted  by  state  legis- 
latures. Of  course,  in  formulating  these  systems,  the  engi- 
neers eave  due  regard  to  interstate  connections,  that  is.  to 
roads  connecting  the  system  of  one  state  with  that  of  an- 
other and  it  is  difficult  to  see  why.  as  progress  is  made, 
the  construction  of  through  roads  will  not  follow  as  a  matter 
of  course. 

•It  seems  scarcely  likely,  in  view  of  the  fact  that  nearly 
S:;00  oou.OOO  are  no-w  available  out  of  the  Federal  Treasury, 
that  the  Congress,  in  the  light  of  the  financial  situation,  will 
make  additional  large  appropriations;  and  it  would  be  im- 
possible, without  creating  many  complications,  to  divert  the 
existing  appropriations  from  the  purposes  and  plans  already 
under  wav  under  the  co-operative  arrangements  with  the 
states  A  considerable  part  of  the  available  appropriations 
has  alreadv  been  formally  tied  up  under  agreements  with 
state  departments  and  contracts  for  large  sums  have  been 
let  \dditional  large  amounts  are  being  pledged  monthly. 
Every  state  has  accepted  the  Federal  Act  and  many  of  them 
have    bv    law    directed    its   agencies   to    co-operate    with   the 


Secretary  of  Agrlciiiiiire.  .\  number  of  the  states  have  large 
sums  available  for  cooperation.  In  many  instances  much  in 
excess  of  what  is  necessary  to  meet  the  requirements  of  the 
Federal  Act,  and  o'her  states  are  preparing  greatly  to  in- 
crease their  appropriations.  These  stale  laws  and  arrange- 
ments cannot  easily  be  changed  and  perhaps  would  not  be. 
.\fler  the  original  act  was  passed,  more  than  a  year  elapsed 
before  many  of  the  slates  W'ere  able  to  secure  legislative 
action  which  would  enable  them  to  comply  with  the  Federal 
law  and  lo  begin  the  construct  ion  of  roads.  With  the  passage 
of  the  amendmi'iit  carrying  a  large  additional  appropriation, 
there  arose  a  necessity  for  further  legislative  action  in  some 
of  the  states.  11  seems  to  me  that,  instead  of  asking  for 
more  or  clifferent  legislation,  we  should  now  proceed  actively 
and  vigorously  with  Ihe  construction  oC  roads  under  existing 
arrangements. 

"l  am  ciHivinced  that  nothing  material  would  be  gained  by 
the  proposed  change.  Much  would  be  lost.  As  has  been 
pointi^d  out.  many  lomplications  would  be  introduced.  The 
creation  of  a  commission  would  entail  unnecessary  additional 
administrative  expenditures  and  the  commission  could  ndt 
do  anything  that  cannot  now  be  done  more  effectively  by 
the  existing  co-operative  machinery.  There  would  also  be 
a  radical  change  of  policy.  I  do  not  think  that  the  people 
of  the  states  will  be  willing  to  substitute  for'  the  present 
policy  of  developing  roads  on  the  principle  of  serving  the 
largest  economic  purposes  that  policy  advocated  by  those 
whose  interest  is  in  two  main  or  trunk  line  automobile  roads 
in  each  state,  nor  do  I  think  that  they  would  be  willing, 
even  if  it  were  legal  or  practicable,  to  have  existing  funds 
diverted  from  the  present  or  contemplated  projects,  worked 
out  with  the  aid  of  the  state  highway  departments,  solely 
to  the  construction  of  such  roads.  The  largest  service  will 
be  rendered,  not  only  lo  farmers,  but.  in  the  long  run.  also 
to  urban  people,  bv  following  the  principle  of  constructing 
roads  of  the  greatest  economic  importance,  selected  after 
careful  consideration  by  the  state  agencies  having  adequate 
iTuowledge  and  approved  by  the  Federal  Department.  It 
seems  to  me  clear  also  that,  as  the  work  proceeds,  we  shall 
have  roads  which  will  be  equally  serviceable  not  only  to 
those  interested  immediately  in  long  distance  automobile 
travel  and  motor  truck  transportation,  but  also  to  ihose  in- 
terested in  getting  their  farm  produce  to  the  market  in  the 
easiest  and  the  most  effective  manner  an  1  in  the  transporta- 
tion of  the  mails.  I  have  no  prejudice  against  any  sort  of 
road  except  a  bad  road,  or  against  any  sort  of  construction 
except  wasteful  and  unsubstantial  construction.  If  traffic 
conditions  require  heavy  construction,  then  I  am  in  favor  of 
it:  and  in  any  case,  under  the  law.  the  construction  must  be 
substantial. 

"The  road  construction  movement  is  growing  very  rapidly. 
The  Federal  Aid  Road  Act  has  done  much  to  promote  it. 
It  has  stimulated  financial  aid  and  has  caused  many  state 
legislatures  to  create  central  highway  departments.  Expe- 
rience has  brought  about  amendments  to  the  law  and  helpful 
changes  in  administration.  Comprehensive  road  programs 
have  been  inaugurated.  They  are  being  pushed  vigorously. 
They  will  resiilt.  in  a  shorter  time  than  most  peonle  imagine, 
not  only  in  a  network  of  good  substantial  roads  in  the  various 
states  of  the  T'uion.  but  also  in  the  requisite  interstate  high- 
ways. 

■Why  at  this  stage  introduce  complications  and  embarrass- 
ments? Why  should  not  the  friends  of  the  movement  for 
roads  to  serve  the  people  co-operate'?  It  is  difficult  tor  me 
to  see  why  all  who  are  animated  by  high  public  spirit  in  their 
thinking  concerning  highways  should  not  co-operate  in  the 
development  of  present  programs  and  in  the  perfection  of 
the  existing  processes  and  machinery,  instead  of  altempting 
to  overthrow  them.  I  believe  that  many  of  those  who  are 
backing  the  proposed  change  do  not  know  the  facts  and  are 
not  aware  of  existing  conditions  and  possibilities.  I  believe 
also  that  their  proposal  stands  very  little  chance  of  being 
enacted  into  law." 


Two  Counties  Vote  $10,500,000  of  Bonds  for  Road  Improve- 
ments.— Voters  of  Dallas  County,  Texas,  on  May  24  author- 
ized a  $6,.'5O0.00n  bond  issue  for  the  systematic  improvement 
of  county  roads.  By  a  vote  of  14  to  1  Maricopa  County,  Ariz., 
on  May  17.  authorized  a  $4,000,000  bond  issue  for  building 
1T-J14  miles  of  paved  highways. 
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Road  Machinery* 

By  ARTHUR  H.  BLANCHARD, 
Consulting  Highway  Engineer.  New  York  City. 
The  high  wages  of  unskilled  -labor  in  1917,  191S  anil  l:n'.t 
and  the  uncertain  status  ot  the  labor  supply  of  the  future 
has  resulted  in  a  thorough  analysis  ot  highway  construction 
data  to  determine  economical  methods  ot  using  road  machin- 
ery. The  trend  of  wages  of  unskilled  labor  was  ably  covered 
in  the  1919  Report  of  the  Committee  on  "Unskilled  Labor 
Supply"  of  the  American  Road  Builders'  Association,  wherein 
it  was  stated  that  the  average  rate  per  hour  in  the  United 
States  in  1912  was  19  ct.:  in  1913,  20  ct;  in  1914.  20. .5  ct.; 
in  1915,  22.5  ct;  in  1916,  2G  ct.:  in  1917.  30  ct.;  and  in  IIUS, 
39  ct.  In  the  opinion  of  the  writer,  American  highway  officials 
must  face  high  wages  for  unskilled  labor  for  several  years. 
The  basic  economic  law  of  supply  and  demand  naturally  ap- 
plies to  labor  conditions.  It  is  not  probable  that  the  war 
shortage  of  unskilled  labor  will  be  changed  over  night.  It  is 
not  logical  to  expect  that  unskilled  labor,  which  entered  the 
Service,  will  rush  back  to  the  pick  and  shovel  after  demob- 
ilization. Emigration  records  show  that  thousands  of  labor- 
ers are  leaving  America  every  mouth.  Immigration,  the  usual 
source  of  supply  of  unskilled  labor,  is  an  unknown  quantity 
and  agitation  in  the  XTnited  States  for  restricted  immigration 
further  complicates  the  situation.  It  is  not  surprising,  there- 
fore, that  the  reconstruction  period  finds  highway  officials, 
engineers  and  contractors  investigating  all  types  of  labor 
saving  machinery. 

The  selection  of  equipment  for  the  construction  and  main- 
tenance of  highways  should  be  based  upon  a  consideration 
of  the  following  factors:  (II  Character  of  work;  (2)  speci- 
fication requirements  covering  plant  equipment:  (3)  amount 
of  work;  (4)  portability  of  plant;  la)  large  and  sniall  units; 
(6)  ease  of  manipulation;  (7)  adaptability  to  different  classes 
of  work;  (8)  funds  available;  (9)  depreciation  of  plant:  1 10) 
tran.sportation  facilities.  The  practical  necessity  for  the 
consideration  of  many  of  the  above  factors  Is  self-evident. 

Character  of  Work.— In  the  case  of  contractors  whose  work 
is  confined  to  the  construction  of  sheet  asphalt  pavements 
and  in  the  case  of  a  department  such  as.  for  instance,  that 
of  Wayne  County,  Michigan,  where  the  highway  work  con- 
sists primarily  of  grading  operations  and  the  construction  of 
cement  concrete  pavements,  the  problem  is  materially  sim- 
plified. On  the  other  hand  where  a  contractor's  work  cov- 
ers the  construction  ot  all  the  various  types  of  roads  and 
pavements  used  in  a  municipality,  county  or  state,  the  se- 
lection of  the  several  units  of  plant  equipment  should  be 
based  upon  their  adaptability  to  different  classes  of  work. 
For  example,  where  cement  concrete  pavements  as  well  as 
concrete  foundations  are  to  be  constructed,  in  many  cases 
a  type  of  mixer  should  be  purchased  which  is  satisfactory 
for  the  cxsnstruction  of  pavements,  the  requirements  tor  which 
are  more  specific  than  in  the  case  of  mixers  used  only  on 
foundation  work. 

Specification  Requirements  Covering  Plant  Equipment. — In 
the  modern  practice  of  highway  engineering,  many  specifica- 
tions include  stipulation  which  must  be  met  by  machines 
and  accessories  employed.  As  illustrations  might  be  cited  the 
weight  of  rollers,  pressure  limitations  in  distributors,  grout- 
ing apparatus,  and  details  of  mixers  for  tlie  manufarture  of 
bituminous  concrete. 

Amount  of  Work,  Portability  of  Plant,  Large  and  Small 
Units." It  is  evident  that  a  contractor  for  a  department  will 
be  jtistified  in  the  purchase  of  an  ideal  equipment  if  the  work 
is  to  be  extensive  in  character.  If  the  work  is  centralized 
and  large  in  amount,  as  in  the  case  of  sheet  asphalt  work. 
in  many  municipalities  a  large,  well  equipped  permanent 
plant  will  prove  economical.  It.  on  the  other  hand,  the  work 
is  large  in  amount  but  distributed  over  considerable  area, 
small  portable  units  will  prove  more  satisfactory,  as  in  the 
case  of  mixing  plants  for  the  manufacture  of  bituminous 
concrete  to  be  laid   on   provincial  highways. 

Ease  cf  Manipulation. — In  cases  where  contractors  are  en- 
gaged in  general  highway  work  and  their  organization  does 
not  include  foremen  who  are  specialists  in  the  manipulation 
of  various  tvpes  of  complicated  machinery,  it  is  of  utmost 
importance  that  simplicity  of  machines  and  ease  of  m-'nii>u'a- 
tion   should  be  given  great   weight   in   the  selection  of  e(iuip- 


■"oriprc! 


,^i\tli    (Canadian    Oontj     l;o;til.-' 


inent.  'Ibis  is  particularly  true  in  connection  with  various 
types  of  machines  used  in  the  construction  of  bituminous 
surfaces,  bituminous  macadam  and  bituminous  concrete  pave- 
ments. 

Adaptability  to  Different  Classes  of  Work. — It  is  well 
known  tliat  specifications  for  different  classes  ot  work,  re- 
(luirii'g  the  same  type  of  tnachine.  call  for  differences  in  de- 
tail. l"(ir  grading  work,  specifications  might  require  rollers 
weighing  fioni  12  In  I',  tons,  while  in  the  construction  of 
wear'ug  courses  of  some  types  of  pavements  a  10  to  12-ton 
roller  is  stipulated.  A  contractor  who  is  handling  a  smrll 
amoinit  of  general  highway  work,  would,  therefore,  find  it 
advantageous  to  j)tirchase  a  12-ton  roller  suitable  for  both 
classes  of  work   uieutioned  above. 

Funds  Available. —  Departments  and  contractors  are  neces- 
sarily forced  to  consider  first  cost  of  equipment,  as  the  funds 
available  may  not  permit  the  installation  of  the  most  eco- 
nomical and  efficient  machines.  In  many  cases  where  such 
ccuditions  fre  encountered.  It  is  obvious  that  it  will  not  he 
practicable  to  anticipate  that  the  work  can  be  accomplished 
with  the  same  degree  of  rapidity  and  at  the  same  cost  as  if 
more  eflficient  machinery  constituted  the  plant  equipment. 

Depreciation  of  Plant  Equipment. — Depreciation  charges  on 
jilant  equii)uient  should  be  given  careful  consideration  prior 
to  the  purchase  of  machines  and  accessories  as  well  as  in  the 
consideration  of  the  cost  of  highway  work. 

Transportation  Facilities. —  Facilities  for  the  transportation 
of  machineiy  and  mateiials  materially  affect  the  efficiency 
of  the  sev.'ral  units  of  plant  equipment.  For  example,  in 
municipalities  and  provinces  where  materials  may  he  trans- 
ported o\er  hiehways  in  good  condition,  the  use  of  the 
motor  truck   will   usually   be   found   desirable 

Brief  consideration  will  be  given  to  the  plant  equipment 
suitable  for  grading,  quarrying,  construction  of  the  several 
types  of  roads  and  pavements,  and  snovy  removal.  It  is  also 
evident  that  normal  conditions  usually  will  he  assumed  as 
the  basis  for  suggestion  of  plant  equipment  for  the  various 
items  of  highway  work  enumerated. 

Transportation  Equipment. — Motor  trucks  and  wagons 
usually  will  be  found  a  necessary  part  of  the  equipment  for 
all  classes  of  highway  work.  Tractors  and  trailers  are  prov- 
ing of  particular  value  (ui  long  haul  work  where  loading  and 
unloading  apparatus  require  motor  trucks  to  remain  idle  dur- 
ing several  hours  a  day.  Industrial  railroads  have  proven 
efficient  equipment  on  highway  work  where  a  large  tonnage 
is  to  be  handled  quickly  on  long  hauls. 

Grading.-  Orading  operations  vary  from  the  scarifying  of 
an  olrl  road  surface,  preparatory  to  the  construction  of  a  new 
wearing  course,  to  heavy  cut  and  fill  work  requirins  the 
moving  of  thousands  of  cubic  yards  of  material.  It  is  ap- 
parent that  only  extreme  conditions  can  be  mentioned  in 
this  discussion  as  the  economics  of  the  utilization  of  various 
classes  of  machines  on  average  grading  work  would  neces- 
sitate a  comprehensive  discussion.  For  the  lightest  class  of 
grading  )n'utioned.  scarifiers  drawn  by  rollers  have  proved 
more  economical  and  efficient  than  the  use  of  picks  in  roller 
wheels  or  any  one  of  the  several  types  of  plows  drawn  by 
rollers  oi  tractors.  For  the  heaviest  class  of  grading  work, 
in  man.\  instances  steam  shovels  loading  into  ivagons  will 
be  found  economical.  In  connection  \vitb  all  ^'lading  work 
except  light  scarifying,  one  or  more  of  the  followinu  types 
of  machines  should  form  a  part  of  the  plant  equipment  for 
LM-adiug:  Road  drags,  grading  and  rooter,  plows,  drag,  buck 
■md  wlief  1  scrapers,  elevating  graders,  and  rollers  It  should 
l,e  noted  that  the  utilizatiim  of  the  elevating  grader  has  not 
neen  ful'y  developed  by  many  contractors. 

There  are  on  the  market  many  types  of  sleani  ami  gasoline 
traction  f:i.i;ines  suitable  for  hauling  grading  machinery. 
For  manv  .lasses  of  grading  work,  their  use  is  morn  .-conom- 
ical  than  the  employment  of  horses  and  mules.  F.ssentjal 
features  which  should  be  based  by  a  contractor  for  grading 
■vork  are  as  rollows:  ill  sufficient  power  for  hauling  the 
-evcral  types  of  grading  machines  under  the  varb-ty  of  cnn- 
dilions  ou  which  it  is  expi'cled  to  be  u^^ed:  .2i  adequa'" 
iMi'-ln.nical  str'-ngth:  i ::  I  simple  mechanisn  fuahiing  i'  'o 
,„■  <.asily  -leered,  controlled  and  otherwise  iqierated:  il> 
,j,ivi.-g  wli-cl.-  of  large  diameter  and  of  such  width  as  to 
rnaMe  the  tractor  to  operat.-  elficienlly  on  soft  ground 

Cu-rrvinn  I'buit  pquini.r  nt  f' "  nuarryine  d-pends  pri- 
„Kirih  upon  the  kind  of  rock,  tl-  required  output  per  day. 
;,iid  the  leni;lh  of  time  during  which  the  nuarry  will  be 
worked.      Prill.-  and   !da-ting  devices   are  a   necessary   part  of 
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all  e(|iii|>moiU  for  roik  work.  Coiiliartiirs  or  lU-piirtiiU'iils 
workiiiK  tlio  (I'liirry  (o  supply  inutorial  for  a  spei-ilU-  highway 
woiilil  use  tli<>  oriliiiary  portable  crushiiiK  and  si-reeiiiiis  plant 
I'onsistlnK  of  boiler,  online,  jaw  crusher,  elevator,  screen  ami 
l>ins.  Small  tinarries.  more  or  less  eontlnnonsly  operated,  are 
generally  enulpped  with  the  above  plant  exeept  that  in  many 
cases  the  gyratory  crusher  proves  more  economical,  rasslnn 
lo  the  largest  iiuarries.  modern  equipment  for  the  economical 
manufacture  of  broken  stone  should  consist  of  steiim  shovels 
for  removing  the  rock  masses  from  the  quarry  face  to  steel 
cars.  In  such  quarries  the  pieces  of  rock  transported  to  the 
crusher  may  vary  in  size  'ip  to  masses  weighini;  7  or  ,S  tons. 
The  rock  should  be  lirst  crushed  in  a  mammoth  jaw  crusher 
from  which  the  rock  should  be  passed  througli  a  series  of 
gyratory  crushers,  jaw  crushers  and  rolling  mills  and  thence 
to  elevators,  screens  and  bins.  In  some  plants  of  this  type 
washing  devices  are  a  necessary  part  of  the  equipment  in 
order  to  produce  stone  chips  free  from  dust. 

Earth  Roads. — In  the  construction  of  earth  roads  on  a  large 
scale,  the  following  equipment  has  been  found  to  be  econom- 
ically efficient:  Klevatiiig  grader  drawn  by  horses  or  by  a 
tractor,  scrapers,  disc  and  straight-tooth  harrows,  road  drags, 
rollers  and  watering  carts.  The  combinations  of  the  ma- 
chines mentioned  which  will  be  used  will  depend  upon  the 
amount  of  work,  character  of  the  soil  and  the  cross  section 
to  which  the  road  Is  to  be  built. 

Gravel  Roads. — Spike-tooth  harrows,  scrapers,  road  drags, 
roller.s  and  waterinu:  carts  constitute  the  equipment  for  the 
construction  of  gravel  roads.  Many  engineers  and  contractors 
have  found  grooved  rollers  more  satisfactory  for  this  class 
of  work  than   smooth   faced   rollers. 

Broken  Stone  Roads. — The  aveiage  equipment  consists  of 
harrows,  rollers,  and  watering  carts.  For  many  types  of 
construction  and  kinds  of  rock,  rolling  for  long  periods  with 
10  or  12-ton  rollers  has  secured  a  better  compaction  and 
economical  bond  than  in  cases  where  l.i  and  is-ton  rollers 
have  been  used  for  short  periods.  Some  contractors  have 
found  automatic  screening  spreaders  a  valuable  adilition  to 
the  plant  equipment. 

Bituminous  Surfaces. — The  equipment  required  for  the  con- 
struction of  bituminous  surfaces  depends  upon  the  amount 
and  character  of  the  work  and  the  rapidity  with  which  it 
must  be  accomplished.  For  example,  the  construction  of  a 
bituminous  surface  on  a  broken  stone  road  will  require  an 
equipment  of  rotary  brushes  or  coarse  fiber  brooms,  bass 
fiber  brooms,  in  some  cases  batteries  of  heating  kettles,  a 
distributor  to  meet  specifications  and  adaptable  tor  the  dis- 
tribution of  the  kind  of  bituminous  material  under  condi- 
tions stipulated  in  the  specifications,  pouring  cans,  squeegees. 
and.  in  some  cases,  o  to  10-ton  rollers  and  hand-drawn  or 
horse-drawn  automatic  stone  chip  distributors. 

Bituminous  Macadam  Pavements. — The  equipment  will  de- 
pend primarily  upon  the  specifications  and  the  kind  of  bitu- 
niinoiis  material  employed.  The  usual  equipment  consists 
of  batteries  of  heating  kettles,  a  distributor,  pouring  cans, 
and  a  roller.  The  specifications  covering  certain  features  of 
the  distributor  may  be  specific,  as  in  the  case  of  the  191S 
specifications  adopted  by  the  American  Society  of  Municipal 
Improvements  herewith  quoted: 

"The  pressure  distributor  employed  shall  be  so  designed 
and  operated  as  to  distribute  the  bituminous  materials  speci- 
fied uniformly  under  a  pressure  of  not  less  than  20  lbs.  nor 
more  than  7-5  lbs.  per  square  incli  in  the  amount  and  between 
the  limits  of  temperature  specified.  It  shafl  be  supplied  with 
an  accurate  stationary  thermometer  in  the  tank  containing 
the  bituminous  material  and  with  an  accurate  pressure  gauge 
so  located  as  to  be  easily  observed  by  the  engineer  while 
walking  beside  the  distributor.  It  shall  be  so  operated  that. 
at  the  termination  of  each  run.  the  bituminous  material  will 
be  at  once  shut  off.  It  shall  he  so  designed  that  the  normal 
■width  of  application  shall  be  not  less  than  G  feet  and  so  that 
it  will  be  possible  on  either  side  of  the  machine  to  apply 
widths  of  not  more  than  2  feet.  The  distributor  shall  be 
provided  with  wheels  having  tires  each  of  which  shall  not 
be  less  than  IS  in.  in  width,  the  allowed  maximum  pressure 
per  square  inch  of  tire  being  dependent  upon  the  following 
relationship  between  the  aforesaid  pressure  and  the  diameter 
of  the  wheel:  For  a  2  ft.  diameter  wheel.  2.50  lbs.  shall  be 
the  maximum  pressure  per  linear  inch  of  width  of  tire  per 
wheel,  an  additional  pressure  of  20  lbs.  per  inch  being  al- 
lowed for  each  additional  ".  in.  in  diameter. 

Bituminous   Concrete    Pavements. — The   type   of   pavement. 


amount  of  wiirk.  the  specillcations  and  the  kind  of  bituminous 
matcTial  employed  materially  affect  the  selection  of  the  plant 
cqulpuieiil  ior  this  class  of  work.  Hatteries  of  heating  kettles 
and  11  roller  are  required  for  the  construction  of  all  types 
'if  bituminous  concretes.  Although  the  practice  of  contrac- 
tors has  varleil  to  a  considerable  extent  with  reference  to 
the  \icight  and  type  of  roller,  many  now  favor  the  10-to  12- 
ton  tiiiidem  roller  for  all  clas.ses  with  the  exception  of  Topeka 
biluminous  concrete.  Plants  of  many  types  have  been  suc- 
cessfully employed  In  the  manufacture  of  bituminous  con- 
cretes. Naturally  the  most  economical  and  ellicient  work 
has  been  accomiilished  by  a  plant  especially  adapted  for 
mixing  the  tyiie  of  aggregate  used.  Generally,  on  highway 
work  outside  of  urban  districts,  the  portalile  plant  proves 
most  satisfactory.  Dependent  upon  the  plant  accessories, 
the  aggregate  is  measured  by  volume  or  weight  before  being 
dried  or  by  weight  after  drying,  the  latter  being  preferable. 
The  aggregate  Is  usually  dumped  Into  bucket  elevators,  which 
discharge  Into  rotary  driers.  In  the  best  types  of  plants, 
the  heated  aggregate  is  then  raised  by  bucket  elevators  and 
discharged  Into  a  small  storage  bin.  As  desired,  the  heated 
aggreg.ite  is  drawn  from  the  storage  bin  and  allowed  to  fall 
directly  into  the  pug  mill  mixer,  or,  preferably,  first  Into 
a  weighing  box.  The  liituniinous  cement  is  weighed  in  scales 
on  the  mixing  platform  and  then  dumped  into  the  mixer. 
After  thorough  mixing,  the  bituminous  concrete  is  usually 
discharged  into  a  wagon  or  truck,  which  the  plant  arrange- 
ment permits  to  be  placed  directly  beneath  the  mixer.  For 
pavements  of  the  type  of  bitulithic.  a  rotary  screen  is  a 
necessary  adjunct  to  the  plant.  For  these  types  of  bitumi- 
nous concrete  in  connection  with  which  seal  coats  are  em- 
ployed, the  equipment  will  necessarily  be  increased  by  the 
addition  of  hand-drawn  distributors,  pouring  cans,  squeegees, 
and.  in  many  cases,  hand-drawn  automatic  stone  chip  dis- 
tributiir.<. 

Sheet  Asphalt  Pavements. — The  plant  equipment  neces- 
sarily depends  upon  the  amount  and  location  of  the  work 
and  the  specifications.  A  tandem  roller  constitutes  a  part 
of  the  eqiiijiment  for  all  sheet  asphalt  work.  The  mixing 
plants  aie  of  three  types,  portable,  semi-portable,  and  perma- 
nent. A  complete  plant  includes  a  cold  sand  elevator,  a 
drier,  a  hot  sand  elevator,  a  hot  sand  storage  bin  with  screen, 
an  asphalt  elevator,  a  flux  tank,  melting  tank,  draw-off  tank, 
a  sand  measuring  box.  a  dust  elevator,  bin  and  measuring 
i)ox.  an  asphalt  cement  bucket  and  a  pug  mill  mixer. 

Cement  Concrete  Pavements. — Variations  in  economical 
enuipmeut  depends  priniarily  upon  the  specifications.  .  A 
beiim  and  bucket  cement  concrete  mixer,  forms,  screens, 
bridges,  belts,  long  handled  light  rollers,  watering  carts, 
pumps  and  hose  usually  constitute  the  equipment  for  the 
construction  of  cement  concrete  pavements  constructed  by 
the  mixing  method. 

The  e.ssential  features  of  a  plant  are  covered  by  the  follow- 
ing excerpts  from  a  report  of  a  committee  of  the  National 
Conference  on  Concrete  Road  Building:  "The  concrete 
mixer  should  be  of  the  batch  type  provided  with  an  automatic 
water  tank,  traction  drive  and  power  loader.  Mixers  having 
a  boom  and  bottom-dump  bucket  of  sufficient  size  to  convey 
one  complete  natch  for  placing  the  mixed  concrete  are  pre- 
ferred. Where  necessary  to  keep  from  cutting  into  the  sub- 
grade  and  to  facilitate  moving,  the  wheels  of  the  mixer  should 
be  run  on  suitable  nlanking.  The  mixer  should  be  provided 
with  a  suit.-.ble  automatic  water  tank  which  can  be  quickly 
filled  and  emptied,  so  that  when  once  determined,  the  re- 
quired amount  of  water  can  be  added  to  each  batch  of  con- 
crete. The  power  loader  or  skip  should  be  of  sufficient  size 
to  hold  all  the  materials  required  for  the  batch." 

Wood  Block  Pavements. — For  the  building  of  wood  block 
pavements,  thf  equipment  should  include  the  necessary  ap- 
paratus for  the  construction  of  the  mortar  cushion,  or  a 
template  and  band  roller  when  a  sand  cushion  is  employed, 
a  tandem  roller  weighing  from  Z  to  ,5  tons  and  the  neces- 
sary distributing  apparatus  for  the  application  of  fillers  and 
the  construction  of  expansion  joints. 

Brick  Pavements. — The  equipment  should  include  a  wood 
template  and  hand  roller  for  the  construction  of  the  sand 
cushion,  a  double  metal  template  for  constructing  a  mortar 
bed  on  a  green  concrete  foundation,  a  tandem  roller  weigh- 
ing from  .1  to  .5  tons,  brushes,  cement  grout  boxes  or  a  small 
mixer  if  a  cement  grout  filler  is  employed,  or  conical  pour- 
ing cans  if  bituminous  fillers  are  used  for  the  construction 
of  transverse  or  longitudinal  joints. 
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Bituminous  Macadam* 

By  A.  VV.  DEAN. 
Chief  Engineer,  Massaclnisetts  Highway  Comniissioii. 
In  the  construction  of  this  pavement,  as  in  that  of  any 
so-called  permanent  type,  proper  drainage  and  foundations 
are  absolutely  essential.  Moisture  and  frost  action  under 
the  road  crust  are  jiist  as  destructive  as  in  the  cheapest  or 
most   expensive  pavements. 

Foundation. —  If  the  'ubsoil  is  a  gravel  or  suitable  sand. 
no  artificial  foundation  may  be  necessary,  but  it  of  clay  or 
other  improper  material,  a  foundation  course  consisting  of 
stone  or  coarse  gravel  should  be  placed.  If  of  stone,  the 
interstices  should  be  thoroughly  filled  with  gravel  to  pre- 
vent the  clay  subsoil  from  gradually  working  up  and  filling 
the  voids  in  the  stone,  thereby  permitting  the  moisture  to 
permeate  and  destroy  the  foundation  and  pavement  during 
frost   action 

First  Course. — ITpon  the  properly  prepared  natural  or  ar- 
tificial foundation  the  first  course  of  broken  stone  should 
be  spread  evenly  and  to  sufficient  depth  to  be  of  the  desired 
thickness  after  rolling.  No  universal  rule  can  be  made  cov- 
ering the  thickness  of  this  course,  as  the  local  conditions 
vary  so  extensively.  For  example,  in  some  localities,  the 
subsoil  is  of  such  nature,  and  the  materials  available  in  the 
immediate  vicinity  are  of  such  nature,  that  an  artificial 
toundation  of  stone  10  in.  or  more  in  depth  may  be  laid  and 
the  first  course  of  the  pavement  need  be  only  about  2  in. 
in  thickness.  This  is  economical  and  satisfactory  in  locali- 
ties w'here  suitable  stone  for  foundation  is  plentiful,  but 
stone  suitable  for  the  first  course  of  the  macadam  has  to 
be  imported  at  considerable  expense.  On  the  other  hand, 
if  the  subgrade  is  a  proper  one  so  that  artificial  foundation 
is  not  necessarily  used,  the  first  or  bottom  course  of  the 
macadam  should  be  not  less  than  4  in.  in  thickness  after 
rolling,  and.  if  heavy  loads  are  to  be  sustained,  a  thickness 
of  6  in.  is  desirable. 

The  stone  in  this  course  should  be  of  uniform  and  good 
quality,  and  should  be  spread  in  such  manner  that  there 
may  be  no  segregation  of  large  or  small  stone.  The  stones 
composing  this  course  may  vary  in  size  from  V2  in.  to  :! 
in.  in  their  longest  dimensions,  provided,  however,  that  the 
percentage  of  the  small  size  shall  be  very  small.  If  the 
course  is  4  in.  or  less  in  thickness,  the  best  results  are  ob- 
tained, however,  by  using  stone  varying  in  size  from  1  '4 
to  21/2  in.  The  same  minimum  size  is  preferable  in  a  fi-in. 
course,  but   the  maximum   size  may  then  be  3  in. 

In  laying  this  course  the  same  methods  should  be  used 
as  in  the  laying  of  ordinary  waterbound  macadam,  includ- 
ing thorough  compaction  by  rolling,  and  securing  a  uniformly 
smooth  surface.  I'nlike  the  first  course  is  waterbound 
macadam,  however,  the  voids  in  this  first  course  must  be 
filled  with  stone  dust,  fine  gravel,  or  sand,  in  order  to  pre- 
vent wasting  of  bitumen  by  penetration  into  this  course 
during  the  construction  of  the  top  course.  It  is  essential 
that  the  surface  of  the  bottom  course  be  even  and  with- 
out depression  before  laving  the  top  course.  After  the  con- 
struction of  this  course  is  completed,  all  surplus  dust  and 
fine  material  should  be  swept  off,  leaving  the  upper  stones 
bare  to  receive  the  second  or  bituminous  course. 

Second  Course.— After  the  completion  of  the  first  course 
as  above  set  forth,  the  second  course  is  spread  at  such 
thickness  that  it  will  be  2  in.  thick  after  rolling  if  for  medium 
or  light  vehicular  traffic,  or  :]  in.  thick  if  for  heavy  vehicles 
in  large  volume. 

It  is  extremely  important  that  the  stone  used  in  this  course 
be  of  good  fjuality.  uniform  in  character,  and  so  spread  that 
there  is  no  segregation  or  large  or  small  sized  stones.  If 
building  for  light  weight  vehicles  only,  the  stone  used  may 
have  a  French  co-eflficient  of  wear  as  low  as  eight  and  a 
hardness  value  of  eight,  but  for  heavy  vehicles  a  better 
quality  of  stone  should  be  obtained  if  possible,  using  in 
such  ease  a  stone  having  a  French  co-efficient  of  not  less 
than  twelve,  and  preferably  even  greater,  and  a  correspond- 
ingly   higher   hardness   value. 

The  best  and  most  lasting  results  are  obtained  if  the 
sizes  of  the  stone  in  this  course  vary  from  3%  in.  to  iVi  i"  ■ 
with  the  larger  sizes  predominating.  This  has  been  proven, 
even  though  it  appears  inconsistent,  to  use  a  214-in.  stone 
in  a  course  2  in.  thick. 

•From  a  paper  presented  IHay  21  at  the  Canadian  Cooil  r.oa.l^ 
Association   Congress. 


ICxtrenie  care  should  be  had  in  the  laying  and  rolling  of 
this  course  to  have  it  uniform  in  its  component  sizes  of 
stone  an<l  rolled  to  a  uniform  thickness.  The  rolling  should 
lie  thorough,  in  order  to  reduce  the  voids  and  make  the 
surface  hard  and  smooth,  although  not  as  thorough  as  in 
the  case  of  waterbound  macadam   roads. 

Application  of  Bituminous  Material. — After  rolling,  the 
bitumiuoiis  material  should  be  applied  at  a  temperature  of 
.;.'i(i"  to  ,3110  K.  with  a  mechanical  distributor  that  will  force 
the  material  onto  the  surface  uniformly,  such  force  being 
"(|uivalent  to  that  obtained  under  a  pressure  of  30  lb.  or 
more  lo  the  stiuare  inch.  The  amount  of  bituminous  ma- 
terial used  per  square  yard  in  this  application  will  vary 
from  I'i  <;al.  on  a  2-in.  course  to  about  2V2  Kwf-  "'i  a  3-in. 
suiface.  Creat  care  must  be  had  in  the  distribution  of  the 
liitiimen  to  prevent  getting  too  much  or  too  little  material 
in  spots  (u-  streaks,  otherwise  "bunches"  or  depressions,  as 
tlie   fi.ult    may   cause,   will   soon   develop. 

After  sprea.ling  the  bitumen,  it  should  be  lightly  Init 
completely  covered  with  pea  stone  (%-in.  stone  1  and  thor- 
o\igh!y  rolled,  using  a  .TO-ton  roller  if  available,  and  if  the 
stone  is  of  hard  ciuality.  or  a  somewhat  lighter  roller  if  of  a 
poorer  quality  stone.  Success  v.  ill  not  be  obtained  if  this 
course   is  not   thoroughly   rolled. 

A  seal  coat  of  the  san'e  quality  of  bitumen  is  then  ap- 
plied, using  V2  gal.  of  bitumen  to  the  stiuare  yard  for  this 
application,  then  covering  again  with  pea  stone  and  finish- 
ing  with   the   heavy   roller. 

When  the  bitumen  Is  applied  the  stone  should  not  be  wet 
but  may  be  moist,  and  in  all  cases  must  be  absolutely  clean 
and  free  from  dust.  The  bitumen  used  may  be  an  asjihalt 
or   tar   product. 

Whether  of  asphalt  or  tar.  the  bitumen  should  be  prop- 
erly refined  and  prepared  for  use  in  this  type  of  construc- 
tion, its  properties  varying  sligl'.tlv  with  the  climatic  con- 
dition of  the  territory  in  which  it  is  to  be  used. 

In  northern  climates  like  that  in  the  New  England  states 
;ind  lower  Canada  the  best  and  most  lasting  results  appear 
to  be  obtained  by  using  an  asphalt  having  penetration  of 
:)U  to  110,  and  as  determined  by  the  standard  method  of 
testing  adopted  by  the  .•\merican  Society  for  Testing  Ma- 
terials. 

Patching  Bituminous  Macadam.— Where  properly  built 
under  suitable  climatic  and  traffic  conditions,  the  bituminous 
macadam  pavement  is  economical  both  in  construction  and 
maintenance  If  a  hole  apfiears  in  the  surface  it  should  im- 
mediately be  patched,  using  a  mixture  of  small  stones  and 
hot  asphalt  or  tar.  If  a  general  breaking  of  the  top  sur- 
face appears  imminent,  it  should  be  given  a  seal  coat  of 
hot  asphalt  and  pea  stone  before  such  breaking  up  occurs. 
Condensed  Rules  for  Successful  Construction  of  Bituminous 
Macadam.— A  few  condensed  rules  are  here  given  for  the 
prevention  of  tiiisatisfactory  results  with  bituminous  mac- 
adam. 

Be  sure   that   the  drainage,   subgrade   and   foundations  are 

suitable. 

Have  the  surface  of  the  bottom  course  even  and  without 
depressions  before  laying  the  lop  course. 

Have  tlie  larger  sizes  of  broken  stone  predominate  in  the 
top  course. 

I'se  dumping  platforms  or  self-spreading  wagons  for 
spreading   all   broken   stone. 

I'se  a  sufficiently  hard  bitumen  for  both  penetration  and 
se<il  coat,  as  a  soft  material  permits  the  surface  to  soon 
becou'.e    wavy. 

i;et  all  peiietratiini  work  compJcte  during  the  spring  and 
sumni.'r  months  If  done  in  the  late  fall  the  penetration  is 
not  C!im|)lete  and  the  pavement  is  liable  to  become  loose 
in  the  following  winter. 

I'atdi  holes  immediately  if  they  appear  in  the  surface. 

If  tar  is  used,  apply  a   light   s.-al  coat   at   intervals  of  2  or 


Pennsylvania  Has  Over  $7,000,000  Worth  of  Road  Work 
Under  Contract.  -Up  lo  May  in  the  State  Highway  Depart- 
nient  of  I'eunsvlvania  had  awarded  road  contracts  this  year 
calling  for  an  expenditure  of  $7,277,634.  Four  letlings,  cov- 
ering •".<;  projects  aggregating  332  miles,  had  been  held.  It 
is  expected  that  by  .lulv  I.i  200  additional  miles  will  have 
been  pl.iced  under  contract. 
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Methods  of  Financinii  lli<4li\vay 
Iinproveinoiits 

In  a  iiienioinnilMiii  fiulnilii'il  in  .1  iKninuttoo  rinxnl  siili- 
mitte'.l  at  the  lii<t  .vnnnal  i-onvontion  of  llu'  Anierlciin  Koiul 
Hiiilders'  Associiilloii.  Mr.  I..  K.  Ht>nn>l)iu-ki«i-,  Chief  of  Man- 
agpniem.  t".  S.  Burean  of  Public  Koails.  Rives  an  excelli-nl 
summiirv  o.'  the  vnrlcnis  in<>thntls  lluit  have  been  used  in 
tinancini;  highway  Improvements  in  this  country.  His  state- 
ment follows: 

There  are  eight  distinct  sources  of  road  reviniii>s  under 
the  systems  of  administration  followed  in  the  respective 
states,  counties  and  municipalities  throughout  the  United 
States.  These  are:  (1)  personal  taxes  paid  in  labor  and  by 
an  arbitrary  annual  fee  known  as  poll  tax;  (21  direct  prop- 
erty taxes:  t'-W  proceeds  of  registration  and  license  fees  on 
motor  vehicles;  l-ll  direct  api)ropriations  from  general  treas- 
uries: I'.*  special  assessments  on  property  in  road  improve- 
ment districts  and  against  property  abutting  and  contigu- 
ous to  a  designated  road:  (f.)  sale  of  bonds:  (7)  appropria- 
tions by  the  national  government:  (S)  collection  of  tolls. 
anci  <!•>  miscellaneous  sources,  such  as  sale  of  lami,  profits 
from  state  -ndustries.  taxes  on  corporations,  sale  of  permits, 
etc. 

It  may  appear  from  the  foregoing  that  the  public  road 
reaches  all  of  the  possible  sources  of  taxation  and  theoreti- 
cally this  is  true,  but  practically  the  general  trend  of  road 
finance  is  toward  a  reliance  upon  direct  property  taxes,  mo- 
tor vehicles  revenue,  sale  of  bonds,  and  federal  appropria- 
tions. The  other  sources  are  incidental  and  <iuit<>  local  in 
their  application. 

The  labor  tax  has  been  ridiculed  and  condemned  at  every 
good  roads  meeting  during  the  past  decade.  It  is  unques- 
tionabl.^  an  inefficient  and  wasteful  method,  both  of  pay- 
ing taxes  and  building  and  repairing  the  roads,  but  it  is 
probably  the  lesser  of  evils  in  the  southeastern  states,  where 
a  large  proportion  of  the  population  holds  little  or  no  prop- 
erty, is  thoroughly  accustomed  to  manual  labor  as  tenants 
of  farms  and  plantations,  and  can  only  be  readied  effectively 
for  the  performance  of  civic  duties  through  the  imposition 
of  a  tax  upon  their  manual  rather  than  financial  capacity. 
I  should  consider,  therefore,  that  it  might  be  desirable  to 
consider  the  retention  of  some  form  of  statute  labor  tax 
where  the  local  conditions  are  such  as  I  have  described. 

The  direct  propertv  tax  for  road  purposes  probably  will 
always  be  necessary  both  as  to  source  of  revenue  and  as  a 
means  of  reaching  all  beneficiaries  of  road  improvement, 
but  many  reforms  and  improvements  are  necessary  before 
this  method  of  finance  can  be  held  to  really  serve  its  pur- 
pose eqiiilably.  It  is  well  known  that  the  ratio  of  taxable 
to  actual  value  varies  not  only  among  the  states  in  wide 
degrees,  bu*  in  many  of  the  states  there  is  a  wide  variation 
as  among  the  several  counties.  Manifestly,  if  a  state  tax 
be  levied  for  road  purposes  and  the  property  in  one  county 
is  assessed  at  40  per  cent  of  its  actual  value,  while  the 
property  in  another  county  is  assessed  at  liil  per  cent  of  its 
actual  value,  there  is  immediately  an  unjust  discrimination 
against  the  latter  county.  The  practice  of  equalizing  assess- 
ments by  state  boards  of  equalization  should  be  vigorously 
urged  in  connection  with  the  levying  of  state  taxes  for  road 
purposes. 

In  some  of  the  states,  cities  are  not  taxed  for  county  pur- 
poses and.  in  consequence,  heavy  automobile  traffic  from 
cities  exerts  a  destructive  influence  upon  country  highways 
without  any  corresponding  return  in  the  form  of  taxes.  The 
remedy  is  either  to  make  the  cities  taxable  by  counties  for 
roail  purposes  or  to  include  practically  all  of  the  heavily 
traveled  highways  in  the  state  system  and  reach  the  cities 
by  the  direct  =tate  tax.  It  would  seem  to  be  fundamentally 
necessary  that  roads  should  be  classified  and  segregated  into 
distinct  systems  as  a  condition  precedent  to  the  establish- 
ment of  direct  property  taxes.  Probably  some  budget  plan 
could  be  worked  out  in  which  the  requirements  of  the  state, 
county  and  township  highway  systems  respectively  could 
be  ascertained,  and  the  total  tax  rate  then  adjusted  so  as 
to  yield  amounts  proportionate  to  such  findings.  The  net 
outcome  would  be  that  the  man  who  lived  on  the  state 
road  would  pay  the  heaviest  tax.  the  man  who  lived  on  the 
co"Ti  '■  'oad  the  next  heaviest,  and  the  man  who  lived  on  the 
township  road  the  lightest  tax.  but  each  instead  of  paying 
three  distinct  taxes  would  pay  one. 


For  the  reason  that  It  Is  easier  to  convince  the  public 
of  the  necessity  of  building  n  good  road  than  U  is  to  con- 
vince them  of  the  necessity  of  keeping  it  up,  I  would  advo- 
cate dependence  upon  the  direct  i)r()perly  tax  as  far  as  pos- 
sible for  the  construction  of  state  roads  and  for  meeting 
Interest  and  retirement  requirements  on  slate  bond  Issues, 
thus  leaving  to  motor  vehicle  fees  the  burden  of  first  sup- 
porting slate  highway  organizations  and  maintaining  the 
roads,  and  applying  only  the  surplus  from  such  revenues  to 
the  construction  of  roads  and  the  payment  of  principal  and 
interest  of  bonds.  For  county  and  township  roads  it  will 
continue  to  be  desirable  and  necessary  to  levy  the  direct 
property  tax  for  practically  all  highway  purposes,  less  such 
amounts  as  may  be  granted  by  the  federal  government  and 
the  states  as  aid. 

i'roceeds  of  ir.olor  vehicle  regislialioMs  and  licenses  have 
increased  enormously  during  the  past  few  years,  and  it  Is 
quite  probable  that  in  a  very  few  years  more  the  aggregate 
of  this  revenue  will  fall  not  short  of  $l(H).i)(i(l.000  annually,  or 
an  amount  greater  than  the  total  exiu'udituie  for  highways 
and  bridges  in  the  entire  United  States  12  years  ago.  As 
suggested  in  the  preceding  paragraph,  this  revenue  should 
first  be  applied  to  the  support  of  highway  departments  and 
to  the  maintenance  of  state  highways,  for  the  reason  that 
the  revenues  are  regularly  available  without  the  irritation  to 
the  taxpayer  which  comes  from  levying  a  direct  tax  each 
year.  In  o'lier  words,  having  secured  a  good  road,  the  av- 
erage taxpayer  is  apt  to  consider  the  road  as  a  permanent 
institution,  and  to  resent  the  necessity  of  continuing  to  tax 
himself  to  )<eep  it  up.  whereas,  he  is  not  so  likely  to  oppose 
spending  the  generous  motor  vehicle  revenues  for  this  pur- 
pose. I  believe,  therefore,  that  it  is  a  mistaken  zeal  which 
seeks  to  tic  up  motor  vehicle  revenues  for  the  payment  of 
inteves!  and  retirement  of  bond  issues,  thus  leaving  to  the 
tender  mercies  of  the  I'lxpiyer  the  roads  built  at  great  ex- 
pense and  for  which  debt  has  been  incurred.  It  the  state 
highway  sv.Jtems  as  distinct  from  local  highways  be  esti- 
mated at  2.'jO,000  miles,  and  this  is  quite  conservative,  $100,- 
000,000  would  yield  an  average  per  mile  of  $400.  and  this 
amount  would  be  reduced  by  such  sums  as  would  be  neces- 
sary to  sustain  the  state  highway  department.  I'nder  mod- 
ern traflic  conditions  an  average  of  $100  per  mile  per  annum 
for  maintenance  is  not  an  excessive  outlay.  In  fact,  many 
of  the  states  consider  an  annual  outlay  of  double  this  amount 
to  be  entirely  conservative.  I  believe  that  this  source  of 
revenue  should  be  jealously  guarded  as  the  one  chief  main- 
stay of  highv.-ay  maintenance. 

(Questions  as  to  the  basis  of  levying  the  fees  on  motor 
vehicles  are  interwoven  in  a  very  intricate  manner  with 
questions  of  regulation  looking  to  the  protection  of  the  high- 
ways, so  that  the  matter  is  not  purely  one  of  revenues  Thus 
far  the  tendency  seems  to  be  quite  general  to  base  the  tax 
on  the  ordinary  motor  vehicle  on  horse  power  (it  rates  now 
generally  regarded  as  equitable  at  anywhere  between  40  ct. 
and  $1  per  horse  power,  while  motor  trucks  are  more  gen- 
erally taxed  on  a  weight  basis.  It  would  seem  that  there 
has  been  too  much  of  a  tendency  on  the  part  of  each  state 
to  follow  precedent.  There  ought  to  be  good  possibilities  for 
the  working  out  of  an  efficient  and  equitable  basis  of  motor 
vehicle  taxation  through  joint  action  of  the  best-informed 
men  in  those  state  highway  departments  which  have  had 
most  intimate  contact  with  this  problem.  The  findings  of 
such  a  committee  would  be  exceptionally  helpful  to  all  of 
the  states. 

Direct  appropriations  from  general  revenues  are  prac- 
ticable in  large  and  wealthy  states  and  municipalities,  but  in 
view  of  the  urgent  necessity  of  carrying  on  highway  con- 
struction and  maintenance  according  to  a  comprehensive 
system  and  over  a  period  of  years,  the  dependence  upon 
annual  appropriations  is  too  precarious  to  permit  dependence 
upon  this  plan  except  for  special  and  temporary  purposes. 

Special  assessments  in  road  improvement  districts  consti- 
tute a  method  of  finance  quite  generally  followed  in  some 
of  the  middle  western  and  southwestern  states,  and  prac- 
tically means  the  formation  of  a  corporation  of  landowners 
who  voluntarily  bring  upon  themselves  taxation  tor  the 
purpose  of  improving  their  property  by  means  of  better 
highways.  This  method  has  proven  successful  in  obtaining 
improved  roads  which  would  probably  not  be  obtained  through 
dependence  upon  popular  vote.  It  localizes  the  burden, 
however,  and  is  not  equitable  unless  the  road  is  of  purely 
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local   importance      Any   road   used   by   traffic   ontside   of  the 
improvement  district  should  have  a  wider  field  of  taxation. 

Bond  issues  for  highway  improvement  are  beconiiiiK  pop- 
ular at  a  rate  which  is  not  altogether  reassuring.  A  bi-ief 
eonsideratinn  of  authorized  or  suggested  state  bond  issue;;. 
entirely  apart  from  county  and  municipal  issues,  brings  out 
the  fact  that  if  all  of  the  proposed  issues  were  approved, 
the  states  would  saddle  themselves  with  a  financial  burden 
exceeding  half  a  billion  dollars  and  possibly  reaching  a  bil- 
lion dollars.  Certain  fundamental  questions,  such  as  the 
length  of  term  of  the  bonds,  their  payment  on  a  serial  rather 
than  a  sinking  fund  basis,  the  rate  of  interest,  the  determina- 
tion of  the  roads  to  be  improved,  the  solving  of  the  difficult 
problems  of  type  and  dimensions  of  roads,  should  be  worked 
out  ahead  of  the  sale  of  bonds  so  that  these  vast  outlays 
may  not  produce  such  niggardly  results  as  to  cause  a  reaction, 
such  as  in  the  early  days  of  the  republic  caused  most  of  the 
states  to  insert  in  their  constitutions  pVovisions  against  tak- 
ing part  in  works  of  internal  improvement. 

The  collection  of  tolls,  while  generally  tabooed  by  intelli- 
gent public  sentiment,  may  yet  assume  a  position  of  real 
importance  in  the  financing  of  road  work.  In  the  old  days 
objection  was  made  to  tolls  because  they  were  usually  col- 
lected by  private  companies  on  public  rights-of-way,  he- 
cause  the  cost  of  collection  was  out  of  all  proportion  to  the 
amount  of  revenue  derived,  and  because  it  was  Impossible  to 
prevent  gross  dishonesty.  It  is  possible  to  meet  these  fault; 
by  having  the  toll  collected  by  the  state  and  not  by  private 
companies.  Traffic  has  become  so  enormous  as  compared 
with  the  old  days  and  automatic  devices  tor  col'ecting  and 
recording  collections  have  been  so  highly  developed  as  to 
make  it  possible  to  collect  tolls  at  the  cost  of  a  small  per- 
centage of  the  total  collections.  The  destruction  to  the  roads 
of  one  tax  jurisdiction  by  traffic  coming  from  other  tax  juris- 
dictions naturally  directs  attention  to  the  toll  system  as  one 
means  of  meeting  this  condition.  The  toll  system  is  distaste- 
ful and  inconvenient  to  the  road  user  and  may  be  made  un- 
duly expensive,  but  on  the  general  theory  that  payment 
should  be  made  for  service  rendered,  it  would  hardly  seem 
that  the  road  user  could  legitimately  object  to  paying  for 
the  benefit  of  using  a  good  road.  I  am  not  prepared  to  advo- 
cate the  toll  system,  but  consider  that  it  should  not  be  dis 
missed  lightly  as  a  relic  of  the  barbarous  ages. 

Finally,  the  aid  granted  by  tb.e  Federal  Government  has 
become  of  considerable  magnitude.  At  present  it  is  left  to 
the  state  highway  department  in  the  first  instance  to  deter- 
mine where  the  federal  aid  is  to  be  expended.  It  would 
certainly  seem  that  the  National  Government  should  con- 
cern itself  with  those  roads  which  are  of  national  impor- 
tance, and  in  line  with  this  conclusion,  the  granting  of  fed- 
eral aid  should  be  restricted  to  a  national  system,  or  at  least 
to  those  roads  which  are  interstate  in  character.  If  this 
be  done,  it  will  be  one  more  step  in  the  logical  development 
of  the  principle  of  apportioning  burdens  to  each  unit  of  gov- 
ernmfut   according  to  the  benefits   rie-ived. 


Why  New  York  State  Road  Contractors  Failed. — Ruinous 
competition  by  inexperienced  contractors  rather  than  war 
conditions  is  ascribed  by  Mr.  E.  A.  Bonney.  Supervising 
Engineer.  New  York  State  Highway  Department,  as  being 
the  cause  of  the  unusual  number  of  defaulted  highway  con- 
tracts in  New  York  state  in  IftlS.  In  the  last  annua!  rejiort 
of  the  First  Deputy  Highwav  Commissioner,  Mr.  Bonney 
summarizes  the  matter  as  follows:  It  is  the  current  cus- 
tom to  ascribe  failure  on  public  work  operation  to  the  war 
but  this  .reasoning  was  only  partially  responsible  for  the 
various  contra'-ts  which  the  Department  was  forced  to  com- 
plete. Most  of  the  failures  can  be  traced  back  to  the  ruin- 
ous competition  of  HiH.  1915  and  ISlfi,  brought  on  by  the 
influx  of  many  inexperienced  contractors.  In  some  cases  a 
certified  check  for  bidding  purposes  was  obtained  from  a 
bonding  agent:  a  bond  prociu-ed  from  this  agent's  company; 
a  plant  bought  for  a  few  dollars  plus  C,  9  and  12-monlh 
notes:  the  president  of  some  rural  bank  procured  as  a  co- 
partner so  that  the  first  payrolls  might  be  met:  and  finally 
the  proceeds  of  monthly  estimates  were  assigned  In  ma- 
terial manufacturers  so  that  work  could  proceed.  Such 
combination  as  outlined  above,  together  with  the  gradual 
increase  in  the  cost  of  labor,  had  far  more  influence  upon 
the  resulting  abandonment  of  contracts  than  the  entry  of 
the   Fnited    States  into  the   world  war. 


Methods  of  Constructing   Roads 
Through  Sandhill  Regions 

Nebraska  has  a  sandhill  region  covering  an  area  of  about 
20.000  square  miles  or  aljout  one-fourth  the  total  area  of 
the  stale.  MosI  of  the  area  is  dune  sand  without  much 
vegetation  to  hold  il  down  and  prevent  il  blowing 
about  witli  the  wind.  When  undislurbed.  grass  and  weeds 
grow  rapidlx  and  soon  cover  the  sand  with  a  mat 
of  vegetation  that  prevents  its  being  moved  by  the  wind. 
However,  (his  ipat  is  not  sufficient  to  hold  ihe  sand 
HI  place  under  traflic.  The  methods  of  constructing  and 
maintaining  roads  through  this  sandhill  region  were  de- 
scribed by  Mr.  Paul  E.  Brown  in  a  paper  presented  at  the 
last  meeting  of  the  Nebraska  Road  Institute.  The  following 
is  abstracted   from   his   pajier: 

In  dry  weather  the  sand  dries  out  lo  a  depth  of  4  in  , 
where  it  is  entirely  free  from  vegetation.  When  sod  covers 
the  sand,  the  sand  dries  out  to  a  depth  of  11  to  IS  in.  in  hot 
weather. 

The  imiislure  retaining  faculty  of  the  bare  sand  is  a  great 
lienefit  of  the  roads.  The  presence  of  moisture  determines 
Ihe  condition  of  the  natural  road  more  than  anything  else: 
for  the  growtli  of  vegetation  as  mentioned  before,  does  not 
benefit  the  road  much.  The  annual  rainfall  for  the  region  is 
about  21  in.:  while  the  evaporation  is  twice  as  nnich;  and 
yet  most  any  time  one  can  find  moisture  within  2  or  :j  in. 
of  the   surface  of  the   gromid. 

While  driving  an  automobile  through  the  sandhills,  places 
are  sometimes  encountered,  where  it  seems  impossible  to 
get  the  car  to  move  because  of  the  dry,  loose  sand  under 
the  wheels.  In  such  a  case  one  can  most  always  drive  out 
by  scooping  the  surface  of  the  trail  ahead  of  the  car.  for 
a  depth  of  2  to  :!  in.,  until  better  soil  is  reached. 

Since  dragging  and  grading  results  in  no  benefits  lo  a 
sandhill  road,  the  only  method  left  for  improving  them  is 
to  put  some  material  on  the  surface.  Or  else  mix  some- 
thing with  the  surface  sand  to  act  as  a  binder. 

The  method  most  used  is  to  spread  hay,  straw,  weeds 
or  some  sort  of  vegetation  on  the  road  to  support  the  ve- 
hicles and  distribute  the  weight  more  widely  over  the  sand. 
Straw  is  usually  distributed  along  the  trail  to  a  depth  of 
about    12   to   IS    in. 

.^fter  travel  has  gone  over  the  straw  for  about  a  week, 
the  road  is  at  its  best.  A  few  weeks,  especially  in  hot 
weather,  allows  the  straw  to  break  up  and  gradually  blow 
iiway.  until  such  a  road  presents  itself  for  a  month  or  so. 
After  that,  hardly  anything  remains  to  show  that  the  road 
is   any   different   than   it    was   before  straw   was   put    there. 

Another  wa.v  of  treating  the  sandhill  roads  that  approaches 
:i  more  permanent  type  of  construction,  is  to  haul  clay  from 
Ihe  valleys,  or  magnesia  from  the  creek  and  river  canyons, 
ijnd  distribute  over  the  trail  about  .s  in.  thick.  The  strip  so 
covered   is   seldom   over  S   ft.  wide 

In  dry  weather  the  road  does  very  well,  but  h  hen  wet  it 
approaches  the  clay  road  of  days  gone  by,  !)eiue  little  short 
of  a  niudhole,  except  that  the  sand  beneath  offers  some 
drainage.  .\  rain  or  two.  and  a  season  of  traffic,  puis  Ihe 
wlieels  through  the  clay  into  the  sand.  The  chuck-holes, 
tb;it  occur  on  a  road  like  this,  when  breaking  down,  are  ter- 
rible. 

Thi'  clay  treatment  could  be  uuule  lo  do  10  limes  m(ue 
service  if  it  were  intermixed  with  the  sand  about  half-and- 
half,  and  rolled,  when  a  little  moisture  is  present  Tiealed 
this  way  anil  given  a  sliglil  crown  could  not  help  iiul  present 
a    gr)od    roadway   the   greater   jiarl    of   the   year 

There  are  places  wher"  clay  is  not  f>asily  obtained  and 
vegetation  is  so  short  lived  thai  something  else  is  sought. 
I'sually.  in  these  c.ises.  the  traffic  is  so  light  lliai  ••ronoray 
l>rohibits  a  permanent  tvi)e  of  road.  A  mile  .if  i;ood  road 
woulu  iierha|)s  serve  .'0  miles  of  g<iod  natural  road  having  a 
ji).'lit  lr;illl<\  In  these  c;ises.  why  could  not  .i  [ilank  road- 
way be  used.  The  runway  or  track,  might  hy  of  ::-iti.  plank, 
the  guard  rail  a  2x1  braced  by  a  Ixt.  The  spikinc  would  all 
be  done  outside  the  runwax.  thereby  leaving  no  protruding 
nail  heads.  Beneath  the  tracks,  are  ties,  which  might  be 
l\ls  or  2x4s.  In  all  cas"S,  they  should  be  burieil  so  that 
the  track  itself  rests  on  the  sand.  By  nuiking  the  Hack  com- 
plete in  10-ft.  sections  and  joining  the  section>  at  the  ends, 
each  one  partly  overlapping  the  tie  of  another,  the  entire 
track   couUI    be   taken    up   in    imits   and    shifted    nbout,    if   f\i- 
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ture  conditions   niado   i(    iidvisuble   to  chaiiKO   Its   loi-atioii. 

The  cost  of  stich  a  trai'k  would  be  about  $r>  a  10-ft.  si-c- 
tlon  for  material  alone,  and  about  $-'(;,">  a  mile.  The  con- 
struction would  perhaps  equal  this  tlKUre.  if  the  work  were 
to  be  done  by  the  public,  but  when  done  by  the  indiviiiual 
for  private  use.  as  in  the  case  of  a  ranch  or  a  neighborhood. 
the  material  and  labor  combined  would  hardly  exceed  $.S 
a   10-tt.  section  or  $l2r>  a  mile. 

The  Field  for  Rural  Motor  Express 
in   New  York  State* 

Hy  JAMI->;  K.  BOVl-K. 

Kxtenslon  Professor  of  Kural  Kconomy.  CoUeRe  of  AKrlculiun". 
Cornell   I'niverslty. 

We  know  that  in  comparison  with  the  railroads  of  other 
countries,  our  railroads  carry  lower  capitalization  and  give 
better  service  at  lower  rates.  However,  this  is  not  saying 
that  the  railroads  are  successfully  ineeting  the  needs  ot 
newer  forms  of  transportation  developed  since  the  coming 
of  the  gasoline  engine.  Improvements  in  railroads  in  re- 
cent years  have  largely  taken  the  form  of  putting  on  heavier 
rolling  stock  and  hauling  increasingly  heavier  loads;  an  in- 
creasing use  is  also  being  made  of  electric  power  and  of 
gasoline  motors.  But  whatever  the  causes  may  be,  in  tlie 
past  few  years  transportation  needs  have  outstripped  rail- 
way development.  This  is  true  not  only  along  the  branch 
lines  and  feeders  for  the  main  lines,  but  along  the  main  lines 
themselves.  The  demand  now  is  primarily  for  better  service 
rather  than  cheaper  service. 

The  growth  of  transportation  facilities  should  keep  pace 
with  the  growth  of  population.  And  since  rural  population 
has  been  steadily  decreasing  in  most  New  York  counties,  it 
might  seem,  on  the  face  of  it,  that  there  should  be  a  corre- 
sponding decrease  in  rural  transportation  facilities.  But  this 
is  not  the  case.  There  has  been  a  shift  in  population.  Most 
decreases  in  rural  population  have  been  offset,  and  more  than 
offset  by  the  increase  in  the  nearby  city  population.  This 
shifting  of  population  has  doubtless  made  certain  branch 
lines  of  railways  extremely  unprofitable  to  maintain  and  op- 
erate. Railways,  being  fixed  to  the  soil,  have  not  been  able 
to  meet  these  shifts  in  population.  A  shifting  of  population 
requires  a  new  allocation  of  transportation  routes,  or  a 
change  in  transportation  methods. 

In  view  of  the  facts  just  stated,  we  see  then  the  need  of 
a  rural  motor  express  service  serving  approximately  the 
area  served  by  some  of  the  branch  railways,  and  probably 
extending  the  service  a  little  farther  back  into  the  country. 
This  would  involve  the  junking  of  the  railway  lines  in  such 
cases,  a  process  now  already  begun  in  some  sections. 

New  York  is  a  state  very  thickly  dotted  with  country  vil- 
lages back  in  the  hills  and  along  the  valleys,  and  hundreds  of 
their  stores  are  not  located  on  the  railroad.  Many  ot  these 
stores  still  use  the  costly  method  of  horse-and-wagon  trans- 
port to  haul  their  supplies  from  the  urban  center  where 
they  have  their  trade  connections.  This  means  that  a  steady 
stream  of  heavy  supplies  such  as  flour  and  feedstufls  is 
moved  over  the  country  road  in  the  most  primitive  and  ex- 
pensive fashion.  A  string  of  such  villages  could  be  organ- 
ized into  a  rural  motor  express  route,  at  a  great  saving  to 
both  the  merchant  and  his  customers. 

Along  the  main  arteries  of  railway  transportation  city 
populations  have  shown  a  tremendous  increase.  Here  is 
where  the  intercity  motor  express  has  already  reached  a  sub- 
stantial development.  It  is  a  question  whether  or  not  the 
time  has  come  for  such  intercity  motor  lines  to  develop  a 
local  service,  reaching  the  small  towns  and  villages  not  only 
on  the  main  route,  but  tributary  to  it. 

In  the  important  dairy  sections  of  New  York,  a  rural  motor 
express  service  is  now  needed  to  distribute  the  feed  stuffs  to 
the  farms,  and  to  collect  the  milk  from  farms.  This  traffic 
is  heavy  enough  and  constant  enough,  doubtless,  to  warrant 
such  an  investment. 

Much  fruit  and  produce  grown  in  New  York  never  reaches 


"From  a  paoer  presented   May   U   at   tin-   annual  meeting  of  the 
National   Highway   Traffic   Association.    Xr-w    York.    N.    T. 


the  consunu'r.  Much  of  this  stuff  rots  on  the  ground.  For 
instance.  It  was  my  experience  last  fall  to  be  in  and  out  of 
several  counties,  and  to  note  many  hundreds  of  bushels  of 
appl(  s  rotting  on  the  gnnind.  partly  due  to  lack  of  labor  and 
partly  due  to  lack  of  transportation  facilities.  And  only  last 
week  1  hwpiired  In  eight  stores  in  the  city  in  which  I  live,  for 
New  York  eating  apples.  None  were  to  be  had.  But  these 
stores  had  plentj  of  Oregon  apples  at  S  ct.  apiece.  There 
were  enough  api)li>s  rotli'd  on  the  ground  within  HO  miles  ot 
my  home  city,  without  doubt,  to  supply  the  whole  population 
for  a  year.  With  hay  selling  at  $li)  a  ton,  as  It  has  been  this 
spring,  it  Is  not  likely  I  hat  there  will  be  a  substantial  increase 
in  the  horse  population  and  in  transportation  facilities  by 
horse-drawn  vehicles.  There  is  a  big  waste  by  freight  cross 
hauls  now  which  can  be  overcome  by  an  adequate  system  of 
rural  transportation.  An  investigation  of  the  amount  of 
produce  shipped  out  of  and  of  prodiu'e  shipped  into  the  state 
will  reveal  a  big  economic  waste  which  must  be  added  to  the 
waste  caused  by  rotting  on  the  ground. 

It  Is  evident  that  the  great  increase  in  i)opnlation  in  New 
York  state  as  a  whole  and  the  shifting  of  poimlation  within 
the  counties  have  rendered  necessary  and  imperative  changes 
and  improvements  In  transportation  facilities  of  the  state. 
Evolution  has  i)roduced  the  motor  truck  to  meet  the  new 
conditions.  The  practical  problem  now  is  one  of  pioneering 
— who  will  try  out  the  new  methods,  and  where  and  how? 
It  is  only  fair  to  state  at  this  point  some  of  the  limitations 
which  are  to  be  met  in  organizing  rural  motor  express  lines. 

The  engineering  problems  do  not  fall  within  my  field.  I)ut 
in  a  general  way  they  may  be  mentioned.  While  New  York 
has  "good  loads"  when  compared  with  some  states,  yet  the 
lack  of  good  roads  is  a  condition  confronting  the  rural  motor 
express  business.  More  mileage  of  better  surfaced  roads  is 
needed,  and  will  doubtless  come  as  the  motor  truck  lines  de- 
velop. The  two  work  together  as  cause  and  effect.  An  in- 
tercity motor  express  which  recently  failed  was  operating 
.")-ton  trucks.  The  size  ot  the  truck  is  an  engineering  and  an 
economic  problem  which  should  be  capable  of  solution.  So 
likewise  is  the  question  of  repairs  and  the  time  lost  on  re- 
pairs. 

The  primary  economic  problem  Is  the  volume  of  business 
and  Its  distribution.  A  well  planned  route  should  find  busi- 
ness throughout  the  year  and  also  business  for  the  return 
haul. 

The  franchise  question  is  one  of  the  most  serious  ones,  and 
one  at  present  unprovided  for.  A  heavy  investment  in  the 
motor  express  business  must  contain  at  present  a  speculative 
element  due  to  the  lack  of  a  standard  franchise.  A  state 
law  providing  for  the  strict  regulation  of  competition,  of 
rates,  and  of  other  matters,  under  a  franchise,  and  for  a 
tax  to  be  used  solely  for  highway  Improvement,  would  tend 
to  standardize  the  business.  Wisconsin  has  a  law  prohibit- 
ing competition  in  certain  public  utilities.  While  it  would 
not  be  desirable  or  feasible  to  prohibit  competition  in  the 
rural  motor  express  service,  it  would  be  highly  desirable  to 
so  regulate  competition  as  to  furnish  some  safeguard  to  well- 
placed  investments. 

In  talking  with  persons  in  touch  with  both  the  success  and 
failure  of  motor  express  lines,  I  am  impressed  with  the 
unique  and  peculiar  importance  of  the  human  factor  In  this 
business — the  driver  of  the  truck.  Here  you  have  an  ex- 
pensive piece  of  machinerv.  In  charge  of  a  semi-skilled  laborer, 
hired  by  the  week,  and  operating  far  from  the  supervision 
of  his  employer.  In  fact,  the  driver  of  the  truck  clearly  has 
It  in  his  power  to  make  or  break  the  business.  He  seems  suc- 
cessfully to  defy  all  supervlsioit  thus  far.  He  knows  the 
machine  is  "not  his."  He  will  upset  in  the  ditch  occasion- 
ally. He  will  loaf  at  one  point,  and  then  overspeed  the  truck 
to  the  next  point,  removing  the  belt  of  the  governor.  In 
fact,  the  stories  told  about  the  deeds  of  these  drivers  are 
quite  disheartening,  with  their  drinkings.  and  carousing,  and 
stealings,  and  general  all-around  cussedness.  Evidently  the 
problem  is  primarily  one  of  hiring  the  right  men  and  then  of 
keeping  them  loyal  by  some  scheme  of  recognition  or  ad- 
vancements. In  case  of  a  large  .  motor  express  company, 
trucks  might  well  go  in  fleets  in  charge  of  an  overseer.  How- 
ever, the  question  of  honest  and  efficient  drivers  is  one  of 
fundamental  importance.  I  am  inclined  to  take  the  opti- 
mistic view  of  It  and  believe  that  such  men  can  be  had.  and 
at  reasonable  wages.  If  they  cannot  be  found,  then  it  is  time 
to  take  an  inventory  of  our  moral  and  economic  resources, 
and.  in  the  language  of  Jerry  Simpson,  "see  where  we're  at." 
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Force    Account    Work     by    New 
York  State    Highway    De- 
partment 

Work  on  lo  cancelletl  highway  contracts,  aggregating 
67. S9  miles  was  carried  on  during  I'JIS  by  forces  of  tlie  New 
York  State  Highway  Commissioner.  Of  these  jobs  U  were 
handled  directly  by  the  office  of  H.  E.  Breed,  first  deputy  high- 
way commisioner.  the  construction  being  carried  out  under 
the  direction  of  Supervising  Engineer  E.  A.  Bonney.  Inter- 
esting details  regarding  the  work  are  given  by  Mr.  Bonnev' 
in  a  report  which  is  appended  to  the  annual  report  of  Mr. 
Breed. 

In  no  case  did  the  department  seek  out  work  to  be  per- 
formed under  its  own  direct  supervision.  The  various  com- 
pletion projects  were  started  only  when  traffic  conditions 
became  unbearable  and  the  traveling  public  suffered  to  such 
an  extent  that  a  remedy  was  imperative. 

In  carrying  on  this  work  a  superintendent  was  procured 
who,  as  a  first  qualification,  was  a  live,  responsible  contrac- 
tor; who  had  not  defaulted  on  any  work  with  the  depart- 
ment; and  whose  record  for  integrity  and  business  acumen 
in  prosecuting  his  own  work  was  unquestioned.  He  was 
placed  upon  a  straight  salary  basis  and  a  rental  agreement 
executed  for  such  plant  as  was  necessary  to  properly  carry  on 
the  work.  The  plant  rental  prices  were  far  below  the  going 
commercial  rates  and  would  stand  comparison  with  rentals 
paid  at  any  time  and  place. 

A  representative  from  the  department  was  nlaced  upon 
the  work  as  engineer  and  timekeeper,  if  it  were  possible  for 
him  to  do  both.  On  some  of  the  larger  contracts  two  men 
were  needed.  Wherever  it  was  possible,  the  individual  labor- 
ers, mechanics,  teams,  etc  ,  were  paid  by  individual  check, 
after  signing  vouchers  and  payrolls  for  the  amount  due 
them.  Payment  of  wages  was  trade  twice  each  month  and 
to  the  lasting  credit  of  the  auditor's  office,  no  employes  were 
lost  during  thp  summer  because  of  failure  to  receive  their 
coinpensati'm  on  time. 

The  rates  for  labor  varied  in  different  sections  of  the  state 
from  30  ct.  an  hour  to  45  ct.  In  no  case  was  the  rate  paid 
by  the  department  in  excess  of  that  paid  by  individuals  in 
the  same  section  The  labor  was  generally  scarce,  hard  to 
procure  and  inefficient,  at  least  in  comparison  to  o  years  ago. 
The  laborer  knew  that  he  could  get  work  whenever  he  wanted 
it  and  cared  less  and  less  about  his  job  as  the  season  wore  on 
It  was  a  most  trying  and  difficult  problem  for  the  men  in 
charge.  Nevertheless,  as  the  season  progressed,  the  state 
force  contracts  showed  a  larger  average  of  work  per  con- 
tract than  the  work  carried  on  iiy  individuals.  The  rate  of 
progress  also  exceeded  the  other  contracts.  This  was  partly 
due  to  the  co-operation  which  the  department  received  from 
the  Federal  government  in  the  procurement  of  cars  to  carry 
material,  and  possibly  the  preference  shown  it  by  manufac- 
turers of  materials  and  owners  of  quarries  because  its 
credit  as  a  purchaser  was  unassailable.  This  was  particu- 
larly true  in  the  matter  of  coal. 

The  work  in  general  was  very  satisfactory  as  to  speed  and 
quality.  The  costs  were  not  excessive  although  the  depart- 
ment faced  a  handicap  of  comparison  at  the  start  because 
most  of  the  contracts  were  taken  at  extremely  low  figures 
and  the  contract  prices  were  far  below  the  cost  of  present 
day  work. 

Regarding  this  force  account  v.ork  :\Ir.  Bonney  concludes: 
"It  is  my  belief  that  such  work  should  not  be  carried  on  as 
a  general  practice.  It  places  upon  the  department  entirely 
too  great  an  amount  of  detail  and  too  much  personal  responsi- 
bility upon  the  engineers  and  superintendents  handling  it. 
It  has  proved  in  the  last  2  years  that  it  is  possible  and  feasi- 
ble as  a  last  resort  for  a  commissioner  of  highways.  It  pre- 
vents him  from  having  his  hands  tied  by  willfully  obstructive 
tactics  of  a  surety  company  as  evidenced  in  the  past  by  their 
bidding  in  completion  work  at  prices  far  below  cost  after 
which  no  work  would  be  started:  and  provides  the  citizens 
of  our  state  with  relief  when  ordinary  methods  of  procedure 
fail.  When  kept  down  to  a  minimum  and  used  only  in  tin- 
extremity,  flie  system  has  proved  its  value." 


In  irUO  the  average  cost  of  feeding  per  horse  day  was  $0..'!49, 
while  in  19 IS  the  average  was  $0.6:;:!.  The  itemized  figures 
for  last  year,  according  to  the  annual  report  of  Fred  Maag. 
Superintendent   of  Street  Cleaning,   were   as   follows: 

Cost  per  horse 
per  fJav- 

Hav.   r..-!  n>.  .-It   .?:;0  iHT  toil $).237 

Oats.  1:'.:;  11).  M   ;;'...  <-\.  |ut  lb .:50G 

Nutntiri.  :i.l  11..  at  2.1  ct.  p.-r  lb .090 

Total    .' $0..i3.'! 


Cost  of  Feedinq  Horse  at  Cincinnati,  O.— During  Wis  thr 
Department  of  Street.  Sewer  and  Catch  Basin  Cleaning  of 
the  city  of  Cincinnati,  O..  maintained  210  head  of  live  stock. 


Special  Tractor  for  Road  Work 

A  tractor  designed  especially  lor  roail  work  has  lieen  placed 
in  production  by  the  .lohn  Lauson  Manufacturing  Co.,  of 
New  Holstein,  Wis.  The  machine  was  developed  on  sugges- 
tions and  orders  received  from  coimty  and  township  high- 
way commissioners.  To  insure  proper  traction  and  to  prevent 
slip,  heavy  construction  and  solid  cast  drive  wheels  with 
Ifi-in.  face  and  special  lugs  are  used  on  the  tractor.  The 
drive  wheels  are  equipped   with  a  flat  cleat,  developed  after 


Lauson  Special   Road  Tractor. 

otensive  experiments  tmder  most  severe  conditions  of  road 
biiililing  It  is  claimed  that  this  lug  will  not  tear  or  injure 
the  smoothest  roadbed.  The  working  parts  of  the  tractor 
arp  enclosed  in  a  dust-proof  housing  and  all  gears  run  in  a 
bath  of  oil.  The  engine  is  rated  at  l.".-:;0.  The  cooling  system 
is  controlled  by  a  sylphon  thermostat.  The  tractor  is  pro- 
\ided  with  a  heavy  solid  draw  bar,  and  also  has  a  swinging 
draw  bar  for  pulling  scraper  and  other  loads  where  a  short 
turn  is  desired. 


Device   for   Preventing   Breakage  of  Road 
Contractors  Water  Supply  Line 

Breakage  in  pipe  lines  convey- 
ing water  for  a  road  job  often 
causes  serious  inconvenience  to 
the  road  builder.  This  break- 
age in  most  ctises  is  due  to  ex- 
pansion and  contraction  of  the 
line  resulting  from  temperature 
changes.  An  expansion  joint 
that  prevents  this  'rouble  has 
been  placed  in  production  by 
the  C.  H  &  E.  Manufacturing 
Co.,  2S!  Clinton  St..  Milwaukee, 
Wis  The  joint  consists  of  a 
brass  pipe  which  telescopes  into 
a  ciising  throiigli  a  gland  or 
stufling  box.  The  pipe  line  is 
connected  to  each  end  of  the 
j„int  wliich  thus  becomes  a  part  of  the  line.  The  joints  are 
located  son  ft.  to  1,000  ft.  apart.  The  joints  can  be  furnished 
aith  an  air  chamber,  as  shown  in  the  illustration,  to  take  up 
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Expansion       Joint      and       Air 
Chamber   for    Water    Sup- 
ply Lines  for  Road  Jobs. 


'lie 


water  hammer  in   the   line. 


Cost  of  Pavements  at  Little  Falls.  N.  Y.,  for  17-Year  Period. 

Since  l:"'1.  Little  Falls,  N.  Y.  a  city  of  l:'...-."0.  has  ex- 
eiided  $'SI.720  for  con.^lructing  pavements.  The  yardage 
ir.ounts  to  'lo:;,(;io.  The  following  summary  from  the  last 
nnual  report  of  the  Board  of  Public  Works  shows  the  cost 
r  tl:e  pavements  laid   in  the  p::«riod    I'.'^MT: 


irii  k  pavfiniMit.  :;K,ii.'>l   s  ..  yd. 

litulithir   pavi-nii^m.    I^.2l:<  S'l.   v.l 

liiuliihii   inac.-ulam  paveiiieiit.  ■'.•>:•■■  si.  y<l. 

i.iue    block  iiavniieiit.   i;.T:>t  s  ■.    yU 

oiicr.'te  pavi-niciil.  3.T<.   S'l.   y' 


Total  cost. 
.  ..SlOt.ilii 
. ..  1 -J  1.001 
...    t  :>.:>:» 

...      27.349 
1>,919 
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Portable  Ajiiirejiatc  Heater  for  Bituminous 
(Concrete    Roads 

The  proper  hoatiuK  ot  tin'  iiiiuoial  ant^roKiile  for  bitiiiiiinous 
loncrfte  Is  an  iniporlaiit  factor  In  tlio  success  of  this  pave- 
ment. In  fact  faihire  of  n\any  of  the  earlier  pavements  of 
this  typo  M  ascribed  to  lack  of  uniformly  ]>eate(l  sand  or 
Kravfl  due  to  the  primitive  hand  methods  then  in  use.  A 
rotary  heater,  etinlpped  »vlth  oil  burners  that  is  claimed  to 
uniformly  dry  and  heat  the  nKgroKUte  up  to  liaO"  F.  without 
burning,  or  in  any  way  impairing  its  quality,  has  been  placed 
on  the  market  by  the  Dyar  Supply  Co.,  66  Broadway,  Cam- 


Munlcipal   Bituminous  Concrete   Plant  at   HIngham.   Mass.,  Showing 
Rotary  Heater  With  Cube   Mixer. 

On  this  job  the  gravel  was  lUlivencl  to  heater  by  hoise  scrap- 
ers and  was  scre**ned  as  it  entered  heater  by  means  of  screeTi 
placed  over  charging  end  of  drum.  The  nii.xer  was  so  located  as  lo 
permit  loadingr  b>'  ;;ravit\-  directU'   into  carts. 

bridge,  Mass.  With  this  machine  the  aggregate  is  fed  or 
shoveled  at  a  uniform  rate  into  the  charging  end  of  the 
heater.  The  revolving  dr'im  through  which  it  passes,  agitates 
and  turns  the  aggregates  durins  the  process  of  drying  and 
heating,  insuring  a  uniformly  heated  product.  When  the 
aggregate  is  heated  to  any  temperature  up  to  o5Cr  F..  de- 
pending on  the  oil.  tar  or  asphaltic  cement  to  be  used,  it 
passes  into  a  receiving  hopper.  From  here  it  is  run  by 
gravity  into  the  charging  elevator  of  the  mixer.  This  heater 
has  a  capacity  of  9  to  1:.'  cu.  yd.  per  hour.  Its  length  over  all 
ir,  2S  ft.,  its  width  over  all  is  7  ft.,  and  its  weight  mounted  on 
trucks  is  6,900  lb. 


Personals 

Peter  Junkertfeld  has  liccomc  assiiciatcd  with  Stone  &  Web- 
ster a.s  cnKbiccriM;  niunimcr,  divis,on  ol  consiruciion  and  en- 
KtnccrliiK. 

O.  E.  Eckcrt,  formerly  with  the  KnKlneorlnR-  Division  of  tin- 
MidilKiiii  .-^laie  Hojird  iif  UcHltli.  has  been  appointed  City  Wn- 
xin''t-r  i>r    l.;inf^lnK.    Mich. 

The  Aberthaw  Construction  Co..  of  Hoston.  Mass.,  has  recently 
opened  a  i.crinanciil  olllce  In  HulTalo,  X.  Y.,  at  'J18  EUlcott. 
Square.  II.  i".  Ileildbmir,  who  has  been  with  the  .Vberlhaw 
v..,^iiii  /.;;!  ion    lor   .soii.e    inne.    will    be    iti    charge. 

J.  W.  Howard  has  llnlsh<-d  Servian  In  ibe  ordnance  Department 
of  the  Army  and  has  resumed  the  practice  of  his  profession  ol 
Consult  Inp  KiiR-lnecr  on  Roads  and  Pavements,  with  testlnB 
lalHiiaiorv  In  Newark.  .N.  .1..  and  olllce  at  No.  1  Broadway.  New- 
York. 

Frank  F.  Fowle,  until  recently  one  of  the  receivers  of  the 
Cenlril  fnloii  'rdephone  Co.  and  formerly  consulliiiK  cnRlnecr. 
and  .lauKs  It,  <'ravalh,  well  known  consulting  electrical  and 
lllunilnaiint;  engineer  of  ChicaKO.  have  formed  an  encineering 
partnership  under  the  llrin  name  of  "Fowlc  and  Cravath,"  with 
otiicw  In  the  Monadnock  Ulock,  Chicago. 

John  F.  Druar,  Captain  Rnglneers  f.  S.  Army,  has  been  dis- 
charged from  service  and  has  resumed  his  business  as  Consulting 
lOnMlneer.  .Mr.  Druar  has  been  in  municipal  engineering  business 
lor  the  past  10  vt'ars.  Associated  with  Jlr.  Druar  under  the  llrnrt 
name  of  TMu.ir  ><•  Smith.  lingineers.  is  Captain  Roscoe  I^.  Smith. 
.Mr.  Smith  has  also  been  discharged  from  the  service  For  the 
past  two  years  Mr.  Smith  has  served  as  water  supply  and  fire 
protection  engineer  lor  camps  and  other  army  projects  and  for  a 
large  portion  of  the  naval  stations  and  ship  yards  in  this  country. 
He  was  also  for  some  time  on  the  staff  of  engineers  maintained  for 
the  government  by  the  National  Board  of  Fire  tInderwrittTs.  Dnuir 
&•  Smith  will  continue  the  business  of  J.  F.  Druar.  doing  general 
municipal  cnKineering  work.  Their  offices  are  at  5i:!-14  Glober 
Hldg..  SI.   Paul,  iMinn. 

H.  Eltlnge  Breed,  recently  First  Deputy  Highway  Commissioner 
of  Now  York  .Stale,  will  engage  in  .1  consulting  practice  with  ofllce  at 
507  Fifth  Ave,  New  York  City.  Mr.  Breed  was  graduated  from  Col- 
gate in  liiOO.  I'Yom  IIIOI  to  Jan.  1,  1007.  he  was  in  the  Department 
of  State  Engineer  and  Sur\'eyor  of  New  York,  passing  through  the 
various  civil  service  grades  to  the  rank  of  Assistant  Eni^ineer. 
During  this  time  he  had  active  charge  of  $3,000,000  worth  of  work, 
as  well  as  the  preparation  of  plans  and  estimates.  During  1907 
and  IflOS  he  had  charge  as  supervising  engineer  of  construction 
and  maintenance  work  in  a.  number  of  counties.  During  1909  and 
i;no  he  was  on  barge  canal  work  as  auditor,  and  for  special  as- 
signments in  engineering.  In  I'.tU  he  spent  six  months  with  the 
.State  Highway  Commission  on  plans.  For  the  next  year  he  had 
charge  of  the  Pole^nan  du  Pont  road  in  Delaware  as  .\ssistant 
Chief  Engineer.  During  1912  he  traveled  abroad  and  studied  pave- 
ments in  France,  Belgium,  Switzerland,  Germany,  England  and 
Scotland.  From  1912-1915  he  was  in  practice  as  ConsultlHg  En- 
gineer. During  this  time  he  was  interested  in  many  pieces  of 
highway  and  improvement  work  from  the  contractual  side.  From 
1915  to  date  he  was  First  Deputy  Commissioner  New  York  Stat© 
Highway  Commission,  Albany,  N.  Y'.,  acting  as  Chief  Engineer  of 
all  new  construction. 


Asphalt  Paving  Contractors  Form  Association. — The  South- 
em  Asphalt  Association,  comprising  the  principal  public 
works  contractors  engaged  in  laying  asphalt  pavements  in  the 
South  Atlantic  States,  opened  offices  in  Atlanta  on  ,Tune  1  in 
ducted  in  the  interest  of  asphalt  roads  and  pavements  in  the 
ducted  in  the  niterest  of  asphalt  roads  and  pavements  in  the 
South  Atlantic  States.  The  purpose  of  the  association  is  to 
create  a  wider  and  better  knowledge  among  public  officials 
and  taxpayers  of  the  utility  and  advantages  of  asphalt  for 
road  and  street  purposes.  This  is  to  be  accomplished  by  a 
general  publicity  campaign.  In  addition,  the  association  will 
endeavor  to  keep  experienced  and  skilled  workmen  steadily 
employed  by  putting  them  in  touch  with  the  members  ot  the 
association  who  have  need  for  their  services.  Walter  Ely, 
president  of  the  Ely  Construction  Co.,  Augusta,  Ga.,  has  been 
elected  president  of  the  association,  and  W.  R.  Mayrant, 
general  manager  of  Simmons-Mayrant  Co..  Charleston,  S.  C, 
has  beeu  elected  vice  president.  The  following  board  of 
directors  has  been  elected  to  serve  for  one  year,  and  will 
determine  the  policy  of  the  association:  W.  S.  Ely.  W.  R. 
Mayrant.  R.  M.  Hudson,  president  of  R.  M.  Hudson  Co.,  At- 
lanta, Ga.:  Fred  L.  Connor,  president  of  Murray  Construction 
Co.,  Knoxville,  Tenn.,  and  W.  R.  Dunn,  of  the  Dunn  Con- 
struction Co.,  Birmingham,  Ala.  ,J.  M.  Woodruff,  who  recently 
resigned  the  position  of  manager  of  the  advertising  and 
paving  department  of  the  Standard  Asphalt  &  Refining  Co., 
Chicago,  a  subsidiary  of  the  Cities  Service  Co.,  has  been 
engaged  as  general  manager  of  the  association  and  assumed 
his  duties  on  Jane  1, 


Obituaries 

William  B.  Hough,  :i  iiroiniiieiit  engineer  and  dealer  in  con- 
tnictor.s'  supplies  of  Chicago,  died  suddenly  May  29  of  heart  dis- 
ease. Mr.  Hough  was  born  in  Williamsport,  Pa.,  in  1878  and  was 
graduated  from  Massachusetts  Institute  of  Technology  in  1900. 
At  the  time  of  his  death  he  was  president  of  the  Metal  Building 
r*raterials  Co. 


Industrial  Notes 

Chalmers  4  Williams.  Chicago.  111.,  have  established  a  "Service 
Ivi  artmeiif  ■  for  all  iviies  of  crushers  and  other  products  manu- 
factured by  them.  This  department  is  under  the  supetrision  of 
Mr.  J.  F.  Orr.  sales  manager,  with  Mr,  J.  I.  Mclnrue  as  field 
representative. 

The  Material  Handling  Machinery  Manufacturers'  Association 
has  invited  all  manufacturers  of  mechanical  handling  machinery 
and  equipment  and  accessories  to  attend  a  coalition  meeting  of 
the  association  to  be  held  June  11  at  the  Hotel  Astor,  New  York 
City.  Zenas  W.  Carter,  35  W.  39th  St..  New  York  City,  is  secre- 
:arv-nian,'ti;eT  of  the  association. 

J.  M.  Woodruff  has  resigned  as  manager  of  the  advertising  and 
naving  department  of  the  ,  Standard  Asphalt  &  Refining  Co.,  of 
Chicago,  a  subsidiary  of  the  Cities  Service  Co.,  to  accept  the 
position  of  gsneral  manager  of  The  Southern  Asphalt  Association, 
with  headnuarters  at  Atlanta,  Ga.  Mr.  Woodruff  was  manager  of 
the  advertising  and  paving  department  of  the  Standard  Asphalt  & 
Rubber  Co.,  Chicago,  from  1909  to  1913,  resigning  to  accept  a 
position  as  southern  representative  of  Warren  Brothers  Co.,  Boe- 
ton,  Mass.,  bitulithic  paving  contractors.  He  remained  with  this 
e.jiiipain  iroin  i:il;i  to  IHIT  and  then  resigned  to  accept  the  posi- 
tion of  mpnager  of  the  advertising  and  paving  departments  ot  the 
Standard  Asphalt  &  Refining  Co.,  of  Chicago,  continuing  in  th^ir 
service  until  May,  1919.  He  has  been  well  known  in  the  asphalt 
industry  and  paving  industry  for  the  past  10  years  and  has  a 
vide  acMiiaintance  in  the  central  and  south  Atlantic  states. 

Trade  Publications 

The  T  I-.  Smith  Co.,  Milwaukee,  Wis.,  has  issued  a  16-page 
catalog  describing  its  new  model  H  paving  mixer. 

Tho  American  Cement  Machine  Co.,  Inc..  Keokuk.  la.,  has 
issued  a  catalog  illustrating  and  describing  its  new  1920  type  Boss 
steel  roller  pinion  drive  mixers. 

The  Storms  Manufacturing  Co..  Crawfordsville.  Ind..  has  issued 
a  booklet  describing  its  one  man  collapsible  culvert  form.  The 
booklet  contains  a  number  of  letters  from  users  of  the  forms. 

Blawform  is  the  title  of  a  24-page  catalog  gotten  out  by  the 
Blaw-Knox  Co..  Pittsburgh.  Pa.  It  is  devoted  to  illustrations  and 
de.scriptions  of  the  use  of  steel  forms  in  the  road  and  sidewalk 
construction  field.  .. 

The  Smith  Engineering  Works.  Milwaukee.  Wis.,  has  issued 
three  bulletins  on  rock  crushing  equipment.  One  of  them  deals 
with  Telsmith  primary  breakers  and  Telsmith  reduction  crushers; 
the  second  with  Telsmith  jaw  crushers,  and  the  third  with  mounted 
g>-ratory  breakers  and  portable  bins.  The  illustrations  show  sev- 
eral interesting  crusher   installations. 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roada  ici    .Street    Cleaning 

(b)  Streets  i  <1 1    Municipal    Miscellanies 

Waterworks  and   Hydraulics— 2nd  Wednesday 

(a)  Waterworks  (c)    Irrigation     and     Drainage 

(b)  Sewers    and    Sanl-         <dl    Power    and    Pumping 

tatlon 

(e)    Management  and  Office 
Systetn 


Railways   and    Excavation — 3rd   Wednesday 

(a)  Excavation    and  <c)    Quarrlns   and    Pits 

Dredging  (d)    Railways.    Steam    and 

(b)  Rivers   and   Canals  Electric 

(e)    Management  and  Office 
.System 

Buildings  and   Structures — 4lh   Wednesday 

(ai    Buildings  (c)    Harbor  Structures 

(b)    Bridges  (d)    Miscellaneous    .Structures 

IP)    Properties  of   Materials 
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The  Remarkable  Change  in  Opinion 

as  to  the  Persistence  of  High 

Prices 

When  thp  war  ended  there  wa.s  an  almost  universal  ex- 
pectancy that  prices  would  fall  rapidly.  Exactly  six  months 
have  elppsed  since  the  armistice  was  signed,  yet  the  general 
price  level  has  scarcely  changed.  Moreover,  most  business 
men  and  economists  have  reversed  their  opinion  of  six  months 
ago  and  do  not  look  for  any  substantial  reduction  in  the  pres- 
ent price  level  for  many  years  to  come.  Illustrative  of  this 
remarkable  change  in  opinion  we  quote  two  statements  made 
bv  officials  of  the  National  City  Bank  of  New  York,  one  ot 
which  was  made  in  October.  IMS,  and  the  other  in  April.  191.1. 
■•The  primary  cause  of  this  great  rise  of  wages  and  prunes, 
of  course,  is  the  war.  It  has  taken  millions  of  men  from  the 
industries  and  set  ui)  an 
enoimous  demand  for 
the  war  supplies. 

"After  the  war  is  over 
there  will  be  a  ehang<'  of 
all  conditions.  When  the 
Government  orders  are 
finished  and  paid  for,  un- 
less a  similar  volume  of 
equally  urgent  demands 
spring  up  from  new- 
sources,  the  inflation  of 
credit  will  subside.  Bank 
loans  and  deposits  will 
decline  and  the  percent- 
age of  bank  reserves  will 
rise.  This  would  mean  a 
readjustment  ot  values 
toward  the  pre-war  ba- 
sis. Evidently  the  course 
of  this  readjustment  will 


be  -.^oMMiied  by  the  iiuhistri.il  situalion  and  prospects  al  Ihat 

I  i 11 1 H , 

We  may  expect  that  after  the  war  there  will  be  a  wailing 
demand  for  many  kinds  of  goods  and  etiiiipinent  so  urgent 
th;il  lor  a  time  pi'ice  will  he  a  sccdiiilary  consideration.  The 
whole  world  is  doing  without  things  thai  it  would  gladly  buy. 
wearing  out  etiuipnient  ami  tailing  behind  its  wants.  It  is 
falling  behind  in  house-building,  for  example,  in  road-making. 
in  railway  extension  and  in  the  d(>velopment  and  improve- 
nient  ol'  iJiiidir  utilities,  .\utoniobile  construction  has  nearly 
ceased,  and  the  cars  in  use  « ill  be  nearly  worn  out.  Clothing 
will  be  worn  out  the  world  over,  and  stocks  of  cotton  will  be 
low.  ilu'relore  there  will  be  a  good  market  for  cotton  and  our 
ciitlon  Stales  should  be  iirosperims. 

■■.\evertbeless  it  is  liievitabl.-  tliai  prices  will  be  upon  a  de- 
clining scale  and  this 
will  be  the  factor  of  un- 
certainty and  danger  in 
the  situation.  Falling 
prices,  shrinking  values 
in  inventories,  slocks  of 
goods,  and  capital  invest- 
ments, have  a  depress- 
ing influence.  It  is  com- 
paratively easy  to  make 
money  when  prices  are 
rising:  the  most  venture- 
some may  be  the  most 
successful  then.  Errors 
of  judgment  are  made 
good  by  something  out- 
side the  management. 
Farmers  of  even  indif- 
ferent skill,  who  could 
make  but  a  poor  show- 
ing of  profits  from  their 


28  Pages  =  40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  tfie  size 
and  typography  commonly  used  by  other  engmecnng 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest-easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Uur 
28  pages  of  articles  would  fill  1 12  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  ^ 
pages  each  to  hold  all  the  articles  prmted  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 
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fanning  operations,  have  become  well-oH  from  the  rise  of 
land  values.  The  situation  is  very  different  wltli  prices  on 
a  declining  scale,  for  then  not  only  is  there  no  margin  fur- 
nished gratuitonsly  by  an  uneurned  difference  between  buying 
and  selling  prices,  bnt  a  porllun  of  Ihe  normal  earnings  is  lost. 
and  as  net  earnings  decline,  capital  values  shrink,  credit  is 
unfavorably  affected,  and  indebtedness  becomes  relatively 
heavier  and  more  burdensome.  Therefore  it  Is  in  order  to 
give  warning  against  incurring  indebtedness,  which  will  reach 
over  into  the  period  after  the  war,  when  prices  and  earnings 
will  be  lower  than  now. 

"There  is  another  reason  why  prices  must  come  down  after 
the  war  and  that  is  that  unless  they  do  the  monetary  sys- 
tems of  the  whole  world  will  have  to  be  reorganized  in  a 
manner  which  will  not  only  do  great  injustice  to  all  persons 
who  hold  a  creditor  position,  but  involve  business  affairs  gen- 
erally in  such  confusion  as  will  disorganize  production  and 
the  exchanges  and  occasion  losses  to  all  classes." — lUilletin  of 
the  National  City  Bank,  October,  lillS. 

Contrast  the  foregoing  quotation  with  the  following  from  a 
paper  read  April  11,  1919,  by  O.  I'.  .Vustin,  statistician  of  the 
National  City  Bank  of  New  York: 

"If  we  are  right  in  assuming  that  a  considerable  proportion 
of  the  world  advance  in  prices  is  due  to  the  enormous  increase 
in  world  currency  can  we  expect  a  marked  reduction  in  prices 
until  the  cause,  "inflation,'  is  removed?  Or,  to  put  it  in  an- 
other form,  that  part  of  the  advance  caused  by  inflation  can 
only  be  cured  by  deflation,  by  a  reduction  in  the  enormous 
stocks  of  currency  which,  as  I  have  shown  you,  has  trebled 
during  the  war,  while  that  other  form  of  slowly  moving  cur- 
rency, governmental  obligations,  has  quintupled. 

"If  the  governments  which  have  been  the  chief  participants 
in  the  world  increase  of  currency  should  fail  to  reduce  mate- 
rially that  excessive  supply,  and  if  the  world's  demand  for 
food,  manufacturing  material  and  manufactures  is  to  continue 
at  the  present  rate,  are  we  justified  in  expecting  a  general 
reduction  in  prices  in  the  near  future?  The  question  I  think 
answers  itself.  There  will,  of  course,  be  instances  in  which 
there  will  be  material  reductions,  but  in  general  terms  the 
outlook  for  marked  or  rapid  decline,  at  least  in  the  near 
future,  does  not  seem  encouraging." 

Our  civil  war  ended  in  1865,  yet  it  was  1S7S  before  the 
average  price  level  dropped  back  to  about  what  it  was  iu  1861, 
and  then  only  after  the  severe  panic  of  1873  had  caused  count- 
less business  failures.  Contrasted  with  the  recent  world 
war,  our  civil  war  was  merely  a  skirmish. 

In  an  article  by  Halbert  P.  Gillette,  in  this  issue,  it  is  stated 
thai  the  15  leading  nations  of  the  world,  exclusive  of  Russia, 
have  tripled  their  currency  and  have  also  tripled  their  bank 
deposits  since  the  war  began.  Those  nations  have  issued  36 
billion  dollars  of  paper  money  in  five  years,  or  more  than  all 
the  gold  and  silver  mined  since  Columbus  discovergd  America 
This  enormous  money  inflation  necessarily  means  enormgus 
rise  of  price  levels. 

Although  it  has  taken  only  five  years  to  triple  the  currency 
and  bank  deposits  of  15  nations,  economists  and  business  men 
agree  that  it  will  take  a  far  longer  time  to  deflate  the  cur- 
rency. The  same  governments  that  were  able  to  print  36 
billion  dollars  of  paper  money  and  issue  ISO  billion  dollars 
worth  of  bonds  in  five  years  will  be  unable  to  retire  either  the 
paper  currency  or  the  bonds  in  a  generation.  Consequently  it 
is  idle  to  expect  much  of  a  price  fall  in  Europe  for  a  great 
many  years.  Mr.  Gillette's  article  explains  why  the  price 
level  in  America  will  also  be  very  slow  in  falling. 


What  Do  You   Know  About  the 

Cost  of  Trenching  With 

Machinery? 

This  Waterworks  and  Hydraulic  issue  carries  more  than  TO 
pages  of  advertisements.  Host  of  these  advertisements  are 
either  educational  or  open  the  door  to  information  of  an  edu- 
cational nature.  The  catalogs  of  most  manufacturers  in  this 
field  are  no  longer  mere  tables  of  dimensions,  etc.,  but  contain 
much  valuable  and  suggestive  matter,  costs,  etc. 

The  editor  is  just  finishing  the  writing  of  a  new  edition  of 
his  "Earthwork  and  Its  Cost."  The  new  chapter  on  trenching 
will  alone  contain  150  pages.  In  the  preparation  of  that  chap- 
ter the  editor  was  impressed  by  the  excellence  of  the  matter 
found  in  the  catalogs  of  manufacturers  of  trench  machines, 


steam  shovels,  backnilers,  etc.  Even  the  photographs  In 
the  catalogs  are  suggestive  of  economic  ways  of  digging, 
bracing  and  backlllling    "ditches." 

Now  that  common  labor  wages  have  doubled,  every  man  in 
charge  of  trench  work,  even  on  a  small  scale,  should  study 
very  carefully  what  can  be  accomplished  with  machinery. 
Not  every  one  seems  to  realize  that  as  wage  rates  rise,  ma- 
chinery becomes  more  economic. 

Waterworks  superintendents  and  iiuitractors  who  hlave 
been  accustomed  to  say  that  machinery  can  not  be  profitably 
used  on  shallow  trenches,  had  better  do  a  bit  of  figuring.  In- 
terest and  depreciation  charges  on  machinery  are  now  of  far 
less  relative  importance  than  they  were  five  years  ago, 
whereas  wages  are  of  far  greater  relative  importance.  More- 
over, laborers  are  less  efficient  than  they  were.  All  of  this 
makes  for  a  much  greater  use  of  machinery  for  trench  work 
even  on  shallow  trenches  and  on  small  jobs. 


Supei 


How  Waterworks  Engineers   and 
?rintendents  Can  Reduce 
Pneumonia 

The  use  of  chlorine  and  filtration  are  the  two  methods  of 
water  purification  that  have  almost  eliminated  typhoid  fever 
from  our  cities.  Dy  the  drainage  of  swampy  places,  and  the 
dosing  of  stagnant  waters  with  oil,  malaria  and  yellow  fever 
have  been  brought  tinder  control.  We  are  now  beginning 
to  realize  that  lung,  throat  and  nose  diseases  can  be  largely 
l)reventei!.  Curiously  enough  the  sanitary  engineer  is  called 
upon  to  study  the  use  of  water  to  prevent  diseases  of  the 
respiratoiy  organs,  much  as  he  had  to  study  the  treatment 
of  water  to  prevent  intestinal  diseases  and  malaria. 

Influenza,  pneumonia  and  tuberculosis  have  long  been  the 
three  major  "plagues,"  with  pneumonia  in  the  van  of  dead- 
liness,  if  deadliness  is  estimated  by  the  number  of  deaths. 
Pneumonia  is  a  bacterial  disease  that  is  mainly  .=^pread  by 
;ur-borne  dust  particles  on  which  the  microbes  ride  into  the 
nostrils  of  their  victims.  Remove  the  dust,  and  the  microbes 
that  cause  pneumonia  are  also  removed.  If  this  fact  were 
generally  known,  and  its  significance  fully  appreciated, 
every  city  and  village  would  demand  dustless  streets.  This 
would  necessitate  frequent  flushing  of  all  streets  with  water, 
for  flushing  is  the  most  effective  means  of  removing  street 
dust. 

How  many  waterworks  superintendents  realize  that  it  is 
their  duty  to  preach  the  liberal  use  of  water  for  washing 
pavements?  Very  few,  we  fear,  for  never  yet  have  we  seen 
an  annual  report  of  a  waterworks  superintendent  in  which 
there  was  even  a  paragraph  preachment  on  this  subject. 

Listen  to  what  Dr.  Rufus  Cole  of  the  Rockefeller  Institute, 
recently  said  in  an  article  on  "Pneumonia,  as  a  Public  Health 
Problem"- 

"Pneumonia  is  really  a  public  health  problem,  but  it  has 
not  been  so  recognized  until  recently.  It  took  the  insight 
of  Dr.  Hermann  M.  Biggs  to  see  that  pneumonia  might  be 
prevented,  and  that  the  high  mortality  from  this  disease 
might  possibly  be  reduced.  Pneumonia  causes  more  deaths 
in  this  country  than  any  other  of  the  communicable  diseases. 
It  IS  responsible  each  year  for  over  100,000  deaths  in  the 
United  States,  and  for  over  10,000  deaths  annually  in  New 
York  City  alone.  ... 

'"Pasteur  said  that  any  bacterial  disease  is  theoretically 
preventable  when  we  know  the  means  by  which  the  organ- 
isms causing  it  gain  entrance  to  the  body.  .  .  . 

"The  place  where  the  infectious  organisms  are  most  con- 
centrated is  in  the  respiratory  tract  of  the  patient.  That  is 
where  we  can  attack  them  most  successfully.  It  is  impor- 
la/it  in  the  first  place  to  prevent  the  infection  spreading  from 
the  individual  sick  with  the  disease.  This  can  be  done, 
first,  by  isolation  of  the  patient.  This  means  that  we  must 
recognize  that  these  respiratory  diseases  are  communicable. 

""Second,  we  can  prevent  the  spread  of  the  infection  by 
cleanliness  in  the  surroundin.crs  of  the  patient.  It  has  long 
been  known  that  the  organisms  causing  pneumonia  may  ex- 
ist for  a  considerable  time  in  dust.  They  are  spread  from 
the  patient  sick  of  pneumonia  to  the  dust  around  him.  and 
this  dust  is  most  infectious.  By  preventing  the  spread  of 
this  dust  undoubtedly  much  can  be  done.  The  question  of 
dust  infection  has  not  been  given  sufficient  attention  by  those 
engaged  in  public  health  work.     For  years  Dr.  Prudden  has 


(130) 


Engineering  and  Contracting  fur  June  IJ,  i9i<j. 


615 


been  impressing  upon  us  tlie  dangers  of  dust  infection,  but 
we  have  been  so  interested  in  better  water  supplies,  better 
sewerage  systems,  etc.,  that  we  have  forgotten  the  impor- 
tance of  dust  in  spreading  infection,  especially  in  spread- 
ing the  acute  respiratory  diseases,  which  now  cause  more 
deaths  than  all  the  other  acute  communicable  diseases  com- 
bined." 

•'It  is  possible  that  by  the  use  of  gauze  masks  much  can 
be  accomplished  in  preventing  the  transmission  of  infec- 
tion from  the  mouths  of  persons  sick  with  the  disease." 

Our  readers  should  take  particular  note  of  what  Dr.  Cole 
says  about  the  "importance  of  dust  in  spreading  infection," 
for,  aside  from  what  doctors  can  do  to  preveiit  disease,  there 
is  no  class  of  men  who  can  accomplish  as  much  along  that 
line  as  can  the  class  who  read  this  Waterworks  and  Hy- 
draulic Monthly  issue  of  Engineering  and  Contracting.  It  is 
we  engineers  and  waterworks  superintendents  whom  the 
public  should  thank  the  most  for  having  so  greatly  reduced 
the  typhoid  death  rate.  Now  let  us  take  the  next  great  step 
by  securing  for  the  public  streets  as  clean  as  a  hospital 
floor.  Let  us  not  rest  until  we  secure  appropriations  with 
which  to  flush  every  business  street  every  day,  and  every 
residence  street  at  least  twice  a  week.  Let  us  put  an  end 
to  the  clouds  of  dust  that  are  worse  than  the  hosts  of  the 
Huns  in   spreading  death  and  misery  among  men. 


Would  You  Employ  a  Three  Thous- 
and Dollar  Superintendent  in  a 
Ten-Million  Dollar  Plant? 

If  you  owned  a  ten-million  dollar  plant  having  an  annual 
gross  revenue  of  a  million  dollars,  what  would  you  think  of 
yourself  if  you  paid  the  superintendent  of  your  plant  only 
$3,000  a  year?  Pretty  small  peanuts,  you  would  be,  wouldn't 
you?  The  city  of  Milwaukee  is  just  that  size  peanut,  for  the 
city  waterworks  is  a  ten-million  dollar  plant,  and  its  super- 
intendent receives  only  $250  a  month,  or  about  the  pay  of 
one  of  Ford's  skilled  mechanics. 

Milwaukee  is  inclined  to  be  socialistic;  and  socialist  alder- 
men, having  themselves  rarely  earned  $250  a  month,  are 
inclined  to  think  that  no  man  is  worth  that  much.  Although 
Milwaukee  is  perhaps  the  worst  of  the  large  cities  in  respect 
of  low  municipal  salaries,  many  another  large  city  is  not 
much  better.  In  fact,  no  city,  large  or  small,  is  paying  ade- 
quate salaries  to  its  waterworks  superintendents  and  city 
engineers. 

When  will  municipalities  see  that  the  men  who  design  and 
manage  their  plants  should  be  liberally  paid?  Not  until 
salary-fixing  officials  are  themselves  men  who  have  occupied 
private  positions  yielding  large  incomes.  That  probably 
means  not  until  the  commission-manager  form  of  city  gov- 
ernment is  adopted,  and  not  even  then  unless  the  public 
press  persuades  the  voters  to  elect  commissioners  who  have 
shown  first-class  executive  ability  in  the  conduct  of  their 
own  business  or  professional  work.  Such  men  know  from 
experience  that  it  is  always  good  business  to  pay  liberal  sal- 
aries to  executives  in  responsible  positions.  Often  they  do 
not  realize  that  it  is  equally  good  policy  to  pay  designing 
engineers  liberally,  but  it  is  generally  not  difficult  to  per- 
suade a  man  who  has  himself  earned  a  large  income  that 
the  best  of  designing  skill  is  secured  when  designers  are 
liberally  paid,  and  usually  not  otherwise. 


The  Increased  Cost  of  Farming 

Although  every  producer  knows  that  his  own  costs  of  pro- 
duction have  risen  enormously,  each  man  is  apt  to  think  that 
he  is  being  overcharged  by  the  men  from  whom  he  buys. 
Especially  are  we  all  inclined  to  regard  the  present  prices  of 
foods  as  being  "little  short  of  robbery." 

Farmers  are  now  beginning  to  publish  cost  data  that  give 
us  a  different  idea  as  to  the  prospect  of  paying  prewar  prices. 
Recently  the  International  Farm  Congress  at  Kansas  City 
issued  a  report  in  which  was  given  the  present  and  the  prewar 
costs  of  producing  wheat,  based  on  the  records  of  several 
hundred  farmers  in  Kansas,  Oklahoma,  Nebraska  and  Mis- 
souri.    We  quote; 

Av. 
i*resent  pre-'.\;ii* 
cond.         roii<;. 

Land — rent   or   interest   on   investment $  ,'?.SS        ?  -^ -T 

Eciuipment — interest   and   depreciation 4.90  -^'7 

n 


.Sei'd     

Plowing,  ft,-.,  seeding ■.■.■:.■.'.■::.■.■;:::::;:;; itl      A\ 

Hai-i'estiMK  anil   tliri'Shinir   f^  ~t-'- 

Cost   oi;  maintaining  soiP  ferlilit  v    .....■.'.'.■.■.' I'sJ  i  ?? 

.>P!'ortion.neni  of  general  overli^ad  e.xpense  of'f/irm     \:>l  «8 

Tol .'i I  per  inre    

Iji-ks  value  of  iiasturage  and  sirliv;. ........... 


..$22.74         SI5.49 
■  ■     1.28  1.04 


Net  cost  per  acre   

Yield  per  rure,  10-year  average,  li.l  Ini 
.Vvei-age  1)\ik1i(1  cokI 


$21.46         «1J.15 

$1,522         SI  fi2.i 

Note  that  while  this  shows  a  rise  of  50  per  cent  in  the  cost 
of  wheat,  tiieic  has  been  only  a  20  per  cent  rise  in  the  rental 
or  interest  on  the  land,  as  contrasted  with  a  .'.0  per  cent  rise 
in  the  labor  cost  of  plowing,  seeding  and  harvesting.  If  the 
n  nt  or  interest  on  the  land  are  deducted,  the  remaining  items 
of  cost  show  a  CO  per  cent  increase  during  the  past  five  years. 

The  prices  of  farm  lands  are  rising  so  rapidly  that  it  seems 
unlikely  that  the  average  price  of  farm  products  will  decrease 
very  mnch  for  manx  years.  Freight  rates  have  gone  up  :;."j  per 
cent  since  191  1  and  will  have  to  he  raised  another  l.i  per  cent. 
Hence,  we  may  conlidently  look  for  a  market  price  of  farm 
lU'oducts  fully  CO  per  cent  in  e.\cess  of  that  in  llill,  even 
should  there  come  a  very  decided  reduciion  in  the  present 
(leniand  for  food  stuffs. 


Book  Reviews 


Irrigrition  Engineering.  i:y  .Arthur  ri.wll  L'.ivis.  Direi;tor  and 
I'liief  KuKiuc-r  r,  S.  Keclaiuatinn  Service,  and  IK-rtierl  M.  Wilson, 
former  t'li-ef  lOnginter  and  Irrigation  Engineer.  .Seventh  edition, 
revised  and  tiilargcd.  n.xfi  in.,  i;iO  i.ii..  ilhisirai i-d.  .John  Wiley  and 
Sons.  New   Vork.     .$4. .'if). 

This  volume  is  a  logical  revision  and  enlargeraeul  of  "Irri- 
gation b.'ngineering"  by  Wilson,  which  was  first  published  in 
l.S9fi.  The  original  work  was  a  pioneer  in  its  tield  and  has 
loiLg  been  recognized  as  a  slandard. 

The  subject  matter  has  been  drawn  largely  from  the  aii- 
fhoi's  personal  contact  with  large  irrigation  works  both  here 
and  abroatl. 

The  first  poi'tion  of  the  book  is  devoted  to  the  study  of 
factors  influencing  the  design  of  a  reclamation  project.  These 
include  the  discussion  of  irrigable  soils,  water  supply,  evap- 
oration, pumping,  and  the  application  of  the  water  to  the 
land  with  a  description  of  devices  used  for  the  measure- 
ment of  irrigation  water.  Kxperinients  by  the  C  S.  Depart- 
ment of  Agricultui'e  and  others  have  added  substantially  to 
'he  knowledge  which  pertains  to  crop  production  on  irrigable 
lands.     The  values  are  well  tabulated  and  discussed. 

The  rest  of  the  book  is  mainly  devoted  to  the  methods  of 
design  and  construction  of  irrigation  works  and  appurte- 
nances. The  design  of  ctmals  and  latei'als.  and  canal  struc- 
tures is  taken  up  in  considerable  detail.  A  new  formula  for 
seepage  from  canals  is  advocated.  It  is  proposed  as  repre- 
senting the  results  of  existing  data  taken  from  many  years 
of  observations. 

The  de-:!gn  of  various  lyi)es  of  dams  is  covered  quite  com- 
pletely. The  author  has  drawn  liberally  from  his  own  ob- 
servatitms  to  assist  one  in  the  design  and  construction  of 
reservoirs,  earthen  and  masonry  dams.  That  departure  from 
the  theoretical  design  of  dams  in  certain  instances  is  per- 
missible is  upheld  by  the  experience  of  the  author. 

The  book  is  well  illustrated  with  photographs  and  details 
of  a  great  number  of  existing  works  both  here  and  abroad. 
lOacli  chapter  is  followed  by  a  bibliography. 

While  considerable  matter  has  been  taken  from  the  pre- 
vious editions,  the  amount  of  new  matter  presented  recom- 
mends it  ;is  a  very  desiralile  new  book. 

Chlorination  of  Water.  Ry  .Tosei>h  Rae.-.  F  I.  C.  City  Bae- 
ti-riologi.si  and  Cheiiiisl.  futawa.  1,'iS  pages,  ."■'•i  x  8.  12  figures. 
I.;  diaur.inis.     .?1  SO  net.     .lolui  Wiley  &   .Sons.  New  Vork. 

lf:\ceedingly  interesting  from  the  viewpoint  of  the  technical 
reader  and  valuable  because  of  the  data  ciuitained  in  this 
volume  on  water  chloiination.  Information  hitherto  scat- 
tered in  various  journals  and  treatises  is  collected  and  corre- 
lated  in   a   comprehensible   manner. 

The  dosage  of  chlorine  reiiiiired  for  the  treatment  of  a 
water  is  fully  discussed. 

The  chapter  on  complaints  from  consumers  of  chlorinated 
water  will  interest  every  waterworks  operator,  because  of 
the  numerous  experiments  noted  which  tend  to  disprove  pop- 
ular claim  to  the  deleterious  effects  of  water  thus  treated. 
Laboratory  methods  for  the  control  of  hypochlorite  plants  are 
given.     Tlie  electrolytic  method  for  the  production  of  chlorine 
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is  described.  The  cost  of  this  nu-tliod  iis  compiirt'd  with 
tiie  cost  of  liquid  oliloriue  is  sliown. 

The  infonimtion  gained  from  extensive  oxpcrinienls  lias 
enabled  the  author  to  present  a  Rreat  deal  of  data  on  the 
subject  of  chlorainine.  The  operation  of  the  Uttawa  chlora- 
mine  plant  is  stated  to  have  effected  a  considerable  saving 
over  the  use  of  bleach.  Some  recent  fads  on  the  steriliza- 
tion of  water  for  the  use  of  troops  in  the  Held  are  pertinent. 

The  last  chapter  is  devoted  to  the  results  obtained  from  the 
chlorination  of  water.  The  words  of  caution  to  the  misusers 
of  the  process  are  timely. 

The  bibliosi-aphy  at  the  close  of  each  chapter  is  a  com- 
mendable  feature. 


Bidding  Prices  in  1915  and   1919 

on  Gravity  Water  Supply 

System 

To  the  Editor:     I  am  enclosing  some  prices  bid  .lune  :;  at 
Newarlt,  N.   Y.,  which  if  published   in    \<inr  jcuniKil   would.   1 


think,  hi'lp  iiialr'ii;ill.\  in  liM<lin.i;  olhcr  coMHUunilies  to  start 
such  construdioTi  wovk  ioi-  this  .\ear  as  they  have  under 
consldi'ialion. 

■|"hr  i)rlci's  subniiticd  at  .Newark  were  for  a  gravity  water 
supply  system  which  will  cost  in  the  neijihborhood  of  $300,000. 
The  prices  bid  for  pil)e  are  the  lowest  that  the  writer  has 
seen  this  year.  I'-or  purposes  of  compurison  I  append  a  table 
of  prices  for  n  similar  gravity  system  for  which  bids  were 
received  almost  exactly  four  years  ago.  The  two  systems  are 
almost  identical.  The  Newark  dam  will  be  construqted  prac- 
tically under  the  same  conditions  as  the  dam  at  Le  Roy. 
'I'he  price  for  core-wall  concrete  In  both  cases  is  particularly 
low.  This  is  due  to  the  fact  that  gravel  is  available  at  the 
site  of  the  dam.  The  Le  Koy  pipe  line  was  almost  entirely 
excavated  with  a  trenching  machine  and  it  will  also  be 
possible  to  use  a  machine  lor  a  greater  part  of  the  distance 
on  the  Newark  line.  The  filter  plant  at  Le  Roy  and  the  one 
proixised  for  Newark  will  be  practically  the  same. 

Th(>  writer  prepared  both  the  jtlans  for  the  Le  Roy  and  the 


PRICES   OX   GR.WITY 


WATER   SLTPLT   SYSTEM   AT  LE   ROY.N. 
DIVISION    1— E.\RTHEN 


Y..     IN     1015,     AND 
DAM    AND    DYKES. 


Vnit  Pi-ices  of  four  low  bidders  at 
NEWARK.    N.    Y. 


AT     NEWARK.     N.     Y.,     JUNE     2,     lOlS. 

Unit    Prices    for   Contract   awarded    to 

Morrison    &     Quinn    for    work     at 

LE    ROY.    N.    Y. 


l-upfer 
Keniick. 
t        1.40  : 

1.00 

1.35 

120 

12.90 

11.50 

7.00 

.fiO 

15.00 

12.00 

12.00 

.20 

1.20 

.90 

25.00 

12.00 


Brown  & 

Lowe  & 

Law  Bros. 

1.00  ! 

.SO 

1.00 

1.50 

14. on 

12.00 

11.00 

.80 

25.00 

25.00 

10.00 

.10 

2.50 

.SO 

15.00 

20.00 


Foun- 

d.ilion 

C-o. 

1.25 

.55 

1.40 

1.75 

17.63 

20.50 

11.50 

.60 

13.00 

13.00 

13.00 

.10 

.60 

.20 

18.50 

13.50 


E.  W. 

Foley 

Co. 


1.50 

.95 

1.50 

1.50 

14.00 

16.00 

8.50 

1.50 

10.00 

15.00 

25.00 

.10 

1.50 

1.00 

40.00 

20.00 


Quanti 
ties 
Newark, 

2.300 

28.600 

4.200 

100 

200 

475 

2,450 

300 

4 

6 

1 

1.200 

900 

50 

1 

1 


Unit  of  Items 
Measure- 
ment. 


cu. 
cu. 
sn. 

Sll. 

cu. 


,  yd. 
yd. 
Yd. 

.  yd. 

,  yd. 
<ni.  yd. 
ru.  vd. 
liii.  ft. 
eacii 
eaeh 
each 
II). 

lin.  ft. 
lin.  ft. 
each 
each 


Quantities    Unit 

Lie  Roy.  Price. 

Clearinq:   and    Kruhblns (lump  sum) 


Earth   ex':av;ition.  ,-(>ro  wall  .and   pipe  trenches l.:{00  $ 

I'^arth   embankment   in   dam   and  dikes 23,300 

Riprap 1.100 

Cobble  cutter   

Class    '"A"    concrete 

Class    "B"     eoncrete 300 

Class    "C"     concrete 1.600 

Laying   14-in.    cast    iron    pipe 300 

Valves.    14    in.,    hauling    and    settiuK  in   place 

14-in  ilanped  special  castings,   baulins  and   setting  in  place 

Setting:  valve  stem  and   v/lieel 

Miscellaneous,  steel  latlder.  roinforciug  steel,  etc 500 

10-in.   vitrified    tile   pipe    furnished    in    place 

4-in.  vitrified   tile  pipe  furnished   in  place 

■\Voodcn    rack,    furnished    in    place 2 

Hauling  and  setting  14-in.   fish  trap 1 


.55 
.40 

.40 


C.40 

4.50 

.65 


.07 


9.60 
ii.50 


$20,552.:i0 


$66,917.50  $68,425.00  $69,067.00  $70,880.00  Totals 

'  IMVISION     2— 1.0O0.OII0     GAL,     MECHANICA.L     FILTRATION     PLANT. 

Five  low  binders  at  Xewark.   N.   Y.:   Norwood  Engineering  C^..   $24,960:    Roberts    Filter    Mfg.    Co..    .$31,613:    Hydro    Construction    Co., 
$31,750;    Pitt.sburgh  Filter  Co.     $32,500 
Co..  at  lump  sum  bid  of  $12,800. 


Foundation  Co..   $37,500,     The  contract  for  the  Le  Roy  plant  was  awarded  to  Norwood  Engineering 


DIVISION    3— Lu-VYING   CAST   IRON    PIPE. 


Unit  prices  of  four  low  bidders  at 

NEWARK.    N.    Y. 
J.  F.         Founda-     Bruno 


Lear>- 
Const.  Co. 
$  .70  ! 

.50 

20.00 

15.00 

3  00 

10.00 


tion 
Co. 

.8S 

.80 

13.00 

13.00 

2.65 

10.70 


Pizze- 
mtnti. 


.89 

.30 

25.00 

10.00 

5.00 

25.00 


Tifft. 
Const. 
Co. 
1.10 
.90 
15.00 
10.00 
5.00 
10.00 


$31,125.00  $38,280.25  $44,428.50  $46,458:00 


Founda 

tion 

Co. 

$  .,12 

.70 

.    13.00 

13  00 

3.65 

10.70 


J.  F. 

Leary 

Const.  Co. 

$  .70 

.50 

20  00 

15.00 

5.00 

10.00 


Bruno 
Pizze- 
menti. 

.70 

.,50 

25.00 

10. 00 

5  00 

25.00 


Tifft. 
Const. 
Co, 
%  ,95 

.80 
15,00 
10.00 
5.00 
10.00 


Quanti 

ties 

Newark 

38,350 

120 


400 


38,350 

120 

6 

5 


(Bell  and  Spigot   Pipe,) 
Unit  of  Items 
Measure- 


Unit    prices    for    Contract    awarded    to 

Chas.    Shepard    for   work   at 

LE    ROY,    N.    Y. 


ment. 

lin,  ft.  Hauling   and    laving   14-in.    cast    iron    pipe 

lin.  ft.  Hauling  and   laving   6-in.    cast    iron   pipe 

each  Hauling  and  setting   ll-in.    valves.: 

each  Hauling  and   setting  (i-in.    valves 

each  Hauling  and   .setting   1 -in.   air  valves 

feet  Creek    crossing    


Quanti- 
ties. 

.   24,500  $ 
lOO 

Unit 
Price. 
.47 
.,'.0 

5 
3 
6 

10.00 
5,00 
5,C« 

Total  or  gross  sum  of  bid. 
(Universal    Pipe,)         (Alternate.) 


400 


lin.  ft, 
lin.  ft. 
each 
each 
each 
lin.  ft. 


Hauling  and   laving   14-in    cast    iron   pipe. 
Haulmg  and  layini*  li-in.  -cast  iron  pipe... 

Hauling   and    setting    14-in.    valves 

Hauling  and   setting  n-in.    valves 

Hauling  and  setting  1-in.   air  valves 

Creek    crossing    


$24,174.25  $31,125.00  $37,130.00  $40,693.50 


Unit  prices  of  four  low  bidders  at 
NEWARK.    N.    Y. 


Pi\'i.';inx  4- 


Total   or   gross   sum    of   bid 
-FURNISHING    CAST    IRON    PIPE. 


V.  S   C.  I. 

Pipe  & 
Fdrv  Co. 


48.40 
49.40 
49.40 

.051/. 

110.00  ' 


WaiTer,     Camden 

FdlT.  (t        Iron 
Mach   Co.   Works 


49.50   $ 

50.50 

54.00 

.07i;4 

OK 

110.00 


51.10   $ 

51.60 

51.60 
.06>4 
.06  Vi 

50  CO 


J  Fox 
&  Co. 


(Hub  and  Spigot  Pipe.) 
I'nit  of  items 
Quanti-  meas- 


Unit    orices   for    Contract    awarded    to 

U    S    C.  I.  Pipe  &  Foundry  Co.  for 

work  at  LE  ROY,  N.  Y. 


51.80 
52.70 
52.-0 

.08 

.55 '8 
55.00 


ties. 

New-ark, 

200 

1.550 

2 

1,600 

6.000 

1 


ure- 

ment. 

tons 

tons 

tons 

lb. 

lb. 

each 


14-in.  Class 
14-in.  Class 
fi-in.    Class 


•B" 

■A" 

"A" 


cast 
cast 
cast 


ii-on  pine,  , 
iron  pipe.  , 
iron    pipe. 


Quan- 
tities, 


564 

605 


Unit 
price, 

23.70 
23,70 
23.70 


«S6.9O8.S0  $88,873.00  $90,832.20  $92,670.90 

(Universal   Pipe.) 
Central  Foundry  Co. 


Flanged  special  castings    

Bell  and  spigot  special  castings s.uiiu 

14-in.    flanged    fish    trap    

Total  or  gross  sum  of  bid. 


3.00 

1.00 

.07 

.06 

65.00 


38,350  ft. 

120  ft. 

1.600  lb. 
6.000  Ih. 
1  eao 


It  in.  universal  cast  iron 
pipe   

C.  in.  universal  cast  iron 
Pipe   

Flanged  special  castings. 

Universal  special  castings 

14   in.   flanged   fish  trap.. 


Quanti- 
ties. 


T-n:t 
Price 


S115,707,00     Total  or   gross   sum   of  bid. 


Newark  systems  and  the  bids  received  at  Le  Roy  were  within 
the  estimates.  As  the  bids  received  at  Newark  June  2nd  are 
well  within  the  writer's  estimates  it  is  the  intention  of  the 
Board  to  immediately  award  the  contracts, 

JAS.  P.  WELLS. 
Consulting  Engineer. 
Rochester.  N.  Y. 
(132) 


K)i(lhifi')'ni(i  ini'l  Cdiit nici'uKj  t>ir  Jmic   II.  Itiin. 


Will  Present  High  Prices  Persist? 

By  HALBERT  P.  GILLETTE, 
Editor.  Engineering  and  Contracting. 
According  to  Lord  d'Abernon.  a  British  economisi,  money 
lias  been  depreciating  for  Tnii  years,  but  its  fall  during  the 
world  war  was  greater  than  during  the  two  centuries  from 
1700  to  1900.  and  equal  to  that  during  the  four  centuries  from 
i:100  to  1700.  Althou.gh  the  persisting  tendency  of  money  to 
decrease  in  buying  power  is  a  phenomenon  of  great  political 
importance,  the  average  man  is  far  more  interested  in  the 
question  that  heads  this  article:  -Will  present  high  prices 
persist?" 

Every  prolonged  war  has  led  to  a  rise  of  prices  and  wages, 
but  in  nearly  every  case  there  has  been  a  subsequent  fall  in 
prices  and  wages,  usually,  however,  at  a  comparatively  slow 
rate.  Why  is  it  that  prices  rise  suddenly  during  a  war,  but 
recede  slowly?  Prices  rise  rapidly  during  a  war  because  of 
the  sudden  increment  in  demand  for  many  classes  of  products. 
But  why  does  not  an  equally  rapiu  fall  in  prices  occur  when 
the  demand  for  those  very  articles  falls  off  suddenly  at  the 
end  of  the  war?  The  answer  is  found  in  two  facts,  one  of 
which  is  psychological  and  the  other  of  which  is  material. 
The  material  fact  is  the  great  increase  in  money  and  money 
equivalents.  The  psychological  fact  is  that  most  of  the  incre- 
ment in  money  is  in  the  hands  of  people  who  are  habituated 
TO  spend  nearly  all  that  they  earn.  Let  us  consider  each  of 
these  factors. 

From  the  time  that  Columbus  discovered  America  up  to 
I  he  present  day  about  17  billion  dollars  worth  of  gold  were 
mined,  but  only  a  little  more  than  half  of  this  (9  billions)  ex- 
ists todav  in  coins  or  bullion.  During  the  world  war.  the 
fifteen  leading  nations  engaged  in  the  war.  excepting  Russia, 
issued  :!6  billion  dollars  worth  of  paper  money,  which  is  more 
than  all  the  gold  and  silver  dug  from  all  the  veins  and  placers 
m  the  world  during  the  last  four  centuries!  This  inevitably 
caused  a  great  depreciation  of  money  in  Europe,  price  of  com- 
modities often  rising  several  fold.  In  France  prices  now 
average  three  and  a  third  times  what  they  were  before  the 
war.  while  in  England  they  are  two  and  a  third  times  what 
they  were.  In  America  prices  have  slightly  more  than  dou- 
bled, as  shown  by  Dunn's  index,  as  the  average  price  of  more 
than  oOO  commodities. 

It  is  easy  to  see  why  prices  have  risen  greatly  in  countries 
rhat  have  issued  large  quantities  of  paper  money,  but  why  has 
the  rise  been  so  great  even  in  America  where  government 
printing  presses  have  not  been  busy  turning  out  paper 
dollars'  The  answer  is  to  be  found  largely  in  the  fact  that 
gold  monev  and  bullion  have  flowed  from  Europe  to  America 
in  such  volume  that  we  now  have  more  than  three  billion 
dollars  worth,  whereas  we  had  but  two  billion  dollars  worth 
before  the  war.  In  short.  America  now  holds  one-third  of  all 
the  gold  in  the  world. 

Practicallv  all  our  gold  is  held  by  our  government  and  by 
the  banks  as  "reserves"  upon  which  are  based  the  issue  of 
paper  money  and  that  form  of  credit  money  known  as  bank 
deposits  The  ratio  of  bank  deposits  to  gold  in  America  has 
averaged  about  9  to  1  during  the  past  ten  years,  as  shown  in 
the  following  table: 
Year. 


1910 
191:: 
1914 
191."i 
191 


Gold.  Bank  Deposits, 

1 .7  billions  15.2  billions 

' ' 1 .9  billions  IS.O  billions 

1..S  billions  19.0  billions 

2."  billions  19..'i  billions 

:;.l  billions  20.:!  billions 

While  it  is  true  that  the  -credit  money"  that  exists  in  the 
form  of  bank  deposits  ma,y  shrink,  and  shrink  rapidly,  either 
because  banks  call  loans  or  because  business  men  and  in- 
vestors voUintarilv  curtail  their  borrowings,  it  is  noticeable 
that  even  great  panics  have  not  caused  much  reduction  in 
bank  deposits  in  America.  We  need  not  enter  into  a  discus- 
sion of  the  reasons  for  the  relative  stability  of  the  rates  ot 
bank  deposits  to  gold,  but  we  should  note  the  significance  ot 
the  enormous  increase  in  our  bank  deposits  since  1913.  This 
increase  in  credit  money  has  kept  pace  with  the  increase  in 
gold,  and  it  is  available  for  use. 

The  extent  to  which  this  credit  money  is  used  is  measured 
bv  the  bank  clearings,  for  they  register  the  volume  of  "turn 
over"  of  money  from  one  individual  or  corporation  to  another. 
During 


<leariii.i;s  in  .\meiica  been  less  than  s  limes  the  average  bank 
deposits  (and  that  was  in  191.i).  and  for  no  year  have  annual 
bank  clearings  exceeded  13  times  the  bank  deposits.  The 
normal  ratic'  has  been  about  12  to  1,  which  was  the  ratio  in 
1910  and  1917. 

Bank  deposits  have  averaged  about  9  times  the  gold,  and 
the  monthly  bank  clearings  have  normally  been  equal  to  the 
bank  deposits  in  .\inerica.  Our  credit  money,  therefore, 
moves  with  great  and  almost  uniform  rapidity  in  normal 
times.  In  abnormal  times,  such  as  war  times,  a  temporary 
decrease  in  rapidity  of  circulation  of  money  may  occur,  such 
as  occurred  in  the  latter  part  of  1914  and  the  fore  part  of 
191.5.  But  prices  do  not  fall  appreciably  unless  such  curtail- 
ment is  prolonged. 

Since  the  end  of  the  war  bank  clearings  have  been  normal 
and  have  slowly  been  increasing.  This  itself  spells  the  main- 
tenance of  high  prices,  if  it  persists,  but  will  it  persist? 

That  our  gold  supply  will  not  decrease  greatly  for  many 
years  is  evident.  Balances  of  trade  long  have  been  in  our 
favor  and  seem  likely  to  remain  so.  Europe  owes  America 
about  10  billion  dollars,  even  the  interest  on  which  can  not 
be  paid  in  gold.  Emigrants  from  America  to  Europe  are  con- 
se(iuently  able  to  secure  no  gold  from  our  banks.  And  for 
the  same  reason,  even  tourists  who  go  to  Europe  will  not  be 
permitted  to  take  gold. 

With  no  probability  that  our  gold  supply  will  decrease  for 
many  years,  there  is  assurance  that  our  credit  money  (bank 
deposits)  will  not  decrease;  and,  if  so.  the  average  price  level 
will  not  fall  unless  a  general  financial  scare  leads  to  pro- 
longed curtailment  of  expenditures  by  many  people.  Xow  it 
so  happens  that  the  class  of  men  who  are  most  timid  about 
investments,  namely,  men  of  wealth,  are  the  very  ones  who 
have  largely  converted  their  bank  balances  into  government 
bonds.  Moreover,  these  are  the  men  whose  normal  savings 
for  investment  purposes  have  been  largely  taken  from  them 
by  income  taxes.  On  the  other  hand,  the  class  of  people  ac- 
customed to  spend  nearly  all  that  they  earn  as  fast  as  they 
earn  it  have  received,  and  will  continue  to  receive,  most  of 
the  money  paid  to  Uncle  Sam  by  wealthy  men.  This  intro- 
duces a  psychological  factor  that  has  been  penerally  ignored 
both  by  business  men  and  by  writers  on  economics. 

Although  a  per  capita  increase  of  50  per  cent  in  currency 
and  in  bank  deposits  does  not  of  itself  insure  a  corresponding 
rise  in  the  average  price  level,  such  an  increase  does  result 
in  at  least  an  equal  increase  in  prices  if  nothing  occurs  to 
intimidate  buvers  in  general.  Wage  and  small  salary  earners 
are  not  easily  intimidated.  In  fact,  they  are  apt  to  be  reckless 
spenders  at  "all  times.  That  they  are  spending  to  the  limit 
right  now  is  shown  by  the  unprecedented  sales  of  all  mer- 
chandising companies  that  publish  financial  reports.  New 
capital  is  not  yet  flowing  in  normal  volume  into  new  buildings 
and  plants  Imt  that  capital  is  moving  with  normal  velocity  is 
shown  bv  the  volume  of  bank  clearings.  This  is  primarily 
due  to  the  desire  of  the  average  wage  earner  to  spend  almost 
his  entire  income.  Since  that  desire  is  habitual  in  America 
and  since  the  war  has  increased  the  income  of  the  spending 
classes  at  the  expense  of  the  saving  classes,  there  is  no  likeli- 
hood that  bank  clearances  will  decrease;  and,  if  not,  prices 
in  general  will  remain  high,  because  our  volume  of  gold  and 
of  bank  deposits  has  increased  greatly  during  the  war. 

Summing  up.  we  have  a  5o  per  cent  increase  of  gold,  upon 

which  has  been  built  a  .50  per  cent  increase  in  bank  deposits, 

irnin  which  has  resulted  somewhat  more  than  a  50  per  cent 

increase  in  bank  clearings,  or  money  turn  overfall  during  the 

perio.l  -with  no  prospect  of  decrease  in  the  rate  of  turn 


over,  liecause  the  habitual  savers  are 

most    of    their    current    savings  to  the  habitual 


forced  through  taxation 


rapidly. 


to   liand   over 

"^'"Fvi-ry  large  war  brings  about  this  condition  quite 
l,„t'  there  is  not  a  quick  reversion  to  the  prewar  condition 
-itter  the  war  ends,  if  a  considerable  amount  of  money  has 
'hrcn  created  The  1.5  leading  nations  of  the  world,  excluding 
itussia  have  tripled  their  money  during  the  war  by  the 
i.Mi'e  of  paper  money,  and  they  have  also  tripled  their  bank 
,l,:p„sits  .ir  credit  money.  None  of  them  will  be  in  any  hurry 
,„  retire  the  paper  money,  for  that  would  put  them  at  a  dis- 
;:;,;.,„tage  m  paymg  off  their  huge  debts.  Hence,  the  enor- 
m.uis  inflation  in  money,  with  its  corresponding  price  infla- 
,ion  although  it  occurred  in  the  short  period  of  five  years,  ^Ml 
;,,"  be  re<lu<-e<l  in  several  times  five  years.     High  prices  and 


no  vear  foV  the  past  20  years  have  total  annual  bank       hi.^h  wa 
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;es  will  persist  for  many  years. 
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E}i(iiuet'i  nnj  and  Contracting  for  June  11,  llUiK 


Economies  of  Reinforced, Concrete 
Walls  for  Uncovered  Reservoirs 

Uy  11.  E.  liAliUlTT, 

Associate   in    Miinloi|>»l   aiul    Sitiiitary    EnsinoorInK, 
I'lilvorsity   of   Illinois. 

Ill  the  desi.!;n  of  a  reinforced  concrete  wall  for  an  uncov- 
ered reservoir  the  choice  of  the  type  of  wall  is  dependent 
mainly  upon  economy.  The  determination  of  the  most  eco- 
nomical wall  for  any  particular  conditions  can  be  made  by 
designing  walls  of  various  types  to  fulflU  the  conditions  and 
makin.?  a  detailed  estimate  of  cost  from  these  designs.  Such 
designs  have  been  made  for  walls  varying  in  height  from  5  to 
30  ft.,  either  with  or  without  earth  backing.  The  types  of 
walls  studied  are  shown  in  Figs.  1  to  VI  inclusive.    The  least 
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Flgs.    1-6 — Types   of    Wall    Studied    to    Derermine    Most    Economical 

Design. 


volume  of  concrete  per  foot  of  length  of  these  walls  for  dif- 
loioiil  hoiglits  Is  shown  in  Figs.  VU  and  VIII.  The  relative 
I'cononiy  of  the  difl'erent  types  of  walls  is  indicated  by  the 
i<>liitiM>  amount  of  concrete  in  the  different  types.  The  dit- 
leriMice  in  the  volume  of  concrete  and  therefore  the  economy 
of  the  "special"  type  of  wall,  compared  with  the  cantilever 
wall  is  striking. 

Although  the  cost  of  reinforced  concrete  walls  is  not  di- 
rectly proi)ortional  lo  the  volume  of  concrete,  for  any  two 
walls  of  the  same  height  and  with  the  same  loading,  the  rel- 
ative cost  is  approximately  as  the  volume  of  concrete.  The 
amount  of  steel  is  approximately  proportional  to  the  volume 
of  the  wall.  The  cost  of  the  form  work  is  dependent  more 
on  the  ly|)e  of  wall  than  upon  the  volume  of  concrete.  Since 
the  amount  of  form  work  on  the  "special"  wall  is  somewhat 
greater  than  for  the  cantilever  wall,  the  apparent  saving  by 
the  use  of  the  "special"  type  is  somewhat  reduced,  but  the 
relative  economies  of  the  different  types  of  walls  is  unaf- 
fected. 

These  designs  were  based  on  a  factor  of  safety  against 
overturning  of  2.  The  working  strength  of  steel  was  taken 
as  16,000  lb.  per  square  inch,  and  of  concrete  as  650  lb.  per 
square  inch.  No  section  less  than  8  in.  thick  was  used.  The 
greatest  intensity  of  foundation  pressure  was  6,000  lb.  per 
square  foot.  The  "active"  earth  backing  was  assumed  to  act 
as  a  liquid  weighing  20  lb.  per  cubic  foot.  Althougli  these 
assumptions  may  not  be  in  accord  with  all  conditions  of  de- 
sign, a  difference  in  the  unit  stresses,  thicknesses,  etc.,  will 
affect  all  types  of  wall  alike  and  will  not  affect  the  relative 
economy  as  shown  in  Figs.  VII  and  VIII. 

In  making  the  designs  of  these  walls  the  relative  economy 
of  various  details  were  developed.  In  the  cantilever  wall 
the  economical  length  of  the  footing  is  shown  in  Fig.  IX. 
For  the  buttress  walls,  the  economical  buttress  spacing,  the 
best  details  of  the  buttresses,  and  the  effect  on  the  volume  of 
the  wall  by  a  change  in  the  buttress  spacing  are  shown  in 
Figs.  X  and  XI.  Similar  details  are  shown  for  the  other 
types  of  walls  in  Figs.  XII  to  XV. 

In  determinin,?  the  volume  of  concrete  in  the  walls  the 
resisting  moment  against  overturning  of  all  portions  of  the 
wall  was  expressed  in  terms  of  as  few  unknown  dimensions 
as  possible.  The  resisting  moment  was  equated  to  twice  the 
overturning  moment.  When  it  was  not  possible  to  express 
the  resisting  fnoment  in  terns  of  only  one  dimension,  all  but 
one  dimension  were  assumed  and  the  unknown  dimension 
solved  from  the  equation.  With  all  dimensions  known  the 
determination  of  the  volume  of  the  wall  was  a  matter  of 
solid  geometry.  New  values  of  the  assumed  dimensions  were 
tried  until  the  least  volume  of  concrete  for  the  given  height 
of  the  wall  was  found.  It  was  in  the  process  of  such  compu- 
tations that  the  economical  dimensions  of  the  various  details 
were  found. 

The  expressions  for  tlie  dimensions  of  various  portions  of 
the  walls  were  determined  either  analytically  or  by  trial  in 
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Fig.  7 — Amount  of  Concrete   in    Different  Types  of  Walls  Without  Earth  Backing:  Cur\'e  1.  Cantii. 
tilever  "«'all.  Type  1;  Curve  :;.  Counterfort  Wall;   Curv«  4.   Buttress  WVill:    Curve    5.    Buttres.s    and    Coui 
Wall;    Curve   5,   Curve   7.   Special   T\-pe   of  Wall   Minus   the   Quantitv   of  Concrete-  in  a  Floor  0.67   Ft.   Tl 
Base  of  the  W'all.     Fig.  8— Amount  of  Concrete   In    Different  Types    of    Walls    With    Earth    Backing:    Cm 
Curve  2,  Cantilever  Wall.  Type  2:   Curve  3.  Counterfort  Wall:  Curve  4.    Buttress    Wall:    Curve   5.    Specia 
Backing  Minus  the  Quantity  of  Concrete  in  a  Floor  0.67  Ft,   Thick  and    the    Same    Width    as    the    Ba.=  f 
Lengths  for  Cantilever  Walls:  Circles  Indicate  Calculated  Results. 

(134) 


i    Type  2:  Curve  2.  Can- 

Vall;    Curve   4,    Buttress 

lie  Same  Width   as  the 

iliilever  Wall.    T.\T>e    1: 

■^Vall   Without    Earth 

\A:ill.      Fig.    9 — Footing 
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Fig.  10 — Economies  of   Details  of  Buttress 
Walls    Without    Earth    Backing. 
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Fig.  11 — Economies  of  Details  of  Buttress 
Walls   With    Earth    Backing. 
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Fig.  12 — Economies  of  Details  of  Counter- 
fort  Walls   Without   Earth   Backing. 


such  a  manner  as  to  make  pos.sible  the  expression  of  the  imtti 
resisting  moment  in  but  few  unlvnown  terms.  For  certain 
details  the  economical  dimension  is  that  dimension  which 
will  give  the  least  amount  of  material  commensurate  with 
the  load  which  is  to  be  supported.  In  other  details  the  eco- 
nomical dimension  is  not  a  function  of  the  load.  Those  di- 
mension.s  which  depend  almost  directly  on  the  load  were 
determined  analytically,  whereas  tho.se  dimensions  which  are 


Willis  without   earth   backins 


Fig.   :i. 
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.(2) 


S,  =  ^-^1-^  (Eq.  3);  S.  ^  'i'iii^*  (Eq.  4)-.  S.  =  ^^^^^^^^'-^  (E,.  5)  , 
18  40  180h,i 


S;  =  h,  4  (Eq.  6)  with  limit  of 
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Fig      13— Economies    of    Details    of    Counterfort    Walls    With    Earth 

Backing. 
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not  direct  functions  of  the  load  were  determined  by  a  method      n.-islrts  .>f  Walls  Between  15  ami  30  Ft.  High. 


Fiq     14— Economies   of    Details   of    Buttress   and   Counterfort   Walls 
Without    Earth    Backing. 

forts   nnd    Buttrc'ises   CMosely    1^>    Ft.    fur   all 


of  trial.  The  following  is  a  summary  of  the  formulas  tor  the 
details  of  all  of  the  walls.  In  addition  to  the  notation  on 
the  figures  the  ordinary  notation  used  in  reinforced  concrete 
has  been  used  except  that  S',  represents  the  effective  depth 
of  a  beam  and  S,  represents  the  actual  depth. 
Cantilever  Walls.  Types  1  and  2.  with  or  without  earth  backins. 
Figs.    1   anil   2 — 


t    -  0  00:i  hr  +  0.0.>b  ^  1. 
,=0.71    fx~"    I  ''^-'l"''* 


.(8) 


ion  '■))   or  approximately  0.3  ti 


h.'ir. 
S;.  In 

IS 


.(10) 
.(11) 


S,= 

100 


.(n 

(135) 


yiitires.<;   Walls  with    earth   backing.     Fig.   "- 
(•  =r  same  as   Equation   2. 


O.0 


Kiinituvnuf)  and  i'ontiiutiiKi  fdiJinir  li.  l!>l!>. 


s.  _  Shi  ,Ec.  .-.)•,  s.  -  ^Jh:^'  ,E<,. . J);  s.  -  wa"^«>y)-b'  (En.  m) 

i2  50  .'20h,» 


S.  =  4    

s      1 

t  =  O.OlH  h,»»>»     l.a 

ti  =  O.St    

t-  =  h„  15    

t,  =  h,  -1.5   

Counterfort    Walls  without   earth  backing.     FIr.    1- 
C  =  sanio  as  K<|iintion  2. 
Si  =:  sanu'  as  ICaiviatlims  :t.  ^  and  ,'■. 


l.h,-' 

40 

h,  +  60 

90 


.(ir>> 

.(16) 
.  (9) 
.(IC) 
.07) 


.(18) 


t,  r;  • 


.(lit) 


Coiinterfort    Walls  with  oarth   liaokinK.     FIr.    4 — 

C  —  sanu-   as  Kquatlon   2. 

Si  =:  same  as  Equations  12,  IS  and  H. 

I,  =  same  as  Kiiuatlon   1$. 

t4  =  same  as  Kquatlon  19. 
Buttress  and  Counterfort  Walls  without  eailh  backins.    Fig.  5 — 


b  V  tb»  +  S  h,-)  —  b= 


C  = 


40  h, 


.(20) 


S,  -S]ll!cE<,.2l);S,  -t^^^iTSL*  ,Eq.  -U  S.  ^W(b'4-80h,»)-b,^        ^^^ 
18  80  720h,* 

ti  =  same  as  Kquatlon  9. 
t;  =  same  as  E<iuation  10. 
tj^same  as  Equation  18. 
h, +  6 

t4  = (24) 

24 
.Special  Type  of  W.tII  without  larth  baikinsr.     Fig.  6 — 
s 

S,  = (25) 

31 

t  =  1.5    (26) 

tj  =  ha/15    (27) 

ti  =  0.67    (28) 

ta.  ti  and  tr.  determined  graphically  from  Fig.  Ifi. 


Sanitary  Rojiularions  for  flie  Protection  of 
New  ^  ork  Water  Supply 

lllsposiil  (if  jiDlhuinj;  ni:itii'r  nn  <ir  mIioiiI  Ihf  resiTVolrs 
riirnisliiiiK  IIh'  wiiter  supply  for  .New  York  ("ily  is  limited, 
accordtnn  to  tlie  following  mquMiil   rules: 

Oti  rt'siq-volrs.  boatiiiK  aiul  fishinK  iiif  iillowed  midi-i  |iit- 
mit. 

Within  ."ill  ft  IK)  manner  of  dis|H)sal  ol  luinian  e.vcreta.  ex- 
cppt  wnttM-IIiislied  toilets  connected  by  water-liKht  pipes  to 
sewnpe-disi)osal  sysleins  approved  by  the  department,  are 
allowed.  .Ml  other  animal.  veKetable,  factory  or  business 
waste  must  be  adequately  purified. 

Beyond  hO  ft.  and  up  to  SO  ft.  cesspools,  vaults  or  other 
receptacles  (e.  g.  pan  closets)  must  be  water-tight  and  fly- 
proof.  Dead  animals,  garbage,  manure,  etc.,  may  be  buried 
in  the  ground. 

Beyond  80  ft.  cesspools  may  be  leaching. 

Beyond  l.JO  ft.  individual  excreta  may  be  deposited  on  the 
ground.     Interment  may  take  place. 

Beyond  2.")(i  ft.  ultimate  disposal  may  be  made  of  liuman 
excreta  from  toilets,  cesspools,  etc.,  preferably  by  shallow 
trenches. 

Beyond  Hdd  ft.  interment  may  take  place  in  the  case  of 
reservoirs  delivering  water  direct  to  aqueducts  or  pipe-lines 
to  New  York  City. 

Beyond  V2  mile  new  cemeteries  are  permitted  on  Long 
Island. 

The  foregoing  note  is  abstracted  from  a  paper  in  a  recent 
issue  of  Municipal  Engineers'  Journal  of  New  York  City. 


Cost  of  Chemicals  for  Treatment  of  Water  at  Council  Bluffs, 
la.— The  water  of  Council  Bluffs,  la.,  is  C'larified  by  sedimen- 
tation, and  lime  and  alum  coagulants,  and  is  sterilized  by 
liquid  chlorine.  The  average  cost  of  chemicals  for  this  treat- 
ment in  i;ns  was  $4.fiG  per  1,000,000  gal.  An  average  of  l.fi 
grains  of  alum  per  gallon  of  water  was  used;  hydrated  lime 
averaged  0  7  grains  per  gallon;  and  liquid  chlorine  averaged 
0.2.5S  parts  per  1.000,000  gal.,  or  34.5  oz.  per  1,000,000  gal.  The 
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15 — Economies    of    Details    of    Special    Type    of    Wall 
Earth    Backing. 


Without 


The  analytical  expressions  taken  together  with  the  graph- 
ical representations  show  the  economical  dimensions  of  every 
portion  of  the  types  of  wall  studied.  The  results  show  that 
for  a  wall  with  earth  backing  a  buttress  type  is  the  cheapest 
unless  the  gain  of  the  floor  by  the  use  of  the  "special"  type 
is  taken  into  account.  For  walls  without  earth  backing  the 
"special"  type  is  the  most  economical,  regardless  of  con- 
siderations of  the  saving  in  the  floor  area. 
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Fig.    16 — Graphical   Solution   of   Slab   Thickness   for   Special   Type    of 

Wall. 

Curves  I{i-pi(-;^ent  Correct  Tluckne.ss  of  .Slab  in  Aooordance  Wi;l- 

bh= 

the   Expression   I    ~ , 

40 
Solutions  as  Cted. 


Straig-ht    Lines    Represent   Approxinia*e 


average   cost    per   1,000   lb.   of   alum,   including   freight,   w^as 
J13.10,    and    for   lime,    $7.4.5.      The   average    cost   of    1    lb.    of 
chlorine,  including  freight,  was  $0.15. 
(136) 
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Effect  of  Meterage  in  Oak  Park,  111., 

and  Methods  of  Controlling 

Water  Waste 

For  the  past  o  years  the  Water  Department  of  Oak  Park. 
III.,  ha.«  made  an  intensive  study  of  water  consumption  with 
a  view  of  reducing  the  waste  to  a  minimum,  and  consequently 
reducing  the  quantity  of  water  purchased  from  Chicago.  The 
methods  of  making  this  study  and  the  results  obtained  were 
outlined  by  Mr.  Herbert  P.  Matte,  Chief  Sanitary  Engineer 
of  the  Illinois  State  Department  of  Public  Health  in  a  paper 
presented  before  the  Western  Society  of  Engineers.  The 
matter  following  is  abstracted  from  the  paper. 

The  city  is.  and  always  has  been  100  per  cent  metered,  and 
it  has  been  found  that  without  meters  a  further  material  re- 
duction in  needless  waste  would  have  been  an  impossibility. 
In  IftlS.  according  to  the  accepted  standards,  the  Oak  Park 
per  capita  consumption  of  7.5  gal.  was  very  low  indeed.  The 
night  rate  of  consumption  for  the  total  system,  however,  was 
5S  per  cent  of  the  average  daily  consumption,  while  20  per 
cent  seemed  to  be  a  fair  ratio  for  a  city  composed  principally 
of  high-class  residences  with  few  industries. 

As  a  result  of  the  waste  campaign  the  daily  per  capita 
consumption  of  Oak  Park  has  decreased  from  7.3  gal.  in  I'Ji:; 
to  65  gal.  in  19ls.  Yet  who  can  say  that  Oak  Park  is  not 
one  of  the  most  sanitary  cities  in  the  State  of  Illinois — if  not 
in  the  whole  country? 

There  are  no  privies  in  this  city,  every  house  being  con- 
nected with  the  sewers.  All  the  consumers  have  the  benefit 
of  water-closets,  tf.5  per  cent  have  bathtubs;  and  the  bathroom 
consumes  about  three-fifths  of  the  water  used  for  domestic 
purposes.  Moreover,  every  building  has  a  lawn,  every  street 
has  a  grassed  parkway  on  each  side  of  the  roadway.  From 
inspection  of  records  of  sanitary  surveys  in  various  cities 
with  lower  and  even  greater  per  canita  consumption  than 
Oak  Park,  it  was  found  that  the  number  of  premises  not  con- 
nected with  the  sewers  varied  between  20  per  cent  and  sii 
per  cent  of  the  total.  Every  home  in  Oak  Park  is  connected 
with  the  water  supply  and  there  are  no  active  wells  except 
two  deep  wells  used  by  a  gas  company  as  a  supplement  to 
the  city  water,  and  consuming  1  gal.  per  capita.  In  other 
cities  of  which  we  have  record  the  wells  number  5  per  cent 
to  SI  per  cent  of  the  total  number  of  buildings. 

From  the  foregoing  it  follows  that  Oak  Park  people  should 
use  more  water  than  the  average  city  regardless  of  relatively 
small  industrial  use,  because  in  many  cities  with  industrial 
plants  the  big  users  have  access  to  river,  lake  or  well  suppl.\' 
and  use  the  city  water  only  for  emergency  use  or  for  drink- 
ing  water. 

Elements  of  the  Waste  Problem. — It  will  be  noted  that  the 
night  rate  of  pumpage  will  often  be  from  80  to  90  per  cent 
of  the  average  daily  consumption.  This  is  indicative  of  much 
waste.  Too  much  consumption  is  generally  assumed  for  in- 
dustrial and  other  night  uses.  Such  should  be  determined, 
not  estimated.  In  Oak  Park  the  night  rate,  which  is  con- 
sidered the  waste  barometer,  was  reduced  from  .jC  per  cent 
to  21  per  cent  of  the  average  daily  consumption  in  the  •!  years 
between  1914  and  191S.  inclusive. 

The  waste  problem  was  attacked  along  various  lines,  somi' 
of  which  are  not  commonly  associated  with  water  consump- 
tion. The  elements  substantially  affecting  waste  elimination 
as  developed  in  the  4  years  between  1914  and  191.S  were: 

1.  100  per  cent  meterage. 

2.  Efficient  maintenance  of  meters. 

3.  Efficient  complaining  bureau,  including  education  of  con- 
sumers in  cause  and  remedy  of  needless  waste. 

4.  Strict  collection  of  high  bills  due  to  leakage  or  waste, 
.'i.  Periodical  waste  surveys. 

fi.  Comprehensive  and  workable  water  ordinance,  or  rules 
and   regulations,  with   their  strict  observance. 

7.  Ontralized  control  of  the  water  department. 

Meterage. — With  regard  to  the  first  item,  100  per  cent 
meterage,  this  means  that  all  water  pumped  or  otherwise  de- 
livered into  the  system  is  measured  at  the  distributing  poiii' 
no  matter  where  located.  Included  among  the  services  me- 
tered are  all  municipal  buildings,  watering  troughs,  drinking 
fountains,  street  sprinkling,  water  used  in  parks,  water  usimI 
in  the  construction  of  houses  and  all  dwellings  regardlcs'^ 
of  size  or  character:  together  with  fire  hydrants  when  used 
for  other  than  fire  purposes.     It  is  admitted  that  in  the  con- 
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struclion  oi  buildings  and  in  the  case  of  fire  hvdrant-.  that 
sometimes  more  water  is  wasted  than  is  measured  but  it 
was  louud  that  the  moral  effect  of  the  meter  had  a  great 
weight  in  minimizing  the  unlawful  use  of  water.  It  is  in 
fact,  a  visible  permit.  Selective  metering  has  been  proposed 
and  widely  adopted  in  many  largo  cities  in  order  to  reduce 
expense,  but  under  that  basis  it  would  be  necessary  t, 
only  10  per  cent  of  the  Oak  Park  services,  for  Oa 
would  be  considered  one  of  the  good  controllable  districts 
adapted   to  periodical   inspection,  in  a  city  like  Chicago    for 
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instance.  Pnder  this  method,  loo,  the  wastage  must  hav 
taken  place  before  the  iwcessity  for  stopping  it  will  hav 
become  apparent. 

Maintenance  of   Meters.     The  efficient  maintenance  of  me- 
ters is  more  important   than  appears  at  first  glance.     Meters 
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Recorder  and   Meter  Used  for  Determination  of  Rate  and  Character 
of    Domestic    Water    Consumption. 

should  be  repaired  as  soon  as  possible  after  being  reported 
stopi)ed  or  otherwise  defective.  This  condition  of  the  meter 
is  iisually  detected  by  the  readings,  supplemented  by  observa- 
tions of  the  meter  reader.  All  suspicious  variations  in  the 
readings,  both  high  and  low,  should  be  investigated  promptly. 
II  has  been  found  that  frequent  readings  taken  not  less  than 
lour  linifs  a  year,  ju-eferably  more,  give  satisfaction  to  the 
consumer  in  measuring  accurately  all  the  water  that  is  used 
and  in  giving  ample  warning  of  unavoidable  excess  consump- 
tion. The  periodical  testing  of  meters,  such  as  once  every 
.'.  years  has  disclosed  many  unsuspected  defects  caused  by 
undue  wearing  of  parts,  or  the  detection  ol  tampering  by  the 
'■onsumer.  In  Oak  Park  the  test  of  meters  which  were  used 
by  the  private  company  preceding  municipal  management 
disclosed  under-registration  varying  between  10  per  cent  and 
.Ml  per  cent,  with  an  average  of  2  per  cent  for  the  entire  sys- 
tem. It  also  was  found  that  in  several  cases  where  thi>  l)llls 
were  not  high  in  spile  of  very  small  leakage  that  the  meters 
did  not  register  leakage  as  small  as  :)ii  gal.  per  day. 

Complaint  Bureau. — The  efficient  complaint  bureau,  and  the 
education  of  the  water  consumers,  are  important  both  for  the 
satisfaction  of  the  water-taker  who  tends  to  regard  the  meter 
with  suspicion  and  for  the  peace  of  mind  of  the  water  de- 
liartment  executive  who  realizes  that  it  does  not  pay  to  an- 
tagonize citizens.  The  systematic  handling  of  complaints  is 
infinitely  more  satisfactory  than  adverse  arbitrary  decisions, 
or  spineless  methods  of  leniency  caused  by  fear  of  political 
pressure  or  favoritism.  Every  high  bill  can  and  ought  to 
be  explained.  The  problem  is  really  one  of  education.  Tn 
Oak  Park  the  campaign  was  begun  bv  .ii!"i!ng  the  backs  cf 
7) 
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the  water  bills  for  admonitions  to  (he  consuiuer  referrlnK 
to  the  waste  of  water.  This  was  supplemented  by  letters  to 
each  complainant  with  follow-ups  in  order  to  test  (he  reduc- 
tion in  consumption  after  the  repair  of  leaks.  The  meter 
readers  report  all  suspicious  sounds  of  running  water,  al- 
though not  attempting  to  trace  the  cause  in  order  to  save 
time,  and  the  rest  is  handled  iu  the  ollice  by  the  complaint 
•clerks.  If  the  consumption  is  abnormal,  a  special  call  is  made 
by  a  complaint  inspector  before  the  waste  is  brought  to  the 
attention  of  the  consiFmer.  It  was  noted  that  if  notices  were 
sent  to  Uie  consumer  before  the  investigation,  he  often  re- 
paired the  fault  and  then  insisted  there  must  be  a  mistake 
or  that  the  meter  was  incorrect,  because  there  could  be  no 


show   him    where.     Rectify   errors   jiroiuiilly.     Service   is  the 
important  element  in  poiiularizing  the  use  of  meters. 

Aside  from  the  waste  through  li.xtures.  high  bills  are  caused 
by  leaks  in  toilets,  broken  underground  pipes  in  basements, 
defective  toilet  valves  or  ball-cocks,  dripping  faucets,  thermo- 
stats, water  motors,  pumps  opeiated  by  w-ater  power,  defec- 
tive stop-and-waste  cocks,  and  between  walls,  water  used  for 
cooling  food,  "water  wasted  to  obtain  a  cool  drink,  or  to  pro- 
cure hot  water  from  defective  heaters,  children  leavine  fau- 
cets open,  lawn  sprinkling  with  hose  without  nozzles,  the 
llushings  of  water-closets  uselessly  after  use  for  purposes  for 
which  they  are  not  designed,  such  as  garbage  receptacles, 
leakage  through  tanks  in  attics  and  by  allowing  water  to  run 
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Records  from   New   Domestic   Water  Waste   Detector,  Oak  Park,   lil. 


leaks.     Hence   the  adoption   of  a   policy   of  locating  serious 
trouble  before  reporting  it. 

No  one  in  Oak  Park  has  ever  been  obliged  to  stint  in  the 
use  of  water  in  order  to  receive  reasonable  bills.  In  fact 
the  leaks  consumed  3  to  10  times  more  water  than  the  con- 
sumers themselves  can  actually  use  for  all  purposes.  Newly 
arrived  residents  from  Chicago  and  other  cities  with  the  flat- 
rate  system,  have  an  inborn  dread  of  meters,  and  when  these 
persons  have  exorbitant  bills,  they  often  begin  to  be  miserly 
in  the  use  of  water,  even  attesting  to  the  fact  that  the  strict- 
est economy  was  practiced.  Sometimes  they  threaten  to  re- 
turn to  their  former  homes  where  they  had  a  square  deal. 
Our  investigators  proved  that  in  every  case  of  that  kind  there 
were  toilets  leaking  at  the  rate  of  %  to  '/^  gal.  per  minute. 
Sometimes  the  waste  was  so  small  that  the  watching  of  the 
meter  did  not  readily  indicate  the  quantity.  Sound  is  really 
the  best  indicator  of  leaks.  This  is  explained  to  the  con- 
sumer who  thereafter  manages  to  use  all  the  w'ater  he  needs, 
although  keeping  down  the  bills.  Often  a  warm  meter  ad- 
vocate is  thus  obtained.  It  is  always  a  good  policy  to  give 
the  consumer  the  benefit  of  the  doubt  and  let  it  be  known 
that  the  department  is  glad  to  correct  errors.  In  many 
cases  diplomatic  cross-examinations  will  uncover  sources  of 
waste  which  the  consumers  do  not  realize.  It  is  dangerous 
to  try  to  prove  that  the  complainant  is  wrong  until  you  can 


continuously  in  order  to  prevent  freezing,  or  into  washtubs 
or  lavatories  for  washing  purposes,  instead  of  filling  the  bowls 
or  tubs  before  using. 

Domestic  Waste  Detector. — For  causes  where  the  depart- 
ment was  unable  to  determine  the  cause  of  high  bills  owing 
to  the  fact  that  there  w-as  no  leakage  and  that  the  consumer 
was  sure  he  was  not  wasting  water,  a  recording  detector  was 
designed,  which  when  substituted  for  the  meter  gives  a 
graphic  record  of  the  consumption  for  24  hours  or  a  week. 
This  device  consists  of  a  piece  of  brass  pipe  %  or  %  in.  in 
diameter  and  7  in.  long,  into  which  are  inserted  two  brass 
tubes  1/16  in.  in  diameter,  one  pointed  upstream  and  the 
other  perpendicular  to  the  axis  of  the  pipe.  For  convenience, 
these  orifices  or  pilot  tubes  are  soldered  into  %-in.  brass 
nipples.  Two  needle  valves  and  strong  rubber  tubing  com- 
pletes the  meter.  A  special  type  of  recorder  with  a  rapidly 
revolving  chart  so  that  drafts  lasting  only  %  minute  could 
be  detected,  was  constructed  which  indicated  at  what  time 
and  how  long  faucets  were  left  open  for  baths,  for  wash- 
ing dishes  or  clothes,  or  for  lawn  sprinkling;  how  often  toilets 
were  flushed,  together  with  a  record  of  all  leakage  of  1% 
gal.  a  minute  or  more.  In  fact,  it  was  found  easy  to  deter- 
mine at  what  time  the  consumers  rose  and  retired  and 
whether  they  got  up  during  the  night  or  not. 

The  short  piece  of  pipe    (in  reality  a  brass  meter  nipple 
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into  which  are  soldered  permanently  two  pitot  tiibes) 
is  inserted  into  the  house  service  either  in  phice  of 
the  meter  or  connected  in  tandem  with  it.  In  all, 
only  two  tubes  ,were  necessary  for  the  range  of  con- 
sumption which  exists  between  a  4-room  bungalow  and  24- 
apartmpnt  building.  In  the  first  experiments  the  pitot  tubes 
were  connected  to  a  mercury  U-tube,  by  means  of  which  rates 
ranging  from  less  than  V2  gal.  per  minute  to  30  gal.  per  min- 
ute were  measured  by  using  the  '^-in.  and  %-in.  nipples.  A 
camera  provided  with  a  revolving  sheet  of  bromide  paper,  3 
in.  wide,  was  designed  and  adjusted  so  that  the  lens  magni- 
fied the  deflections  through  a  slot  about  eight-thousandths  of 
an  inch  wide.  A  pocket  flashlight  supplied  the  illumination. 
through  a  condenser  and  the  power  was  furnished  by  a  sin- 
gle-cell storage  battery  constructed  for  the  purpose.  The 
only  drawback  to  the  device  was  that  the  high  deflections 
were  beyond  the  range  of  the  slot,  although  small  leakage 
was  detected  which  the  disk  meter  failed  to  record. 

The  next  step  after  fruitless  attempts  to  alter  the  quan- 
titative measuring  device  of  the  displacement  meter  so  that 
it  would  register  in  gallons  per  minute,  was  to  design  a  re- 
corder which  could  take  care  of  all  flows.  This  new  recorder 
will  detect  rates  as  low  at  1%  gal-  per  minute,  and  there  is 
no  limit  to  the  maximum  recording  capacity  if  larger  meter 
tubes  with  lower  center  velocities  are  used.  The  diaphragm 
is  constructed  of  %-in.  mechanical  rubber,  and  it  is  surpris- 
ing to  note  the  power  transmitted  through  the  stuffiing  box. 
The  recovery  after  a  short  draft  is  rapid,  even  at  maximum 
velocities,  as  indicated  by  the  accompanying  copies  of  actual 
records.  The  recorder  is  not  extremely  accurate  but  fre- 
quent rating  by  means  of  the  regular  meter-testing  outfit  in- 
dicates that  it  is  amply  dependable.  It  has  been  used  suc- 
cessfully in  connection  with  a  2-in.  Venturi  meter,  in  making 
waste  surveys  by  means  of  the  hydrant  and  hose  method,  and 
gives  much  assistance  in  determining  the  varying  consump- 
tion in  the  district  tested,  so  that  the  leakage  can  be  ascer- 
tained. 

Plumbers  invariably  mislead  the  consumer  by  failing  to 
appreciate  small  leaks  and  by  discrediting  the  meter.  But 
Oak  Park  water-takers  are  rapidly  becoming  educated  in  spite 
of  this.  After  being  shown  repeatedly  the  waste  which  plumb- 
ers failed  to  locate,  and  seeing  the  effect  of  the  stoppage  of 
leaks  which,  according  to  the  plumbers,  could  not  amount  to 
more  than  10  gal.  a  month— they  refuse  to  be  sidetracked. 


Cost  of  Water  Mains  at  Council  Bluffs,  la.,  from  1907  to 
1918.-— The  following  table,  from  the  last  annual  report  of  the 
Board  of  Waterworks  Trustees  of  Council  Bluffs.  la.,  shows 
the  cost  of  laying  water  mains  from  1907  to  1918,  inclusive: 
the  costs  are  for  100  lin.  ft.  of  main  and  include  valves,  hy- 
drants and  connections: 


SIZE  OF  JLVINS. 


Year.  4  in. 

1907-08*     

1911t   .$!I7.5.5 

1911-12     55.4s 

1912-1.3     ... 


1913 
1914 
1915 
1916 
1917 
1918 


66.157 


$106.34 

"  VKii; 

86.89 
82.00 
75, on 
84.92 
98.26 
i:i9.89 
22.1. 8.'i 


8  in 
$153. • 


98.31 
111.91 


102.45 
138.33 


180.45 


10  in. 


f$163.44 
139.82 


12  in. 


t$224.76 


163.45 
{313.63 


$238.87 
229.74 


'Laid  bv  water  works  fon^pany.  tLaid  by  contract.  From  1912 
on  the  m,ain<i  were  laid  bv  city  water  department.  tMains  all  laid 
under  pavement.     §Half  of  mains  laid  under  pavement. 


Length  and  Sizes  of  C.  I.  and  Cement  Lined  Mains  at  Con- 
cord, N.  H.— The  Water  Department  of  Concord,  N.  H..  at  the 
end  of  191S  had  70.94  miles  of  cast  iron  and  cement  lined 
mains  in  service.     The  lengths  of  the  various  sizes  were  as 

follows: 

Cast  iron        Cement  lined 
pipe.  pipe. 

24-in 

20-iii 

IS. in 

16-in '. 

1  1-in 

Ill-ill 

4-in 

The  waterworks  were  constructed  in  1872  and  serve  a  popiiki- 
tion  of  21,497  (1910  census!.  The  supply  is  by  gravity,  witli 
pumping  to  reservoirs  for  high  service  and  fire  protection. 


oj;  79r, 

1.963 

11.391 

2.788 

19.788 

15.340 

24.759 

1 1 .567 

46.778 

1.732 

22.836 

6. 43s 

115.731 

11.959 

31.245 

1.281 

Design  and  Construction  Features 

and  Cost  of  East  Canyon  Creek 

Concrete  Arch  Dam* 

By  A.  1:.  PAKKKR. 
The  East  Canyon  Creek  I  Jam,  on  Kasl  Canyon  Creek.  Mor- 
gan County,  I'lah,  is  12  miles  above  the  town  of  Morgan  and 
:;7  miles  from  Ogden.  Utah.  The  reservoir  formed  by  the 
dam  stores  water  for  late  irrigation  of  lands  in  the  Salt  Lake 
Valley  south  of  Ogden,  and  forms  a  iiart  of  the  irrigation 
system  owned  by  the  Davis  Ai  Weber  Counties  Canal  Co.,  of 
Ogden.  The  structure  is  of  interest  because  of  its  slight  ap- 
pearance and  the  successful  mannei-  in  which  it  stands  the 
test  of  use.  The  arch  has  ;f  length  of  128  ft.,  the  radius  of 
its  ui)-stre;im  face  varying  from  78  to  98.8  ft.  The  arched 
jiortion  is  190  ft.  high  above  bed-rock  and  14',  ft.  above  the 
outlet;  its  thickness  is  2(i  ft.  at  the  bottom  and  .5  ft.  at  the 
top.  The  arch  abuts  against  a  tan.uent  of  gravity  section  on 
one  end,  and  against  a  tangent  ;tructiire  of  hollow-deck  type 
on  the  other.     The  outlet  gates  are  of  tlie  full  balanced  type. 

Features  of  the  Site. — .\t  the  site  of  the  dam  a  strong, 
prominent  upheaval  of  conglomerate  rock  shows  above  the 
mountain  slopes  for  several  miles.  Where  the  creek  cuts 
through  the  conglomerate,  a  short,  deep  gorge  or  canyon, 
with  solid  rock  walls,  makes  a  favorable  place  for  building 
a  dam.  The  rock  is  a  limestone  conglomerate,  formed  of 
fragments  of  rhyolite.  sandstone  and  limestone  cemented  to- 
.nellier  with  calcite.  The  sides  of  the  canyon  are  very  irreg- 
ular, but,  in  general,  are  rough  vertical-  in  places  over- 
hanging— for  the  first  40  to  GO  ft.,  and.  above  the  vertical 
cliffs,  the  slopes  fall  back  at  varying  angles.  The  conforma- 
tion and  quality  of  the  rock  fixed  the  location  of  the  dam 
at  the  down-stream  too  of  the  old  dam.  Tlie  body  of  the  old 
dam  precluded  the  adoption  of  tlie  best  location.  It  became 
necessary  to  locate  the  dam  lower  down  stream,  and  even 
then  the  excavation  cut  the  toe  of  the  old  dam  somewhat. 

Bed-rock  was  found  4.5  ft.  below  the  creek  bed,  where  the 
axerage  distance  between  the  canyon  walls  was  4.">  ft.  The 
surface  of  the  bed-rock  was  very  irregular,  being  cut  with 
channels  and  pot-holes,  but  all  smooth  and  highly  polished, 
evidently  by  flowing  water  carrying  sand  and  drift.  Some  of 
the  pot-holes  were  as  deep  as  .■>  ft.,  and  much  larger  at  the 
bottom  than  at  the  top:  and  renuiins  of  the  boulders  that 
ground  them  out  were  found  in  each.  There  were  no  cracks 
or  fissures  to  be  found,  and  the  only  preparation  necessary  to 
make  a  foundation  was  some  roughening  of  the  polished  sur- 
face. 

The  Design. — The  peculiarities  of  the  site  plainly  indicated 
the  adoption  of  a  dam  of  the  arch  type.  Calculations  showed 
tli:it  an  arch  dam  could  be  built  for  about  one-half  the  cost 
ot  any  other  type. 

All  that  could  be  found  in  print  relating  to  arcli  dams  was 
studied,  and  the  proposed  mathematical  treatment  was  ap- 
plied to  the  design  of  the  structure.  It  was  found  that  in  all 
cases  the  dimensions  necessary  to  resist  the  complicated 
shears,  bending  and  temperature  stresses  did  not  exceed  the 
dimensions  computed  from  the  simple  formula  tor  the  strength 
of  cylinders  under  pressure,  when  the  unit  stress  on  the 
masonry  was  conservative.  To  decide  (ui  a  conservative  unit 
stress,  one  must  be  guided  by  the  quality  of  tlie  materials, 
the  importance  of  the  structure,  etc.  Kxamples  are  found  of 
arch  dams  in  successful  use  having  stresses  ranging  from  a 
miniinnm  of  10  tons  to  a  maximum  of  (it  tons  per  sq.  ft.  On 
account  of  the  importance  of  the  structure,  in  this  case,  a 
stress  of  12.-5  tons  per  sq.  ft.  was  adopted. 

The  thickness  of  the  arch  was  found  liy  using  the  simple 
formula, 

HP 

S 
where  T  =  the  thicliiiess  of  the  arch,  in  feet: 

H^the  radius  of  the  up-stream  side,  in  feet: 
P  =  the  water  pressure,  in  tons  per  sq.  ft. 
S  =  the  stress  on  the  masonry,  in  tons  per  sq.  ft. 
For  practical  use.  let   the  depth  of  water  at  any   point  be 
represented  by  D;    it  is  easily  found  that   RD  —  0.ii025  gives 
the  thickness  for  a  stress  of  12. .5  tons  per  sq.  ft.    The  thick- 

"Fiom  a  paper  r'resenled  Mav  7  before  the  American  .Society  of 
Civil  EnRineerini,':  printed  in  ihe  March.  1919.  proceedings,  pp. 
93-113. 
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ness  of  the  aixli.  in  this  case,  was  llnally  ilcti-rniiiied  by  ttu" 
use  of  this  extremely  simple  forniiila. 

Il  is  always  desiralile  to  use  us  little  eoiurete  as  Is  eon- 
sisteiit  with  safety.  It  is  variously  stated  that  the  miiiimiiin 
iiuantity  of  concrete  is  needed  for  a  given  thickness  of  dam 
when  the  central  angle  of  the  arch  inclinles  about  ll!:!".  when 
the  versed  sine  is  one-third  of  the  chord,  or  when  the  radios 
is  equal  to  the  chord  multiplied  by  0.r>4.  In  this  case  it  was 
found  impractical  to  consider  the  element  of  the  minimum 
qiuiutity  of  concrete:  it  involved  producing  overhangs  in  the 
faces  of  the  arch,  and  it  is  probable  that  cases  are  rare  where 
it  is  practical  to  maintain  a  constant  angle  between  the  limit- 
ing radii.  Kecorded  examples  of  arch  dams  show  thai  in 
some  cases  local  increases  of  thickness  have  been  made  in 
order  to  give  increased  strength:  in  this  case  no  such  addi- 
tions to  the  calculated  thickne'ss  was  considered  necessary, 
but   in  places  the  joining  of  the  arch  to  the  clifTs  had  small 


'I'd  III  the  arch  to  the  clilTs  properly,  il  was  found  necessary 
not  onlv  to  adopt  radii  vaiying  in  length  from  Tii  to  !)S.S  ft., 
but.  at  Klevatlon  Co,  to  change  Ihi-  batter  from  the  np-slream 
to  the  down-stream  side.  The  baiter  begiivs  on  the  up-slream 
sii'e  of  the  dam  al  l(i  ft.  below  the  level  of  the  old  outlet, 
assumed  lor  convenience  as  lOlevatlon  0.0.  so  that  the  point 
to  ft.  below  has  a  minus  value.  The  down-stream  side  is  ver- 
tical to  IClevation  CiO.  where  the  butter  changes  to  that  side, 
and  Is  continued  thence  to  the  top.  The  calculations  for  thick- 
ness bring  !he  dam  section  to  a  point  at  the  top;  but  the  top 
thickness  is  assumed  in  this  instance  at  .'i  ft.,  and  the  surface 
batters  downward  to  meet  the  other  batter  at  Klevution  110. 
w  JM're  the  thickness  is  7.41  ft.  More  for  appearance  than 
anything  else,  there  is  a  rib  at  the  top.  on  the  downstream 
-side,  of  S  in.  projection  and  4  ft.  deep.  On  the  up-stream 
side  there  is  a  parapet  wall.  3.!i  ft.  high,  and  opposite  is  a 
railing   of    I'o-in.   pipe   supported    by   posts   of   .'An.    I-beams; 


©■•T&UI 

c^<. 

.^ 

•»(Kf 

■'.:;■.',* 

110 

122.2 

131.5 

T6'l6 

3S.3 

ISO 

*• 

•• 

120 

" 

•• 

" 

*• 

110 

" 

" 

100 

•• 

•• 

» 

" 

•• 

" 

M 

122.2 

ISIJ 

16^^  16 

98.3 

TO 

lUM 

ioe.6 

61^50 

9S.3 

60 

83J 

»4.S* 

49   11 

96.  S 

50 

74  J 

:fl.T2 

43'*e' 

93.0 

40 

nj 

73.69 

48'50' 

98.43 

SO 

G8J 

10.S5 

49^  22' 

?2.00 

30 

68.0 

68.12 

43  M 

Ti.-n 

10 

63J 

67.-6 

at"  44 

:5.07 

0 

65.0 

6:.41 

53' 2*' 

72.14 

-10 

ei.o 

63.10 

5i'40 

70.0 

-20 

-30 

-iO 

-M 

Sections. 


SrCTiON   aCPO?S  CANYON 

Elevations    and     Plan    of 


East    Canyon    Creek    Concrete     Arch     Dam. 


increases  of  thickness  in  order  to  cover  cracks  and  soft  places 
in  the  rock,  and  for  no  other  reason. 

The  sides  of  the  canyon  forming  the  abutments  of  the  arch 
have  such  direction  as  to  be  nearly  parallel  with  the  center 
line  of  the  included  arch  angle,  instead  of  being  on  radial 
lines,  as  is  to  be  desired.  To  cut  into  the  rock  sides  to  give 
abutments  on  radial  lines  was  expensive,  and.  on  the  north 
side,  such  blasting  of  rock  was  too  near  to  the  tunnels  and 
gate-shaft  for  safety:  the  shaft  was  located  close  in.  for  rea- 
sons of  economy.  Therefore,  it  was  decided  to  trust  to  the 
key  afforded  by  the  inequalities  of  the  rock — in  this  instance 
unusually  favorable  for  a  good  key — without  blasting  out  any 
more  rock  than  was  necessary  for  finding  good  solid  abut- 
ments, notwithstanding  the  fact  that  the  line  of  the  rock 
made  an  angle  with  the  line  of  the  resultant  of  the  arch  thrust 
equal  to  the  full  angle  of  repose  for  masonry.  There  was 
placed  over  such  abutments  steel  dowel  pins,  of  1-in.  square 
twisted  piece,  4  ft.  long,  placed  one-half  in  the  rock,  in  grouted 
holes,  and  the  remainder  built  into  the  concrete,  one  dowel 
to  every  3  ft.  vertically  and  horizontally.  Such  dowels  may 
not  do  much  good,  but  they  certainly  give  a  look  of  security. 


provision  is  made  for  the  expansion  and  contraction  of  the 
pipe. 

The  length  of  the  dam  over  all  is  27:J  ft.,  the  south  tan- 
gent being  4:'.  ft.,  the  arch  128  ft.,  and  the  north  tangent  102 
ft.  Up  to  about  Elevation  60  the  arch  is  not  more  than  6.5 
ft.  long,  mostly  only  from  4.5  to  50  ft.  The  excavation  tor 
bed-rock  extended  to  4.".  ft.  below  the  creek  bed.  or  50  ft. 
below  the  old  outlet,  which  was  assumed  as  the  zero  of  ele- 
vations. The  total  height  of  the  dam  is  190  ft.  From  bed- 
rock to  Elevation  — 10  the  thickness  is  constant,  because  of 
balanced  pressures:  the  use  of  forms  began  at  Elevation  — 10, 
with  a  dam  thickness  of  26.25  ft.,  but  to  that  level  the  thick- 
ness is  from  2S  to  30  ft.,  for  in  the  foundation  timbering  only 
the  heavy  timbers  were  removed,  and  the  whole  space  be- 
tween the  lagging  was  filled  with  concrete. 

The  length  and  radius  of  the  arch  was  determined  by  the 
set  of  the  tangent  ends.  It  was  necessary  to  use  tangent  ends, 
for  the  calculations  showed  that  otherwise  a  longer  radius 
was  needed,  and  then  the  ends  of  the  arch  w-ould  be  too 
nearly  parallel  with  the  sides  of  the  canyon;  in  fact,  the  di- 
mensions and  form  adopted  sliowed  that  the  cost  of  building 
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would  be  less  than  with  any  other  form  iried.  The  most  diffi- 
cult matter  involved  in  the  design  was  to  find  a  balance  of 
the  elements  involved,  at  the  same  time  having  due  regard 
for  economy  and  sound  rock  for  abutments.  This  was  only 
accomplished  by  patience  and  many  trials  of  different  forms 
and  locations. 

The  Tangent  Ends.— The  south  tangent  of  gravity  section 
was  first  designed  as  a  deck  section,  but  after  the  foundation 
to  receive  it  was  blasted  out,  the  contour  was  changed  so 
much  that  the  gravity  section  with  slopes  on  both  sides  was 
substituted.  On  the  north  side  the  rock  fell  away  in  such 
manner  that  a  proper'  gravity  section  could  not  be  Iniilt  on 
it  where  the  slope  cf  the  structure  is  down-stream,  and  it  be- 
came necessary  to  adopt  a  hollow-deck  section  where  the 
sloping  side  could  be  up-stream.  The  deck  is  formed  of  arches 
below  and  a  straight  surface  above,  set  on  piers  7  ft.  from 
center  to  center.  The  foundations  of  the  tangents,  perclied 
on  the  sides  of  the  cliffs,  had  dowel  pins  of  the  same  kind  as 
those  used  in  the  arch  abutments;  there  were  plenty  of  them, 
and  they  were  set  into  the  rock  before  the  concrete  was 
placed. 

It  being  necessary  for  the  tangent  ends  to  receive  the  tlirusi 
of  the  arch  and  carry  it  to  the  rock  sides  of  the  canyon,  the 
hollow  spaces  in  the  north  tangent  required  special  treat- 
ment. Accordingly,  two  heavy  braces  or  ribs  were  placed, 
reaching  from  pier  to  pier  and  to  the  side  of  the  canyon.  The 
lower  brace,  at  Elevation  115,  is  7  ft.  wide  and  4  ft.  high, 
with  a  reinforcement  of  M6  rods  of  1-in.  square  twisted  steel: 
the  upper  one,  at  Elevation  122,  is  G.25  ft.  wide  and  3  ft. 
high,  with  20  rods  ot  the  same  size  and  kind:  the  horizontal 
rods  in  both  beams  are  surrounded  with  hoops  of  "o-in. 
twisted  steel  every  1.2  in.  The  working  floor  of  the  spillway 
I)rovides  for  the  thrust  at  the  top. 

The  Splilway.-The  spillway.  42  ft.  wide  and  .J  ft.  deep,  is 
in  the  north  tangent.  It  is  fitted  with  top-hinged,  swinging, 
steel  supports  oi-  needles,  Z.r,  ft.  from  center  to  center  for 
supporting  ordinary  plank  flash-boards.  It  is  intended  that 
the  ordinary  operation  of  the  flash-beards  shall  be  by  hand, 
using  hooks  on  the  irons  placed  for  that  purpose  on  the 
boards.  For  emergency  use  there  is  provided  means  for 
prying  up  the  needles  by  using  a  steel  bar  kept  for  that  pur- 
pose, until  the  bottom  passes  the  lower  support  and  allows 
the  needles  to  swing  down  stream,  thus  releasing  the  boards 
supported  by  the  needles.  In  such  event  the  boards  released 
go  down  stream,  and  may  be  lost;  but  the  need  for  such  re 
lease  is  infrequent,  and  the  loss  of  a  few  boards  of  little  mo- 
ment. The  spillway  apron  is  from  the  top  of  the  upper 
thiust  beam  to  the  crest  of  the  spillway;  it  is  ari-anged  to 
throw  the  water  well  away  from  the  dam,  where  it  finds  its 
way  to  the  creek  channel  without  further  provision  for  di- 
recting it. 

Contraction  Joints. — There  are  only  two  contraction  joints. 
and  they  are  placed  where  the  arch  abuts  the  tangents.  The 
north  joint  begins  at  Elevation  60  and  the  other  at  Elevation 
80.  One  side  of  the  joints  was  built  in  advance  of  the  other. 
and  a  coating  of  hot  DX-grade  California  paving  asphalt 
was  applied  to  the  surface  before  the  remaining  concrete 
was  placed.  Across  the  joint,  and  2  ft.  back  from  the  up- 
stream side,  a  1%-in.  pipe  was  placed,  one-half  in  each  side: 
when  these  pipes  were  removed,  a  2-in.  hole  was  left,  and 
this  was  run  full  of  the  hot  asphalt,  as  additional  security 
against  leakage.  The  joints,  being  on  true  radial  lines,  had 
no  dowels  or  reinforcing  steel  extending  across:  but  lieavy 
offsets  were  made  in  the  concrete. 

Steel  Reinforcement, — No  reinforcement  was  used  until 
Elevation  .jO  was  reached;  from  that  point  to  the  top.  I-iu. 
square  twisted  steel  was  placed  in  2-ft.  squares  and  1  ft.  back 
into  the  concrete  on  both  sides  of  the  arch.  The  gravity 
section  tangeiit  has  no  reinforcement,  but  the  deck  type  of 
tangent  has  a  reinforcement  of  %  and  %-in.  square  twisted 
steel  rods.  It  was  decided  to  use  the  steel  in  the  manner 
described  as  a  compromise  of  apparent  demands  of  the  ele- 
ments involved — the  horizontal  steel  to  stiffen  the  thinner 
parts  of  the  arch,  the  vertical  to  distribute  the  ice  pressures. 
and  all  to  prevent  cracks.  It  certainly  prevented  cracks,  liul 
more  steel  may  have  been  used  than  was  strictly  necessary. 
The  heavy  reinforcement  may  be  warranted  in  the  interests 
of  safety,  especially  considering  ice  thrusts,  for  ice  of  great 
thickness  forms  here. 

The  gate-house,  parapet  wall  and  gate-tower  had  a  rein- 
forcement of  %  and  V2-in.  square  twisted  steel  in  all  places 
where  its  need  was  evident.     The  item  of  structural  steel  is 
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covered  by  railings,  trash-rack,  gatehouse  doors  and  shut- 
ters, and  the  spillway  fittings.  About  !tO%  tons  of  reinforc- 
ing steel  were  used.  The  greater  part  of  this  was  in  the  arch 
nit  a  very  considerable  quantity  was  used  in  dowel  pins 
braces  to  I  he  gate-tower  crossing  the  surrounding  space  as 
well  as  in  the  tower  proper  and  about  tlie  gate-house,  spill- 
way, and  thrust  beams;  no  accurate  segregation  was  made, 
as  all  was  j.aid  for  at  one  price  per  pound,  regardless  of  kind 
or  i)lace  of  use. 

The  Outlet  System.— The  outlet  system  comprises  an  intake 
tunnel,  a  discharge  tunnel,  a  vertical  gate-tower  in  a  shaft 
and  carrying  three  balanced  gates,  set  at  the  bottom  of  the 
tower  and  at  the  one-third  and  twothiids  points  of  the  height 
a  sump  or  water  cushion  at  the  bottom  of  the  gate-tower! 
and  a  hand-operated  device  in  the  gatehouse  for  opening  and 
closing  the  gates. 

The  concrete  tower  carr.\inK  the  gates  has  an  inside  diam- 
eter of  t;  ft.:  the  walls  are  ■)i\  in.  thick,  and  the  outside  diam- 
etrr  is  11  ft  This  gate-tower  is  set  in  a  shaft,  !.-,  ft.  in  diam- 
eter, blasted  out  of  solid  rock  up  to  about  Elevation  70  and 
thence  to  the  top  forming  a  part  of  the  north  tangent.  The 
:innu!ar  space  about  the  tower  is  always  full  of  water,  sup- 
plied througli  the  inUike  tunnel;  and,  on  opening  a  gate, 
discharge  occurs  into  the  C-ft.  opening  in  the  tower,  from 
uliich  it  drops  to  the  sump  and  is  discharged  thence  to  the 
strpam  through  the  outlet  tunnel.  Leading  from  the  reservoir 
lo  the  annular  space  in  the  shaft  about  the  gate-tower  is  the 
Intake  tunnel.  CO  ft.  long,  with  a  cross-sectional  area  of  :'.?..% 
sq.  ft.,  and  with  its  bottom  at  the  level  of  the  bottom  of  the 
lower  gate,  at  Elevation—.^,  or  14o  ft.  below  the  top  of  the 
datn. 

The  outlet  tunnel  is  also  about  t!(i  ft.  long,  and  has  a  cross- 
sectional  area  of  :a);>,  sq.  ft.  It  is  set  at  a  lower  elevation 
than  the  inlet,  and  is  arranged  for  a  water  cushion  in  the 
cential  shaft  and  a  water  seal  for  previ-nting  a  draft  of  air 
ihrough  the  gate-tower,  thus  precluding  the  formation  of  ice. 
This  is  a  matter  of  importance  in  this  cold  place.  As  it  is 
necessary  to  draw  all  water  through  the  old  outlet  system 
when  the  reservoir  surface  is  below  Elevation  luu.  the  tunnels 
were  designed  to  carry  only  the  capacity  of  the  old  outlet. 
It  would  have  been  better,  perhaps,  to  have  made  them 
liirger.  in  order  to  avoid  excessive  velocities  with  the  larger 
Hows  possible  when  the  water  is  higher  thati  the  old  dam. 
The  Trash-Rack.  -The  old  outlet  had  been  provided  with 
a  light  steel  trash-rack,  and,  as  it  had  given  no  trouble  during 
IN  years  of  use,  a  similar  rack  of  'A  by  ."j-in.  steel  bars,  '>  in. 
from  center  to  center,  was  placed  at  the  new  outlet.  The 
laok  rests  on  four  pieces  of  :tii-lb.  rails,  spanning  the  shorter 
wiiy.  When  the  water  was  drawn  off.  in  the  fall  of  HiK,  it 
was  found  that  trash  which  had  gathered  on  the  rack  had 
reduced  the  How  ol  water  until  the  resulting  pressure  had 
hint  the  stpel  rtiil  supports  and  bent  and  twisted  the  rack 
liars.  It  is  fortunate  that  the  rack  was  not  stronger:  had  it 
been  equal  to  holding  the  pressure,  a  very  embarrassing  sit- 
uation would  have  resulted.  No  indication  of  the  condition 
was  visible,  and  it  was"  not  suspected  until  the  water  was 
dr;iwu  ofi'. 

The  bent  and  twisted  rack  was  entirely  lemoved,  and  the 
rliannel  between  the  old  and  new  outlets,  about  .'.  by  .",  ft., 
witli  an  open  top,  was  covered  with  a  grill  of  pine  poles  hav- 
ing a  minimum  diameter  of  !)  in.  These  poles  have  an  aver- 
age length  of  K;  ft.,  and  span  the  channel  in  an  inclined  posi- 
tion, extending  from  the  outer  side  of  the  channel  to  the  rock 
w;ill  of  the  cliff  on  the  other  side,  with  clear  spaces  of  G  in. 
Iietween  th'^  poles.  The  distance  covered  is  70  fl.  The  poles 
are  fastened  in  place  by  setting  1-in.  steel  pins  in  the  rock 
and  using  ties  of  No.  I»  galvanized  wire.  This  arrangement 
lias  not  yet  been  tested,  but  promises  .good  results. 

The  Cylindrical  Balanced  Gates. —  Each  gate  works  in  a 
cast-iron  ring  or  cylinder  set  in  the  concrete  walls  of  the 
gate-tower.  Each  cylinder  has  six  2  by  2-ft.  opemngs  in  its 
lieriineter,  and  these  are  symmetrically  spaced.  FYeely  mov- 
:ible  vertically  inside  of  the  stationary  rings  are  the  gates 
jirojier,  which  are  cast-iron  cylinders  with  no  openings.  When 
the  giites  are  fully  down,  the  openings  in  the  outer  cylinders 
are  closed.  M  the  tops  and  bottoms  of  the  cylinders  are 
fitted  heavy  rings  of  naval  bronze;  when  the  inclined  faces 
of  the  bronze  come  in  contact,  a  water-tight  joint  is  formed. 
This  arrangement  insures  a  perfect  balance  of  water 
pressures.  I'se  has  demonstrated  that  no  more  force  Is  re- 
quired to  operate  these  gates  under  pressure  from  full  heads 
of  water  than   when  there  is  no  pressure.     Hand-wheels  are 
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nil  tliat  are  iii'iHloil  for  operation:  Iho  unaiiKiMiioiil  provided 
tor  the  purpose  works  very  easily,  and  vvitli  siieh  smootliness 
and  speM  as  to  eall  for  nothing  belter:  power  operation 
would  be  of  no  advantage. 

The  Concrete.— The  IJed  Devil  branii  of  eenient.  niauufae 
tured  at  Devils  Slide,  Utah,  was  used  throughout.  The  ce- 
ment passed  the  tests  satisfaetorily.  and  it  was  unnecessary 
to  reject  any.  A  complete  apparatus  for  testing  cement  and 
concrete  materials  was  provided  at  the  work,  one  man  be- 
ing constantly  employed  on  tests. 

The  sand  available  had  a  very  forbidding  appearance,  fm- 
it  had  a  large  content  of  fine  silt  and  clay.  and.  when  made 
into  a  cement  mortar,  presented  a  "niuddy"  consistency,  but 
tests  showed  a  fair  strength  and  a  good  degree  of  water- 
tightness.  Crushed  rock  was  used  for  the  coarse  aggregate. 
Tests  of  mortar  composed  of  the  cement  and  sand  showed 
a  satisfactory  increase  in  strength  with  age.  some  breaks  in 
speciments  of  1  cement  to  ;:  sand  running  us  high  as  500  or 
600  lb.  per  sq.  in.  at  the  age  of  :!  months. 

Briquettes  were  made  from  the  mortar  from  the  mixer 
nearly  every  day  concrete  was  placed.  Xo  breaks  could  be 
made  at  2  days.  At  7  days  the  tensile  strength  showed  an 
average  of  about  100  lb.:  at  2S  days  it  was  always  more  than 
double  the  strength  at  7  days:  and  at  IS  months  the  miiiimuni 
was  310  lb.  and  the  maximum  G45  lb.,  with  the  average  run- 
ning about  500  lb.  Breaks  were  made  frequently  between 
the  2S-day  and  ISmonth  periods,  and  in  no  case  was  there  a 
failure  to  show  an  increase  of  strength  with  time. 

Notwithstanding  the  bad  appearance  of  the  sand,  contain- 
ing as  it  did  much  earth,  clay  and  silt,  the  outcome  is  very 
satisfactory,  although  more  cement  was  used  than  would 
have  been  the  case  had  clean  sand  been  available.  It  is  now- 
known,  however,  that  this  concrete  is  more  water-tight  than 
if  made  with  all  screenings.  All  the  concrete  was  mixed 
with  more  water  than  desired,  in  order  to  help  in  placing  it 
in  Uie  forms  and  avoid  the  formation  of  rock  pockets  without 
mortar.  Some  concrete  in  the  foundation  was  placed  in  water 
without  harm,  or  any  loss  of  cement,  and  several  times,  when 
the  pumps  stopped,  the  surface  of  fresh  concrete  was  flooded 
without  bad  effects,  which  would  not  have  been  the  case  with 
concrete  made  t\-ith  clean  sand. 

The  proportions  of  the  concrete  used  in  the  body  of  the 
dam  were,  as  nearly  as  possible:  1  part  cement:  3  parts 
sand,  -with  some  screenings  through  a  %-in.  screen;  and  5 
parts  broken  rock,  ;Mn.  maximum  size. 

In  the  body  of  the  dam  1.75  sacks  of  cement  per  cu.  yd. 
of  concrete  were  used,  and  for  about  SCO  cu.  yd.  about  the 
gate-tower,  for  tunnel  lining,  and  in  the  gate-house  the  quan- 
tity was  6.25  sacks  per  cu.  yd.  It  was  planned  to  use  plum 
rock  in  the  concrete  of  the  dam  body,  but  cold  weather  pre- 
vented, as  it  was  too  difficult  to  remove  the  snow,  ice  and 
dirt  from  the  rock. 

Concreting  in  Cold  Weather.— Most  of  the  sand  was  hauled 
early,  and  was  in  a  large  pile  on  th-j  side-hill  above  the  bins: 
and,  becoming  wet  from  the  fall  storms,  froze  to  a  depth  of 
2  or  ?,  ft.  The  broken  rock  was  coated  with  frozen  earth, 
snow  and  ice.  Notwithstanding  the  bins  being  roofed  over, 
the  materials  often  froze  together.  Nothing  was  done  to 
overcome  these  conditions  except  to  mix  the  concrete  with 
hot  water.  The  concrete  as  it  came  from  the  mixer  was 
just  above  the  freezing  point,  and,  to  maintain  it  at  this 
temperature,  it  was  necessary  to  keep  the  water  hot  and 
throw  out  the  larger,  solidly  frozen  lumps. 

Experience  soon  showed  that  the  rise  of  temperature  due 
to  chemical  changes  in  setting  prevented  damage  from  frost 
when  the  concrete  in  the  forms  was  covered  at  night.  Can- 
vas was  spread  over  the  forms,  steam  jets  prevented  surface 
freezing,  and  the  temperature  of  the  mass  below  the  surface 
soon  increased  sufficiently  to  remove  any  frost  occurring 
there,  if  not  too  great  in  quantity.  The  steam  caused  heavy 
deposits  of  frozen  moisture  on  the  forms:  when  this  melted 
it  caused  a  very  sloppy  condition,  and  so  the  steam  jets  were 
abandoned  and  salamanders  burning  coke  were  substituted, 
with  an  improvement  of  conditions.  When  concrete  was 
placed  on  colder  days  the  surface  of  the  fresh  concrete  often 
immediately  froze  over  to  the  depth  of  an  inch  or  tw^o.  It 
was  found  that  placing  fresh  concrete  thickly  over  such  a 
surface,  quickly  thawed  it  out  without  harm:  but  when  the 
freezing  was  too  severe,  the  frozen  part  was  picked,  broken 
up,  and  thrown  out.  Steam  jets  were  used  freely  to  thaw 
o-Jt  and  remove  the  ice  from  the  forms,  concrete  surfaces 


and   rock   walls,  imineiliali'lv    befori'   placing  concrete  against 
I  hem. 

The  remo\al  of  the  I '-in,  pipes  in  the  coiitriulion  joints 
.'ilTorded  a  very  favorable  means  of  testing  the  rise  in  tem- 
perature in  the  concrete  when  setting.  Tests  of  temperature 
by  lowering  a  thermonieter  into  the  holes  showed  in  every 
case  a  considerable  rise,  a  typical  test  showing  a  tempera- 
lure  of  70"  V.  at  a  depth  of  15  ft.  when  the  air  was  at  H"  F., 
a  dilTerence  of  5li  degrees. 

The  Forms. —  The  use  of  forms  began  at  Elevation  —  10. 
I  P  lo  that  point  the  excavation  was  tilled  to  the  sheeting. 
The  forms  were  built  in  sections  10  ft.  high.  At  the  top  and 
bottom  of  each  form  2  by  10-in.  plates  were  placed,  and  verti- 
cal pieces  of  the  same  dimensions  were  set  between  as 
studs,  2  ft,  from  center  to  center,  with  1  by  G-in.  sheeting  on 
the  studs.  At  the  jointing  of  the  sections  horizontal  2  by 
G-in.  pieces  were  spiked  to  each  stud,  projecting  4  ft.,  with  a 
1  by  G-in.  brace  from  below.  These  brackets  formed  a  place 
for  a  working  scaffold,  and  braces  upward  from  the  end 
helped  to  place  the  next  section  of  forms. 

\\  hen  a  form  was  filled  to  the  top  with  concrete,  and  be- 
fore it  had  set,  1-in.  steel  pins,  4  ft.  long,  with  an  eye  at  the 
to]),  were  driven  into  the  concrete,  about  fi  ft.  in  from  the 
I'unns.  Ties  of  4-ply,  No.  9  wire,  were  strung  through  the  eyes 
in  the  pins  and  fastened  to  each  stud  at  their  one-third  points 
of  height,  thus  being  inclined  sharply  upward.  The  wire  ties 
were  then  twisted  to  tightness,  and  served  to  hold  the  forms 
true  against  the  pressure  of  about  2  ft.  of  freshly  deposited 
concrete;  the  concrete  was  accordingly  placed  in  layers  of 
about  that  thickness,  moving  back  and  forth  as  necessary  to 
avoid  excessive  pressure  and  the  resulting  bulging  of  forms. 
No  wires  were  allowed  to  reach  from  side  to  side  of  the  dam. 
Where  the  thickness  of  the  dam  was  greatest,  two  rows  of 
anchor-pins  were  used,  and  only  one  row  when  the  distance 
between  the  forms  became  less.  Near  the  top,  in  the  nar- 
rower space,  the  use  of  two  rows  was  resumed,  with  the  stay- 
wires  crossing  in  order  to  keep  proper  distance  from  the 
forms;  at  the  very  thinnest  part  the  wires  were  attached  to 
the  reinforcement.  The  forms  about  the  gate-tower,  spillw'ay 
and  gale-house  presented  no  special  features,  being  of  the 
usual  2  by  G-in.  studs,  1-in.  sheeting,  and  wire  ties. 

The  Construction  Plant.— The  plant  presented  no  unusual 
features,  for  it  consisted  only  of  ordinary  steam-driven  ma- 
chinery, and  was  all  adapted  to  use  on  this  work  from  such 
as  the  contractors  had  left  on  hand  from  previous  jobs.  The 
excavation  was  dewatered  by  the  three  8-in.,  belt-driven,  cen- 
trifugal pumps.  Keck  drilling  was  done  by  machine  drills 
driven  by  compressed  air.  Compressed  air  was  also  used  to 
drive  some  of  the  hoisting  engines  for  the  derricks.  Rock 
crushing  was  done  by  medium-sized  jaw  crushers,  and  all 
materials  were  handled  by  gravity.  Concrete  was  mixsd  in 
%-yd.  Smith  mixers,  and  conveyed  by  metal-lined  chutes  to 
steel  mining  cars  running  on  a  light  track  on  top  of  the  forms. 
Cost  of  the  Work. — Table  1  is  a  detailed  statement  of  the 
cost  of  the  work,  with  quantities  and  unit  prices. 

TARLIO  I— COST  OF  THE  WORK. 
Tunnel  and  Shaft  E.xcavations: 

Xeat    section    8(i0.4  cu.  yd.  at  $5.40     $4,646.16 


Overbreak 


123.1  cu.  yd.  at 


;.16 


265.30 


Foundation  Excav.ition.  above  Elevation — 35: 

Neat  section   1.62:i.S  cu.  vd.  at  $2.50     $4,059.75 

Overbreak     S25.S  cu.  yd.  at     1.00  825.80 


-$     4,912.06 


4,885.55 


Foundation  Excavation.  I-elow  Elevation — 35: 

Xeat  section    547.7  cu.  yd.  at  $5.00     $2,738.50 

Overbreak    33.6  cu.  yd.  at     2.00  107.20 

2,845.70 

Hauling  cement— i;i.l TO  bbt  at  87 V^  cts 16.773.75 

Reinforced  steel— ISl. 200  lb.  at  ZV-  cts 6,342.00 

Concrete — 15..SSS..'!.S  ou.  yd.  at  .$5.25,  including-  forms   83.414.00 

Cement — Furnished  l>y  the  owners   35.742.24 

Concrete  lining — Tunnels  and  sate  shaft,  590  sq.  yd.  at  $1.45  SS5.50 

Balanced  cylitider  gates  6.250.00 

Sundry  on  Contract: 

Force   account    $8,713.70 

Lumber  left  in  excavation   450.00 

Extra  form  work  500.00 

Structural  sieel   938.98 

10,802.68 

Inspectors  on  concrete   778.15 

Lands  purchased  for  reservoir    3,423.80 

New  road  around  re.ser^'oir   5.278. GO 


Total     $182,134.03 

Engineering,  6.15  ner  cent 11.217.24 

Total    cost    $193,351.27 

The  cost  per  acre-foot  was  $6.90.  The  cost  of  the  concrete 
was  $6.:37  per  cu.  yd.  The  engineering  cost  covers  all  pre- 
liminary work  from  the  beginning. 

Service  Test  of  Dam. — In  the  season  of  1916  the  water  in 
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tlife  reservoir  was  raised  only  to  tlie  lOU-ft.  level,  for  the  con- 
crete work  was  too  new  to  be  put  under  full  pressure.  In 
1917  the  dam  was  tiill  to  the  top.  and  a  heavy  flow  wasted 
over  the  spillway.  It  is  estimated  that  the  water-shed  fur- 
nished sonir'  (JU.OOO  acre-tt.  in  that  season.  During  the  season 
of  191S  the  entire  yield  of  the  water-shed  only  filled  the  reser- 
voir to  the  120-ft.  contour.  The  dam  has  thus  been  fully  test- 
ed. The  gates  have  passed  at  times  as  much  as  (joif  sec. -ft. 
without  shock  or  jar.  In  the  fall  of  1917  the  reservoir  was 
completely  emptied  and  the  structure  carefully  inspected. 
Not  a  single  crack  or  defect  was  visible;  no  sign  of  weak- 
ness, incipient  disintegration,  or  scaling  of  concrete  could  be 
found.  The  sump  was  baled  out,  and  it  was  found  that  the 
water  in  heavy  flows  falling  from  a  height  had  not  injured  the 
concrete  or  rock  in  the  slightest  degree.  The  only  thing 
found  needing  correction  was  the  trash-rack,  as  already  men- 
tioned. When  there  is  no  water  back  of  the  dam,  the  con- 
traction joints  open  about  %  in.,  but,  as  the  water  rises,  the 
joints  gradually  close  tight. 

Although  resting  on  good,  solid,  water-tight  rock,  and 
joining  it  on  the  sides,  there  were  several  bedding  places 
and  cracks  that  threatened  leaks  around  the  dam.  It  was 
not  attempted  to  stop  these,  because  small  leaks  could  do 
but  little  damage,  beyond  loss  of  water,  and  it  was  decided 
to  try  them  out.  As  the  reservoir  was  filled,  and  when  the 
water  was  about  70  ft.  in  depth,  two  leaks  appeared  on  the 
walls  of  the  canyon,  on  the  south  side  and  about  75  and  12."i 
ft.,  respectively,  down  stream  from  the  dam.  The  combined 
flow  of  the  two  leaks  is  estimated  at  2  sec.-ft.;  it  is  imprac- 
tical to  measure  them.  When  the  dam  was  first  put  under 
water  pressure  there  was  a  heavy  seepage  or  percolation 
through  the  concrete,  heaviest  at  the  horizontal  joinings  be- 
tween concrete  forms,  but  all  rapidly  reducing  in  quantity 
until  the  percolations  were  so  small  that  they  only  showed 
when  in  the  shade;  when  the  sun  shone  on  the  surface  it 
became  dry.  There  was  not  one  leak  through  the  dam  or  its 
joining  with  the  rock,  nothing  more  than  the  percolations 
mentioned. 

The  seepage  brought  to  the  surface  salts  from  the  cement, 
and  they  cause  a  streaked  effervescence  on  the  back  of  the 
dam;  this  is  very  plainly  in  evidence,  and  presents  a  false 
appearance  of  leaks  that  is  very  misleading,  especially  in  a 
picture.  That  there  are  no  leaks  is  shown  by  the  fact  that 
when  the  gates  were  first  closed,  and  until  the  appearance 
of  the  two  small  leaks  mentioned,  the  flow-  of  the  creek  was 
reduced  so  much  that  the  Fish  and  Game  Commissioner  de- 
manded that  more  water  be  admitted  in  order  to  keep  the 
fish  from  being  destroyed.  Accordingly,  a  gate  was  opened 
a  little. 

When  the  dam  was  built  it  was  necessary  to  leave  a  hole, 
2  ft.  square,  through  it  at  the  lower  gate  level.  This  was 
stopped  temporarily  bv  a  timber  bulkhead.  It  is  planned  to 
place  a  14-in.  pipe  in  this  opening,  and,  at  the  downstream 
end.  a  heavy  valve.  The  latter  will  be  covered  with  a  con- 
crete house  to  guard  against  frost  and  meddlers. 

As  it  is  important  to  know  the  exact  depth  of  water  bad; 
of  the  dam,  and  its  rate  of  rising  or  tailing,  a  special  device 
for  this  purpose  has  been  designed.  A  heavy  copper  Hiiat. 
guided  by  two  copper  wires  set  vertically  in  the  annuhir 
space  about  the  gate-shaft,  is  suspended  by  a  plated  steel 
tape;  the  latter  is  wound  on  a  2.s-!n.  drum  geared  down  by 
two  reductions  to  the  point  where  r,0  ft.  of  movement  of  tlu- 
tape  will  cause  a  movement  of  1  ft.  on  the  balancing  weigbl. 
A  wooden  rule.  1  ft.  long,  is  attached  by  the  side  of  the  tape 
to  read  the  fractions  of  feet.  It  has  not  yet  been  tested,  but 
promises  to  give  good  indications  of  small  variations  in 
depth,  as  this  information  is  most  important  in  the  operation 
of  the   reservoir. 

In  spite  of  the  unfavorable  conditions  of  weather  uuiler 
which  the  dam  was  built,  the  fine  clayey  sand  used,  and  the 
slight  appearance  of  the  arch,  it  may  be  pronounced  a  very 
successful  structure.  The  contractors  are  entitled  to  credit 
for  their  faithful  prosecution  of  the  work  under  adverse  con- 
ditions, and  for  their  patience,  courage  and  fidelity  to  the 
interests  of  good  work.  The  structure  was  not  plastered  or 
patched,  but  remained  just  as  the  forms  left  it,  and  with  no 
deviation  from  true  lines;  no  places  show  in  the  least  care- 
less or  hasty  work. 

Credit  is  due  to  Samuel  Fortier,  M.  Am.  Soc.  C.  K..  who. 
being  familiar  with  the  old  dam  and  the  conditions  a"  the 
site,  endorsed  the  building  of  the  new  structure.  He  also 
gave  much  valuable  advice  about  its  design. 


'I'he  work  was  done  by  the  Utah  Construction  Company, 
of  Ogden.  Utah,  Mr.  A.  .1.  Sartons.  of  Washington.  I).  C,  be- 
ing directly  in  charge  as  superintendent.  Mr.  H.  F.  Irwin 
was  the  writer's  representative  on  the  job. 

Cost  and  Returns  of  a  Home  Garden 

The  back  yard  (ir  home  gardiiuu-  has  ollen  been  the  butt 
of  the  joker  and  has  Iteen  brought  before  the  public  in  car- 
toons in  magazines  and  newsi)apers  throughout  the  country; 
but  for  all  the  jibes  and  jokes,  the  home  gardens  of  the 
United  States  last  year  added  millions  of  tons  of  food  to  the 
world's   supply. 

The  writer  has  had  a  so-called  back-yard  garden  for  about 
s  years,  and  just  to  prove  to  the  "joker"  that  it  is  profitable, 
the  following  table  of  the  results  of  the  summer  of  I91S  is 
coiiipiled  and  submitted: 

i;xi'i-:.\'.st:s. 

Kertilizer,    ijlovviiiK  and    lianow  iiiK    .?  T.in 

'Siiaclingr  fork    ].;i5 

Sr*M|s,  plants  artl  union  s»Hs 4.su 

Labor    (was   an   asset)    

Total  expense   SKi.l.'j 

tUKTUl'.X.S. 

■in  quarts   of  peas    J  .').oo 

s4  Miiai't.s  of  ln/ans  (firc-<-ii  anri  waX)    10.82 

27  dozen  of  corn  (golden  bantiimj    .1.05 

X?  pounds  ot  tomatoes    .'..2:! 

S;i  cutumhers     2.67 

.3  pints  of  ciicuinVjors  (pickling)    :!0 

2;i  bunches  of  carrots   1.1.5 

5  quarts  of  yellow  eye  beans  ].(iO 

27  bunches  of  beets    L.'i.') 

Lettuce,  radishes  and  Swiss  chard   1.27 

Total  returns   $:!2.S'I 

Total  expense    13.15 

Total  ,-^ain  as  represented  in  money  $19.09 

*.SpadlnK  fork  broken,  cost  of  new  one  put  in  expense  column. 

tThe  "Returns"  w<  re  taken  from  the  garden  and  a  credit  given 
which  represented  an  averas-'e  market  price  for  which  the  veiretable 
niii;lit  he  selliiifr  at  the  tiu'e  it  was  picke<l;  therefor,  the  prices 
varied  throughout  the  season  for  most  of  the  products. 

The  vegetables  were  not  sold,  but  a  monetary  value  was 
placed  on  them  which  would  represent  a  cost  to  anyone  go- 
ing to  the  market  to  purchase  at  the  time  they  were  har- 
vested. 

The  products  which  were  not  used  on  the  table  at  the  time 
or  gathering  were  either  canned  or  stored  and  we  have  had 
a  good  supply  of  vegetables  all  winter. 

This  is  the  result  of  an  amateur  on  a  piece  of  land  about 
.■^.0  ft.  X  60  ft.;  and  results  could  have  been  better,  but  this  is 
given  to  show  that  the  home  garden  is  profitable,  and  to  me 
a  pleasure.— .lames  F.  Garvin  in  the  April  Stone  and  Webster 
.lom-nal. 

Carrying  Capacity  of  a  Steel  Water  Supply 

Main 

Results  of  a  discbarge  test  of  an  IS-in.  steel  main  from 
tlip  C.ir<in  headwork  ;  of  the  water  supply  system  of  .Moose 
Jaw,  Sask,  are  given  by  J.  Clark  Keith  in  a  letter  in  The 
Canadian  Engineer.  The  pipe  line  is  18-in..  plain  end,  steel 
tubing  with  Custer  steel  couplings,  and  furnishes  the  water 
supply' for  the  city  from  a  beadworks  reservoir  at  a  distance 
,,f  1S;i  miles.  The  line  was  constructed  in  i:'12.  and  has 
since  been  in  continuous  operation,  the  repairs  in  the  pipe 
line  with  the  exception  ot  valves  having  in  the  meantime 
been  practically  negligibl.'.  The  main  features  of  the  test 
are  summarized  below; 

V-;e^^!;;eU™.-::::;:-;:::::::t?^^ 

Discharge  in    1  hours   ■.■■■■■■ ."',,;  s.v'!  gal   =^  1.1.-.72  sec.  ft. 

r^"'"^h  Voi!;r  "'  ""'■      :;;;;isi;  mii;s  =  9(;,(;2s  a. 

L<  ilHth  of  pipe    .^    ■ 

1  iiameter  of  pipe    ','"     "• 

Thickness  of  shell    i   '".•     _      ^^  f^ 

inside    diameter ■  ;•.'  ]"   y  '•^" 

.\ei   area  of  pipe  section    ■.'-  f   '  ,,.■,.  .;,.,.ond 

Viloeiiv  in  pipe  line   , '•■   '"    I'"    '""'»"• 

h.levalions.  J  ^j,^  ,„ 

W    I.   .It   hi  adworks  reser-oir  .....--■■■ ,■  ;  ■  ' ; I'sv- 00 

\\      1,.   at   .-.■.■eiving  resM-voir  al    l.eginmnu-  of  te.l    .J; -.^0 

W    1-    al    I, •(■•■iving  reservoir  at   end  of  le^l    .    ..    i'x->i;'oS 

.Werage  W.   I.,  at  receiving  res.rvoir  during  leM    ■■■■■■•■;  i^;;^,, 

\\'tfrim*'   U«/;i'i 

■      Fioni  which  f  =  O.0''SiV  ,     ,  ,.„^ 

The  coefficient  of  friction  obtained  is  much  lower  than 
generally  used  or  accepted  for  cast-iron  or  steel  pipes  when 
new  ant!  is  comparable  with  the  coefficients  claime.l  for  wood 
pipe  The  reduction  in  the  si/.e  of  a  supply  main  tor  a  stated 
discharge,  using  this  coefficient,  is  very  material. 
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^^  In  MaiUsoii,  Wis.,  tho  p.-r  ciipltii  daily  consumption  in  resi- 

EffeCt    of    Pressure,    House    L-OnneC-  ,l,>nces   wHli   so«ei-  oonn.Htlons  was  WS,  wliile  in   residences 

•                        1    c;,,^     ^£  IV/f  iJi-n;  .iiiH  without  sewer  connection  it  was   M. 

tlOnS  anU    M^e  or   iViainS  ailU  ^^^  IjocUester.  N.  Y..  services  with  water-closets  consumed 

Services   on    Water  -*-  S"'-  l'^''"  f'"V  '"''■  cm'"";  services  with  waterclosets  and  no 

.  baths  consumed  IS  gal.  per  day  per  capita,  and  services  witli 

Consumption  water  closets  or  baths  consumed  11  gal.  per  day  per  capita 

In  a  paper  i<resented   before  the   Wcstoni  Society   of   Kngi-  The   limited   extent    of  services   and   sewer  connections   in 

neers.  Mr  H.  P.  Matte.  Chief  Sanitary  Engineer.  Illiuols  Suite  foreign  cities,  thus  cuttinn  down  the  number  of  outlets  for 

.     ..'.  consumntion  and   llxture   leakage,  is   responsible   for  the  low 

Department  of  Health,  calls  attention  to  three  elements  that  ;,::;:^';;;;;;;;;  ",•';;;;,";,,,,,,„    ;„    utose    cities       Front    figures    ob- 

are  seldom  taken   into  account  in  considering  the  consump  ,.,i„tHi   iin-eg  „,.  four  \ears  ago  it    was  noted  that   the  large 

tion  of  water  and  *n  comparing  the  usa.ge  in  various  cities.  Knropean   cities   of  over   i.OOO.dOO    population    had    about   as 

These  elements  are:      (1)   Pressure  upon  the  water  system;  many  service  connections  as  the  average  city  of  :!00.000   in 

(2)    extent    of   house   connections   with   sanitary   sewers,   es-  O"^  t-o"ntry.  while  the  number  "f  «<^'-vices  in   foreign  cities 

_     .,  of  about  :!50,l)0il  population  equaled  that  ol  our  cities  of  4(1,- 

pecially  the  use  of  bath  tubs,  and  water  closets;   t.i)  effective  ^^^^  population 

sl/.e  01  mains  and  services.     Mr.  Mattes  discussion' on  these  Effective  Size  of  Services  and  Mains.     Data  on  llie  subject 

elenient.«    follows:  ;,,.o    limited,    but    the    difficulty    experienced    througli    loss    of 

Pressure  on  Water  System.- -When  per  capita  rates  of  con-  pressure  by  friction  from  the  reduced  area  of  corroded  lime- 

snmptior.  are  published  or  mentioned,  how  often  Is  the  aver-  coated  service  pipes  and  water  pipes  filled  with  algae,  cren- 

age  pressure  at  which  the  water  is  supplied  included?     It  is  othrix  and  tubercles  indicate  the  Importance  of  the  effective 

a   mistake  to  omit  that  item,  as  it  is  an  important  one.     A  size  of  service  pipes  and  inains  on  leakage  and  waste.   Water 

city  with  a  high  pressure  will  find  that  its  leakage  rate,  both  bills  on  metered  premises  in  which  leakage  and  waste  exist 

through  fixtures  and  underground  piping,  will  be  greater  than  elten  <l()uble  in  size  after  the  removal  of  service  pipes,  botli 

that  of  another  city   wliich  maintains  a   lower  average  pres-  in  ground  and  in  the  interior  of  tlie  hou.se,  especially  when 

sure.  iron  pii)e  has  l)een  replaced. 

In   Oak   Park.   111.,   the   per   capita   rate   of  consumption   is  rpjjg  fiiUowing  table  compiled  from  some  experiments  con- 
easily  varied  between  1  and  2  gal.  per  pound  change  in  pres-  ducted   by   the   Department  of  Water  SupiUy,  (las  and   IClec- 
sure  within  the  entire  range  of  rates  of  consumption.     That  iriclty  of  New  York  City,  throws  more  light  on  this  subject: 
is  to  say.   10  lb.  variation  either  way  will  make  a  difference  pRi.-ssfltK   in    .stri:]';t    maixs    ukqimred    to    (!IVK    the 
of  10  to  20  gal.  per  capita   daily.     Thus  the  Oak  Park  rate  TABfL,\Ti:i>  I)I.'-:ciiat!GE  tiikoI'ch  a  corpoiiation 
of  6,^  gal.  per  capita  at  4.5  lb.  pressure  can  be  reduced  to  45  ,    ^-o^'X  ■^^,"  •■"  ' ''■.  "''  'f '^."  Sf-HVICE  PU>E. 

,           ,.   ,,        ,      »,.                ^   „         X           ,,                        ..           4        r  Oal.    per              1   in    service.        ^4  in.  .service.     •  %  in.  service. 

gal.  at  2.1  lb.     In  Niagara  Falls  where  the  per  capita  rate  of  minute.            l.b.  per  sq.  in.    tJj.  per  sq.  in.      i.h.  iier  sq.  in. 

consumption  was  30ii  gal.  per  diem,  exclusive  of  the  indus-  ■">                                                       2                            3 

trial  usage  the  writer  determined  this  rate  to  be  from  3  to  jj                          "j                        ii                          23 

5  gal.  per  capita  for  each  lo  11).    Tlie  Niagara  Falls  consump-  20                             6                          18                           || 

tion  was  about  f)V4   times  that  of  Oak  Park  and  the  average  ■* ! 

pressure  was  about  60  lb.,  which  accounts  for  the  different 

limits;    but  the  principle  is  the  same  and   its  importance  is  Premium     RateS    fOf     State    Compensation 

clearly  seen.     The  pumping  units  were  designed  for  a  max-  Insiir-inrp    on    Hetrh    Hetchv  Water 

imum  rale  of  consumption  owing  to  the  heavy  drafts  and  as  insurance    On    netcn    neicny   vvaier 

there   were   no   small   units  provided,  the  effect  of  reducing  Supply       PrOJeCt 

the  fixture  leakage  by  the  installation  of  meters  and  the  Besides  providing  hospital  conveniences  and  medical  treat- 
house-to-house  inspection  was  to  boost  the  pressure  at  night  „jgm  ^n  n,p„  engaged  in  Tuolumne  county,  California,  on 
some  ,';o  lb.  greater,  or  to  90  lb.;  and  the  effect  of  reducing  ,^g  Hetch  Hetchy  water  supply  project  of  San  Francisco, 
the  leakage  was  not  evident  owing  to  the  greater  discharge  f.^,  g^g  insured  with  the  California  State  Compensation  In- 
of  water  through  the  remaining  defective  fixtures.  surance  Fund.  The  premium  rates  per  ?100  paid  on  the  va- 
The  following  table  shows  one  of  the  uses  of  water  affected  j-jqu^  classes  of  labor  on  this  work  are  given  in  the  last  an- 
by  pressure:  nual  report  of  the  Bureau  of  Engineering  of  San  Francisco, 

A  ^4  in.  hose  .iO  ft.  Iohk  with  nozzle —  as  follows: 

at  60  11).  consumes  .S.IIOH  sal.  per  day  if  in  form  of  .let.  .                                      ,.,,.,, 

at  30  lb    oon.sumes  3.fiOO  sal.  per  dav  if  in  form  of  jet.  Surveying    and     inspecting    engineer    work— including-    shop 

at  5S  lb    consumes  lO.O^iO  gal.  per  dav  if  in  form  of  spray,  work    incident    to    .<5urveying    and    Inspection    of    construc- 

at  30  lb'  consumes  7.200  gal.  per  dav  if  in  form  of  spray.  tion  operations,  but  not  including  actual  construction  work 

,    ,  or  superintendence  of  same ?     .-^ 

These  figures  have  been  obtained  from  tables  prepared  by  commissary  work  1  232 

Manager  Sullivan  of  the  Nashua.  X.  H.,  Water  Co.  S^j^lg  and' lumtiering^nelmiing- transportation'  of 'logs 'to    '•''' 

Extent  of  Connections  with  Sanitary  Sewers. — Another  ele-  „^ih    but  not  including  mill  operation 5.074 

ment  which  is  noteworihv  in  its  eltect  on  water  consumption  Waterworks-construction    of    pumping    .stations,    dams    and 

reservoirs    w*  *•" 

is  the  use  of  water-closets  and  bathtubs.     Although  the  nuni-  Tunneling— including  all  work  to  completion  (special  rate)..     7.327 

ber  of  consumers  on  the  line  of  pipes  are  often  considered  in  Blasting— includes  storage    handling  and  use  of  explosives. 

...  T,    *  *i  also  loading,  capping  and  firing i>.iu 

computing  per  capita  consumption,  it  is  seldom  that  the  nuni-  Road  or  street   making  and  repairing— includes  operation  of 

her  of  consumers   which  have   the   use   of  faucets   only   are  j,™-'-;-,l:;„"f, --^^j,"-^^^^  f^ 

separated    from    those    which    have    all    the    sanitary    conve-  Bridge  building— wood  (no  blastingj fi.9S7 

nienees  Masoni-j'  or  concrete  work 2.13 

"  .  Carpentry- including  interior  trim   and   cabinet  work 2.031 

In  Oak  Park  from   numerous   experiments,   we   determined  cellar  excavating  2.43 

that  the  average  number  of  gallons  per  capita  consumed  by    «'>,7?,--!,>l5;^<;r^.^X'™-^'  (railroad) :  •.;:•.:•.■.:;:::::■.:;:::::■.■.■.  ':o9i 

water-closets  where  no  leaks  or  waste  existed  was  20;  while  ^^  other  employees   (railroadi 6.987 

under  the  same  conditions  the  average  family  consumed  IS  Elec,ric_ligMj.ml^  power  line-<™,struet™,^  work  .e^^ively  ^^^^ 

gal.    per   capita    through    bathtubs.      An   interesting   fact    con-  Electric  light  and  power  companies— operation,  maintenance, 

nected  with  the  use  of  bathtubs   is  that  a  person  who  takes  extension  of  lines  and  making  of  service  connections     ..  4..S53 

iicLi-eu    "nu    luc    U.-.C  ^^i    uci    ..I/O  Electrical  apiiaratus — erection  and  repair  work  only,   mclud- 

cold  baths  every  morning  is  very  likely  to  consume  40  gal.  per  ^^^  installation  of  equipment,  etc 1.462 

day  in  this  item  alone.     A  psychological  effect  of  the  lack  of  ^|-;;l--^;;^™'i:;;;'\„,ood'.'  stoii'e.'  'm'etaV  or  concfeiei .' :::::::  i:??6 

pressure  is  that  the  increased  length  of  time  required  to  fill  Farming  and-or  ran<hing  1-^47 

bathtubs  oftentimes  reduces  the  quantity  of  water  used  for  Flunie  construction  6.0S7 

I'JTlll^QJ'g X.V'Wi) 

baths.  Millwright  work— erection  and   repair  of  machinery ^'*^, 

The  records  from  the  following  cities  show  the  effect  of  8'°-  -J{«!;;;;f  ^X^nV'^on^^^^^                                                 2.^ 

the  installation  of  sewers  upon  the  general  water  consump-      shaft  sinking  11-594 

tion.  rpjjg  above  rates  are  approximately  1.5  per  cent  lower  than 

citv                   ^"^"""^  ^'^^^^1''^'°"  °^          ''^^'■^  s"ew^rs.''°"  "^  the   regular  rates.     This   reduction   was   made  by  the   State 

Warllioro    Mass  21  gal  per  dav  per  capita    38  gal  per  day  per  capita  Compensation   Fund    on    account   of   the   establishment   of   a 

Newton.   Mass.  .31  gat.  per  day  per  capita     63  gal  per  day  per  capita  ^nsoital    on   the   work 

WaUham.  Mass.32  gal  per  day  per  capita     7ngal  per  day  per  capita  hospital   on   ine   woriv. 
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Coal  Tar  Derivative  Waste  Prod- 
ucts Cause  of  Obnoxious  Taste 
of  Milwaukee  Water  Supply 

obnoxious  odor  ami  taste  aiipearing  at  times  last  year  in 
the  water  supply  of  Milwaukee,  Wis.,  were  foutid  to  be  clue 
to  coal  tar  derivation  waste  products  discharged  into  the  "lake 
by  industrial  plants.  An  interesting  account  o£  the  investiga- 
tions that  lead  to  the  discovery  is  given  in  the  last  annual 
report  of  H.  P.  Bohmann.  superintendent  of  waterworks  of 
Milwaukee.  The  matter  following  is  abstracted  from  the 
above  mentioned  report. 

The  tastes  and  odors,  which  the  average  person  described 
as  of  a  "medicinal  character,"  and  very  much  resembling 
carbolic  acid  or  iodoform,  became  so  frequent  and  so  intense 
with  each  recurrence  during  the  past  year  that  the  water 
supply  was  totally  unfit  tor  consumption  during  such  periods. 
The  taste  remained  in  the  water  even  after  boiling,  in  fact, 
the  taste  seemed  more  pronounced  after  the  water  was 
boiled.  At  first,  these  odors  and  tastes  were'  attributed  to 
the  use  of  chlorine  in  disinfecting  the  water  supply  and  when- 
ever taste  appeared,  the  quantity  of  chlorine  was  reduced, 
although  it  was  soon  discovered  that  the  obnoxious  taste 
frequently  appeared  when  lesser  quantities  of  chlorine  were 
used  and  was  absent  when  larger  quantities  were  being 
applied.  It  was  also  discovered  that  the  appearance  of  the 
objectionable  tastes  and  odors  in  the  city  water  were  always 
accompanied  by  south  or  southwest  winds,  which  blow  the 
contaminated  water  from  the  harbor  outlet,  where  the  three 
rivers  which  flow  through  the  city,  unite  and  discharge  their 
sewage-laden  contents  into  the  l!ike.  and  thence  to  the  intake, 
which  is  only  "Is  miles  from  the  harbor  outlet  in  a  north- 
easterly direction. 

As   the   chlorine    treatment    is   in   charge    of  a  competent 
chemist  and   is  applied   under  the   most   careful   supervision. 
and  tastes  and  odors  appeared  only  when  the  wind  was  from 
a  certain  direction,  the  city  oflicials   -vere  convinced  that  the 
tastes  and  odors  were  not  due  to  the  use  of  chlorine  alone, 
but   that  the  action  of  the  chlorine  on   some  of  the  organic 
matter  present  in  the  polluted  lake  water  formed  compounds 
that  produced  taste  and  odor.    That  chlorine,  in  the  quantities 
used   (.22  to  .:.!4  P.  P.  M.)   to  disinfect  the  water  supply  was 
not  a  factor  in  itself  in  producing  tastes  and  odors,  was  also 
apparent  from  the  fact  that  taste  was  present  on  days  when 
there  was  less  free  chlorine  in  the  tap  water  in  various  parts 
of  the  city  than  on  days  when  the  quantity  of  free  chlorine 
was  50  per  cent  greater,  and  taste  and  odor  absent,  although 
the  quantity  of  chlorine  applied  was  the  same  on  both  dates. 
In  discussing  the  matter  of  tastes  in  water  supplies  with  a 
member   of   the   American   Water  Works   Association,   while 
attending  the  Association  Convention  at  Richmond.  Va..  Mr. 
Bohmann   learned    that    he    had    experienced    similar   trouble 
and  that  he  attributed  it  to  the  industrial  waste  from  a  coke 
plant  getting  into  their  water  supply.    With  this  information 
as  a  key  to  a  possible  solution  of  the   Milwaukee   troubles, 
samples  were  taken  of  the  effluents  being  discharged  at  the 
local  coke   and  gas   plants.     In  the   water  works  laboratory 
chlorine  was  added  to  a  sample  of  tasteless  raw  water  until 
the  ortho-tolidin  test  showed  .09  P.  P.  M.  of  free  chlorine  in 
the   sample,   this   amount   of  free   chlorine   representing   the 
maximum  that  the  tap  water  has  ever  contained.     The  addi- 
tion   of   chlorine   did    not   produce   any   taste   to   the   sample. 
After  the  addition  of  some  of  the  effluent  from  the  coke  plant 
to  the  chlorinated  sample,   the   sample   had   a   decided   taste, 
resembling  that  of  coal-tar  derivatives  and  was  almost  identi- 
cal with  the  characteristic  taste  at  times  present  in  our  water 
supply.     The  sample  was  then  boiled  and  cooled  to  its  former 
temperature.     After  boiling  and  cooling,  the  ortho-tolidin  test 
showed   no  free  chlorine  present,   while  the   taste   was   there 
to  a  greater  degree  than  before  boiling. 

The  result  of  the  initial  test  of  the  first  three  samples 
pointed  to  coal-tar  derivative  wastes  in  combination  with 
the  chlorine  added  to  the  water  supply.  These  substitution 
or  additive  compounds  are  probably  the  direct  cause  of  the 
taste  in  the  water.  Such  compounds  boil  at  a  higher  tempera- 
ture than  water  and  therefore  would  not  be  expelled  in 
boiling.  When  this  fact  was  established,  all  further  investiga- 
tions of  the  cause  of  the  taste  in  the  city  water  were  carried 
on  jointly  by  Robt.  L.  Piper,  chemist  of  the  water  works,  and 
Russell  AV.  Cunliffe.  city  chemist. 


In  order  to  prove  that  only  coul-lar  derivative  waste  prt)d- 
ucts  from  industrial  plants,  in  combination  with  the  chlorine 
used  to  iiurify  the  water  supply  were  the  cause  of  obnoxious 
taste  and  -xlor  at  times  present  in  the  water  supply,  nearly 
!tOO  samples  of  sewage  and  trade  wastes  of  every  description 
were  secured  and  tested  for  taste  in  the  manner  above 
described,  since  it  is  inipossilde  to  prove  the  presence  of  these 
substances,  wlicn  greatly  diluted  in  the  lake,  by  any  chemical 
determination.  It  was  only  from  samples  of  effluents  of 
coal-tar  derivative  nature  that  the  characteristic  and  obnox- 
ious taste  could  be  reproduced  in  the  laboratory.  All  other 
samiiles  failed  to  produce  this  taste.  Tests  made  show  that 
sutrir-ient  chlorine  can  be  ad<led  to  a  sample  of  tasteless  raw 
waler  to  prod\ue  a  distinctive  chlorine  taste,  which,  however. 
is  quite  different  from  the  taste  complained  of.  It  was  also 
I'oimd  that  the  chlorine  taste  cotild  always  be  removed  by 
boiling  or  neutralized  by  sodium  thiosulphate.  The  objec- 
tionable taste  complained  of  in  the  city  water,  however,  could 
not  be  removed  by  either  of  these  two  methods.  Tests  were 
also  made  on  solutions  of  tasteless  law  water  with  various 
substances,  such  as  naphthalene,  benzol,  phenol,  petroleum 
oil.  etc.  It  was  founil  that  only  such  solutions  which  con- 
tained substances  of  coal-tar  derivaticui  produced  the  taste 
complained  of  upon  chlorination. 

From  a  series  of  laboratory  tests  it  was  foiuid  that  it  takes 
from  .22  to  .:'.  P.  P.  -M.  of  free  chlorine  before  the  chlorine 
taste  becotues  iu)ticcalde  in  the  sample  tested  for  taste. 
Since  the  amount  of  free  chlorine  in  the  lap  water  has  at  no 
time  ex<'eeded  M'.i  V.  P.  .M.  and  averages  about  .o.'i  P.  P.  M.. 
and  the  aiuoimt  of  chloiine  api)lied  is  only  from  .22  to  .:U 
P.  P  M..  the  I'ity  olticials  held  certain  that  the  objectionable 
taste  noticed  from  time  to  time  was  not  due  to  free  chh)rine. 
Iiul  to  a  combination  of  chlorine  ami  certain  coal  tar  deriva- 
tive waste  products. 

A  survey  made  of  all  industrial  plants  whose  industrial 
wastes  contained  objectionable  elements  of  coal-tar  deriva- 
tion, indicated  that  in  addition  to  the  local  coke  and  gas 
plants,  there  wei'e  five  plants  located  outside  of  the  city 
whose  effluent  might  possibly  contribute  to  om-  water  pollu- 
tion. Of  the  five  plants  located  outside  of  the  city,  three  were 
located  at  CarroUville,  which  is  about  S  miles  south  of  the  ■ 
southern  city  limits,  and  aliout  i:!  miles  distant  from  the 
water  intake.  The  three  plants  located  at  CarroUville  were 
under  sus|>iciou  from  the  start  as  contributors  to  the  trouble, 
although  it  was  impossible  for  a  long  lime  to  establish 
this  fact,  owing  to  the  difflculty  of  securing  samples  out  in 
the  lake  when  wind  conditions  were  favorable.  However. 
at  a  later  tri)),  the  fact  was  established  beyond  doubt  as 
samples  were  secured  at  vaiious  points  in  the  lake  between 
the  water  works  intake  and  ("arrollville.  which  upon  chlori- 
luition  produced  the  objectionable  taste  in  varying  degr<>es. 

One  of  the  three  plants  at  CarroUville  was  engaged  in  the 
production  of  phenol  for  the  Pnited  .states  Covernment.  partly 
in  its  own  plant  and  partly  in  a  building  owned  by  the  C.ovorn- 
nient.  Tlie  combined  production  of  phenol  in  the  two  plants, 
which  iiisiiially  amoiuited  to  only  a  few  ions  a  day.  had 
greatly  increased  until  the  (luantity  i)roduced  during  the 
month  of  October,  liHS.  amounted  to  l:!0  tons  daily.  It  was 
estimated  ;)v  the  management  that  the  daily  trade  waste 
llowing  into  the  lake  contained  anywhere  from  l.lHO  to  2.2U0 
lb.  of  phenol,  and  the  management  was  inclined  to  believe 
!hat  the  latter  figure  was  more  nearly  correct.  The  possi- 
liilities  of  producing  taste  in  a  water  supply  can  best  be 
ai>precjated  when  we  learn  that  taste  can  be  produced,  after 
chlcu-ination.    in    solutions   containing   one    part    of   phenol   to 

-iiniio "I    parts    of    water.      This    amount    of    phenol    could 

uoliule   irom   <;n   to    12m   billion   gallons   of  water   to   such  an 
-•xteiit   that   taste  could  be  lu'oduced  upon  chlorination. 

When  the  o!)Uoxious  tasi.-  again  appeared  in  a  very  acute 
r,,nii  early  in  November,  a  committee  was  appointed  by  the 
iirivor  to'studv  the  report  made  by  the  chemists,  visit  all  of 
the' plants  iuulrr  suspicion,  and.  if  possible,  place  the  responsi- 
bility for  the  obnoxious  lasle  in  our  water  suiiply.  The  con- 
chisions   of  the   committee   were: 

■That  from  its  personal  investigation  and  from  a  carelul 
stiHh  of  the  reports  that  have  l.e.n  worked  out  by  the  chem- 
ists 'of  the  water  department  and  health  department  and 
industrial  companies,  that  the  obnoxious  odor  and  taste  com- 
plained of  in  tlie  .Milwauki.e  water  supply  are  essentially 
attributahle  to  the  effluent  coming  from  a  plant  enga.Lied  in 
the  manufacture  of  carbolic  acid. 

On   Dec.    Hitii.    the    plant   was   perman.'utly   closed   and   no 
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more  phenol  will  be  proiluced  there.  This  win  uiuloublodly 
remove  the  largest  factor  in  the  water  trouble. 

The  next  lariiest  contributor  was  the  coke  company,  whore 
it  was  estiniatoil  that  about  IM  lb.  of  phenol  was  discharKeil 
daily  with  its  industrial  waste.  It  was  estimated  that  the 
amount  of  trade  waste  having  taste  produolnR  properties 
leaving  the  coke  plant  daily,  was  sulliclent  to  Impart  taste  of 
the  kind  compla'ned  of  in  our  water  supply  to  10  to  10  billion 
gallons  of  water.  The  other  plants  contribute  to  this  pollution 
according  to  the  volume  ot  effluents  being  discharged  from 
their  respective  plants,  all  of  them,  however,  to  a  far  less 
degree.  The  taste  producing  properties  of  the  eliluenls  of  the 
plants  investigated  were  found  to  range  from  dilutions  ot_  I 
to  100  to  1  to  100.000. 

Basing  opinion  on  the  results  of  the  many  tests  made,  it 
is  reasonable  to  assume  that  any  water  supply  which  is  being 
chlorined  and  which  occasionally  has  a  niedicinal  or  phenol- 
like taste  which  cannot  be  removed  by  boiling,  may  have  been 
contaminated  with  waste  material  produced  in  the  destructive 
distillation  of  coal  and  in  the  recovery  and  manufacture  ot 
the  by-products  of  this  process,  otherwise  it  should  be  possible 
to  remove  the  taste  by  boiling.  The  only  practical  method 
known  at  the  present  time  to  avoid  taste  of  this  nature  Is 
to  keep  this  particular  kind  of  effluent  out  of  a  water  supply. 
No  water  supply  will  be  polluted  with  coal-tar  derivatives 
and  where  chlorine  is  used  as  a  sterilizing  agent,  can  be  made 
palatable  for  drinking  purposes.  It  is  possible  that  by 
laboratory  experiments,  some  chemical  may  be  found  which 
will  overcome  the  affinity  of  chlorine  for  the  coal-tar  bodies 
or  change  their  composition  so  that  they  will  not  unite  with 
chlorine.  Every  effort  is  being  made  by  the  coke  and  gas 
companies  to  find  a  method  of  taking  care  ot  their  indus- 
trial wastes. 


Water  Works  Statistics  at  Hartford,  Conn., 
for  1918 

During  the  year  ending  March  1,  1918,  the  average  daily 
draft  for  the  city  ot  Hartford,  Conn.,  was  11,436.000  gals., 
according  to  the  recent  report  of  Caleb  Mills  Saville,  Man- 
ager and  Chief  Engineer.  The  maximum  and  minimum  daily 
rates  of  consumption  were  126  per  cent  and  82  per  cent  of 
the  average  daily  rate.  The  average  daily  per  capita  con- 
sumption was  74.5  gal.  The  unaccountable  water  was  17.4 
per  cent  of  the  total,  or  13  gal.  per  capita  per  day. 

Chlorine  .gas  for  sterilization  averaged  0.82  ppm.,  giving 
a  bacterial  removal  of  96.1  per  cent.  The  color  of  the  un- 
treated water  averaged  28  ppm. 

Eighty-one  per  cent  of  the  taps  are  metered. 


Water  Consumption  and  Waste  at  Waltham,  Mass. — The 
total  pumpage  at  the  waterworks  of  Waltham,  Mass.,  in  liUx 
kas  95,000,000  ,gal.  greater  than  in  the  previous  year.  The 
average  daily  consumption  increased  from  about  2,250,000  gal. 
in  1917  to  over  2,500,000  gal.  in  1918.  The  daily  per  capita 
consumption  shows  a  corresponding  increase  from  70.9  to  78.4 
gal.  The  water  waste,  as  measured  by  the  amount  drawn  from 
the  stand-pipe  during  the  hours  of  1  to  4  A.  M.,  was  at  the 
daily  rate  of  51.6  gal.  per  capita  as  compared  with  only  43. S 
gal.  in  191".  That  this  increase  in  consumption  and  waste 
was  largely  due  to  the  very  severe  weather  in  the  early 
months  of  the  year  and  the  resultant  leaks  that  followed  is 
shown  by  the  following  figures: 

Average  Waste   rate 

daily  per  day 

consumption.         per  capita. 
Gal.  Gal. 

191S— Jan.  1  to  June  1 2,T.'?4.50n  59. S 

191S— June  1  to  Dec.  31 2.?.51.,S0ii  45.7 

191S— 12    months 2.509,900  51.6 

1917—12    months 2,251. .500  43.8 

The  following  table  shows  the  increase  of  meters  and  the 
waste  as  indicated  by  night  loss: 

Waste   rate 

Por  rent  per  capita 

Tear.                                                                    of  services  per  day 

metered.  in  eallons. 

1910  )2  59.8 

1911   10  5S.7 

1912  1SV.  61.3 

1913   25  62. 

1914  34  51. 

1915 i-i  45.3 

1916  53  43.7 

1917   f1.7  43.S 

1918   77.6  .    51.6 

The  largest  volume  of  water  pumped  in  one  day  was  3,629,300 
gal.  on  Feb.  6,  1918;  while  the  smallest  was  2.075,500  gal,  on 
Oct.  7,  191S. 


Screen  Wheel  for  Removal  of  Algae 
in  Irrij^ation  Canal 

By   E.   COUUT  EATON, 
Supi'rinloMdent   l.,liidsay  Strathmore  Irrigation   District. 

A  good  deal  of  trouble  was  experienced  by  the  Lindsay 
Strallimore  Irrigation  District  ot  Lindsay,  Cal.,  during  the 
season  of  1918  with  algae  or  "moss"  in  an  open  lined  canal. 
To  prevent  the  particles  ot  this  growth  from  entering  the 
distributing  pipes  ot  the  system,  removable  screens  were 
llrst  placed  in  the  canal  and  these  were  taken  out  and 
washed  with  a  hose  as  required.  It  was  found,  however,  that 
these  screens  required  the  continued  presence  of  a  man  day 
and  night,  as  they  needed  cleaning  every  15  minutes.  To 
do  away  with  this  expense  a  revolving  screen  wheel  was 
designed. 

The  canal  has  a  liottora  width  of  6.3  ft.  and  a  total  depth 
ot  3.5  ft.  A  rotary  drum  made  of  two  circular  sections  of 
3-in.  lumber  was  made  up  and  suitably  braced.     This  was 
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Screen   Wheel   for   Removal   of  Algae   from   Irrigation   Canal. 

covered  with  a  galvanized  screen  having  a  %-in.  mesh;  four 
vanes,  or  paddles  were  placed  inside  this,  it  being  the  in- 
tention to  have  the  wheel  rotated  by  the  velocity  of  the 
water  in  the  canal. 

It  was  soon  found,  however,  that  this  had  a  tendency  to 
roll  the  streamers  of  algae  under  tlie  wheel  and  thus  allow 
a  large  percentage  to  pass  the  wheels.  Accordingly  the  pad- 
dles were  removed  and  a  separate  paddle-wheel  built  in  up- 
stream, connected  by  a  crossed  belt  of  cable  to  the  screen 
wheel,  and  by  this  means  the  wheel  was  rotated  in  a  direc- 
tion against  the  flow  of  the  water.  To  assist  in  picking  up 
the  larger  particles,  six  rows  of  nails  were  driven  into  Lhe 
circumference,  parallel   with  the  axis. 

The  screen  wheel  is  supported  by,  and  rotates  on,  a  length 
of  4-in.  wrought  iron  pipe  as  a  shaft,  and  this  pipe  is  per- 
forated with  a  row  of  3/16-in.  holes.  One  end  of  this  pipe 
is  connected  to  one  of  the  pressure  mains  from  the  pumps, 
thus  washing  olT  the  collection  of  moss  at  each  revolution, 
which  is  caught  in  a  trough  and  run  to  waste. 

The  wheel  has  been  successful  and  would  be  improved 
if  built  up  of  steel  allowing  smaller  clearances  between  the 
bottom  and  sides  of  the  canal  and  the  rotating  wheel.  A 
good  deal  ot  water  is  necessary  to  clean  the  screens,  this 
depending,  of  course,  on  the  quantity  of  material  to  be  re- 
moved. 


Cost  of  Horse  Maintenance  for  Garbage  and  Refuse  Collec- 
tion at  Columbus,  O. — The  Division  ot  Garbage  and  Refuse 
Collection  of  Columbus,  O.,  maintained  153  horses  during 
1918.  In  feeding  and  caring  tor  these  horses  17  men  and  a 
night  watchman  were  employed.  There  was  774  tons  of  hay, 
1,090  hushels  of  corn,  18.207  bushels  oats,  and  130  tons  of 
straw  used  for  feeding  and  bedding  the  horses.  The  cost  ot 
feeding  each  horse  per  day  was  $.6727.  The  cost  of  caring 
for  each  horse  per  day,  including  labor,  harness  supplies  and 
veterinary  services,  was  $.3925.  The  cost  ot  shoeing  each 
horse  per  day  was  1.1107.  The  total  cost  of  keeping  each 
horse  per  day  was  $1.1759.  The  cost  of  keeping  a  horse  per 
day  in  1917.  was  $.9665.  The  increased  cost  of  $.2094  per  day 
in  1918,  was  largely  caused  by  the  increase  in  cost  of  labor 
and  horse  feed,  the  latter  item  alone  being  31  per  cent  higher 
than  in  the  previous  year. 
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Design  and  Construction  Features 

of  Circular  Concrete  Reservoirs 

Leamington,  Ont. 

The  town  of  Leaminslon,  Ont.,  obtains  its  water  from  spriii.s 
situated  1%  miles  from  the  pump  house.  The  supply  is 
carried  through  a  gravity  pipe  line.  As  the  supply  is  barely 
large  enough  to  meet  the  demands  made  upon  the  system 
during  the  hot  weather,  it  was  decided  to  improve  the  fa- 
cilities by  constructing  a  reservoir  to  provide  a  storage  ca- 
pacity of  1,000,000  gal.  It  was  first  planned  to  build  this 
reservoir  rectangular  in  shape  with  a  cross  dividing  wall,  but 
upon  preliminary  designs  and  estimates  being  made,  it  was 
found  that  by  constructing  two  circular  reservoirs,  consider- 
able saving  would  be  made  in  the  cost  of  construction.  The 
main  features  of  these  reservoirs  are  described  by  Mr.  Ed- 
ward M.  Proctor,  of  James,  London  &  Hertzberg,  Ltd.,  Con- 
sulting Engineers,  in  The  Canadian  Engineer,  to  which  we 
are  indebted  for  the  matter  in  this  article. 

The  general  layout  of  the  reservoirs  and  the  features  of 


General   Plan   of   Reservoirs. 

the  design  are  shown  in  the  illustrations.  The  tanks  are  100 
ft.  in  diameter  and  are  located  116  ft.  center  to  center. 

Each  tank  consists  of  a  floor,  a  circular  wall,  interior  col- 
umns and  a  wooden  roof.  The  columns  are  12  by  12  in.  con 
Crete,  resting  on  a  footing  24  by  24  in.,  and  each  reinforced 
with  four  %-in.  steel  rods.  These  columns  are  in  two  circles, 
the  inner  one  30  ft.  in  diameter  and  the  outer  one  18  ft.  from 
the  inner  circle.  The  roof  is  of  wood,  treated  with  three 
coats  of  Barrett's  "Carbosota  Creosote"  paint,  and  is  carried 
by  2  by  12-in.  rafters,  bearing  on  pine  timbers,  which  span 
from  column  to  column.  These  spans  are  15  to  17  ft.  The 
center  portion  of  the  roof  above  the  louvre  is  carried  by 
means  of  one  wooden  truss  supporting  a  center  block  12  in. 
in  diameter,  to  which  the  joists  connect.  The  louvre  has  a 
vertical  opening  of  18  in.  and  is  covered  with  wire  screen  to 
keep  out  birds  and  insects.  Over  the  entire  roof  is  a  4-ply 
tar  and  gravel  cover.  The  roof  has  a  slope  of  about  2  ft.  9 
in.  in  3.5  ft. 

The  floor  of  the  reservoir  is  constructed  in  two  courses. 
the  lower  course  being  5%  in.  of  concrete,  reinforced  both 
ways  with  i-^-in.  diameter  rods  at  12-in.  centers.     On  top  of 


complete  circumference,  and  inio  this  was  connected  the  4-in. 
cast-iron  downspouts  from  the  roof,  which  were  eight  in 
numbfr  for  each  basin. 

I'orhaps  the  most  interesting  part  of  the  design  is  the 
circular  wall.  This  wall  is  12  in.  thick  and  is  reinforced 
circumferentially  by  means  of  the  following  rods:  Twenty- 
two  I'i-in.  diameter,  near  the  bottom,  spaced  from  4  to  6  In. 
apart;  then  six  1-in.  rods  at  6-in.  spacing;  and  the  top  couise, 
fourteen  %-in.  rods  at  from  6  to  9  in.  centers.  These  rods 
are  supported  on  structural  steel  struts,  built  of  two  angles, 
2%  by  2  by  14  in.,  connected  by  batten  plates.  These  suiv- 
ports  are  placed  at  8-ft.  centers. 

This  circular  wall  bears  on  a  footing  3  ft.  in  width,  which 
is  also  circular.  The  rods  in  the  lower  course  of  the  floor 
projected  from  this  footing.  The  wall  is  corbelled  out  at 
the  top  to  provide  for  a  gutter. 

This  wall  has  no  physical  connection  with  the  footing. 
The    method    of    construction    was    as    follows:    The    footing 


Cross   Section   Through    Reservoir. 

was  first  poured  and  finished  with  a  trowelled  surface,  upon 
which  was  applied  a  coating  of  asphalt.  The  outer  forms 
were  erected,  and  then  the  reinforcing  was  placed,  after 
which  the  inner  forms  were  placed,  and  when  all  was  in 
readiness  the  concrete  for  the  entire  wall  was  poured  con- 
tinuously. The  steel  takes  up  the  entire  circumferential 
stresses,  the  concrete  being  simply  a  covering  for  the  steel 
and  means  of  containing  the  water.  By  leaving  the  wall 
free  at  its  base,  expansion  and  contraction  stresses  are  elim- 
inated. In  order  to  provide  assurance  that  the  concrete  will 
not  crack  when  subject  to  full  stress,  a  unit  stress  in  the 
steel  of  4,000  lb.  per  square  inch  was  adopted.  This  unit 
stress  is  low  enough  that  the  resulting  elongation  in  the 
ste-'l  will  not  crack  the  concrete. 
In  the  accompanying  drawings  is  shown  the  method  that 


Part  Section  Through   Reservoir. 

this  course  was  mopped  two-ply  of  8-oz.  burlap,  swabbed  on 
with  hot  asphalt,  all  joints  being  lapped.  Above  this  burlap 
course  was  laid  a  3-in.  course  of  concrete,  reinforced  both 
ways  with  %-in.  rods  at  5-in.  centers.  Around  all  columns 
a  1-in.  asphalt  joint  was  constructed,  and  between  this  3-in. 
top  layer  of  concrete  and  the  w-all,  a  2-in.  asphalt  joint  was 
made.  The  lower  course  was  laid  directly  upon  the  soil.  The 
6  in.  of  gravel  were  omitted,  the  reason  being  that  the  soil 
was  pure  sand,  making  an  excellent  foundation. 

As  the  ground  water  level  was  about  1  ft.  above  the  level 
of  the  floor,  and  to  avoid  any  possibility  of  hydrostatic  thrust 
on  the  floor  when  the  tanks  are  emptied,  a  system  of  drainage 
was  installed.  This  consists  of  4-in.  field  tile  at  12-ft.  cen- 
ters, connecting  into  a  main  5-in.  tile  under  each  tank.  A 
5-in.  vitrified  tile  laid  with  open  joints  was  laid  around  the 
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Section    Through    Floor   Showing    Inlet    Pipe. 

was  used  to 'bring  the  various  inlel  and  outlet  pipes  through 
the  floor  and  to  waterproof  around  them.  This  was  accom- 
plished by  means  of  a  SGin.  square  Xo.  20  g.iugc  copper 
■heet,  bolted  between  machine-flanged  joints  on  the  pipe.  A 
1-in.  asphalt  joint  was  made  around  each  pipe.  These  joints 
were  found  to  be  very  satisfactory  and  have  been  absolutely 
water-tight. 

Considerable  study  was  given  to  this  design  to  secure  an 
appearance  that  would  be  as  pleasing  as  possible.  This  was 
necessarv  because  these  tanks  are  in  the  center  of  the  resi- 
dential section  of  the  town.  After  the  premises  have  been 
sodded,  the  tanks  will  look  even  more  attractive  than  they 
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do  at  prestMii.  the  whice  i-oncieie  nuikini;  ii  rather  pleasinR 
L'ontrast  with  the  jireen  grass. 

Tlie  concrete  used  on  this  worl\  was  as  follows:  Kor  the 
walls,  1:1^:3:  the  lower  6in.  course  of  the  lloor,  1:2:4; 
footings  and  columns,  1:2:4. 

The  specilications  called  for  10  per  cent  of  hydrated  lime 
to  be  added  to  the  concrete:  that  is,  10  per  cent  by  volume 
of  the  amount  of  cement  used.  With  this  mix  a  very  dense 
and  easily  handled  mix  of  concrete  was  obtained. 

HeinforciUK  steel  of  a  low  srade  was  permitted  on  accouni 
of  the  low  unit  stress  which  was  adopted. 

The   contract   for   this   reservoir   was   let   on   the   basis   of 

cost    plus   $2.S00   for   contractor's   prottt,   and   the   total   cost, 

includiuK   this    pntlil.   was    J11.41.'..     This   cost    was   made   up 

of  the  following  items: 

Labor   »13,0P7 

Relnforclnc  steel    ^'SiS 

Steel  frames  ."Y 

C.  I.  pii>c.  specials,  valves,  etc c'n\i 

LuiiiIht,  nails,  etc S'op^ 

Cenu'iit,  sand.  BTavel  and  stone •?o')l 

Bill  lap  and  pitch   689 

Brick 1« 

Kalslnp  roofs  of  old  tanks   7S0 

Roof  and  .■supplies   ivt 

Surolv  liond    „  t21 

KreiRht   2,1S5 

Worknu-ft's  compensation    i- » 

Miscellaneous    ^o6 

Contractor's   proHt    ■'■°»" 

Total    $41, ■115 

The  tenders  were  received  in  Au.sust.  1918.  The  contract 
was  awarded  Aug.  23rd  to  the  R.  Westcott  Co.,  of  Windsor, 
Ont.  Construction  was  started  immediately,  and  basins  were 
completed,  ready  for  holding  water,  by  the  end  of  the  year. 
The  engineer  in  charge  was  J.  J.  Newman,  of  Windsor,  who 
is  town  engineer  of  Leamington.  The  plans  and  specifica- 
tions were  prepared  by  James,  Loudon  &  Hertzberg,  Ltd., 
consulting  engineers.  Toronto. 

The  reservoirs  have  been  filled  for  nearly  five  months  and 
have  shown  no  leakage  excepting  at  two  or  three  small  pin 
holes,  which  have  been  easily  plugged,  and  now  the  reser- 
voirs are  absolutely  water-tight. 


districts  tested  varied  lietwccn  '^  mile  and  2  miles  in  length, 
lly  being  able  to  watch  the  rale  of  consviniptlon,  it  is  rarely 
found  necessary  to  be  on  the  job  for  mure  Ibim  halt  an  hour 
at  a  lime  in  unlci  in  il.'tcriiniu'  ilic  iiiliiiiinnn  ralf  of'  con- 
stiiiii)tion 

The  exact  population  of  the  district  tested  is  obtained,  as 
well  as  the  average  daily  consumption  through  the  domestic 
meters— the  former  from  the  prevailing  school  census  and 
the  latter  from  the  water  accounts.  Thus  an  estimate  of  the 
legitimate  rate  exclusive  of  the  underground  leakage  is  deter- 
mined. In  all  cases  where  there  is  not  much  leakage  the 
normal  pressure  is  maintained  through  IIOO  ft.  of  fire  hose. 
In  order  to  bring  the  reading  within  the  limits  of  the  mano- 
meter where  the  Mow  la  abnormal  the  valve  on  the  meter  is 
throttled.     In  one  case  a  rate  of  iW.WU  gal.  per  day  at  10  lb. 


Methods  of  Making  Water  Waste 
Surveys  at  Oak  Park,  111.* 

In  making  waste  surveys  the  most  convenient  method  is 
to  make,  first,  a  rough  survey  of  the  entire  city  by  means  of 
a  pitometer.  This  is  done  by  isolating  certain  districts  by 
closing  gate  valves  and  measuring  the  supply  through  one 
of  the  mains  left  open  to  serve  as  a  feeder.  It  is  possible  on 
small  systems  to  make  the  preliminary  test  by  shutting  down 
those  districts  entirely  for  a  few  minutes,  especially  in  the 
residential  sections  and  note  the  drop  in  the  rate  of  con- 
sumption as  indicated  by  the  recording  chart  at  the  pupiping 
station  or  reservoir,  or  wherever  the  master  meter  may  be 
located,  providing  it  is  on  the  distributing  system. 

It  is  often  found,  however,  in  districts  which  are  completely 
metered  that  the  velocity  of  the  smallest  feed  main  is  so  low 
that  it  is  impossible  to  obtain  an  accurate  record  of  the 
consumption  if  there  are  no  large  leaks.  It  is  then  necessary 
to  by-pass  the  flow  of  water  through  a  small  pipe.  2  in.  or 
smaller  in  diameter  in  order  to  increase  the  velocity.  This 
■s  commonly  called  the  hydrant-and-hose  method  because  the 
most  practical  way  of  doing  it  is  to  feed  from  a  fire  hydrant, 
without  the  district,  through  a  fire  hose  to  a  hydrant  within 
the  district.  Oftentimes  a  regular  displacement  meter  is 
used  and  the  rate  is  obtained  by  noting  the  readings  of  the 
meter  at  regular  intervals.  This  method  is  not  a  very  useful 
one  owing  to  the  fact  that  several  drafts  may  occur  during 
the  test.  In  Oak  Park  two  other  methods  have  been  used. 
One  consists  of  a  2-in.  Venturi  meter  with  a  ^-in.  throat 
which  can  accurately  record  rates  from  3  gal.  to  .50  gal.  a 
minute.  The  other  is  by  means  of  pitometers  inserted  into 
short  pieces  of  pipe  2  in.  or  smaller.  Thus  a  quantity  as  low 
as  1/4  gal.  per  minute  can  be  measured. 

Contrary  to  the  usual  method  of  making  waste  surveys, 
all  tests  are  made  during  the  daytime,  after  determining  the 
best  hours  in  which  the  flow  is  somewhat  steady,  from  in- 
spection of  the  Venturi  meter  at  the  pumping  station.     The 


Hydrant  and   Hose  Method  of   Making   Water   Waste  Surveys  Using 

2  in.  X  ^8  in.    Venturi    Meter   with    Mercury    Barometric 

Manometer. 

pressure  in  a  stretch  of  pipe  only  Vi  mile  long  was  observed, 
the  normal  pressure  in  the  mains  being  45  lb.  per  square 
inch.  Subsequent  investigation  by  means  of  the  aquaphone 
disclosed  6  service  leaks  which  wasted  water  into  the  sewer 
at  the  rate  of  200.000  gal.  per  day.  This  meant  a  leakage  per 
capita  rate  of  SO.^i  gal.  per  day,  while  the  service  meters  in- 
dicated only  a  total  per  capita  consumption  of  45  gal.,  but 
after  the  repairs  were  made  the  leakage  rate  per  capita 
dropped  to   10  gal.  a  day. 


*From  a  paper  presented  before  the  ^'estern  Society  of  En- 
i;ineers  by  Herbert  P.  Matte,  chief  sanitary  engineer  of  the  Illinois 
Start  Department  of  Public  Health. 


Water  Consumption  at  Springfield,  Mass., 
in  1918 

The  average  daily  consumption  of  water  in  the  Springfield, 
Mass.,  district  for  1918  was  12,970,000  gal.,  according  to  the 
last  annual  report  of  Chief  Engineer  Elbert  E.  Lochridge. 
The  maximum  and  minimum  daily  consumption  were  15,- 
570,000  gal.  in  July,  1918,  and  9,890,000  gal.  in  December,  1918. 
The  population  supplied  was  111,898,  which  would  make  an 
average  per  capita  consumption  of  118  ,aal.  per  day,  with  131 
and  83  gal.  as  the  maximum  and  minimum  daily  per  capita 
consumption.  Services  metered  constituted  71.11  per  ceut. 
The  unaccountable  water  for  1918  was  28.81  per  cent,  as 
against  25.95  per  cent  in  1917.  The  West  Parish  Filters  were 
operated  at  net  cost  of  $4.73  per  million  gal. 
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Management  and  Office  System 

This  section  is  published  twice  a  month:  (1)  In  the  Waterworks  and 
Hydrauhc  Monthly  issue,  and  (2)  in  the  Railway  and  Excavation 
Monthly  issue.  It  covers  what  may  be  broadly  termed  "management 
engineering"  as  applied  in  the  civil  engineering  and  construction  fields. 


A  List  of  Selected  Business  and 
Management  Books 

Ten  years  ago  there  were  relatively  few  books  on  busi- 
ness, management,  cost  keeping,  accounting,  etc.  Now  there 
are  more  than  2.000  books  on  "business."  Sarah  B.  Bell  has 
compiled  a  book  of  2.32  pages,  entitled  "1.600  Business  Books." 
I?]. 50).  published  by  H.  W.  Wilson  Co..  New  York  City.  The 
J917  edition  contains  2.160  titles  of  business  books. 

Scovell.  Wellington  &  Co.,  Accountants  and  Industrial  Rn- 
gineers,  of  Boston,  recently  issued  a  pamphlet  listing  about 
:!7u  "selected  professional  and  business  books."  Believing 
that  This  list  will  be  of  value  to  many  of  our  readers,  we  re- 
print it  in  full.     We  quote  from  its  preface: 

"Twenty  years  ago  there  were  very  few  books  on  account- 
ancy, industrial  engineering  and  related  business  topics.  The 
difficulty  was  to  find  anything  really  worth  readin.g.  Today 
there  are  hundreds — literall.\.  One  well  known  list,  compiled 
in  lHHi.  carries  l.GOo  titles.  A  new  edition  this  year  contains 
2,160  titles,  although  it  is  still  called  "l.CiOO  Business  Books." 
The  difficulty  today  is  to  select  what  is  most  worth  while. 

"To  meet  this  need  for  our  ow  norganization,  we  have  com- 
piled the  following  list  of  titles.  These  volumes  obviously 
vary  widel\-  in  character  and  qualit>.  and  in  importance  to 
different  persons.  Some  are  the  product  of  able  scholars,  or 
men  with  broad  professional  training.  Some  are  common- 
place little  manuals  hammered  out  from  the  practical  ex- 
perience of  every-day  work.  All  can  be  of  value  if  used  in 
the  right  way. 

"The  arrangement  of  titles  under  the  several  headings  is 
purely  a  matter  of  expediency.  In  some  instances,  elemen- 
tary works  precede  those  which  are  more  advanced.  In  otiier 
cases  well  known  authors  and  titles  which  have  long  been 
recognized  as  standard  are  placed  first.  In  some  instances 
priority  has  been  given  to  more  recent  publications,  assum- 
ing that  they  have  the  advantage,  if  no  other,  of  being  up  to 
date. 

"The  letters  following  the  names  of  authors  refer  to  pub- 
lishers, as  shown  on  the  table  on  the  last  page,  which  in- 
cludes all  publishers  who  have  three  or  more  titles  in  the 
list." 

ACCOUNTING. 
Bookkeeping-.  Audilinn  and  ArcountinK— Williani  Morse  fnW   lli;  ;)|. 
Bookkeeping-,   Accounting  and   Auditing: — T.    H.    Russell   ami 

"W'.   J.   Jackman 

Bookkeeping-  and  Accountin,? — .1.   J.   Klein — A 

Bookkeeping-  for  Accountant    Students— Lawrence   K. 


-G. 


l>icU 


\\>\  pp. 
153  ini. 


^lodern   Aooountins — Its    Principles  and   .Some   of    It.s   ProI>- 

lem.s — Henry    Rand    Hatfield — A 

The  Applied  Theory  of  .\ccounts — Paul  .Joseph  Ksqnei-re — R 

Accountins — Theory    and    Practice  — R.    B.     Kester — H 

Accounts — Their    Construction    and    Interpretation  — Williani 

Morse    <_"ole — HM 

Principles  of  Accounting — ,7ohn    Raymond   Wildman 

.Science    of    Accounts — Harry    C.    Bentley — R 

Corporate  Finance  and   Accounting — Harr.\'  C.   Bentle.\- — R.. 

Corporation    .Accounting — R.    .1,    Tiennett — R 

Principles  of   Accounting — Stephen    Oilman  --L 

Elements    of    ^Vcoounting*    Theory    and    Practice — .Joseph    .1. 

Klein — A 

Accounting  Practice  anrl  I^rocedure — ,-\rthur  I-.   I.Mckinsoti — 

R 

Accounting   in   Theor.v  and    Practice — Oeorge   I..isle- R 

Tile    Philosophy   of   .\ccounts — Charles   E.   Sprague — R 

Advanced    Accounting — I.j.-iwrence    R.    iJicksee — G 

The  .-\merican  AccountarUs"  .Mainial.  Vol.  1 — Frank  Broaivi-r 

and  R.   M.  Chainnjin 

.Vet    Worth  and  the  Jialance  Sheet— II.  G    Stockwell— R.  . .  . 

Accounting    Practif  e — Clarence    Munro    Day — A 

Accounting  Ever.v   Business  Man  .Should   Know— Klisha   V,\y 

<  iarrison — J) 

Elements  of  .\ccountiiig    (.See   note) — John    I'..   Tanner — Iv.  .  . 

Cori)oration   Accounting    and    .\uditing — T).    .\.    Keister 

Ancient  Iiouble-Entry  Bookkeeiiing — .John  B.  <;(is.ilieek.  . .  . 
A   Short    History    of    .\ccouniants   and    .Vccountancy — F.    H. 

Woolf— G 

Prol)lems   in    the    Princiijles    of    .\ccoiinling — William    .Morse 

Cole— Hf 

Accountancy  T*roblems.  '1  \"f>ls,  —  l.eo  Greendlinger — K. Total 
ion   C.   p.   A.   I'rohlem.^   and   Snlutior^s,    L'   Vols— R Total 
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nil  PI.. 
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i»y\  till. 
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1X8  pp. 
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I'l-"'   '■     I'     A,    l'i..l.l.-r)]s  aocl    SohiDon.^.    L'   Vols— I: Tolal 

Classin.-d    c.    1'.    ,\.    I'roblenis    and    Solutions.    l:il.',— Ed.    by 


C.    1 


Henry  C.   Cox  — R. 


P.    .\.    .Auditing    Questions,    to   .lanuarv    1,    1!(14— Ed     by 

H.irry    C.    Bentley— R 

I'     P     .\,    Questions    and    Ansuer.s— i;.    J.    Btnnetl    and    V. 

\\ .   .Morion    

General   Information  on  the  Georgia  c.   P.  ,-V.   Examinations 

and   T>pical    Qui-sl  ions— .loel    ilunler 

.\'i-vv   Jersey   C.    P.    \.   giiestions:.lu|y.    I'JiJC-April,    ]lti)!i— Ed. 

by    l'"rank   (J.    DuBois 

c.    p.  A.  Questions  Set  at  the   E.xaminations  of  Candidates 

for  the  Certificate  of  Certitied   Pul>lic  .-Vccountant.   i:i03- 

I'tll'     i 'ni\ersit>'    of    Illinois 


Ill  pp. 

217  pp. 

:'.H  pp. 

';.">  pp. 

-'  pp. 


15:'  pp. 


COST    ACCOUNTING. 


I'ost    .Vccoanting   and    Burden    Application  — Clinton    II.    So- 
vell- A 

Cost  Accounting  Theory   and   Practice-  J.    Lee   Xidiolson— 
R 

Factory  Costs — Frank   E.   Webncr — R 

Factory  .Accounting — Frank   E.    Welmer — L 

i:\pense   Burden — A.    Hamilton   Church — E 

Production  Factors — A.   Hamilton   Church— E 

.Manufacturing  Costs  and  .Vccounts — A.   Hamilton  Church- 
.AI. 
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1.S7  pp. 
452  pp. 
139  pp. 


252  pp. 
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Industrial  Organization.  Syslematizalion  and  .Accotuiting,  3 
Vols.— Clinton  !■;.  Woods Total 

I'niUed     .Accounting    Methods    for     Industrials — Clinton     E. 

Woods— R -tSt  pp. 

Shop  Expense  .Analysis  and  Control — N.  T.    l-'icker — 10 23fj  pp. 

Cost  Reports  for  Executives — Ben.iannii   \.   I-'ranklin — E....   1-10  pp. 

I'rinciples  of  Factor.v  Cost  Keeping — Edward   P.  .Moxey — R.  1»2  pp. 

' 'ost  Accounting — John    R.   Wildman — R 10i>  pp. 

<'ost  Keeping  for  Manufacturing  Plants — Sterling  H.  Bun- 
nell—A 2^?.  pii. 

Preiieterniination  of  Pi-ices — Fretieric   -A.    Parkhurst — W....     9*i  pp. 

How  to  Find  Factor.v  Cost.s — ('.   Berlrand  Thompson — .S....   lHI   i))). 

Cost  Keeping  and  Scientific  Alanageinent — Holden  A.  l-^vans 
— M 

Cost  Keeping  and  Management  I'^ngineering-  H.albert  P. 
Gillette  and  R.  T.   Dana— M 

I';stimating  the  Cost  of  Work — W.   B.   Ferguson — E 

KeeiJing  I_*p   With    Rising  Costs — Wheelei-   Sammons — S.... 

l-'undamentals  of  a  Cost  System  for  .Manufacturers— Federal 

Trade  Coinn')issioii :n   pp. 

l-:ffleieTit  Cost  Keeping  (Pub.  by  Burroughs  Adding  Ma- 
chine C'o.i — E.   St.   Elmo  Lewis 25«  pp. 

Cost  Keeping  Short   Cuts — Burroughs    .\dding   .Machine   Co.   IT:'  pp. 

.\    Better  Day's  Work— Buri-oughs    .\dding   .M.ichine   Ci>....   175  pij. 

AUDITING. 

.Auditing— I^iwn-nce    R      Dicksee — R .'i"i5  pp. 

.\uditing— Theory  and  Practice— Robert  H.  Montgomery— R.  SS'<  pp. 

Principles  of  Auditing  -.lohn  R;iymond  Wildman VM\  pp. 

I'linclples  of  .Auditing— F.    R.   AI.    !  )e    Paula 207  pp. 

Guide  to  the   Study   of  .Auditing   -.Samuel  Frederick   Racine     \>?,  pp. 

.Audits— .Vrthur     E.     Cutfortli— G 1:in  pp. 

Pi:)itical  .Auditing— E.   E.   Spicer  and  E.  C.   Pegler— R TP.  iip. 

Prai  tii-al   .Audit  iiiK—Det)nls  of  a  Commerci.al  .\udit  in   I'ro- 

gre>:sive  .Steps  -G.   B.    Renn i:ifl  pp. 

.Aiiditin:;  and  Cost  .Accounts  (.Modern  Husiness.  v.  11 — 
See  n.iiei — Seymour  Walton — .All 

Cniform  .\ccounting— -A  Tentativ.-  Proposal  (for  balance 
she.  ts  and  atldil  verilicationl-  Federal   Reserve  Board.. 

The  l.;x.imiiiatioii  of  Insurance  Conipanies— S.   I  leri.ert  Wolf.- 

Errors  in  Balancing  (Based  on  articles  ai>pearing  in  "The 
.Ai-  -ountanl") — G ■ -.- ,. 

Frau.l   in   Accounts— Editor  of    ■Th.-   Accountants'    Library 
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INDUSTRIAL    ENGINEERING. 

Piincipl.-s  of  Industrial  Eiigin.  .-ring— Charles  Buxton 
( loiiig — AI 

The  Principles  of  Scientillc  .\l  :inaK.-ment  — Frederick  Wins- 
low  Taylor — II ■ - - 

Shop  .Management-   Frederick  Winslow    Taylor- 11 

Work.    Wages   and    Profits— H.    L.    Gantt-   I-; 

In.l'.istrial    I.i'adership-  II.    L.   Gantt v,--. 

Elliciency  as  a  Basis  for  Operation  and  \\  ages— Harring- 
ton I'Imerson — E ■  ■ 

Th.-  Twelve  Principles  of  '■;mcien<y— IIarn:igton  Km.-rson- 
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Prim.-r  of  Sci.'ntific  Manageln.-nt      Frank   1^.  Gilbr.-lh     \ 

.Motion    Study- I'Yank    B.    Gilbreth-V 

\p|ili.-d    Motion    Slud\       Flank    P.,    Gillueth— !■. 
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I„v....iigaiing  An  Industry-  Willnim  Kent- W  ....  .^. -•_■■•■ - 
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The    Taylor    Svsteni    in    Franklin    .Manag.-m.-iit- (..-orue    J). 

t-tal.iock — I'; ■  •  •  ■  - •  •  - ; 

S.  i.Mitili.-   Alat.agenienl— <      B     I  homiison— III   ......... 

The  Taylor  System  of  Scieiititic  .Manag.-in.nt- f  .   Berlrand 

Vppb.-'.'r^AKUhmis    oi  '  ScVen'tVtic'  '  Management— Frederic    A. 
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Engineering  and  Contracting  for  June  11,  1919. 


How  Selenllllc  .\laiiat:ciii>.>iu  Is  Apiilied — A,  W.  SImw  Co..  128  pp. 
.Scifiulric    MuiiiitiVKitiit    iHvv.     ed.     In     press) — Uortice     B. 

Urury— lA! 215  pp. 

Sclentlllc  .Monageiiiont   and   Labor — Robert  Franklin  Uoxlo 

— .\ 302  pp. 

KuiulaiiU'iitiil    Soiiivi'S    of    liflK-Uiioy— Klelelior    Durell 368  pp. 

.\.i«pllrutioM    of    i;ilKifiicy    rnmlplis — G.    H.    Shvplmrd — E..   36S  pp. 

Kionoiniis    of    lOIlii k-iicy — Mollis    A.    Hrlsio — Mac 385  pp. 

I'lolil    .Maklii.;;    .Miiiiacvmcnt    —    Charles    U.    Cai'penlCT — E. 

to.    p.  I    Uti  pp. 

.Modern  UrcanUaiion — An  Uxposltlon  of  the  Unit  System — 

Ch'-irUi.  Delano  Hine — K 110  pp. 

Principles  of  Inilustrl:>l  Ursunlzatton — De.\tor  S.   Kimball — 

.M 272  pp. 

Kaetoiy   OrKunlEiUlon   and   Administration — Hugo   DIonier — 

.M 3TS  pp. 

Industrial  Orcunixtttlon   and   Management — Hugo   Diemer — 

U 291  pp. 

Kxperiments  In  Industrial  Organization — Edward.  Cadbury — 

LG 296  pp. 

Organizing  u  Huslni'ss — M.  H.  Robinson — Li 269  pp. 

Ford  Methods  and  the  Ford  Shops— Horace  S.  Arnold  and 

Fay    S.    !•  ourotc — E 440  pp. 

-Vdminlstiatlon  of  Industrial  Enteriirlses — Edward  D.  Jones 

— LC 442  pp. 

The  l"i-iiu'lples  of  Industrial  .Management — John  C.  Duncan 

— .\ 323  pp. 

The  Elements  of  Industrial  Management — J.  Russell  Smith.  2!U  pp. 

Works    Slanagement — William    D.    Ennls — M 194  pp. 

The    Scieme    and    l>actice    of    Management — A.    Hamilton 
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chine   buiUiiim) — William    l/odBe— iM 139  pp. 

Shop  and   Komidry  Management — Stuart  Dean 220  pp. 

Machine  Shop  Management — John  H.  Van  Deventer — M...  366  pp. 
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Slodern    Machine   Shop  Construction,   Kqulpment  and   Man- 
agement— Oscar    E.    Perrigo 343  pp. 

Factorv    Administration    and    Accounts — E.    T.    Elbourne — 
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How  to  Get  More  Out  of  Your  Factory — A.  W.  Shaw  Co...  144  pp. 
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Handbook    for   Heating   and    Ventilating    Engineers — James 

D.   Hoffman— M 402  pp. 
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Industrial  'Welfare  of  Cleveland  Chamber  of  Commerce.     85  pp. 
The  Job.  The  Man,   The  Boss— K.  M.   H.   Blackford  and  A. 
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Hammond   V.    Hayes— V 207  pp. 
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Theorv  and  History  of  Banking — C.   F.   Dunbar 297  pp. 

The  I'ractical  Work  of  a  Hank— W.  H.  Kniffin 621  pp. 

The    Modern    Bank — .Vraos    Kidder   Fiske— A 348  pp. 
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MUNICIPALITIES. 
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Fund)— A    318  pp. 
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The   Diagrammatic    Presentment    of  the  Accounts  of  Local 

Authorities — Sidney   E.    .\llen— C; 60  pp. 
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Silk    .Mill  Costs— ('lareiu-e    M.    Day— R 70  pp 
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Thomas    F.    Woodlock 121    jip. 

Handbook  of  Railroad  Expenses — J.  Shirley  Katon — M  lo.  p.  i  .-ir>:i   pji. 
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Distribution   of  Wealth — Thomas    X.    Cai-ver— Mac 200  pp 

Elements  of   Political   Economy    with    Some   Applications   to 
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ing  the  water  htws  of  the  state.  The  compilation  inchide  ' 
nil  iaws  i"elating  to  the  appropriation,  diversion  and  use  o<" 
vater  in  Oregon,  hnl  does  not  include  acts  relating  lo  the 
organization  of  irrigation,  drainage,  diking  and  improvement 
disti"icts  or  the  federal  statutes  or  state  desert  land  laws 
(>i"arti(allv  every  important  phase  of  the  Oregon  water  codes 
lias  now  heen  passed  upon,  either  by  the  Oregon  Supreme 
("oiirt  or  the  Supreme  Court  of  the  I"nited  States. 
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Block  System  of  Ilandlinj^  Water 

Consumers'  Accounts  at 

Milwaukee,  Wis. 

As  a  result  ol  the  now  svsUiii  ul  icailiiin  iiu-liMs  iiiul  liaii- 
(lling  customers'  accounts  plnceil  in  operation  last  June  liy 
the  Water  Department  of  Milwaukee.  Wis.,  a  great  deal  of 
liupliealion  ami  unnecessary  work  by  meter  readers  and  book- 
keepers has  been  eliminated.  The  following  description  of 
this  and  the  results  obtained  from  it  is  abstracted  from  the 
recently  issued  report  for  the  year  ending  Dec.  31.  liUS,  of 
H.  P.  Bohmann.  superintendent  of  waterworks: 

By  this  plan  the  city  Is  divided  into  two  general  subdivi- 
sions with  Wisconsin  St. -Grand  Av.  as  a  dividing  line.  The 
entire  portion  of  city  north  of  this  general  subdivision  line  ia 
divided  into  blocks  comprising  one  or  more  city  squares  each 
and  each  block  containing  approximately  100  accounts.  Blocks 
are  numbered  In  parallel  lines  frona  east  to  west,  with  odd 
numbers  only.  100  numbers  being  allowed  to  each  paral- 
lel line. 

For  example:  Blocks  in  llrsl  parallel  line  above  or  north 
of  Wisconsin  St.— Grand  Av..  are  numbered  1,  3,  5,  7,  etc.; 
blocks  in  second  parallel  line  are  numbered  101,  103,  105. 
107,  etc.  The  portion  of  city  south  of  the  general  subdivision 
line  is  divided  into  blocks  and  numbered  in  same  manner  as 
northern  portion.  All  blocks  carry  even  numbers.  Block 
numbers,  therefore,  are  permanent,  and  do  not  change.  All 
consumers'  accounts  in  each  individual  block  are  numbered 
consecutively  from  one  up.  beginning  at  a  common  starting 
point  in  each  block. 

For  facility  in  handling  work  at  the  ottice  the  city  is 
divided  into  nine  equal  parts  or  sections,  beginning  at  the 
lake  shore  and  radiating  wedge-shaped  to  the  outskirts.  One 
senior  clerk-bookkeeper  is  assigned  to  each  section,  with 
complete  charge  of  all  accounts  therein.  The  advantage  of 
this  arrangement  is  that  it  distributes  the  work  equally  among 
the  senior  clerk-bookkeepers,  as  each  section  contains  part 
of  the  down-town  or  business  district,  part  of  the  central  and 
part  of  the  outlying  district. 

All  consumers'  ledger  cards  were  renumbered  and  set  up 
m  accordance  with  the  plan  outlined  above.  All  inspectors 
of  water  meters  route  slips  were  renumbered  and  set  up  in 
route  books  to  conform  with  ledger  cards. 

.Meters  are  read  as  set  up  in  route  books.  During  the  final 
months  of  quarters,  when  readings  of  accounts  in  route  books 
are  taken,  instead  of  Inspectors  of  water  meters  being  obliged 
to  make  abstracts  from  books  on  quarterly  reading  slips. 
which  in  turn  had  to  be  delivered  to  office  and  assorted  and 
.given  to  clerks  in  charge,  they  simply  turn  in  their  hooks 
and  assessments  are  computed  directly  from  field  reports, 
avoiding  a  multitude  of  errors. 

When  one  or  more  blocks  are  computed  the  senior  book- 
keeper can  immediately  proceed  with  preparation  of  assess- 
ment roll,  instead  of  waiting  until  all  readings  were  in  and 
all  accounts  computed  as  according  to  connection  number 
plan.  Billing  can  be  begun  by  clerks  immediately  after  the 
first  day's  readings  are  in  and  accounts  computed,  instead 
of  waiting  until  all  readings  were  taken  and  inspectors  of 
water  meters  reported  at  the  office  to  do  billing. 

Under  the  new  plan  when  all  readings  are  taken  and 
■iccounts  computed  and  billed,  bills  are  in  the  same  rotation 
as  ledger  cards  and  route  book  accounts  and  are  immediately 
ready  for  delivery.  All  time  required  for  assorting  bills  for 
delivery  has  been  eliminated.  Time  required  under  old  sys- 
tem for  inspectors  of  water  meters  to  fill  in  daily  reading 
slips,  detailed  daily  work  report,  billing,  assorting  bills,  etc.. 
is  now  put  in  on  routes  taking  readings  that  they  were  obliged 
to  omit. 

All  billing  at  the  office  now  is  done  by  especially  constructed 
machines.  By  these  machines  present  reading,  previous  read- 
ing, consumption  and  amount  are  printed  on  the  bill,  as  well 
as  amount  printed  on  stub.  The  amount  is  set  in  and  printed 
on  bill  and  fhe  machine  automatically  shuttles  over  and 
prints  amount  of  stub  without  again  setting  in  figtires  on 
machine.  Further,  the  machine  accumulates  the  consump- 
tion and  the  amounts. 

These  machines  have  proven  very  satisfactory  for  the 
following  reasons: 

Bills  can  be  more  expeditiously  filled  in,  in  fact,  increasing 
the  output  more  than  100  per  cent  over  billing  by  hand 


A  much  neater  and  more  legible  bill  is  produced  than  when 
written  hy  hand.  Wheie  :Ui  men  arc  writing  bills,  .\ou  have 
:'.t;  kinds  of  chlrography.  with  a  certain  percentage  always 
dlllicull   lo  <lecipher  by   receiving  tellers. 

As  the  cubic  feel  are  accumulated,  it  is  unnecessary  lo 
again  go  over  accounts  to  pick  up  the  same  for  monthly 
report  to  gcnoriil  olllce.     Kllmlnating  that  extra  work. 

As  amounts  are  accumulated  all  time  for  running  hills  on 
adding  nuuhlnes  lo  check  wllh  assessment  roll  has  b(>on 
saved. 

As  amounts  on  bill  and  stub  are  printed  from  same  type; 
with  but  one  setting  In  on  machine,  all  errors  between  bill 
and  stub,  by  transposition  or  otherwise,  are  eliminated,  and 
all  time  for  comparing  bills  and  stubs  saved. 

With  upwards  of  (i.'>.ii00  accounts  a  very  great  saving  of 
labor  has  been  show-n  by  these  machines. 

The  section,  block  and  accoimt  number  system  for  handling 
consumers'  accounts  has  now  (Dec.  31,  1918)  been  in  opera- 
tion for  one-half  year,  during  which  time  it  has  exceeded  all 
expectations  and  shown  a  tremendous  elimination  of  unneces- 
sary and  duplication  of  work,  in  addition  to  showing  a  very  . 
substantial  saving  of  labor,  stationery  and  postage.  Were 
the  collection  division  operating  under  the  old  connection 
number  system  an  addition  to  the  field  force,  of  at  least  two 
men,  would  be  necessary  during  the  year  1!UU,  amounting 
to  an  increase  in  the  payroll  of  upwards  of  $2,000. 

Notwithstanding  the  tact  that  the  number  of  consumers 
is  continually  hiiTeasing,  under  new  plan  the  present  field 
force  will  be  ample  to  handle  the  work  of  the  division  d\iriiig 
next  year. 

It  is  probable  that  the  elimination  of  unnecessary  and 
duplication  of  work  will  amount  to  several  thousand  dollars 
annually  and  the  saving  of  labor,  printing  and  postage  after 
all  deductions  and  offsets  an  equal  amount  annually.  The 
system  moreover,  furnishes  the  proper  control  over  field  men. 


How  Can  I  Solve  This  Economic  Problem? 

When  one  executive  has  a  particularly  perplexing  problem 
to  solve,  he  takes  out  of  his  drawer  a  "cross  analysis  sheet," 
On  this  sheet  he  writes  the  problem  to  be  solved.  Putting  it 
down  on  paper  seems  to  bring  it  that  much  clearer  to  his 
mind.  Then  he  lists  every  element,  every  factor,  entering 
into  the  problem.  By  the  time  he  has  put  them  all  down, 
the  problem  is  in  a  fair  way  to  solve  itself,  writes  F.  M.  Swan 
in    System. 

For  example,  the  sheet  is  divided  into  five  columns.  One 
column  is  headed  "things  to  think  about":  the  others,  in  suc- 
cession read:  "to  save  space,"  "to  save  time,"  "to  save  ma- 
terial," "to  save  energy."  There  are  21  horizontal  spaces.  In 
each  space  appears  a  question,  under  the  heading.  "Things  to 
think  about."     The  questions  are: 

1.  What  elements  are  alike? 

2,  What   are  (liftc-rent? 
:i.     What  is  the  unit'' 

4,  Are  there  many  unit.s? 

.")  Can   units  be  grouped? 

ti.  (^an  ,f?roups  be  multiplied? 

7.  Can   position  be  changed? 

^.  What   is  the  limitation? 

f*.  Can   r.^use   be  applied'' 

10,  What  is  the  exceptional? 

11,  What  is  the  general? 

12,  Can  factors  be  eliminated? 

13,  Will  use  of  symbols  help? 

14,  Will  an  outside  influence  help? 

15,  Will  motion  study  help? 
Ill,  Must  force  be  considered? 

17,  Is  or  can  there  be  rhythm? 

18,  A^'hat  is  the  order  of  progression? 
1ft:     AA'hat  are  the  common  errors? 

20      What    will    it    cost? 

21,     What  will  it  he  worth? 

Opposite  each  question  the  executive  writes  his  answer  in 
one  or  more  of  the  four  columns — to  save  space,  time,  ma- 
terial, and  energy.  If  the  executive  cannot  satisfactorily  an- 
swer most  of  the  questions,  he  knows  that  the  solution  he 
has  in  mind  is  inadequate.  Thus  he  eliminates  all  loss  from 
wrong  experimenting. 

The  main  advantage  of  the  sheet  is  its  suggestive  value- 
it  permits  no  aspect  of  the  problem  to  be  missed;  and  the 
impulse  given  by  the  sheet  to  think  about  every  aspect  usually 
results   in    some   good   ideas   tor   handling   the   problem 


Cost  of  Thawing  Water  Services  at  Council  Bluffs,  la. — 
During  the  winter  of  1917-18  the  Water  Department  of  Coun- 
cil Bluffs,  la.,  thawed  31  services  at  an  average  cost  of  %').\\ 
per  service.  Kight  2  in.  mains  were  thawed  at  an  average 
cost  of  $10.27  per  block. 
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Power  and  Pumping  Section 

This  section  of  the  Waterworks  and  Hydraulic  Monthly  issue  of 
Engineering  and  Contracting  is  devoted  to  the  selection  of  power  and 
pumping  equipment  and  the  economic  management  of  its  operation. 


Horsepower  Requirements  of  Cen- 
trifugal Pumps 

The  WHter  horsepower  requirements  of  a  centrifugal  pump 
may  be  easily  determined  when  the  quantity  to  be  pumped 
and  the  total  head  are  known.  However,  it  is  necessary  to 
have  some  idea  of  the  efficiency  of  different  sizes  and  kinds 
cf  pumps  before  the  actual  horsepower  for  the  driving  motor 
can  be  specified.  Useful  information  on  this  subject  is  given 
by  Mr.  T.  M.  Heermans,  Mechanical  Engineer,  Centrifugal 
I'ump  Department,  Allis-Chalniers  Manufacturing,  in  a  re- 
cent i=sue  of  Power  from  which  the  matter  following  nas 
been  taken. 

The  efficiencies  in  the  accompanying  table  are  conserva- 
tive and  can  be  used  in  estimating  the  horsepower  required 
for  well-designed  pumps  operating  at  suitable  speeds  against 
moderate  heads. 

rO.NSl-:RVATIVK    ISFFIC'IENCIES  FUR    PI 'ALT'S    OF    VARIOf.'^ 
CAPACITIES. 

Efficiency  EtRciency 

',  single-stage  multistage 

Normal  iieads    up  heads   aljove 

Size  of  pump.                      capacity,  to  150  ft.  150   ft. 

In.                                    CP.M.  Per  cent.  Per  eeiil- 

2   luO-    151)  50  45 

.-!    2O0-     350  55  50 

4    4110-     600  (to  .'^e 

5    USO-     9011  (;5  fi2 

It    9,50-1.300  70  fi8 

S    1,500-1,800  72  70 

10    2,000-3,000  75  72 

12   3,500-4,500  76  1?, 

14    5,000-6,500  77  74 

16  and  over 78  75 

The  usual  practice  in  fitting  motors  to  centrifugal  pumps 
is  to  allow  10  per  cent  leeway  over  the  horsepower  thai  it  is 
figured  will  be  required. 

Besides  knowing  the  size  of  motor  to  put  on  a  pump,  it 
is  necessary  also  to  know  something  about  the  starting  re- 
quirements of  centrifugal  pumps  and  how  they  affect  the 
selection  of  the  type  of  motor  and  also  the  starting  appara- 
tus to  be  used.  Centrifugal  pumps  are  started  up  quite  easily 
and  are  generally  considered  "light  starting  duty  for  a 
motor."  Consequently,  squirrel-cage  motors,  and  even  syn- 
chronous motors  that  do  not  have  much  starting  torque,  can 
be  used  to  drive  centrifugal  pumps,  but  this  statement  needs 
a  little  explanation.  The  curves  of  Fig.  1  are  typical  of  the 
performance  characteristics  of  three  different  types  of  cen- 
Iritugal-punip  runners.  Chart  A  is  for  a  standard  single- 
stage  centrifugal  pump  fitted  with  a  runner  having  a  rising 
horsepower  characteristic.  By  slightly  changing  the  runner 
design,  this  pump  can  be  made  to  have  a  horsepower  curve 
that  is  practically  fiat  from  the  point  of  maximum  efficiency 
on.  Chart  B  is  representative  of  the  ordinary  type  of  multi- 
stage pump  with  diffusion  vanes,  and  chart  C  shows  the  chai- 
acteristics  of  a  single-stage  pump  with  a  so-called  Francis 
(ype  runner  which  is  particularly  designed  so  that  relatively 
high  pump  rotative  speeds  can  be  employed  for  low  heads. 
These  curves  have  been  reproduced  to  show  in  particulai'  the 
"shutoff  horsepower"  of  different  kinds  of  pump  runiu-rs. 
This  is  the  power  required  to  rotate  the  pump  runner  at  rated 
speed  in  the  pump  casing  when  full  of  water  but  wlien  no 
water  is  allowed  to  be  discharged,  as  would  be  the  case  when 
the  pump  is  started  up  with  the  valve  in  the  discharge  from 
the  pump  closed.  The  shutoff  horsepower  has  been  indi- 
cated as  a  pertain  percentage  of  the  horsepower  required  at 
the  highest  point  of  the  curve,  which  has  been  taken  as  KKi 
per  cent. 

Slip-ring  or  shunt-wound  direct-current  motors  will  sl.ut 
pumps  having  the  characteristics  shown  by  all  three  curves, 
and  squirrel-cage  motors  also  have  been  found  capable  of 
starting  these  pumps,  although  in  the  larger  sizes  and  some- 
times  for   pumps   having  the  characteristics   shown    hv   iliart 

n 


C.  sQuirrel-cage  motors  will  take  loo  much  current  in  starling 
lo  he  used.  Standard  synchronous  motors  will  ordinarily 
start  pumps  having  the  characteristics  of  chart  A,  and  de- 
velop the  necessaiy  torque  to  pull  into  synchronism  when 
up  to  speed,  but  will  have  to  have  specially  constructed  mo- 
tors to  develop  the  50  |)er  cent  of  rated  horsepower  required 
to  pull  pumps  having  the  characteristics  of  chart  B  into 
synchronism,  and  cannot  be  used  at  all,  except  by  making 
special  arrangements  to  start  pumps  having  the  characteris- 
lics  shown  in  chart  C. 

The  special  arrangement  just  mentioned  is  to  equip  a  pump 
so  it  can  be  starled  up  empty  and  then  primed  after  being 
brought  up  to  synchronous  speed.  What  is  done  is  to  pro- 
vide some  means  of  lubricating  the  close  clearances  in  the 
mimp  until  it  can  be  primed,  when  the  water  will  provide 
I  lie   lubrication      The  necessary  arrangements   can   be  made 


Copaci+y    in    Gallons    per    Minirt« 
Fig.     1  —  Pump    Characteristic    Curves. 

i.-isily  on  single-stage  pumps,  but  it  is  rather  difliculi  lo  li\ 
up  (he  inullistage  type.  For  this  reason  they  are  seldom 
.^taiteci  up  empty,  although  clutches  are  sometimes  employed. 

.Ml  the  previous  remarks  .ipidy  lo  pumps  that  are  started 
y.\)  with  a  closed  valve  in  the  discharge.  As  a  general  rule 
ihis  should  be  figured  on.  as  otherwise  starting  conditions 
will  be  much  worse.  It  is  necessary  only  to  refer  lo  the 
curves  again  lo  see  that  where  no  discharge  valve  is  provided, 
(he  motor  in  coming  up  to  speed  has  also  to  come  up  to  full 
t,orse|)Ower  and  be  ihrown  on  liie  line  at  full  rating  instead 
of  at  a  fraciion  of  full  horsepower.  This  is  not  .good  practice 
and  is  bad  for  the  motor  even  if  undue  disturbances  will  not 
he  caused  in  the  line.  Instances  have  been  known  where  tin- 
l.eavy  surges  of  current  to  start  squirrel-cage  motors  at- 
tached lo  centrifugal  pumps  without  any  valve  in  the  dis- 
charge have  in  time  loos<-ned  up  the  motor  <-oils. 

Having  considered  the  power  required  to  start  and  oper- 
ate centrifugal  pumps,  brief  reference  will  be  made  lo  the 
kinds  of  motor  used  for  pump  drive.  This  i.s  a  large  subject 
in  itself  and  will  be  taken  up  in  detail  in  succeeding  articles. 
Probably  the  motor  most  commonly  used  lo  drive  centrifu- 
ual  pumps  is  of  the  squirrel-cage  Indnclion  t.vpe.    This  motor, 
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on  uecouiit  of  its  siiupllrity  and  also  bt>causo  tlu>  slaitii\(;  duly 
of  a  centriliiBal  imiiip  is  not  lit'avy.  is  used  in  drivi'  llii'  ma- 
jority of  small  and  nioderato-si/.ed  pumps. 

In  sires  over  150  lip.  and  in  many  i-asos  less,  the  slip-ring 
induction  motor  Is  used  instead  of  the  squlrrel-eaKe  type, 
because  it  lakes  less  current  from  the  line  in  starting.  Also 
power  companies  often  li.\  the  maxinumi  size  of  squirrel-caKc 
motor  they  will  allow  to  be  connected  to  their  lines.  In 
still  other  cases  where  a  system  does  not  have  much  capac- 
ity, Ihrowlns  a  large  sqnirrel-caije  motor  on  the  line  would 
cause  serious  disturbances  and  possibly  a  voltage  drop  that 
would  be  enough  to  prevent  the  motors  coming  up  to  syn- 
chronous speed.  These  cases  call  for  the  use  of  slip-rin.u 
motors.  This  type  is  useil  sometimes  when  a  moderate 
amount  of  speed  control  of  the  pump  is  required,  possibly  In 
maintain  a  constant  pressure  with  a  variable  discharge  or 
10  maintain  a  constant  discharge  with  varying  heads. 

Direct-current  motors  as  well  are  used  where  speed  varia- 
tion is  required,  but  for  constant-speed  service  are  not  used 
so  much  as  induction  motors.  Then,  too,  tor  moderate  heads 
!-taiidnrd  centrifugal  pumps  ordinarily  run  at  higher  than  the 
best  direct-current  motor  speeds.  However,  relatively  high- 
speed direct-cut  I'ent  motors  are  now  being  built  that  can  be 
used  as  satisfactory  pump  drives  where  only  direct  current 
is  available. 

As  ■»  fourth  kind  of  pump  drive  synchronous  motors  are 
just  beginning  to  receive  deserved  attention.  Many  cen- 
trifugal pumps,  because  they  offer  a  constant  steady  load, 
present  a  fine  opportunity  for  using  a  large  synchronous  mo- 
tor to  keep  up  or  correct  the  power  factor  of  a  power  system, 
and  by  using  proper  care  suitable  synchronous  motor-driven 
centrifugal  pumps  can  be  often  selected. 

Before  leaving  the  subject  of  the  horsepower  requirements 
of  centrifugal  pumps  as  related  to  motor  drive,  possibly  it 
will  be  well  to  point  out  a  few  troubles  that  are  sometimes 
encountered  with  motors  and  that  are  traceable  to  the  cen- 
trifugal pump.  The  most  common  difficulty,  which  has  been 
mentioned  previously,  is  operating  an  improperly  selected 
pump  at  less  than  the  rated  head.  This  will  overload  the 
motor  and  cause  it  to  run  hot.  Another  trouble  almost  as 
common  is  pump  and  motor  out  of  alignment  due  to  improper 
erection.  This  causes  vibration  and  hot  bearings  and  wears 
cut  rapidly  the  coupling  bushings.  A  third  trouble  some- 
times experienced  and  resulting  in  hot  motor  bearings,  is 
.vhen  the  centrifugal  pump  develops  an  end  thrust,  causing 
(oUars  on  the  shaft  to  rub  on  the  ends  of  the  bearings.  End 
thrust  may  develop  in  a  single-stage  double-suction  pump  on 
account  of  one  side  of  the  runner^becoming  partly  obstructed 
or  an  obstruction  lodging  in  the  suction  passage  on  one 
side,  which  unbalances  the  runner.  Unequal  wear  of  the 
runner  wearing  rings  on  opposite  sides  of  a  double-suction 
runner  or  displacement  of  the  runner  slightly  to  one  side  of 
the  center  line  of  the  casing  also  will  cause  thrust.  In  multi- 
stage pumps  thrust  is  generally  caused  by  failure  or  partial 
failure  of  the  arrangements  provided  to  balance  the  end 
ihrust.  Two  pumps  taking  their  suction  from  the  same 
suction  pipe  or  discharging  into  the  same  discharge  line,  if 
they  are  not  properly  arranged  and  do  not  have  the  right 
kind  of  characteristics,  can  cause  trouble  by  dividing  the 
work  unequally,  but  this  and  similar  questions  are  outside  the 
scope  of  this  article. 

It  can  be  safely  stated  that  a  pump  should  not  be  bought 
merely  as  a  pump  of  a  certain  size  without  any  reference  to 
the  work  it  will  have  to  do.  In  conjunction  with  the  driving 
motor  it  should  be  selected  to  do  certain  definite  work  to 
the  best  advantage.  It  is  therefore  preferable  to  buy  pumps 
that  have  been  tested  carefully  and  their  characteristics  de- 
termined, with  motors  of  suitable  size  to  run  the  pumps  un- 
der all  the  conditions  that  will  be  met  with  in  service.  That 
is,  a  pump  and  the  drive  should  be  considered  as  a  unit  and 
.'elected  accordingly. 


Water  Consumption  at  McPherson,  Kans.,  in  1918. — The 
daily  consumption  of  water  at  McPherson.  Kans..  in  191S. 
was  77  gal.  per  capita,  or  :;50  gal.  per  consumer.  The  total 
number  of  consumers  was  1.02.5.  an  increase  of  34  over  the 
previous  year.  The  total  population  in  191S  was  4, .500;  in 
1917  it  was  -1.200.  Comparative  Pgures  for  the  two  years 
on  total  income  from  sale  of  water  follow: 


Total  iiKonit'  . 
Per  capita  .  . . . 
Per  consumer 


I'llT 

inis. 

$14.61 -"..on 

$1.^.259, on 

3.48 

3.39 

14.7.'> 
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34  Boiler  Room  Pointers 

Till-  lililc  noil's  iliai  lollnw  loiilaiii  suggfslions  thai  will 
he  of  service  to  everyone  interested  in  i)ower  plant  engineer- 
ing. The  pointers  were  selected  by  the  editors  of  I'ower 
from   the  columns  of  that   magazine: 

(1)  A  boiler  shmild  be  considered  as  composiil  ol  two  ilis- 
linct  parts  a  furnace  wherein  fuel  is  burned  to  produce  heat, 
and  a  shell  or  vessel  containing  water  to  absorb  the  heal 
produced.  The  furnace  elticiency  may  be  the  maximum  oh- 
taintible  and  yet  the  overall  elliciency  of  the  boiler  be  low 
because  of  scale  and  sool  on  the  healing  surface;  the  heating 
surface  may  be  clean  and  capable  of  the  most  rapid  transfer 
of  heat,  yet  because  of  unsuitable  fuel,  plugged  air  spaces  in 
Ihe  grate,  leaky  furnace  walls  and  doors,  the  overall  effi- 
ciency may  be  low. 

121  A  pound  of  pure  carbon  requires  Il.ti  lb.  of  air  for 
I  omplete  combustion.  As  coal  is  not  all  carbon,  but  contains 
a  variety  of  ingredients,  all  of  which  vary  in  different  coals, 
Irom  2(1  to  40  lb.  of  air  per  pound  of  coal  is  required.  The 
difference  between  the  theoretical  quantity  and  the  quantity 
practically  needed  is  the  "excess  quantity,"  or  "excess  air," 
as  it  is  called.  "Too  much  excess  air,"  then,  means  more 
than  the  quantity  practically  needed. 

(3)  The  sanii)ling  pipe  through  which  passes  the  Hue  gas 
collected  for  analysis  should  be  placed  in  the  most  active  pari 
of  the  gas  How.  A  good  way  to  tell  that  you  have  the  i)ipe 
in  the  right  place  in  the  uptake  at  the  damper  on  the  boiler 
side  is  to  move  it  in  and  out  across  the  gas  path,  analyzing 
samples  collected  at  each  position:  the  point  where  the  qual- 
ity of  the  gas  varies  most  widely  in  a  given  time  is  the  cor- 
rect place  for  the  sampling  pipe. 

(4)  To  reduce  the  maintenance  cost  of  furnace  lining  in 
stoker-fired,  forced-draft  boilers,  a  high-grade  firebrick  is 
used  up  to  the  fire  line;  a  bauxite  brick  is  commonly  em- 
ployed for  this  purpose 

(5)  Solutions  for  the  Orsat  may  be  made  as  follows:  For 
oxygen,  put  1  oz.  of  pyrogallic  acid  (powder)  into  a  quart  of 
water,  pour  in  a  pint  of  caustic  solution  (see  sclution  for 
CO...)  and  immediately  seal  the  bottle  air-tight  until  used. 
For  CO;,  dissolve  1  lb.  of  caustic  potash  in  2V4  pints  of  water, 
for  CO.  acid  cuprous  chloride  is  used.  Put  a  Vi-in.  layer 
jf  copper  oxide  in  the  bottom  of  a  quart  jar.  Put  in  a  bun- 
dle of  a  dozen  lengths  of  No.  10  or  12  gage  bare  copper  wire 
cut  to  length  a  little  less  than  the  depth  of  the  jar.  Fill  the 
jar  with  hydrochloric  acid,  seal  and  shake  occasionally  for 
48  hours.     Pour  off  the  clear  solution  and  seal  it. 

(B)  Coal  ash  contains  silica,  alumina,  iron  pyrites  and 
other  mineral  matter.  Depending  upon  the  chemical  com- 
position and  physical  condition,  these  cause  the  ash  to  fuse 
more  or  less  easily.  The  temperature  at  which  firebrick 
will  melt  is  sometimes  influenced  by  the  composition  of  the 
ash.  For  instance,  a  certain  ash  might  melt  at  2,600°  F.  and 
a  certain  firebrick  at  2.800°  F. ;  hut  together  in  a  furnace 
where  the  ash  and  the  brick  make  contact,  both  might  melt 
at  2.S()()'   V. 

(7)  Leaky  boiler  settings  may  be  made  lastingly  tight  by 
soaking  cheap  waste  or  asbestos  from  old  discarded  pipe 
covering  in  thin  fireclay  and  hammering  the  mixture  into  the 
cracks.     Paint  the  brickwork  with  thin  fireclay  or  cement. 

(8)  Experience  has  show^n  that  the  loss  occasioned  by  ex- 
cess air  rushing  in  at  the  rear  of  a  chain-grate  stoker  w'hen 
that  part  of  the  fuel  bed  is  kept  thin  to  burn  out  the  last  trace 
of  combustible  in  the  ash  is  greater  than  the  gain  made  by 
burning  the  combustible.  A  coal  high  in  ash.  therefore,  is 
well  suited  to  this  type  of  stoker. 

(ill  Seldom  does  a  fire  burn  uniformly  over  the  whole  grate 
area;  holes  will  form.  When  covering,  fill  these  holes  level 
before  putting  coal  on  the  rest  of  the  fire  and  keep  the  whole 
fuel  bed  even. 

(10)  An  underfeed  stoker  is  able  to  smokelessly  burn  even 
high-volatile  coals,  because  when  the  volatile  is  distilled  it 
must  pass  through  the  hottest  part  of  the  fuel  bed  before 
,£etiing  out  into  the  furnace.  Besides  a  sufficiently  high  tem- 
perature, the  only  other  chief  requirement  for  the  proper 
burning  of  the  volatile  is  time,  just  as  it  takes  time  for  a 
cake  of  ice  to  melt  at  summer  heat. 

(11)  The  furnace  temperature  must  be  kept  high  enough 
to  combust  the  gases,  but  must  not  be  so  high  as  to  melt 
the  ash. 

(12)  Sometimes  where  a  long  combustion  arch  or  hori- 
zontal baffling  is  used  and   is  close   to  the  fire,  the  furnace 
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temperature  melts  the  ash,  (•■uising  the  slag  to  fill  up  the  aii- 
>-pace.in  the  grate,  reducing  the  available  boiler  capacity.  If 
a  water-tube  boiler,  exposing  the  first  row  of  tubes  by  putting 
the  tile  between  the  first  and  second  rows  will  usually  reduce, 
the  temperature  sufficiently   to  avoid  trouble. 

ilo)  To  build  a  new  fire  with  a  luiiiinniiu  of  smoke  when 
bituminous,  high-volatile  coal  is  used:  I'ut  a  thin  layer,  say 
2  in.,  of  green  coal  on  the  grate  and  cover  with  shavings 
and  wood  soaked  in  crude  oil  or  its  heavy  distillates.  Ignite 
and  put  on  as  little  green  fuel  as  possible,  the  aim  being  to 
begin  the  fire  by  burning  the  top  of  the  layer,  thus  making 
the  volatile  gases  and  vapors  pass  through  the  hottest  zone; 
keep  the  fire-door  open  as  much  as  needed  to  prevent  smoke. 

I  14  1   The  Boiler  Code  of  the  American  Society  of  Mechani- 
cjl  Engineers  gives  the  following  formula  f(u-  finding  the  safe 
working  pressure  of  a  boiler: 
TS  X  t  X  E 

=  working   pressure,   lb.   per  si),   in, 

RxFS 
where 

TS  =^  Tensile  strength  ; 

t  =:  Minimum  thickness  of  shell  plate,  in,; 

K=rH;fficiency  of  longitudinal  joint  or  of  ligaments  between 
tube  holes  (whichever  is  least  i ; 

R     Inside  radius  of  weakest   course  of  shell,  in.; 

FS=Factor  of  safety. 

(15)  In  making  a  hydrostatic  test  on  a  boiler  in  service 
(not  a  new  boiler)  the  same  code  states  that  the  test  pres- 
sure shall  be  one  and  one-half  times  the  working  pressure 
During  such  tests  the  safety  valve  or  valves  must  be  re- 
moved or  each  valve  disk  held  to  its  seat  by  a  testing  clamp 
and  not  by  screwing  down  the  compression' screw  upon  the 
safety-valve  spring.  The  Massachusetts  rules  also  specify 
one  and  one-half  times  the  maximum  allowable  working  pres- 
sure when  making  a  hydrostatic  test. 

(lt>)  The  safety-valve  capacity  on  a  boiler  should  be  such 
that  the  valve  or  valves  will  discharge  all  the  steam  that  can 
be  generated  by  the  boiler  without  allowing  the  pressure  to 
increase  more  than  6  per  cent  above  the  maximum  working 
pressure  or  more  than  (5  per  cent  above  the  highest  pressure 
to  which  any  valve  is  set. 

(17)  Salety  valves  have  blowdown  or  huddling  rings  for 
adjusting  the  blowdown.  If  a  valve  opens  at  the  correct 
pressure,  but  does  not  close  until  tl'.e  pressure  has  dropped, 
say  5  lb.,  instead  of  the  usual  ::  lli.,  the  huddling  ring  needs 
adjustment. 

(18)  .\  fusible  plug  should  always  be  placed  in  the  direct 
path  of  the  gases,  should  project  into  the  shell  at  least  1  in. 
or  into  a  tube  at  least  ^b  in.,  it  should  not  be  less  than  %  in. 
diameter  of  fusible  metal.  The  amended  Massachusetts  rules 
say  that  the  body  of  the  plug  must  be  of  bronze,  reamed  and 
tinned  before  being  filled  and  filled  with  99  per  cent  pure  tin. 
These  same  rules  say  that  no  fusibl''  plug  shall  be  used  for  a 
longer  period  than  one  year.  Always  keep  scale  off  a  fusible 
plug. 

(19)  Experience  seems  to  have  shown  that  parts  of  a  boiler 
that  are  in  stress  corrode  more  rapidly  than  parts  not  iii 
stress. 

(20)  One  of  the  most  satisfactory  explauatiDus  of  the 
mechanism  of  a  boiler  explosion  is  known  as  the  (^'olbrun 
Clark  theory  and.  briefly,  is  as  follows:  An  initial  rupture: 
sudden,  rapid  reduction  in  pressure,  the  fiuunation  of  a  great 
i|uantity  of  steam  in  the  water,  hurling  the  water  at  the  open- 
ing, increasing  the  latter  and  shattering  the  boiler;  comple- 
tion of  vaporization  of  the  liberated  water,  projecting  the 
parts  to  distances  depending  on  the  viiileiue  of  the  expan- 
sion. 

(21)  For  high  pressure,  say  liiu  lb.  and  over,  the  blowoff 
pipe  should  be  extra  heavy,  should  have  a  valve  and  a  cock 
at  the  boiler  or  mud  drum  and  should  continue  to  the  main 
blowoff  line  or  tank  without  reducers. 

(22)  Every  care  should  be  taken  to  keep  all  high-pressure 
steam  lines  drained  of  water  all  the  time.  Water-hammer 
is  dangerous  and  often  iesi)ousiliU'  loi'  fatal  accidents  and 
serious  damage. 

(23)  The  most  generally  accepted  theory  of  corrosion  i- 
the  electrolytic  theory,  according  to  which  one  spot  in  a  piece 
nf  metal  is  electro-positive  and  another  electro-negative. 
Moistm-e  or  water  connecting  the  two  spots  completes  a  cir- 
cuit, causing  a  How  of  electricity  from  one  to  the  other,  the 
metal  going  into  solution  at  the  place  from  which  the  current 


Hows.     There  are   many   hundreds  of  these  spots  on  a  small 
area,  so  pitting  is  the  result. 

(2  1)  A  very  thin  coating  of  scale  on  a  boiler  not  run  at 
extremely  nigl-  rating  prevents  rapid  corrosion  it  the  water 
is  corrosive;  but  where  very  high  ratings  are  used,  the  trans- 
fer of  heat  is  often  not  rapid  enoiigii  through  the  scale  to 
lucvent   bagging  the  tube  or  shell. 

(2.'))  The  .Manchester  Steam  I'sers'  Association,  England, 
some  years  ago  made  tests  to  explode  or  rupture  an  over- 
lieated  boilei'  I)/  putting  cold  f»ed-water  into  it.  The  results 
oi  tliese  experiments  have  convinci  d  many  that  mer-dy  ad- 
mitting cold  water  to  an  overheated  boiler  will  not  of  itself 
explode   tli(>   latter 

(2t.)  Carbonates  of  lime  precipitate  out  of  water  heated 
to  Ll2  K.  as  in  an  open  lu'ater;  bui  the  s'.i'phates  retiuire  2.".u 
tc]  27(1     F.  before  they  will  precipitate  by  heat  alone. 

(27)  When  the  capacity  of  an  injector  decreases  slowly, 
say  week  bv  week,  it  indicates  that  the  combining  tubes  are 
l)ecoming  coated  with  scale.  Soaking  the  tubes  or  injector 
ill  a  strong  soda  solution  will  help  loosen  the  scale. 

(2.S)  In  cases  of  foaming  reduce  the  furnace  temperature 
by  checking  the  draft  or  by  shutting  off  the  fuel  supply  if  oil 
or  gas  is  used.  Throttle  the  steam  line  if  possible.  These 
should  stop  it  unless  something  is  radically  wrong,  which  must 
be  determined  by  shutting  down  the  boiler. 

(291  For  economical  and  reasonable  smokeless  combustion 
in  boilers,  especially  at  high  rates  of  combustion,  the  furnace 
volume  and  distance  from  the  fuel  bed  to  the  heating  surface 
should  be  consideraDly  greater  than  was  common  until  a  few 
years  ago.  Where  the  coal  contains  much  volatile,  say  from 
12  per  cent  up,  the  distance  f'oni  the  grate  to  the  shell  or 
tubes  should  be  at  lejist  4S  in.,  and  for  stoker-fired,  forced- 
draft  i-onditions,  at  least  (iO  in. 

CKi)  When  two  or  more  blowoff  lines  discharge  into  a  main. 
always  be  sure  that  the  blowoff  valves  and  cocks  are  closed 
on  idle  boilers  in  which  men  are  working  w  likely  to  work. 
(  therwise  injury  or  death  may  result  when  line  boilers  are 
blown  down,  owing  to  water  and  steam  backing  into  the  idle 
boiler  or  boilers. 

(^11)  An  automatic  stop  valve  is  just  as  much  a  necessary 
safety  device  for  a  boiler  as  a  safety  valve.  And  an  auto- 
matic valve  doesn't  cost  over  '>  per  cent  more  than  an  ordi- 
nary stop  valve  of  like  size.  Then  considered  as  safety  insur 
,ince  the  in\estinenl  in  a  good  automatic  valve  for  each  boiler 
is  about  as  much  for  the  nioiiey  as  could  be  had  in  most  any 
other  way. 

(:;2)  The  greatest  care  must  be  taken  in  cutting  a  boiler 
in  on  the  line  with  others  in  service.  When  the  pressure  is 
the  same  as  the  line  pressure  and  with  the  piping  and  valves 
drained  of  all  water,  crack  the  stop  valve,  and  if  everything 
sounds  good,  slowly  open  the  valve  until  fully  open.  An  ob- 
sericr  at  the  gage  should  say  when   the  pressure  is  equal. 

(:,:;i  It  is  always  good  practice  to  use  tees  or  cros.-?es  in- 
stead of  elliows  in  bends  in  the  feed-piping,  so  that  the  pipes 
may  be  easily  washed  and  cleaned. 

(.14)  C.  K.  Stromeytu-.  chief  engineer  for  the  Manchester 
Steam  I'.-^^ers'  Association,  in  his  ■Memorandum"  for  )91.'i 
says  about  laying  up  a  boiler:  'To  prevent  internal  corrosion 
in  idle  boilers  these  should  be  emptied  and  dried.  tra.\s  of  un- 
slaked lime  should  be  placed  inside,  and  all  manholes  and 
■illier  (  uiugs  should  be  hermetically  sealed.  The  liiii,  will 
.^oou  absorb  any  moisture,  carbonic  or  sulphurous  acid  that 
may  be  in  the  boibr,  and  any  remaining  salt  or  chloride  of 
magnesia,  being  ilry,  can  do  no  harm." 

Water  S.-.ies  at  Concord,  N.  H.,  Total  $2,300,000  in  43  Ycts:. 
-  The  total  receipts  from  the  waterworks  of  Concord.  N.  H.. 
lor  a  iieriod  of  IC  years  amounted  to  $2.:!u.').lo4.  The  works 
were  constructed  in  1.S72.  The  receipts  ''or  the  first  year  of 
operation  ending  ,lan.  :il,  1.S71.  were  $4.4:;i.  The  receipts  for 
tills  were  $7N.(I77.  the  highest  for  any  >ear  of  the  period  ex- 
cept liil'i.  when  they  were  $7s,94ii.  The  net  cost  of  the  works 
at   the  end  of   191  s   was  $1,u92.imi;!. 

R<?port  on  Surface  Water  Supply  of  New  Mexico.-  .V  report 
on  the  191^  investigations  of  llie  surface  uater  supply  ol 
New  .Mexico  has  been  published  by  .James  A.  French,  State 
ICtigineer.  Santa  Fe.  N.  .Mex.  This  report  is  the  sevcnih  of 
a  series  C(nitaining  the  results  of  stream  gagings  on  New 
.Mexico  streams,  said  series  covering  eight  calendar  years, 
frimi    1911    to   191S.   inclusive. 
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Self-Cleaninji  Stoker    I'hat   Burns  (]oaI  by 
(lokinji  Method 

A  self-t'lt>uiiiiiK  sluktM'  lliitt  is  cliiiriit'd  t>i  oITih'I  iiiiiisuiil 
economips  in  fuel  coiisiiinptioii  is  illusi rated.  Tlio  cokiiit: 
method  of  llrlnR  is  fiiiployed  with  lliis  stokor,  which  results  in 
nearly  smokeless  iiiul  very  ecoiioiiiieal  combustion  of  coiil.  hi 
tiring  the  coal  is  piled  Just  inside  the  lire  doors.  The  gus  from 
the  coal  is  consumed  in  passing  over  the  hot  coke  at  the  rear 
of  the  furnace.  When  the  gas  has  been  driven  from  the  coal 
the  entire  contents  of  the  fuel  bed  are  moved  back  toward  the 


CoKal   Self   Cleaning   Stoker. 

bridge  wall,  after  which  additional  coal  is  placed  at  the  front 
of  the  stoker  to  be  coked.  The  ash,  refuse  and  clinker  is 
dumped  at  the  back  of  the  stoker  through  a  5  in.  openlnir  into 
the  ash  pit.  The  stoker  eliminates  the  necessity  of  cleaning 
tires  by  the  use  of  slice  bars,  hoe  or  other  firing  tool.  It  also  is 
claimed  to  maintain  a  uniformly  even  firebed,  thus  doing  away 
with  the  waste  of  fuel  caused  by  air  holes  in  the  fire.  This 
stoker  is  made  by  the  CoKal  Stoker  Co.,  102:?  North  Clark 
St..  Chicago,  111. 


New  Motor  of  Hvid  Type 

The  Pittsburgh  I'ilter  &  Engineering  Co.,  formerly  the  Pitts- 
burgh Kilter  Manufacturing  Co.  of  Oil  City,  Pa.,  has  begun  the 
manufacture  of  a  new  type  '  M.  V."  heavy-duty  marine  oil 
engine.  The  engine  embodies  the  well-established  and  suc- 
cessful method  known  in  Europe  for  many  years  as  the  Brons 
principle,  and  in  the  United  States  as  the  Hvid  principle.  The 
motor  is  entirely  independent  of  any  carbureter,  hot  bulb  or 
plate,  spark  plug,  high  pressure  air  compressor  and  storage 
tanks,  fuel  pump  or  spray  valve.  The  compression  is  carried 
to  approximately  500  lb.  per  sq.  in.  and  the  motor  is  started 
from  cold  without  preheating  and  put  under  full  load  in  a 
few  seconds.  These  motors  will  burn  any  grade  of  the 
cheaper  fuels,  from  kerosene  to  the  heaviest  of  fuel  oils,  the 
same  fuel  serving  for  starting  the  motor.  The  engine  is  of 
the  inclosed  type  and  the  design  has  adhered  as  far  as  possi- 
ble to  the  thoroughly  tested  practice  of  modern  high-speed 
Diesel  engines.  Not  only  is  the  crankcase  inclosed,  but  the 
camshaft  bearings,  roller  levers  and  gears  run  in  a  bath  of 
oil.  The  camshaft  can  be  removed  by  taking  off  the  front 
cover.  Accessibility  of  the  crank  pins  is  provided  by  very 
large  openings  in  the  crankcase.  Air  to  the  cylinders  is  ad- 
mitted through  slotted  mufflers.  Exhaust  ells  and  header  are 
water-jacketed. 


Cost  of  Thawing  Water  Services  at  Taunton,  Mass. — Dur- 
ing the  first  week  of  January,  1918,  the  Water  Department 
of  Taunton  began  to  have  frequent  calls  to  thaw  services  and 
remove  frozen  meters.  Two  trucks  were  fitted  with  appa- 
ratus and  electricity  from  the  Municipal  Light  Department 
was  used  wherever  possible.  The  apparatus  on  each  truck 
consisted  of  a  transformer,  a  switchboard  and  a  barrel  of  salt 
w'ater  in  which  were  immersed  iron  plates.  One  transformer 
had  a  capacity  of  2,300-220  Volts  and  the  other  2,300-110  volts. 
About  450  services  were  frozen,  a  little  less  than  S  per 
cent  of  those  in  use  and  in  addition  about  2,000  ft.  of  6-in. 
main  and  2,000  ft.  of  8-in.  main.  Generally  the  mains  dam- 
aged were  those  in  which  there  was  no  circulation,  or  what 
we  designate  as  dead  ends.  There  were  no  hydrants  frozen 
but  the  branches  to  several  were.  About  500  meters  were 
burst  or  about  14  per  cent  of  those  in  use.  The  cost  of  thaw- 
ing the  services  with  hot  water  was  $4.80  each  and  with  elec- 
tric current  ?5.50  each.  The  Water  Department  paid  the 
Light  Department  $700  for  electricity  and  fl,080  for  services 
of  men.  use  of  wires  and  incidental  expenses.  The  cost  of 
the  damage   to  meters   is  hard   to  determine,   but  it  is  esti- 


niaicd  to  bo  at  least  $4  for  each  meter  taken  out.  The  ex- 
liense  of  thawing  and  the  expense  of  removing,  repairing  and 
replacing  meters  does  not  cover  the  expense  occasioned  the 
department  by  the  cold  weather.  Leaks  have  been  develop- 
ing from  that  lime  up  lo  the  present  and  probably  will  con- 
liiiue  for  moiillis. 

Cost  of  Garbage  and  Refuse  Collection  at  Columbus,  0. — 
The  Division  of  (iarhage  and  Kcfusc  Collection  of  the  city 
of  Columbus,  collected  1,542  tons  less  garbage  In  lids  than  in 
the  previous  year,  according  to  the  last  annual  report  of 
10.  W.  Siribling,  Superintendent  of  the  Division.  The  amount 
of  garbage  piiiduced  per  capita  in  IHIS,  was  138.93  lb.,  I'.MT 
per  capita  ISIi.ll  lb.,  a  decrease  of  over  17  lb.  per  capita. 
During  i;tl7  and  liU8  garbage  was  collected  once  each  week. 
In  previous  years  garbage  was  collected  once  per  week  in 
all  months  except  July,  August  and  September,  when  same 
was  collected  twice  a  week.  The  average  number  of  teams 
employed  each  week  through  the  year  was  22.  The  average 
number  of  loads  collected  by  each  team  daily  was  two,  ex- 
cepting the  hotel  teams,  which  made  from  two  to  four  loads. 
The  average  weight  per  load  was  1.13  tons.  The  division 
collected  15,G30  tons.  The  cost  of  garbage  collection  was 
$58,254,  an  increase  of  $9,192  when  compared  with  the  cost 
of  collection  in  1917.  The  cost  of  collection  per  ton  was 
$3.1)33,  an  increase  of  $0..S4]  when  compared  with  the  1917 
cost.  One  item  that  enters  largely  into  the  cost  of  garbage 
collection  is  the  freight  charge  paid  to  the  Hocking  Valley 
Railway  Company  for  transporting  the  garbage  from  the 
unloading  station  to  the  reduction  plant.  The  cost  of  freight 
on  each  ton  of  garbage  collected  was  $0,227.  If  this  cost  was 
deducted  from  the  total  cost  of  collection  per  ton,  which  was 
$3.G33,  it  would  show  a  cost  of  $o.40(>  per  ton  for  each  ton  of 
garbage  delivered  at  the  unloading  station.  There  were 
collected  33,305  loads  or  169,186  cu.  yd.  of  rubbish  and  ashes. 
The  decrease  in  yards  from  1917  was  3,275,  or  approximately 
2  per  cent.  The  cost  of  rubbish  collection  was  $87,492,  an 
inci-ease  of  $14,200  when  compared  with  the  1917  cost.  The 
cost  of  collection  per  yard  was  $.516,  an  increase  of  $.095  when 
compared   with   the  1917  cost. 


Personals 

H.  V.  Hennen  has  been  appointed  city  manager  of  Denton.  Ttx. 

Harry  Bollinger  has  been  appointed  city  engineer  of  Columl)ia 
(-'ity.    Iinl 

Henry  Sheacl<  has  been  appointed  manager  of  public  utilities  of 
-N'L-\vn>n,   hi. 

Leorard  L.  Ryan  has  been  appointed  city  mana.^er  of  AIc- 
i.'racken,  Kan. 

G.  L.  Fugate  ha.s  b-en  appointed  assistant  city  engineer  of 
Hou.*^ton.   Tex. 

C.  C.  Duggan  has  been  appointed  superintendent  of  water 
works  of  Paris,   Tex. 

C.  J.  Renner  of  Mount  Vernon,  X.  Y..  has  been  appointed  city 
•BTigineer  of  Ellwood  City.   Pa. 

Ctiarles  O.  Ephlin,  a1  present  county  commisisoner,  has  been 
appointi-ri  <  ity  manaKer  of  Wheeling.  W.  Va. 

Lieutenant  Colonel  George  A.  Johnson  and  Major  Webster  L.. 
Renhani  liave  formed  a  partnership  for  a  general  oon.sulting  en- 
gineering praitioe  under  the  ririn  name  of  Johnson  &  Benham, 
offices  at  15n  Nassau  St.,  New  York  City,  and  Firestone  Building, 
Kansas  City,   Mo. 

H.  I.  Reid  of  Colorado  Springs.  H.  S.  Sands  of  Denver.  R.  J. 
Grant  of  Denver  and  Frank  E.  Shepard  of  Denver  have  been  ap- 
pointed engineer  examiners  by  the  governor  of  Colorado.  All 
engineers  practicing  m  the  ctate  under  an  act  of  the  legislature 
must  obtain  licenses  from  the  board  before  practicing.  State  En- 
irineeT  A.  J.   McCune  is  ex-officio  member  of  the  board. 


Industrial  Notes 

The  MclVtyler  Interstate  Co.,  of  Cleveland.  O.,  has  opened  a 
branch  oftioe  in  San  PYancisoo  with  \j.  A.  Somers,  in  charge.  Mr. 
Somers  is  an  engineer  of  considerable  prominence,  having  been 
associated,  in  the  capacity  of  sales  manager,  with  various  large 
companies.  The  office  will  be  located  in  the  Merchants'  Exchange 
Bldg.  and  is  intended  lo  serve  the  state  of  California  and  the  west- 
■rn  part  of  Nevada. 

J.  W.  McCabe,  who  until  recently  has  been  district  manager  of 
pales  for  the  Chicago  Pneumatic  Tool  Co.  at  Buffalo,  N.  Y.,  l.is 
been  appointed  special  representative  for  the  company's  foreign 
trade  department  and  will  depart  shortl.v  for  an  extended  trip 
throughout  the  Orient,  Philippine  Islands  and  Australia.  W.  H. 
White  has  been  appointed  acting  district  manager  of  sales  at 
^?uffa!o  to  take  charge  of  that  territory  during  Mr.  McCabe's 
absence. 

The  H.  W.  Clark  Co..  of  Mattoon.  111.,  manufacturers  of  the 
Clark  Meter  l^ox  and  allied  lines  of  water  works  materials,  now 
occupies  its  new  fa<'ior>-  just  completed  at  Mattoon.  It  will  be 
remembered  that  the  flerk  Co.'s  plant  of  over  45.000  sti,  ft.  of 
door  s|)ace  was  compk-tly  destro>'ed  in  a  tornado  of  May  ."^6, 
!:il7.  Since  then  and  prior  to  removing  into  the  new  plant  this 
.nmiiany  has  been  operating  in  temporary  quarters  with  a  foundry 
located  in  Shelbyville.  and  its  other  allied  departments  operating 
in  Mattoon.  111.  The  new  plant  comprises  an  engineering  and 
draftin.g  department,  pattern  shops,  gray  iron  foundr\-.  brass 
foundry,  blaccpmith  shojis.  machine  shop,  sheet  iron  works  and 
nickel  plating  plant.  It  is  located  on  two  spurs  from  the  Illinois 
Central  Railroad,  ijeing  supplied  with  t\\o  tracks,  one  for  incomirjg 
material  and  the  other  for  outgoing  finished  products. 
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The  four  rotated  special  monthly  issues  and  4  quarterly  issues  of  E.  &  C.f52  in  all)  entirely  cover  the  civil 
engineering  and  contracting  field  if  subscribed  for  as  a  weekly  at  $3.00  a  year;  but  any  one  of  the  four 
*PT,  cn"'°""^'^  '^^T,"'^^  ^^  subscribed  for  as  a  monthly  at  $1.00  a  year  (or  any  two  monthly  issues 
at  $1.50  a  year)  and  the  4  special  quarterly  issues  will  be  sent  without  extra  charge.  Three  of  these 
special  quarterly  issues  relate  entirely  to  foreign  engineering  and  construction  practice,  and  the  fourth  is 
our  annual  "New  Equipment  Issue."  The  articles  ir  the  first  two  issues  of  each  month  (1st  and  2nd 
Wednesdays)  completely  cover  the  municipal  engineering  and  contracting  field.  The  articles  in  the 
first  and  last  issues  of  each  month  (1st  and  4th  Wednesdays)  completely  cover  county  engineering  and 
highway  engineering  and  contracting.  The  artichs  in  the  third  and  last  issues  of  each  month  (3rd  and 
4th  Wednesdays)  completely  cover  steam  and  electric  railway  location,  design  and  construction.  See 
.  the  "mast  bead"  on  the  first  page  of  the  Weekly  News  Section  for  information  about  our  weekly 
contract   news. 


Roads  and  Streets — 1st  Wednesday 

la)    Roads  (c)   Street   Cleaning 

lb)    Streets  (d>    Municipal    Miscellanies 

Waterworks  and   Hydraulics — 2nd  Wednesday 

'a)    Waterworks  (ct    Irrigation    and     Drainage 

lb)   Sewers   and   Sanl-        (d)   Power   and   Pumping 
latlon 

(e)    Management  and  Offlc« 
System 


Railways    and    Excavation — 3rd    Wednesday 

la)    Excavation   and  (ci   Quarries  and    Pits 

Dredging  (d)    Railways,    Steam    and 

<h)    Rivers    and    Canals  Electric 

(e)    Management  and  Office 
System 

Buildings  and   Structures — 4th   Wednesday 

(a)  Buildings  (c)    Harbor  Strurlur-s 

(b)  Bridges  (d)   Miscellaneous    Structures 

(t)    Properties  of  Materials 


Copyriqht,   1919,   by  the   Engineering  and   Contracting    Publishing  Company. 
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Why  an   Engineer  Should  Be  Ap- 
pointed on  the  I.  C.  C. 

There  is  a  vacanr-y  on  the  Interstate  Commerce  Commis- 
sion. What  are  engineerin,g  societies  doing  to  persuade 
President  Wil.son  to  appoint  an  engineer  to  fill  the  vacancy? 

In  a  recent  address.  E.  R.  Ripley,  president  of  the  Sani.i 
Pe  Ry.,  said: 

"The  Interstate  Commerce  Commission  has  been  in  exist- 
ence about  thh'ty-two  years.  It  has  had  many  able  men  in 
its  .nial<eup  and  many  not  so  able.  Some  have  been  appointed 
because  of  their  political  activities,  or  as  a  reward  for  some- 
thing else.  It  is  singular  that  it  has  never  had  among  its 
members  either  a  railroad  man.  a  business  man.  a  shipper,  or 
a  farmer.  Once  a  railroad  conductor  was  appointed,  and  it  is 
only  fair  to  say  that  he  made  one  of  the  best  commissioners 
\v?  have  had.  There  has  been  a  notable  absence  of  men  spe- 
cially educated  or 
trained   for  the  work."  ..^— «i— ^—^^^^^^^^.^^^^—^ 

It  may  be  added  that 
no  engineer  has  ever 
been  a  member  of  this 
great  rate-making  com- 
mission; yet  nearly  all 
the  literature  on  ap- 
praisals and  rate-making 
has  been  written  by  en- 
gineers. The  contribu- 
tions to  that  literature 
from  others  than  engi- 
neers have  not  only  been 
meager  but  devoid  of 
originality. 

Where     the    literature 
of  a  technical   subject- 
such    as     valuation    and 
rate  -  making  —  has      be- 
come voluminous,  only  a 


28  Pages  =  40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  1 12  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


technically  trained  man  is  likely  to  attempt  to  master  it  and 
keep  abreast  of  its  new  developments.  Hence  the  great  inipor- 
'nnce  of  having  at  least  one  i^nginoer  on  the  commission. 

Of  course  the  old  fallacious  argument  will  be  put  forward 
to  the  effect  that  the  commission  employs  engineers,  ami  con- 
sequently needs  none  amoii'.:  its  uiembers.  The  editor  was 
the  chief  engineer  of  a  state  railway  commission,  and  knows 
that  the  commission  more  than  once  erred  in  its  decisions 
b(  cause  it  did  not  consult  its  engineer  in  making  them.  Com- 
missions, liarticularly  where  composed  of  lawyers,  are  prone 
to  ih'iik  that  they  Jiave  a  full  uiiderslading  of  technical  terms 
and  their  signiticance,  when  in  reality  they  frequently  have 
eilh>  r  a  misunderstanuing  or  a  quite  incomplete  comprehen- 
sion. We  venture  to  say  that,,  not  half  the  rate-making  com- 
missioners in  .America-  state  and  interstate  -could  pass  an 
ejcaminaiion  on  the  meaning  of  two  terms  tliat  they  use  re- 
p--at^Hlly.  namely,  "maintenance"  and   "depreciation." 

When  will  it  be  gener- 
ally  realized  thai  tech- 
nical cases  should  be 
tried  before  <ourts  that 
are  at  least  partly  tech- 
nical? Years  ago.  .Judge 
I'elt-r  Grosscup  pointed 
out  tliat  valuation  and 
rate-making  are  tech- 
nical problems,  ami  that 
technical  courts  should 
try  teclinical  cases.  Hut 
until  technical  men. 
through  their  organiza- 
tions, persuade  piesi- 
dents  and  governors  that 
this  is  a  fact,  we  shall 
continue  to  see  non-tech- 
nical commis.^ions  and 
courts  gravely  trying  to 
solve  ))roblems  that  are 
hevond  them. 
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How  to  Overcome  the  Opposition 

of  Street  Car  Lnions  to 

Conductorettes 

Till'  rietroit  I'liiloil  Kailwav  Co.  rt'<|iiesli'(l  llu'  lalu)r  union 
to  withdraw  its  objei-lioii  to  tlu>  eniployinciil  of  women  as 
conductors,  but  the  union  refused  to  chaii);e  Its  attitude. 

In  New  York  state  a  hill  has  just  heen  iiassed  to  "protect 
conductorettes"  by  limiting;  their  working  hours,  hut  the 
real  object  of  the  bill  was  to  prevent  the  employinent  of 
women  as  conductors.  What  will  happen  to  that  hill  when 
women  Ret  universal  sutTniKe  is  easy  to  forecast.  But  it  is 
not  so  easy  to  predict  the  outcome  of  the  strug.s^le  of  labor 
unions  to  prevent  women  from  acting  as  conductors.  Tlii. 
"platform  men"  of  Cleveland  h;>.ve  succeeded  in  ousting  the 
women.  Evidently  Detroit  is  about  to  succeed  in  similar 
manner. 

Several  sophistical  reasons  are  given  for  opposing  the 
einploymtnt  of  women  as  conductors.  The  real  reason  is 
the  desire  of  men  to  hold  the'lr  jobs;  and  who  can  oppose 
that  very  natural  desire?  When  it  is  contended  that  collect- 
in?  fares  on  a  car  is  an  occupation,  that  women  can  perform 
well,  men  conductors  know  thai  the  contention  is  unanswer- 
able: but  they  also  know  that  they  themselves  lack  the 
training  that  would  fit  them  to  do  better  in  some  other 
occupation. 

The  problem  seems  to  simmer  down  to  this;  Train  street 
car  conductors  tc  do  skilled  work  that  will  pay  them  better; 
and  pending  Iheir  securing  the  better  job,  pay  them  the 
wages  they  would  have  received  as  conductors.  We  believe 
it  will  not  be  many  years  before  it  is  generally  admitted 
that  it  is  a  legitimate  function  of  government  to  train  work- 
ers and  to  support  them  during  the  training  period.  When 
this  is  done,  the  opposition  of  labor  unions  to  women  workers 
will  cease;  so,  too.  will  their  opposition  to  labor  saving 
machinery  vanish.  Back  of  all  suCh  opposition  now  is  the 
dread   of  losing  jobs. 

In  America  the  demand  for  goods  and  services  is  illimit- 
able, but  wp  have  yet  to  learn  how  to  shift  workers  (juickly 
and  without  friction  from  one  occupation  to  another.  It  will 
be  e.xpensive  to  train  workers  and  to  support  them  during  the 
training,  but  it  has  been  tar  more  expensive  not  to  do  so. 


Chicago   Milk   Drivers  Paid   More 
Than  Assistant  Professors 

In  addressing  the  Chicago  Teachers'  Federation,  Prof.  J. 
Paul  Goode,  of  the  University  of  Chicago,  said: 

"I  have  not  prepared  this  part  of  my  lecture,  but  I  can 
prepare  it  in  about  a  minute.  The  average  milk  driver  is 
paid  more  than  any  assistant  professor  in  the  University  of 
Chicago.  A  janitor  gets  more  than  a  school  principal. 
Plumbers  get  more  than  teachers.  That  is  because  milk 
drivers  and  plumbers  and  janitors  have  unions. 

"More  and  more  of  the  teachers  are  forming  unions  all 
over  the  country-  There  is  an  average  of  one  union  of  that 
kind  admitted  every  day  into  the  American  Federation  of 
Labor. 

".AH  honor  to  the  teachers  who  in  the  early  days  were 
brave  enough  to  come  to  the  rescue  of  the  teaching  profes- 
sion  and  start   federations." 

The  milk  drivers'  union  in  Chicago  recently  struck  to  get 
?.3.5  a  week,  and  got  it.  Whereupon  the  milk  dealers  added 
a  cent  a  quart  to  the  price  of  milk,  and  more  than  reimbursed 
themselves  for  the  rise  in  wages.  But  underpaid  school 
teachers  in  Chicago  have  not  been  able  to  get  an  adequate 
increase  in  salaries,  in  spite  of  the  general  admission  that 
they  are  entitled  to  it.  Much  the  same  condition  holds 
throughout  America.  Is  it  to  be  wondered  that  one  new 
teachers'  union  is  being  admitted  daily  to  the  American  Fed- 
eration of  Labor? 

There  has  been  surprisingly  little  editorial  comment  on 
the  new  phenomenon  of  the  formation  of  professional  unions 
that  have  joined  the  great  labor  federation.  Most  civil  engi- 
neers have  not  yet  taken  seriously  the  Draftsmen's  and 
Designers'  Union,  yet  they  now  number  more  than  5.000  mem- 
bers. Doubtless  the  teachers'  union  is  still  looked  upon  by 
most  educators  as  being  only  a  sporadic  outcome  of  war  con- 
ditions. But  is  it  merely  that?  We  doubt  it.  From  time 
immemorial   teachers   have  been   underpaid.     For  the  matter 


of  that,  80  have  nearly  all  salaried  professional  men.  The- 
wiir-cugcndorcd  rise  in  prices  has  merely  served  to  rouse 
salaried  pr(>fessl(Uial  incn  and  women  to  a  di'tiTuiiiiation  to- 
put  an  end  to  n  cundit.'oti  of  long  standing. 

Municipal  Ownership  Experiments 

with  Traction  Lines  in  Two 

Large  Cities 

Seattle  has  purchased  a  <'omplete  street  railway  system  at  a 
bargain,  having  paid  only  $1,'),«00,000  for  a  plant  that  would 
cost  fully  $!','>, 1100. otiO  to  reproduce.  If  Seattle  can  not  make 
its  municipal  railway  protilahle  it  is  a  safe  bet  that  no  other 
city  can.  for  Seattle  has  cheap  hydroelectric  jiower.  very  low- 
priced  traction  lines,  and  as  clean  politics  as  will  be  found 
;'n.\  where.  Yet  we  look  to  see  anylhiiig  bill  :i  prolitable 
outcome. 

Seattle  is  a  growing  city  and  there  will  be  incessant  de- 
mands for  extensions  of  the  traction  lines  into  the  outlying 
districts.  The  city  will  yield  to  many  of  these  demands, 
and  will  soon  learn  the  meaning  of  "railway  development 
cost."  or  the  delicit  in  fair  return  on  the  investment  in  new 
railway  lines.  Already  "The  Industrial  Association  of  the 
South  fJnd"  is  urging  the  expenditure  of  $7.5.000  for  a  two- 
mile  extension  Other  similar  pleas  will  follow,  and  it  will 
go  hard  with  the  city  councilmen  who  vote  against   them. 

In  our  issue  of  May  21.  Mr.  M.  M.  O'Shaughiiessy.  city 
engineer  o:'  San  Francisco,  charged  us  with  being  "unfair 
and  misleading"  in  an  editorial  relative  to  the  San  Francisco 
municipal  railway  lines.  His  contention  is  that  the  "mu- 
nicipal railway  is  in  a  healthy  and  sound  financial  condition" 
after  6  years'  operation.  Mr.  O'Sliaughnessy  failed,  how- 
ever, to  prove  that  the  municipal  railway  earned  an  adequate 
return  on  the  investment  during  the  year  ending  .lune  30. 
15*17,  which  was  the  last  fiscal  year  for  which  we  had  a  full 
report.  His  contention  that  street  railway  companies  do  not 
set  aside  a  depreciation  annuity,  as  does  the  S.  F.  municipal 
railway,  is  not  a  sound  economic  argument  for  regarding  a 
depreciation  annuity  as  superfluous.  The  fact  remains  that 
after  deducting  tax  allowance,  depreciation  annuity  and  bond 
interest  there  was  a  deficit  of  $104,000  for  the  year  ending 
June  30,  1917 

Mr.  O'Shaughnessy  has  sent  us  a  financial  statement  for 
the  year  ending  June  30,  1918,  showing  a  net  profit  of  nearly 
$108,000  for  that  year,  as  compared  with  the  $104,000  deficit 
for  'he  preceding  year.  But  had  5  per  cent  interest  been 
paid  on  the  entire  investment  of  more  than  $6,000,000,  instead 
of  on  the  .'85,000,000  bonded  indebtedness,  the  net  profit  for 
1918  would  have  been  only  $54,000;  yet  this  was  the  best 
year  that  the  municipal  lines  have  yet  experienced  both  as 
to  gross  and  net  earnings. 

We  repeat,  therefore,  that  the  municipal  street  car  lines 
of  San  Francisco  are  not  the  gold  mine  that  municipal  owner- 
ship advocates   would  have  us  believe. 

Municipal  ownership  should  stand  or  fall  on  its  economic 
merits.  Fortunately  we  uov/  have  two  American  cities  that 
are  experimenting  in  a  large  way  with  municipal  street 
railways.  Perhaps  Detroit  will  soon  be  the  third  big  city 
to  furnish  a  similar  object  lesson.  We  hope  so,  for  we  have 
had  enough  propaganda  and  sliall  welcome  real  proof  as  to 
the  economics  of  municipal  ownership  of  traction   lines. 


A   Lawyer's    Definition  of  Homo 
Honestus 

We  have  recently  printed  several  new  definitions  of  engi- 
neering. Other  professions  are  evidently  not  satisfied  with 
old  definitions  either.  For  example,  the  Illinois  Bar  Associa- 
tion recently  offered  a  $25  prize  for  the  best  definition  of 
lawyer,  and  gave  the  prize  to  Charles  J.  O'Connor  for  the 
following  definition: 

"One  who  masters  his  case,  who  gives  a  fair  share  of  his 
surplus  time  to  the  advancement  of  jurisprudence,  who  per- 
forms his  full  duty  of  citizenship,  and  who  is  honest  witli 
court,  client,  opposing  counsel,  and  himself." 

We  had  beer,  led  to  believe  that  no  profession  is  so  exacting 
in  defining  terms  as  is  the  legal  profession,  but  this  prize 
definition  of  lawyer  jolts  our  faith  in  that  tradition.  Perhaps 
it  was  the  jibes  of  jokers  that  led  Mr.  O'Connor  to  define  a 
'awyer  as  the  species  honestus  of  the  genus  homo.     At  any 
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Tate  here  is  a  ^7-worci  deliuition  ol'  lawyer,  half  of  whifli 
specifies  integrity  as  an  integral  part  of  every  lawyer. 

We  are  reminded  of  tlie  term  by  which  good  whist  players 
designate  bad  whist — biiniblei)nppy":  also  of  the  term  that 
good  poets  apply  to  poor  poetry — "doggerel."  Now  that  a 
tar  association  has  automatically  banned  bad  attorneys  by  a 
definition,  perhaps  lawyers  will  more  often  use  that  good 
old  word  "shyster." 

We  were  about  to  remark  that  engineers  had  not  excluded 
poor  engineers  from  the  profession,  when  we  reniembereci 
that   old    technical   term,    "compass    butcher." 


What  Would  Happen  Were  Street 

Railway  Wages  Based  on  the 

Rate  of  Fare? 

"The  Chicago  plan"  of  co-operation  between  the  street  rail 
ways  and  the  city  has  often  been  referred  to  as  a  good  solu- 
tion of  a  difficult  problem.  Under  that  plan  the  street  rail- 
ways were  appraised,  and  5  per  cent  return  to  capital  was 
allowed.  Net  earnings  in  excess  of  the  5  per  cent  were 
divided  between  this  city  and  the  street  railway  companies. 
The  plan  worked  well  until,  as  a  result  of  the  war.  it  became 
necessary  to  raise  wages.  Since  then  there  has  been  nothing 
but  trouble  for  all  concerned. 

The  companies  are  suffering  a  great  deficit,  the  city  has 
ceased  to  receive  any  income  from  the  railways,  and  the 
employes  are  alarmed  over  the  prospect  of  having  their  wages 
reduced.  The  mayor  is  trying  to  repudiate  the  appraisal  and 
is  uttering  the  usual  political  talk  about  "watered  securities." 
The  state  public  service  commission  is  showing  no  desire  to 
raise  rates  of  fare  for  fear  of  losing  its  popularity  if  not  its 
jurisdiction.  All  in  all.  the  Chicago  traction  muddle  is  about 
as  bad  as  it  could  be.    Why?    Politics. 

In  the  desire  to  please  the  public  by  retaining  the  nickel 
fare,  politicians  may  ultimately  encounter  an  unexpected  dif- 
ficulty. Suppose  the  street  railways  were  to  offer  their  em- 
ployes a  sliding  scale  wage  based  on  the  rate  of  fare,  much 
as  copper  producers  pay  the  miners  according  to  the  price 
of  copper.  Suppose  the  street  railway  employes  accepted  the 
offer  and  then  struck  to  force  the  public  to  raise  the  fare  to, 
say,  7  cents.  Suppose  labor  unions  were  to  join  in  a  sympa- 
thetic strike.  Would  politicians  then  find  it  popular  to  con- 
tinue starving  the  street  railways? 

We  have  been  accustomed  to  think  of  capitalists  and  labor 
unions  as  being  inevitably  antagonistic.  But  may  not  the 
antagonism  of  the  public  toward  public  utility  companies  and 
railways  lead  to  a  defensive  alliance  between  those  com- 
panies and  their  employes?  If  such  alliances  come  into 
existence,  may  not  the  voting  power  of  the  employes  cause 
politicians  to  reverse  their  present  attitude  of  antagonism  to 
increased  rates? 


Deferred  Maintenance 

The  maintenance  of  railway  and  public  utility  plants  w^as 
subnormal  during  the  war,  and  is  far  from  normal  yet.  Con- 
gress seems  to  be  on  the  verge  of  lol)ping  off  half  a  billion 
dollars  from  the  "revolving  fund,"  leaving  only  three-quarters 
of  a  billion  dollars  for  the  railways  at  a  time  when  there  is 
sore  need  of  funds  for  maintenance  and  betterments. 

Nearly  three-quarters  of  a  million  soldiers  are  to  be  de- 
mobilized before  autumn,  yet  even  now  there  is  difficulty  in 
finding  jobs  for  all  the  "dough  boys."  It  is  the  clear  duty  of 
everyone  to  lend  a  hand  in  the  rehabilitation  movement. 
Moreover  it  will  be  profitable  not  to  delay  maintenance  work 
any  longer:  for,  as  Maj.  Klihu  Church  has  said.  "If  while  you 
wait  for  the  price  of  roofing  to  come  down,  down  will  come 
the  roof." 


Railway  Surveys  and  Government 

Maps 

When  a  new  railroad  project  of  any  magnitude  is  under 
■consideration,  the  engineer  in  charge  necessarily  has  recourse 
to  maps,  even  before  any  reconnaissance  is  made  of  the  pro- 
posed route.  First,  usually,  a  small  scale  map  on  which  a 
route  of  perhaps  several  hundred  miles  may  be  taken  in  al 
a  glance  and  its  location  shown  with  reference  to  competing 
and  connecting  transformation  lin'-s;  next,  a  larger  scale 
map  on  which  some  of  the  more  prominent  features  of  align- 
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ment    may   appear,    together    with    the    approximate    locatior 
ot  stream  crossings  and  other  controlling  points. 

Very  seldom  has  it  been  in  the  past  that  an  engineer  be- 
fore going  into  tlie  field  for  a  reconnaissance  has  had  avail- 
able any  more  detailed  map  than  those  Indicated  above.  In 
many  cases  the  best  of  ihese  have  later  been  found  partly 
inaccurate,  especially  with  reference  to  the  sparsely  settled 
districts.  C.oveinment  and  state  maps  on  a  .scale  of  from  G 
to  12  miles  to  an  inch  and  with  the  streams  and  tributaries 
correctly  located  have  proven  invaluable  to  locating  engineers 
who  had  a  general  knowledge  of  to|)ogra|>liic  forms  and  their 
geological  origin  in  the  region  to  be  traversed.  The  back  of 
still  better  maps,  su<-h  as  small  scale  contour  maps,  has  often 
been  felt,  tor  these  could  very  well  save  the  work  of  con- 
siderable preliminary  field  reconnaissance,  such  as  is  neces- 
sary when  the  country  is  at  all  rough  and  there  is  likely  to 
be  a  choice  in  routi  s  between  consecutive  points. 

It  is  undoubtedly  well  knowi;  to  tue  majority  of  railway 
I'ligiiieers  that  there  are  map-making  bureaus  of  the  national 
government  which  publish  small  scale  contour  maps  of  sec- 
tions of  the  country  as  'asl  as  the  surveys  are  completed. 
Tl-.e  IT.  s.  (ieological  Survey  in  particular  has  been  engaged 
in  this  map-making  as  a  part  of  its  work  for  a  good  many 
yfar.>.  but  even  now-  has  covered  but  a  small  proportion  of 
the  country  The  U.  S.  Coast  and  Geodetic  Survey  also  has 
done  considerable  mapping.  It  is  a  matter  of  some  doubt 
as  to  whether  railway  engineers  fully  appreciate  the  use  to 
which  these  maps  may  be  put  where  they  are  available.  The 
scales  of  the  U.  S.  Geological  Survey  (juadrangles.  it  will  be 
recalled,  are  approximately  1,  2  and  4  miles  to  the  inch,  re- 
spectively, and  witli  a  contour  interval,  commonly,  of  20  ft. 

A  topographic  map  on  a  scale  of  1  in.  to  the  mile  and  a 
contour  interval  of  2(1  ft.,  has  enough  detail  to  serve  many 
purposes:  A  very  little  study  on  it  will  show  which  of  sev- 
eral routes  in  a  general  direction  is  the  best;  further  study 
will  give  quite  closely  the  probable  grade  in  feet  per  mile 
of  this  most  favorable  line  and  some  idea  of  the  alignment 
and  amount  of  development:  condensed  profiles  may  be  plot- 
ted by  scaling  from  the  contours  and  used  for  various  com- 
parative purposes.  Existing  lines  of  railroad  already  shown 
on  a  contour  map  and  probably  very  economically  located 
for  tlie  tratfic  originally  in  sight,  have  been  rebuilt  and 
changed  somewhat  in  alignment,  and  for  these  changes  the 
contour  map  has  pro\en  invaluable.  Drainage  areas  may  be 
scaled  from  these  maps  with  sufficient  accuracy  in  many,  if 
not  most,  cases,  to  jiroperly  i)roportion  the  size  of  waterways, 
thus  saving  the  exiietise  of  a  drainage  area   sM?vey 

In  I  lie  last  annual  report  of  the  U.  S.  Coast  and  Geodetic 
Survey,  the  Superintendent,  in  making  a  i)lea  for  increased 
appropriation  lor  the  Division  cf  Geodesy,  gives  an  instance 
of  a  topographic  nnip  hiiving  been  made  by  the  Geological 
Survey  in  the  state  of  .Michigan,  in  cooperation  with  a  cer 
tain  railroad.  As  a  result  of  the  survey,  a  gap  or  iiass  was 
found  among  some  hills  which  permitted  the  railroad  to  join 
two  iila<es  at  a  very  great  reducion  of  cost  over  what  the 
expease  would  have  beer,  if  it  had  been  necessary  to  skirt 
the  liilly  country  or  build  the  road  through  some  pass  which 
was  higher  in  elevation.  It  was  stated  by  the  olUcials  of  the 
railroad  that  the  saving  to  the  company  in  finding  that  one 
jiass  was  nmcli  greater  than  the  total  cost  of  the  toiiographic 
survey.  The  Superintendent  (piotes  the  chief  engineer  of 
OTIC  ot  the  western  railroads  as  sttUing  that  the  topographic 
surveys,  as  published  by  the  Geological  Survey,  were  of  the 
greatest  value,  since  it  was  often  possible  to  choose  a  route 
between  terminal  poin's  by  reference  to  the  published  (piad- 
rangles  tlmt  would  be  far  better  than  could  possibly  have 
been  selected  had  those  maps  not  been  in  existence.  In  the 
extension  of  the  electric  railway  interurban  lines,  govern- 
ment contour  maps  may  be  of  great  benefit.  The  selection 
of  reservoir  sites  in  certain  regions,  in  connection  with  rail- 
road water  supply,  has  also  been  aided  by  small  scale  con- 
tour maps. 

The  war  has  stimulated  interest  in  map  making  and  in  the 
use  of  maps  for  many  purposes  It  is  believed  that  in  future 
it  will  be  easier  to  gel  geix-rous  appropriations  from  Con- 
gress for  carrving  on  Government  survey  work  than  it  has 
been  in  the  past,  on  account  of  the  increased  demand  for 
maps.  Certainly  railway  engineers  should  be  interested  in 
the  e:irlv  completion  of  ihc  entire  topographic  map  of  the 
Hnited  States,  and  should  lend  their  support,  together  with 
other  interested  engineers,  to  the  enlarging  of  this  branc'i 
of  Government  work. 
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The  Ideal  Shop  for  Sharpening  Drill 

Steel 

Viihiable  siiKpi'siions  rt'lalivi-  to  elliclont  niethoils  aiui  sat- 
isfactory means  for  the  proilucllon  and  upUoep  of  drill  steol 
were  given  liy  Mr.  George  11.  Cillman,  I'hief  Knglneer  of  tho 
Piieuniatie  Drill  and  Channeler  Oeiiartnient  of  the  Snllivan 
Machinery  Co.,  in  an  article  in  Kngineering  and  Mining. 
The  article,  which  is  reprinted  below.  Is  the  result  of  a  per- 
sonal investigation  of  a  great  variety  of  conditions  In  differ- 
ent sections  of  the  country. 

The  selection  of  the  best  form  of  eiiniliment  to  meet  a 
given  set  of  conditions  is  d»'pendent  upon  a  number  of  fac- 
tors, and  the  extent  to  which  it  is  profitable  to  go,  in  provid- 
ing fncl'.ities  for  a  drill-steel  enuipment.  Is  largely  governed 
by  the  volume  of  material  to  be  handled,  which  may  be  deter- 
mined by  the  number  of  rock-drilling  machines  employed  and 
the  character  of  the  ground.     In  general,  it  may  be  assumed 


liy  shadows;  in  addition,  to  meet  the  reciuirements  of  a  shop 
1)1  the  size  and  type  herein  desiiibed.  certain  feat\ires  ot 
ei|iii|iMienl   are  vii'iiiiniH'iulcd   in  'I'aliU'   1. 

Equipment  for  Transporting  Drill  Steel.  In  oilier  (o  obtain 
maxinuiMi  elllcieMey  in  a  drillsteel  plant  it  is  essential  that 
the  Irnnsportallon  of  the  drill  sti'el  be  accomplished  expedi- 
tiously and  with  a  minimum  efl'ort,  for,  regardless  of  how 
suitable  the  nieclianlcal  e<|iiipment  may  be,  it  is  impossible 
to  secure  and  maintain  maximum  production  from  the  ma- 
chines and  furnaces  If  a  suilable  means  of  transportation  con- 
forming to  the  requirements  of  the  plant  is  not  provided. 

To  meet  the  reciulrements  of  the  type  of  plant  described  In 
this  paper  It  is  recommended  that  the  shop.  Fig.  1,  be 
equipped  with  a  permanent  track  and  turntable  the  gage  of 
which  corresponds  to  the  standard  gage  of  the  mine  or  quarry 
tracks,  provided  such  gage  does  not  exceed  36  In.  For  trans- 
porting the  drill  steel  to  and  from  the  shaft,  or  loading  plat- 
form, a  division  car  of  the  Copper  Queen  type.  Fig.  2,  will  be 
found  to  meet  tlie  requirements  satisfactorily.     This  car  may 


Fig.  1 — Floor  Plan  of   Ideal  S 

that  for  a  mine  or  other  permanent  rock-e.xcavating  plant  of 
sufficient  capacity  to  varrant  the  installation  of  a  mechan- 
ical drill-sharpening  machine  a  drill-steel  plant  equipped 
with  the  facilities  herein  described  and  possessing  the  fol- 
los'ing  qualifications  is  warranted. 

Primary  Requirements  of  a  Sharpening  Plant. — Primarily  a 
diill-steel  plant  having  one  mechanical  sharpener  should  be 
designed  so  that  the  output  of  the  smith  and  his  helper  may 
be  doubled  by  the  addition  of  two  men.  without  any  increase 
in  the  original  shop  equipment  being  necessary,  and  to  pro- 
vide for  possible  growth,  it  should  be  so  constructed  that  by 
adding  space  and  certain  features  of  equipment  to  one  end 
only  of  the  building  the  capacity  may  be  increased  further  at 
slight  expense  without  making  any  change  in  the  original 
equipment:  that  the  various  operations  required  to  make  the 
drill  steel  and  to  reforge  and  temper  used  steel  are  performed 
with  the  fewest  possible  movements  and  with  the  least 
amount  of  exertion  on  the  part  of  the  operator;  and  that  the 
character  of  the  work  when  executed  conforms  with  the 
established  standard  for  the  existing  conditions. 

To  secure  these  results  the  building  should  be  of  such  size 
that  the  various  machines  and  their  appurtenances  may  be 
placed  in  the  most  advantageous  position.  It  should  be  built 
of  materials  that  are  accessible  and  in  conformity  with  the 
standard  surface  equipment  of  the  mine.  It  should  be  lighted 
in  such  a  manner  that  the  piece  being  worked  upon  and  the 
operating  end  of  the  machine  employed  are  clearly  visible  to 
the  operator,  so  that  his  vision  of  the  parts  is  not  obstructed 


hop  for  Sharpening   Drill   Steel. 

he  equipped  with  a  bO']y  detachable  from  the  truck  to  facili- 
tate the  work  of  transferring  the  drill  steel  to  the  mine  skip, 

TABLE    I.— EQUIPMENT    FOR   DRILL,- STEEL,   SHOP. 

Transportation — 
106  ft.    of   24-in.    f.'age   track    (rail   35    lb.    per    yd.)    comprising    36 
wood   ties   4x6x3G    in. 
4  Mine-car  turntables — 24-in.   gage. 
1  Turn   plate    (if  reciuired). 

%  Compartment  cars  with  revolving  tx)dy  (Copper  Queen  type). 
3  Division  cars  with  detachable  body  (Copper  Queen  type). 

Furnace — 

1  Forging-  furnace   (oil   or  gas   burner). 

1  Tempering  furnace   (oil  or  gas  burner). 

2  Drill-Pteol    supports    for   furnaces. 

2  Ventilators  with  hoods  for  furnaces. 

1  Oil    storage    tank. 

1-in.   pipe  with   fittings  for  low-pressure  air  supply. 
14 -in.  pipe  with  fittings  for  fuel  supply. 

2  Pyrometers,    equipped    with    base    metal    couples    having-    in- 

dicating   voltmeter    and    cabinet, 
^.l-in.   electrical-conduit  piping   (for  pyrometers). 
2  Pyrene    fire    extinguishers. 

Sharpener —  ,.  j,    j,  „. 

1  Drill   sharpener  with   full   equipment   of   dies   and   doUies.    in- 
cluding supplementary  gaging  dies  and  pneumatic-hammer  punch. 
IH-in.    pipe    with    fittings   for    compressed-air    supply. 
1  Storagft    cabinet    for    drill-sharpener    appurtenances. 
•>  Suspended  drill-steel  supports   (for  sharpener  and  grinder). 
i  Floor     f.rinder     (direct     electric-driven)     with     two     grinding 

■wheels   lSx3    in. 
1  Electric  switchboard   for  motor. 


machine       (Homestake 


Tempering — 

1  Rotarv    quenching    and      tempering 

tvpe)     with   1-hp.   motor. 
1  Electric  switchboard  for  tempering-machine  motor, 
1   Oil-quenching  tank  with  cyanide  receptacle. 
1  Ventilator  with  hood  for  cyanide  receptacle. 
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Racks.  Tables  and  Accessories — 

1  Inspection  and  bundling  i:u-k  with  incline,  equipped  with  one 
ga.se  cabinet. 

1  Storage  rack  for  drill -steel  bar  stock. 

1  Storage  rack  for  finished  di  ill  steel 

1  Used  steel  table. 
Sanitar.v   Etiuipment — 

1  Sanitai->-  drinking  fountain. 
4  Steel   double -deck  lockers. 

2  Vv'ash  basins. 

1  Sanitary  lovvel  r.ick. 
1   Urinal. 
1  Flush  bowl. 
1   Eniergenc.v  cabinet. 
General   Equipment  — 

1   \Sork  bench  equipped  with  .'•-in.   machinist's  vise. 
1  Desk  with  drawers  and  hinged  lop. 
1  SOO-Ib.  nnvil. 

1  Set  of  hand  chisels  and  sledses. 

2  ">O0-watt  Mazda  lamps  with  reflectors. 
1   (lO-watt  Maz'la  lamp  with  reflector. 
Water  piping. 

Compres-sed--iir  piping  and  l.o.se  fi|uiiipcd  with  Davies  l>l.>wpiin. 
Waste  piping. 
Oil  piping. 
Electric  wiring. 
Concrete  floor. 

cage  or  wagon  without  removing  the  bars  from  the  receptacle. 
or  it  may  be  emplo.ved  lor  the  purpose  intact,  and  in  the  case 


3.  Temperature    reijuired    to    insure    proper    resull.s,    and 
means  for  its  regulation  and  maintenance. 

4.  I.,ocal  conditions. 

5.  Most  convenient  and  economical  cycle  of  operations. 
Gas  as   fuel   is  recommended   where  it   is  available  at   low 

cost,  but  as  oil  is  of  necessity  adopted  in  a  large  majority  of 
mining  camps  in  this  country,  the  employment  of  either  as  a 
heating  agent  will  apply  to  the  type  of  furnace  described 
h(-iein.  For  present-day  requirements  of  the  average  mine  or 
quarry,  situated  in  many  instances  in  remote  and  inaccessible 
places,  where  the  carrying  of  a  varied  stocli  of  refractory 
material  is  no'  only  difficult  but  also  expenssive,  simplicity  of 
furnace  design  with  special  regard  to  repairs  should  be  con- 
sidered primarily.  With  this  in  view,  the  refractory  material 
us"d  in  the  construction  of  a  lurnace  should  be  composed 
solely  of  standard-size  firebrick,  procurable  in  almost  every 
local  market,  and  it  sliould  be  assembled  in  such  a  manner 
as  to  enable  any  blacksmith  to  repair  or  rebuild  it  with  ease 
and  success. 

The  heating  chamber  of  the  furnace  sliould   preferably  be 
of  such  pize  and  shape,  and  its  burner  so  positioned,  ilial  the 


•of  a  mine  the  whole  may   be  lowered  to  the  different  leve 
where  the  distribution  of  the  steel  may  be  made  in  conform- 
ity with  standard  piactice. 

The  compartment  car.  Fig.  'i.  consists  of  a  truck  having  the 
wheel  gage  corresponding  to  the  track  standard,  on  which  is 
mounted  a  revolvable  compartment  body  supported  by  a  bail 
hearing  and  equipped  with  a  latch  for  locking  the  body  with 
relation  to  the  truck  in  any  desired  position.  This  car  is  em- 
ployed for  transporting  the  steel  from  the  sorting  table  and 
the  oil-quenching  tank  to  the  heating  forges.  In  it  the  vari- 
ous lengths  of  steel  are  segregated,  and  by  virtue  of  the 
revolvable  body  the  insertion  and  removal  of  the  drill  steel 
is  accomplished  advantageously.  Subsequent  to  the  final  heat- 
ing of  the  bit  the  steel  is  transported  mechanically  by  the 
tempering  machine  and  deposited  upon  the  inspection  rack 
Fig.  4.  whence  it  is  loaded  into  the  division  car  and  trans- 
ported from  the  shop. 

The  four  turntables  with  wliicli  the  track  system  is  equipped 
.provide  means  for  the  cars  to  be  bypassed  at  any  point  ex- 
cept the  dead  end  and.  by  having  the  main  line  extend 
through  the  building  longitudinally,  a  convenient  means  Is 
provided  whereby  the  track  system  of  the  shop  may  be  in 
intercommunication  with  the  yard  system  and  the  other  de- 
partments of  the  mine  plant.  At  the  outside  of  the  building 
adjacent  to  the  main  entry  a  turn  plate  is  provided,  composed 
of  boiler  plate  %  in.  thick,  lo  facilitate  the  switching  of  the 
cars  to  and  from  a  series  of  tracks  from  the  yard  system 
which  may  terminate  at  the  outer  edge  of  the  plate. 

Heating  Furnaces  for  Forging  and  Temperinc.. — The  lual- 
ing  of  rock-drill  steel  preparatory  to  forging  and  tempering 
the  bit  and  shank  end  is  an  engineering  problem  and  it  must 
be  considered  as  such  if  maximum  efficiency  is  to  be  obtained 
The  success  of  the  furnaces  employed  depends  upon  the  typ.' 
and  the  method  adopted  for  their  operation.  In  order  to 
perform  their  function  in  the  most  uniform  and  econonii<al 
manner  they  must  be  constructed  according  to  scientific  piiu 
•Clples  in  which  the  following  considerations  serve  as  a  basis; 

1.  Size  and  shape  of  tlie  drill  steel  to  be  treated. 

2.  Quantity  of  drill  steel  to  be  treated  during  a  specitieil 
time. 
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steel  if  heated  by  reflection  or  radiation  rather  than  by  direct 
impingement  of  the  flame  on  the  metal.  This  will  prevent 
blistering  and  reduce  the  formation  of  excessive  scale  which 
is  likely  to  result  if  tlie  flame  is  caused  to  play  directly  on 
the  metal.  The  heating  chamber  should  be  of  such  size  as  to 
absorb  econoiiMcally  the  heat  of  the  products  of  combustion. 

.\  certain  amount  of  flexibility  that  may  be  taken  advantage 
of  by  an  untrained  operator  is  desirable,  inasmuch  as  the 
character  of  the  tiaine  required  for  lieating  to  the  best  advan- 
tage, standard  types  of  "s  -  in.  hexagon  and  IH-in- 
round  hollow  steel  will  vary  with  the  size  of  the 
i)it  and  the  shape  of  the  drill  shank:  and.  in  the  case 
of  the  lugs  or  collars  on  the  shank,  will  require 
only  .lie  heating  of  that  portion  to  be  upset,  without  affect- 
ing file  extreme  end  of  the  bar.  and  thus  obviate  the  neces- 
sity of  cooling  the  lip  beforf  it  is  inserted  in  the  dies  of  the 
d'ill  sharpener.  Thf?  flexibility  may  be  seciired  by  employ- 
ing a  burner  of  such  construction  that  a  perfectly  round  or 
fan-siiaped  flame  is  produced  at  will  by  the  operator  by 
n'.erely  adjusting  a  thumb-screw.  .\nother  desirable  feature 
of  such  a  furnace  is  to  have  at  the  end  of  the  chamber  from 
wliicli  the  drill  steel  is  withdrawn  a  maximum  heat  zone  of 
constant  and  uniform  temperature  from  which  the  temper- 
ature is  lowered  gradually  but  to  an  appreciable  degree  to- 
wrird  the  end  opposite  where  the  steel  is  inserted.  This  will 
give  the  steel  time  to  absorb  Ihe  heat  gradually,  and  will 
secure  uniformity  in  the  opening  of  tin'  grain  as  the  steel 
bars  are  handled  in  rotation. 

It  lias  been  determined  by  experiment  that  a  time  period  of 
■1  minutes  is  desirable  for  heating  the  larger  sizes  of  bits 
formed  on  IVi  in.  round  hollow  drill  steel  and  in  order  to 
insure  an  oupiif  of  one  steel  every  30  seconds  from  the  forg- 
ing furnace,  the  mouth  or  opening  lor  the  insertion  of  the 
steel  should  be  2  ft.  0  in.  long  with  a  height  of  '.'.V,  in. 
Pyrometer  readings  should  be  taken  from  that  part  of  (he 
furnace  directly  adjacent  the  drill  steel  at  the  point  of  with- 
drawal. 

If  desirable,  the  low-pressure  air  supply  for  the  furnace 
may  be  secured  from  the  main  high-pressure  air  supply  of 
the  mine  or  quarry,  in  which  case  a  pressure-reducing  valve 
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should  be  used  to  secure  ii  terminal  pressure  of  approximately 
15  lb.  below  the  lowest  (liictuation  of  the  nialnliiu'  pressure. 
This  redueini;  valve  may  be  plaeed  in  the  wall  adjaeent  to 
the  point  at  whl<ti  air  enters  the  buiUlinK.  tioni  whieli  a  su])- 
plementary  low-pressure  air  duet  is  provideil  lor  the  two  fur- 
naces, as  shown  in  Kip.  lA. 

To  obtain  the  best  results  from  any  type  of  burner  in  point 
of  economy  and  ease  of  operation  it  Is  of  prime  Importance 
to  have  both  the  oil  and  the  atomizing  apent  as  constant  and 
steady  as  possible.  After  passing  through  the  jiressure- 
reducing  valve  it  is  desirable  to  have  the  air  for  the  ftiriuice 
supply  pass  through  a  pipe  mounted  directly  over  and  run- 
ning lengthwise  with  the  mouth  of  the  furnace.  In  this  pipe 
provision  may  be  made  by  drilling  a  series  of  small  holes 
directed  downward — for  the  escape  of  a  part 
of  the  air  which  will  serve  the  double  func- 
tion of  preventing  the  waste  gases  from 
tiowing  out  in  the  face  of  the  operator— 
and  assisting  in  lieeping  cool  that  section  of 
the  drill-steel  bar  that  projects  from  the  fur- 
nace. After  passing  along  the  mouth  of 
the  furnace  the  air  should  preferably  mal<e 
two  three-quarter  circuits  on  the  top  of  tiie 
brickwork,  but  inside  of  the  cast-iron  casing, 
for  preheating  it,  preparatory  to  admission 
to  the  burner.  Fig.  h  shows  a  furnace  con- 
structed along  these  lines. 

The  drill-steel  support  shown  by  Fig.  6 
provides  a  simple,  rugged  and  convenient 
means  for  supporting  the  drill  steel  during 
the  heating  operation.  Constructed  from 
flat  bars  of  i>ix2-in.  low-carbon  machinery 
steel  or  wrought  iron,  it  may  be  made  by 
any  blacksmith  with  an  ordinary  forge-shop 
equipment. 

The  Drill  Steel  Sharpening  Machine. —  By 
far  the  most  essential  re<iuisitp  of  a  drill- 
steel  plant  is  the  machine  for  forging  the 
bit  and  shank  ends  of  the  drill  steel.  There 
arc  few  apparently  unimportant  items  of 
expense  that  are  likely  to  assume  more 
serious  proportions  than  the  wasting  of 
time  by  men.  caused  by  failure  of  the  ma- 
chine to  turn  out  the  finished  product  in  a 
condition  that  meets  the  requirements  ot 
the  plant.  Correct  sizing  and  shaping  oi 
rock-drill  steel  are  just  as  essential  to 
efficient  mining  as  the  efficiency  of  the  drili 
itself  and,  therefore,  a  machine  sharpener 
should  be  adopted  that  conforms  witli  these 
requirements  and  in  addition  produces  the 
bit  and  shank  end  in  tlie  best  possible  con- 
dition to  be  tempered. 

It  is  a  well-known  fact  that  the  "'standing- 
up"  quality  of  a  piece  of  steel  when  forged 
to  a   finished   sliape   by   hammering,   under 
light  rapid  percussive  blows,  isi  superior  to 
that   secured  by  any  other  known   method. 
For  this  reason  a  drill  sharpening  machine 
answering  this  requirement  is  desirable.     It 
should    be     equipped     with     means     supple- 
mentary to  the  main  forging  dies  for  gaging 
the  various  sizes  of  bits  mechanically,  with- 
in  close   limits,   and   for   punching   out    the 
axial  hole  of  the  steel  at  both  the  bit  and 
shank   ends.     In   construction   it   should   be 
strong  enough  to  withstand  w-ithout  undue  wear  or  breakage 
the  severe  service  to   which   i'^  is  subjected   and  all  control 
levers  should  be  interlocked  in  order  to  insure  the  various 
operations  being  performed   in  proper  sequence  and  with  a 
minimum  of  danger  both  with  respect  to  the  operator  and  the 
piece  being  worked  upon. 

For  the  storage  of  dies,  dollies  and  other  drill-sharpener 
appurtenances,  the  cabinet  show'n  by  Fig.  7  will  answer  the 
requirements  satisfactorily.  Placed  at  a  convenient  distance 
with  respect  to  the  drill  sharpener  and  between  the  used-drill- 
steel  table  and  the  anvil,  the  heights  ot  which  correspond,  it 
serves  also  as  a  support  for  the  drill-steel  bar  stock  when 
hsing  cut  tp  proper  length  preparatory  to  forging  and  also  as 
a  straightening  bed  for  bent  steel  by  virtue  of  the  three  bars 
of  iron  rail  with  which  the  top  of  the  cabinet  is  equipped. 

A  floor  grinder,  preferably  direct-motor-driven  and  equipped 
with  two  lSx3  in.   corundum   or  carborundum   whee's.  shou''' 


be  placed  at  the  left  of  the  drill  sharpener  where  it  will  be 
readily  accessible  to  the  operator.  The  function  of  the  wheel 
adjaci'iit  to  the  sharpener  is  that  of  stiuaring  off  the  ends  and 
redressing  drill  shanks,  while  the  wheel  opposite,  which 
■should  be  prelcrably  of  somewhat  liner  grain,  may  be  em- 
ployed for  refacing  dies  and  dollies  and  other  general  grind- 
ing. The  speed  of  the  grinder  when  driven  by  a  .'i-h.p.  motor 
should  be  1,150  r.ii.ni.  When  grinding  drill  shanks  the  steel 
may  be  supported  by  a  hook  suspended  from  an  overhead 
trolley  having  Us  track  mounted  in  alignment  with  the 
grinder  wheel  and  at  right  angles  to  the  grinder  shaft. 

The  heat  treatment  of  rock-drill  steel  is  a  factor  which 
determines  success,  as  applied  to  the  excavation  of  rock,  to 
as  great  a  degree  as  the  heat  treatment  that  is  accorded  the 
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Figs.    2-6 — Accessory     Equipment    for     Icieal    Shop    for    Sharpening    Drill   Steel. 

various  parts  that  enter  into  the  construction  of  the  drill 
itself  and,  when  the  requirements  of  the  work  are  once  fixed, 
it  is  of  the  utmost  importance  that  the  temper  of  each  piece 
be  the  same.  This  result  may  only  be  secured  by  reducing  to 
a  minimum  the  personal  equation.  While  many  expert  steel 
workers  are  able  to  determine  by  experiment  the  required 
hardening  heat  and  the  cooling  method  for  steel  of  various 
chemical  compositions,  the  human  potential  is  influenced  by 
the  physical  condition  of  the  man.  and  in  order  to  carry  the 
operation  of  tempering  beyond  the  point  of  human  influence, 
machinery  must  be  employed  as  a  substitute. 

For  the  requirements  of  a  drill-steel  plant  of  the  size  and 
type  described  herein,  the  tempering  machine  for  the  bit  end 
of  the  steel  as  developed  by  the  Homestake  Mining  Co.  is 
perhaps  the  most  satisfactory.  This  machine,  preferably 
motor  driven  ;is  shown  in  the  plan  view.  Fig.  1,  is  placed  at 
1   point  adjacent  both  to  the  tempering  furnace  and   to  the 
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main  water  supply,  and  js  so  positioned  and  f(|iiipp.-d  with 
guide  liangers  that  the  drill  steel,  when  discharged  falls  o-i 
the  inspection  rack  where  it  is  accessible  for  inspection 
Back  of  the  tempering  machine  and  adjacent  to  the  heating 
furnace,  wliere  it  is  accessible  to  the  coniai)rtnient  car  wheii 
placed  near  the  dead  end  of  the  track,  is  the  oil-quenching 
compartment  tank  shown  in  Fig.  8  with  its  supplementary 
receptacle  for  cyanide  of  potassium.  This  is  employed  only 
for  tempering  the  shank  end  of  the  bar.  Both  tanks  are 
preferably  of  steel  construction  and  it  is  recommended  tlia; 
the  inner  surfaces  be  coated  with  an  acid-resisting  paint  as 
insurance  against  oxidiitioii. 

Storage  Racks  and  Tables.—The  used-drill-steel  table  of 
the  type  shown  in  Fig.  <J.  on  which  the  used  drill  steel  is 
deposited  from  the  division  car,  provides  a 
means  for  facilitating  preliminary  inspec- 
tion. If  bent  or  plugged  steel  is  found,  the 
defects  are  corrected  by  using  the  straight- 
ening and  cleaning  facilities  provided  on  the 
top  of  the  drill-sharpener  cabinet  before  the 
steel  is  loaded  into  the  compartment  car 
preparatory  to  heating  for  forging.  In  the 
case  of  broken  steel  it  is  cut  to  length, 
piled  on  the  floor  at  some  convenient  point 
until  a  sufficient  quantity  has  accumulated, 
when,  as  regards  the  necessary  forging  and 
tempering  operations,  it  is  treated  as  new- 
steel. 

For  tl;e  storage  of  finished  drill  steel  a 
rack,  shown  by  Fig.  lu,  and  placed  adjacent 
to  the  inspection  sorting  rack,  is  recom- 
mended. This  rack  should  have  compart- 
ments preferably  made  of  boiler  plate,  and 
should  be  equipped  with  a  base  plank  of 
hard  wood  to  protect  the  floor  and  to  in- 
sure the  bit  ends  of  the  finished  steel 
against  chipping.  The  various  C'ompart- 
ments  serve  to  accommodate  the  different 
lengths  and  types  of  drill  steel  that  may  be 
employed.  From  its  position,  as  shown  by 
Fig.  1,  the  finished  drill  steel  may.  when 
required,  be  transported  directly  to  the  di- 
vision car  or  to  the  inspection  rack  for 
bundling. 

A  convenient  and  ine.xpeiisive  storage 
rack  for  drill-steel  bar  stock  is  shown  by 
Fig.  n.  This  may  be  constructed  by  any 
experienced  mechanic  or  blacksmith  from 
standard  materials  usually  sold  by  hardware 
stores  in  every  mine  and  quarry  district. 
Preferably  the  base  timbers  are  embedded 
in  the  concrete  floor  wliile  the  top  stringers 
may  be  fastened  by  any  means  convenient 
to  the  girders  of  the  building.  From  its  posi- 
tion opposite  the  supplementary  doorway  in 
the  east  end  of  the  building  (Fig.  1).  where 
it  is  conveniently  situated  for  receiving  the 
material,  the  various  sections  rnd  sizes  o; 
drill-steel  tar  stock  may  be  rsadiiy  remove  i 
and  carried  ti.  the  anvil  and  straightennv; 
bed  for  cutting  to  tlie  desirod  length  tor 
forging. 

Inspection    Rack   for   Finished    Drill    St^el. 
— ?"or   inspecting   the    finished   drill    steel   a 
rack,  the  details  of  which  are  shown  by  Fig. 
4  will  be  found  convenient,  as  it  permits  the 
inspector  to  walk  between  the  rail'--  and  then  by  facinla'es  tlie 
work  of  inspecting  and  sorting.  After  inspection  the  steel  bars 
may  be  easily  rolled  to  the  edge  near  the  track,  from  which 
they   can   be   loaded   directly   into  the   division   car.  or   trans- 
ferred  to  the  finished  drill-steel  rack   as  desired.     As   shown 
by  the  general  plan,  the  inspector's  gauge  cabinet.  Fig.  IJ.  is 
mounted    on    flie    timbers   at    tlie   operating   end    of   the    rack 
where  it. is  conveniently  accessible.     In  thi><  cabinet,  whicli  is 
e(iuipped   with   sliding   doors    w-ood    pins  and   shelves,   means- 
are  provided  for  storing  the  iieces^-ary  gair^e.^  and  measuring 
devices. 

Sanitary  Toilet  Rooi~i  Faci'ities. —  The  fnilel  leoin  iliiif- 
trated  in  the  jdan  view-  is  in  a  corner  of  the  building  wliere 
the  space  it  occupies  is  not  required  for  other  equipment  Ir 
is  adjacent  to  that  part  of  the  nlant  where  run-iing  water  i- 
required  for  tlie  tempering  machine  so  t!iat  the  branch  length 
ol    v/ater    piping    necessary    for    tli':'    fiu--h    howl,    uiinal    and 


desk.   Fi.a 
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w.sh  hasm  is^  reduced  to  a  minimum.  These  accessories  are 
placet,  near  the  inner  «aH  of  the  toilet  room  in  preferenc-  to 
l''^  outer  wall  of  the  building,  to  minimise  the  liabilitv  ot 
freezing  „,  cold  weather.  Furthermore,  this  arrangement 
p.-.ni,ts  the  placing  of  the  work  beiu-l,  and  the  foreman  s 
l.{.  where  the  light  from  outside  mav  be  used  to 
best  advantage.  Double-deck  lockers,  one  for  ea 
man.  an  emerge.icy  Red  Cross  cabinet  and 
towel    rack,    in    addition 

Plac.d  in  the  main  shop  adjacent  to  the  toilet  room,  complete 
the   sanilary   oipiipmen'. 

Compressed-air  Supply  in  Shop.-(  ompressed  air  js  nece- 
sarily  used  lor  operating  th..  drill  sharpener  and.  in  the  ab- 
sencT.  oi   a   blower,   for  operating  the   furnaces.     Another  de- 
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.^ 


STORASt    CABINET    rOB  Dfiill    SHABP[N(B   APPUBTINAMCZS 


X^  --  u  Irt. 

tyon/de  of  Pofaantm  Ptftptode 
C»L-0UtNOll«6  TMM  (OB  Miu  SMUHS 

FI&  e 


U5E0     DRILL    STEEL    TABLE 
FIG    9 


STOftJUJt    lUCH    rOB    fINISHtO    MILL    STttlS 
FIG    lO 


Figs.    7-13 — Accessory    Equipment    for    Ideal    Shop    for    Sh.Trpeniiig     uriii  Steel. 

sirable  use  foi-  the  air  is  to  facilitate  the  work  of  inspect iir: 
tli(>  h(de  in  lioll(.\v  drill  steel  and  to  assist  in  cleaning  on" 
phigg'.'d  stMcI.  For  this  latter  purpose  the  air  is  conduct.^d 
by  a  pipe  line  to  a  point  adjacent  to  both  the  used-drill-sN  el 
taide  and  the  inspection  rack.  Fig.  lA.  from  which  it  ma.v  be 
conducted  to  the  work  by  a  iL'-i;.  length  of  7  IC-in.  pl.-iin.  pneii- 
imitic.  air  liose  e<iuipped  with  a  Pavies  blow-j.'nn  (the  Inven- 
tion of  Th(uuas  Davies,  bead  blacksmith  of  tli^-  I'liited  \'er<ie 
Ccqipir  Co.).  In  the  usi'  of  this  feature  the  <iperator.  b'- 
iinreiy  pressing  the  nozzle  of  ihe  gun  against  the  month  »'. 
the  hole  in  tht^  drill  steel,  causes  a  valve  lo  In-  automatically 
o|>en"d  which  allows  a  blast  of  .lir  under  th''  line  pressure  to 
be  blown  tiirough  the  opetiiiii;  The  act  of  removing  the  noz- 
zle 01  the  gun  from  the  end  of  tir>  steel  cinises  the  pn-^li  tliroi- 
ije  to  be  closed  automaticallv.  If  preferable  for  tin  final  in- 
>:peclion  of  the  drill  steel,  water  under  pressure  instead  of 
e(;ni[:ressed  air   may   be  employed   at   the  inspection  rack,   in 
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vshich  case  the  nozzle  of  tlio  sun  is  preforably  eniiippod  wltli 
a  backing  flange  and  a  soft  rubber  Basket,  which,  when  com- 
pressed ag.iinst  the  end  of  the  steel  shtmk.  provides  a  seal 
and  prevents  undue  leakage.  In  KIg.  lA  sublloor  conduits 
for  the  conipr<>ssodair  piping  are  shown. 

Heating,  Lighting  and  Ventilating  the  Shop. — For  heating 
the  building  in  cold  weather  a  four-rod  radiator  composed  o'' 
2-in.  wrought  pipe,  extending  from  the  west  entrance  and 
along  the  west,  north  and  east  walls  to  the  east  entrance,  will 
answer  requirements  satisfactorily  except  for  extremely  cold 
climates,  in  which  additional  colls  may  he  required.  Live  or 
exhaust  steam  may  be  employed  for  the  purpose  but  In  either 
case  the  precaution  of  providing  suitable  drains  in  th«  syslen; 
should  be  taken  to  Insure  against  freezing. 

The  lighting  and  venlilaling  facllties  of  tlie  plant  are  itenu- 
that  should  receive  due  consideration.  In  Fig.  1  Is  shown 
the  location  and  size  of  the  windows  recommended  for  .i 
plant  of  the  type  herein  described,  on  the  assumption  that 
the  building  is  placed  on  a  line  running  east  and  west  and 
the  normal  position  of  the  operator  faces  in  a  northerly 
direction  to  avoid  the  direct  rays  of  the  sun  falling  upon  the 
front  side  of  the  furnace  and  drill  sharpener.  A  steel  sash 
pivoted  at  the  sides  is  recommended  for  the  windows  and 
may  be  operated  by  means  of  a  rocker  shaft  procurable  from 
the  manufacturers  of  such  apparatus.  The  windows  at  the 
ends  of  the  building  may.  if  desired,  be  composed  of  four 
rows  of  sash,  while  the  sill  of  the  window  in  the  north  side 
of  the  building  should  preferably  be  mounted  at  least  7  ft. 
above  the  floor  and  composed  of  eight  panels,  in  a  single 
row,  operated  by  one  gear  from  the  rocker  shaft.  I<"rom  such 
construction,  a  fair  degree  of  natural  light  and  ventilation  is 
secured.  For  exhausting  the  gases  from  the  heating  fur- 
naces, suspended  hoods,  adjustable  vertically  and  equipped 
with  telescope  flues  extending  through  the  roof  of  the  build- 
ing, should  be  provided. 

Artificial  light  sufficient  to  meet  the  requirements  of  the 
main  shop  may  be  secured  from  two  500-\vatt  Mazda  lamps 
with  reflectors,  supported  from  the  roof  on  a  center  line 
through  the  building,  one  of  which  should  be  placed  at  a 
point  slightly  to  the  left  of  the  drill  sharpener,  while  the 
other  should  be  slightly  to  the  left  of  the  tempering  furnace. 
One  60-watt  Mazda  lamp  suspended  by  an  extension  cord 
directly  over  the  desk  in  the  toilet  room  will  be  found  ample 
for  the  purpose. 

The  floor  of  the  shop  should  preferably  be  of  concrete, 
poured  after  the  wood  base  plates  of  the  various  fixtures,  in- 
cluding ties  for  the  track  system,  are  placed  in  position.  Con- 
duits for  all  subfloor  piping  should  be  provided  (see  Fig.  lA) 
of  such  size  and  shape  that  there  is  ample  clearance  for  the 
pipe  and  its  fittings,  with  provisions  for  a  covering  with  wood 
plank.  The  advantage  of  this  construction  is  obvious  as  it 
provides  a  means  for  making  the  system  readily  accessible 
in  case  the  pipe  should  become  plugged  or  broken  through 
accident.  If  desirable,  a  wood  floor  pad  made  of  2-in.  planks 
may  be  embedded  in  the  concrete  at  various  points  repeat- 
edly covered  by  the  operators.  This  provides  for  a  certain 
amount  of  resiliency  which  will  be  found  advantageous. 

By  adding  24  ft.  to  the  east  end  of  the  building  and  the  in- 
stallation of  an  extra  drill-sharpening  machine,  heating  fur- 
nace, grinder,  cabinet  for  drill  sharpened  appurtenances,  and 
track  with  one  turntable,  the  output  of  the  plant  may  again 
be  increased  approximately  50  per  cent  by  the  addition  of  two 
operators.  The  ultimate  capacity  of  the  plant  will  then  cor- 
respond to  the  requirements  of  all  but  a  few  of  the  largest 
users  of  rock  drills  in  this  country  having  a  central  drill-steel 
plant 

Procedure  to  Adopt  for  Making  New  Steel. — Remove  the 
drill-steel  bar  from  the  bar-stock  rack  and  place  it  on  the  top 
of  the  drill-sharpener  cabinet  with  the  end  of  the  bar  to  be 
cut  off  supported  by  the  anvil.  Nick  the  bar  at  the  desired 
point,  using  a  chisel  and  sledge  and  break  to  length,  leaving 
temporarily  the  pieces  to  be  worked  upon  on  the  drill-steei 
table.  WTien  a  sufficient  quantity  of  pieces  are  available, 
place  in  the  heating  furnace,  handling  the  steel  in  rotation  by 
inserting  a  new  piece  when  one  is  removed,  after  having  at- 
tained the  required  degree  of  heat  for  forging.  Form  the 
shank  in  the  drill  sharpener,  using  the  grinder  and  pneu- 
matic punch,  if  necessary,  after  which  place  in  compartment 
car.  shank  end  down.  When  the  forging  operation  is  com- 
pleted, turn  the  compartment  car  one-half  way  around,  place 
the  shank  end  of  the  bar  in  the  tempering  furnace,  handling 
the  steel  in  rotation  as  before  and.  when  the  shank  has  been 
heated  to  the  required  degree  for  tempering,  remove  from  the 


furnace,  dip  the  tip  end  in  tlie  cyanide  of  potassium  and  then 
jilunge  the  heated  end  in  the  oil  vat.  allowing  it  to  remain  in 
the  oil  until  cool.  Now  remove  the  steel  from  the  oil  vat 
and  place  It  In  the  compartment  car  shank-end  down.  Hun 
the  car  to  Its  position  adjacent  to  the  forging  funmce,  re- 
move the  bar  and  insert  the  blank  end  in  the  furnace,  han- 
dling It  In  rotation  as  before.  Form  the  bit  to  the  required 
gage  diameter  for  the  particular  lengtli  of  the  piece  being 
worked,  after  which  place  It  in  the  compartment  car  at  the 
left  of  the  furnace.  When  the  forging  operation  of  the  bit 
end  is  completed,  turn  the  coin|)artmonl  car  lialfway  around, 
idace  the  steel  in  tlie  tempering  furnace,  handling  it  in  rota- 
tion as  before  and,  when  the  reciuired  degree  of  heat  is  at- 
tuined,  (luickly  insert  it  in  the  l:ath  of  the  tempering  ma- 
chine. After  the  steel  has  reached  the  inspection  rack,  in- 
spect each  piece  carefully,  place  the  pieces  that  pass  inspec- 
tion in  the  finished-drill-steel  storage  rack  or  in  the  division 
car  and  rework  the  defective  pieces  if  any  are  found. 

Procedure  in  Reworking  Used  Drill  Steel. — After  the  used 
drill  steel  is  transported  by  means  of  the  division  car  from 
the  shaft,  or  leceiving  platform  outside  of  the  building,  it  is 
deposited  on  the  used-drill-steel  table,  where  it  is  subjected 
to  a  preliminary  inspection.  If  bent  or  jihigged  drill  steels 
are  found  'hey  are  straightened  and  cleaned  out  by  the  use 
of  the  anvil  in  conjunction  with  the  straightening  bed  on  top 
of  the  sharpening-  machine  cabinet,  after  which  they  are 
started  and  placed  in  the  compartment  car.  It  a  shank  is 
found  broken  to  such  an  extent  that  reforging  and  tempering 
are  w-arranted.  the  steel  is  discarded  temporarily  and  placed 
in  position  convenient  for  reforging'  when  a  sufficient  quan- 
tity has  accumulated  to  warrant  the  operation,  in  which  case 
the  procedure  will  be  the  same  as  that  required  for  shanking 
new  drill  steel. 

In  the  case  of  shanks  that  merely  require  regrinding  to  put 
them  into  proper  working  condition  the  steels  are  placed  in 
the  compartment  car  (shank  end  down),  which,  after  being 
loaded,  is  pushed  to  a  point  adjacent  to  the  grinder,  where 
such  steels  are  removed  and  redressed,  after  which  they  are 
placed  in  the  car  (bit  end  down)  and  the  whole  is  transported 
to  a  point  adjacent  to  the  forging  furnace  where  the  pro- 
cedure for  sharpening  the  bit  is  the  same  as  that  required  for 
the  bit  end  of  new  drill  stee'.  After  the  final  inspection  they 
are  again  bundled,  if  such  be  the  practice,  loaded  into  the 
division  car  and  transported  to  the  shaft  or  loading  platform, 
for  distribution. 

If  desirable,  a  lessening  of  the  distance  covered  by  the 
operator,  while  removing  the  steels  from  the  furnace,  forging 
and  grinding  prior  to  depositing  them  in  the  compartment 
car.  can  be  made.  The  grinder,  drill  sharpener  and  forging 
furnace  may  be  grouped  more  closely  together  and  the  sharp- 
ener and  furnace  set  at  an  angle  of  70'  with  relation  to  the 
longitudinal  line  of  the  building  by  swinging  the  working  end 
of  the  sharpener  and  forging  furnace  in  a  westerly  direction 
from  the  position  shown  in  Figs.  1  and  lA.  The  oil-quench- 
ing tank  for  drill  shanks  may  also  be  set  at  an  angle  of  60° 
with  relation  to  the  tempering  furnace  by  swinging  the  end 
of  the  tank  nearest  the  north  wall  in  an  easterly  direction. 


Method  of  Preventing  Slides  and  Surface  Water  in  Rail- 
way Cut. — Trouble  from  sliding  hanks  and  surface  water  in  a 
900  ft.  long  cut  on  the  Boston  &  Maine  Ry.  was  remedied  by 
drainage.  The  method  is  described  by  Mr.  B,  F.  Brown. 
Supervisor  B.  &  M.  R.  R..  in  the  March  Maintenance  of  Way 
Bulletin.  The  cut  was  20  ft.  in  height  above  the  rail.  The 
upper  strata  of  the  cut  was  of  sand  and  gravel,  while  the 
lower  strata  was  of  blue  clay.  Natural  springs  developed  in 
the  bank  on  the  westerl.v  side  and  during  the  winter  of  1911- 
1912  it  was  necessary  to  keep  men  there  night  and  day  at 
times  to  keep  ice  picked  from  track.  In  the  spring  of  1912 
the  westerly  bank  began  to  slide  in.  on  account  of  the  deep 
ditch  and  the  track  became  in  very  bad  condition.  That  sum- 
mer a  deep  trench  was  dug  5  ft.  below  the  ties  and  a  "V" 
formed  by  nailing  plank  together.  An  8-in.  tile  pipe  was  then 
laid  the  entire  length  of  the  cut  and  the  trench  filled  with 
coal  cinders  from  ash  pit.  The  track  was  lifted  6  in.  on  cin- 
ders through  the  cut.  No  trouble  has  occurred  at  this  point 
since  the  pipe  was  put  in. 


Meeting  of  Society  for  Promotion  of  Engineering  Education. 
— The  annual  meeting  of  this  society  will  be  held  June  25-28 
at  .John  Hopkins  University,  Baltimore,  Md,  Each  half  day 
session  will  be  devoted  to  papers  and  discussions  of  some 
special  topic. 
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A  Modern  Engine  Terminal 

The  Toledo  <&  Ohio  Central  Ry.  lias  recently  completed 
at  Columbus,  O.,  a  20-stall  reinforced  concrete  roundhouse, 
together  with  the  necessary  yard  and  various  tacilitie«. 
From  an  extended  description  in  the  Railway  Age,  tlie  fol- 
lowing data  are  taken  as  being  representative  of  modern 
practice  in  the  building  of  these  structures  peculiar  to  rail- 
road work. 

The  track  layout,  reproduced  herewith,  shows  the  respec- 
tive locations  of  all  the  facilities.  The  lead  to  the  terminal 
consists  of  four  tracks,  two  inbound  and  two  outbound,  with 
the  latter  on  the  outside.  The.se  four  tracks  are  independent 
all  the  way  from  tlie  turnout  io  the  table,  it  being  the  idea 
to  provide  a  progressive  movement  in  one  direction  on  each 

'Ah,.rL,re  TdOC  IVeitem  iln',i,on 


An  interesting  detail  in  connection  with  the  outer  wall  of 
the  roundhouse  is  the  arrangement  of  the  brick  work  under 
the  windows  in  three  independent  parts,  separated  by  ver- 
tical construction  joints.  In  the  event  of  an  engine  pushing 
out  the  rear  of  the  house,  the  middle  section  of  this  wall 
would  be  carried  away  with  little  or  no  damage  to  the  side 
portions.  Fireproof  construction  was  obtained  by  reinforced 
concrete  with  brick  curtain  walls.  Attention  is  called  to  the 
oneway  tile  slab  in  the  roof  as  it  is  expected  that  the  air 
spaces  in  these  tiles  will  effect  a  reduction  in  the  condensa- 
tion from  the  underside  ot  the  roof  in  cold  weather.  The 
roof  is  covered  with  IJarrett  compositi(^n.  The  roundhouse 
pits  are  of  concrete,  :}  ft.  11  in.  wide,  by  %  ft.  to  4  ft.  deep 
and  slope  toward  the  door  end  wh're  catch  basins  are  in- 
stalled.    These   catch    basins   also   take   the   water   from   the 
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Track     Layout    of     New     Engine    Terminals    at 

track,  with  the  engines  receiving  coal  and  water  and  dump- 
ing cinders  while  on  the  inbound  movement  and  water  only 
on  the  outbound  movement.  However,  crossovers  are  pro- 
vided between  the  inbound  and  outbound  tracks  of  each 
pair  so  that  engines  may  como  in  for  coal  and  water 
or  even  to  dump  cinders  and  back  out  over  the  crossover 
onto  the  outbound  track  with  a  minimum  of  interference 
with  the  regular  operation  of  the  terminal.  A  track  connect- 
ing with  the  north  inbound  and  outbound  tracks  near  the 
roundhouse  affords  a  direct  connection  with  the  west  end 
of  the  yard  and  serves  also  as  a  lead  to  the  coal  dock  at  the 
power  plant. 

The  coaling  station  is  a  Roberts  At  Schaefer  plant  of  500 
tons  capacity  with  a  complete  sand-drying  plant  in  addition. 
The  coal  track  for  the  station  is  located  between  the  two 
inbound  tracks  and   passes  over  a   track  hopper  underneath 


Columbus,    O.,    of     Toledo    &.    Ohio     Central     Ry. 

roof,  and  in  turn  empty  into  the  exterior  drainage  system 
consisting  of  a  12-in.  sewer  pipe  leading  to  a  settling  basin 
in  the  yard.  This  was  provided  to  remove  sludge  from  the 
blowout  water  before  allowing  it  to  enter  the  sewers. ' 

Stalls  17,  18  and  ];i  are  intersected  by  a  driver-remoyal 
pit,  7  ft.  6  in.  wide  by  fi  ft.  10  in.  deep,  and  stalls  18  and  19 
by  a  truck  wheel  pit,  4  f!.  wide  by  4  ft.  i)  in.  deep.  Each  of 
these  special  pits  is  eciuipped  with  a  24-in.  gage  track  for 
wheel  trucks.  An  interesting  detail  has  been  worked  out 
as  shown  in  the  drawing  in  connection  with  these  special 
pirs  to  facilitate  the  handling  of  the  rail  beams  which  carry 
the  pit  tracks  over  the  special  pits.  The  heavier  of  these 
girders  weigh  690  lb.  each,  which  is  too  great  a  load  to  be 
handled  conveniently  by  hand.  Accordingly  Tbars  hav 
been  provided  to  span  across  the  pits  as  shown.  The  rail 
girder  is   pivoted  on  one  side  of  the  stall  and  the  T-bar  at 


Longitudinal    Section    of    a    Stall    at    N 

the  superstructure  of  the  station.  The  cinder  plant  consists 
of  two  Robertson  cinder  conveyors,  dumping  into  cars  on  a 
track  between   the   two   inbound   tracks. 

Water  is  delivered  to  the  engines  by  four  standpipes.  The 
water  is  stored  in  a  70.000-gal.  redwood  tank  on  a  creosoted 
trestle  frame. 

The  roundhouse  stalls  are  110  ft.  deep  with  door  posts  14 
ft.  center  to  center,  while  the  w^idth  of  the  stalls  at  the  rear 
is  25  ft.  11  in.  The  turntable  is  designed  for  an  equivalenl 
of  R-70  loading  and  supported  on  a  conical  roller  center 
with  an  extra  heavy  electric  tractor  supplied  with  curreui 
from  an  overhead  collector. 


ew    Engine    Terminal,      Columbus,    O. 

the  other  side.  When  it  is  necessary  to  swing  the  girder 
out  of  the  way.  the  T-bar  is  swung  out  across  th"  pit  and  its 
uppe-  surface  serves  as  a  support  for  the  free  end  of  the 
uirder  as  it  is  swung  across  the  pit.  Rails  are  secured  in 
place  on  the  side  walls  of  the  pits  by  means  of  clip  bolts 
filled  into  slots  imbedded  in  the  concrete  The  upper  por- 
tions of  the  pit  walls  are  broadened  out  to  afford  adi-ciuate 
space  outside  of  the  rails  for  the  support  of  jacks. 

Tb-  roadhouse  is  h<-al'd  by  a  hot  air.  forced  draft  sys- 
tem from  a  fan  antl  hciting  coils  in  the  power  house.  The 
air  is  conducted  from  this  heating  plant  through  a  system 
01  conduits  having  a  main  duct  leading  along  the  rear  of  the 
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house  with  blanches  hetwejii  iho  stalls  icnniiiatlun  In  rog 
isters  of  I'i  In.  by  24  in.  size  in  the  enslne  pits.  eqiii)»ped 
with   adjiistabli'  shutleis. 

The  powiT  house  ami  shop  builiiln.i;  is  a  structure  60  ft. 
by  120  ft.  coniuH-ted  lo  the  roundhouse  proper  by  n  wIuk  4" 
ft.  by  SS  V .  II  has  a  steel  friiine  with  brick  curtain  walls 
and  wooden  roof  construction  folUnvins  a  standard  desisn 
used  by  the  contractor  and  for  which  he  was  able  to  suppl\ 
the  steel  fr.intc  ready  to  erect.  This  buildinK  consists  of  a 
boiler  room  equipped  with  two  2.'0-HP.  I'nlon  Iron  Works 
water  tube  boilers  with  Jones  automatic  stokers  fed  by  hand. 
Tlie  coal  is  received  from  cars  by  dumping  from  a  low  trestle 
so  that  the  hand  work  is  limited  to  transferrin.!;  the  coal 
from  the  pit  >iiider  the  trestle  to  the  stoker  hoppers.  Adja- 
cent to  the  bciler  room  is  an  engine  room  containing  a  two- 
stage  air  compressor  with  a  capacity  of  1,250  cu.  ft.  of  free 
air  per  minute  lo  110  lb.  pressure.     This  air  is  used  to  sup- 


Spccial    Arrangement   to    Facilitate    Handling    of    Rail    Girders   Over 
Drop    Pits. 

piy  the  asli  conveyors,  sand   plants  and   two  miles  of  lla-in. 
train  charsmg  line  in  the  yard. 

Th-?  heating  plant  consists  of  a  Sturdevant  Ian  blowing  air 
through  the  coils,  receiving  e.xhaust  steam  from  both  the 
fan  engine  and  the  air  compressor,  although  in  cold  weather 
it  will  be  necessary  also  to  use  live  steam  direct  from  the 
boilers.  The  fan  and  ducts  are  designed  of  adequate  capacity 
to  supply  air  to  the  nine  additional  stalls  contemplated  in 
the  design  of  the  engine  terminal.  The  remaining  space  in 
the  shop  and  i>ower  plant  building  is  used  as  a  machine  shop 
air  brake  room  and  store  room.,  with  a  toilet  for  the  round- 
house employes. 

Special  attention  was  given  to  the  lighting  arrangement. 
Five  lighting  fixtures  have  been  installed  in  the  lines  oi 
columns  between  the  stalls.  As  indicated  on  the  longitudinal 
section  of  the  house  each  fixture  consists  of  a  lamp  socket 
attached  to  a  section  of  pipe  conduit  and  equipped  with  an 
enameled  steel  reflector.  To  light  the  passageways  along  the 
front  and  rear  of  the  house  every  other  lamp  in  the  front 
row  of  lights  is  connected  up  in  one  circuit  controlled  by  a 
master  switch,  while  another  switch  controls  the  alternate 
lights  in  the  outside  row.  The  other  four  lamps  in  each  row 
are  controlled  by  local  switches  so  that  any  stall  may  ob- 
tain additional  light  as  neded.  Supplementary  to  these  lights 
there  are  outlets  on  two  posts  between  each  pair  of  stalls 
tor  extension  cord  lamps.  There  is  also  a  socket  at  the  rear 
of  every  second  stall  for  an  electric  welding  circuit.  Illumi- 
nation of  the  engine  terminal  outside  of  the  roundhouse  has 
been  provided  by  installing  flood  lights  on  the  top  of  the 
coaling  station. 


Bill  Before  Congress  Provides  $15,000,000  for  River  Im- 
provements.—i 'ompletion  of  the  Ohio.  Mississippi  and  Mis- 
souri River  projects  within  a  period  of  3  years  is  called  for 
by  a  bill  introduced  June  5  in  the  House  of  Representatives. 
The  bill  provides  for  the  following  appropriations:  Missis- 
sippi River,  for  8  ft.  channel,  and  6  ft.  channel.  $4,000,000; 
Missouri  River.  6  ft.  channel,  $3,000,000;  Mississippi  River. 
6  ft.  channel  between  mouth  of  Missouri  River  and  St.  Paul, 
$2,000,000.  The  bill  also  calls  for  an  appropriation  of  $6,000,- 
000  for  lock  and  dam  construction  on  the  Ohio  River. 


Congress  Votes  $750,000,000  to  Railroad  Fund.— Congress 
has  passed  thp  bill  authorizing  an  appropriation  of  $750,000,- 
000  for  the  railroad  administration's  revolving  fund. 


Unit  Price  Ci)ntracts  Vs.  Percentage 
Contracts* 

\\\  \\    I.   n.\i;Li\fj. 

In  con.-tniclion.  one  or  iiuiie  of  three  differ-Mit  methods  are 
employeil: 

First,  company   force; 

Second,  unit  i)rlce  or  an  agreed  stiip  uith  a  pro.isioii  for  a 
percentage  lo  be  increased  or  ilecreas^eO  a.s  ll;e  cost  of  the 
work  decreases  or  increases,  compared  with  the  agreed  cost; 
Tliird,  a  percentage  based  on  the  actual  cost  of  the  work. 
In  the  present  state  of  the  art,  1  think  it  can  be  safely  as- 
v-umed  that  the  lirst  method  should  be  used  only  when  the 
w(Hk  is  too  smali  to  contract,  or  when  the  local  or  emergency 
conditions  are  such  that  it  is  not  practical  to  contract,  or 
wl'.en  the  own(  r  lias  experts  in  a  certain  specialized  line  that 
are  superior  to  those  of  the  contractors. 

The  main  question,  therefore,  is:  Shall  the  sei-oiid  ui-  third 
methods  he  used,  and  if  the  lliinl,  will  it  affiM't  tlie  ail,  and 
consequently  the  public? 

To  discuss  it,  it  is  necessary  to  examine  the  effort  of  the 
contractor  himself.  The  great  incentive  is  to  make  money, 
and  it  is  this  incentive  that  has  created  his  value  to  the 
owner  and  lo  the  public.  The  overcoming  of  nbstacies.  finan- 
cial as  well  as  physical,  has  produced  energy  and  versatility 
that  could  liave  been  acquired  in  no  other  way,  and  to  my 
mind,  energy  is  his  greatest  asset.  What  use  is  it  if  he  has 
all  the  intellect  and  physical  qualities  in  existence  if  h°  has 
not  the  energy  to  use  them? 

He  must  have  a  kno.vledga  of  men  and  p'ant;  where  labor 
can  be  readily  obtained  and  the  plants  available;  he  must 
know  abou!  his  supplies,  where  they  can  be  obtained  and  how 
best  transijorled;  he  must  know  the  market  conditions  rnd 
have  an  intimate  knowledge  of  the  work  to  be  done. 

If  the  work  is  done  on  unit  price  basis  the  owner  gets  the 
results  of  the  judgment  and  the  experience  of  many  men  and 
many  fiims;  one  will  see  better  where  supplies  are  obtain- 
able: another  may  have  a  better  plant  for  the  job;  another 
may  have  a  better  method  of  doing  the  work,  and  it  is  the  pit- 
ting of  all  these  men,  one  against  the  other,  that  the  owner 
gets  the  advana.ge  of. 

By  the  percentage  method  a  man  or  firm  is  selected  for 
managing  the  work;  hence  the  owner  gets  the  benefit  of  one 
man's  knowledge  and  the  wrong  man  may  have  been  selected. 
I  have  known  men  to  make  a  bid  on  a  piece  of  work  by 
merely  sizing  it  up,  and  knowing  where  the  necessary  out- 
fits were  and  the  m.en  to  whom  it  could  be  sublet.  If  he  has 
made  a  had  guess  he  simply  has  to  find  some  way  or  means 
to  back  up  his  judgment.  I  believe  some  men  become  so 
familiar  with  work  that  their  guess  is  as  good  if  not  better 
than  some  men's  figuring.  At  any  rate  the  difficult  tasks 
that  they  set  for  themselves  brings  out  all  the  surplus  energy 
that  is  in  them  and  this  is  what  the  owner  gets  the  benefit  of 
and  what  he  will  not  get  should  competitive  methods  be 
eliminated. 

Th"  contractor  working  on  a  unit  price  basis  has  not  only 
a  reputation  but  also  his  very  livelihood  at  stake.  We  have 
often  seen  men  take  work  at  unit  prices  so  low  that  a  heavy 
loss  seemed  inevitable,  but  by  using  new  methods,  new  tools 
and  exerting  surplus  energy  he  has  been  able  to  turn  an  al- 
most certain  loss  into  a  profit  for  himself,  and  a  much  greater 
profii  for  the  public,  as  these  new  methods  can  be  used  on 
further  work  and  by  other  men. 

Contractors,  I  believe,  can  materially  improve  the  art  of 
drawing  closer  lines  between  tlieir  business  and  the  owners. 
Unit  prices  r.nd  specifications  should  be  more  definite.  The 
question  of  custom  between  contractor  and  owner  should  be 
eliminated.  The  contractor  should  have  better  data  on  which 
to  base  Ms  hid.  There  has  been  a  growing  custom  not  to  pay 
as  much  attention  to  the  contract  as  to  customery  settle- 
ments. I  believe  that  much  better  results  would  be  obtained 
if  the  contractors  would  insist  on  the  contract  and  specifica- 
tions being  followed,  and  if  conditions  should  arise  when  the 
intent  of  the  contract  would  be  materially  affected  by  having 
a  definite  understanding  as  to  price  and  conditions  before 
going  ahead. 

Under  past  conditions  work  has  been  suddenly  authorized 
with  no  time  given  either  the  engineer  or  the  contractor  to 
determine   costs   or   make   intelligent   bids.     A   much   smaller 

^'F-o-^  pn  a^'rlress  d^liv^red  ^T-^r^h  27  at  an  organization  r"^et- 
i"<r  of  the  Northwest  Associat:on  of  General  Contractors,  St.  Paul, 
Minn. 
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margin  betweon  the  ostimate  and  the  actual  cost  of  work 
wouhi  result  if  these  conditions  could  be  known.  The  risk  of 
the  contractor  would  be  much  smaller,  and  the  owner  would 
have  more  definite  knowledge  of  what  his  work  would  cost. 

An  agreed  price,  varying  with  the  percentage  has  many 
good  points  when  the  work  is  simple  and  conditions  are  such 
as  to  permit  of  it.  but  it  could  not  be  used  very  well  on  rail- 
road work,  for  instance,  unless  the  conditions  were  properly 
determined  beforehand,  and  right  here  is  where  the  owner 
or  contractor  can  greatly  improve  present  methods,  by  deter- 
mining unforeseen  conditions. 

By  the  percentage  method,  the  contractor  has  few  financial 
troubles  to  overcome,  no  jiarticular  inducements  except  pride 
to  introduce  new  methods  or  tools,  no  sleepless  nights  to 
figure  out  some  new  scheme  for  the  ne.xt  dav,  no  surplus 
energy  to  exert  in  himself  or  employes.  The  employe,  know- 
ing that  his  superior  is  not  in  financial  troubles,  does  not 
exert  himself  unnecessarily.  The  contractor  does  not.  per- 
haps, try  new  methods  or  new  tools  as  he  may  think  he  has 
no  right  to  risk  a  faihn-e.  On  the  other  hand,  the  unit  price 
men  must  take  the  risk,  and  bend  all  their  energy  to  make  it 
successful. 

My  point  is  this:  Tnai  these  necessities  of  the  unit  price 
men  have  produced  a  personal  result  that  could  not  other- 
wise have  been  acquired,  and  that  as  soon  as  the  incentive. 
is  eliminated,  progress  will  slow  down,  if  it  does  not  actually 
retro.grade. 

There  is  no  question  but  what  there  are  men  doing  per- 
centage work  that  are  just  as  competent  and  perhaps  just  as 
energetic  as  the  unit  price  men.  but  I  claim  that  it  is  because 
of  the  state  of  the  art  and  its  personnel,  and  due  to  previous 
efforts  of  the  unit  price  men. 

The  main  objections  to  the  unit  price  methods  are  that  in 
instauces  contractors  make  too  much  money,  and  that  the 
percentage  method  will  eliminate  that  danger. 

Frequently  a  large  profit  is  due  to  the  fact  that  a  contract 
was  taken  on  a  high  market  and  the  work  done  as  the  market 
fell.  If  the  reverse  condition  obtaiiied.  there  would  have 
been  a  loss  and  no  comment  made. 

It  has  seemed  to  me  the  best  way  to  determine  the  amount 
of  money  made  by  contractors  is  to  consider  the  work  done 
here  in  the  Northwest  tor  the  last  40  years,  and  then  to  deter- 
mine the  wealth  of  the  various  men  who  have  been  engaged 
in  that  business  during  that  time,  and  who  have  not  loti 
their  money  elsewhere.  While  it  is  true,  perhaps,  that  in 
individual  cases,  owners  have  to  pay  larger  sums  than  by  a 
percentage  method,  I  do  not  think  it  is  generally  true. 

It  seems  to  me  that  the  great  results  of  the  unit  price 
method  is  the  fact  that  during  the  last  40  years  under  normal 
conditions,  unit  prices  have  decreased  in  the  face  of  rising 
values  ol  labor  and  material  and  have  produced  a  class  of 
men  who  when  the  emergency  came,  were  able  to  accomplish 
things  that  did  not  seem  possible.  If  you  give  up  the  unit 
price  or  competitive  methods,  it  is  going  to  result  in  one  of 
two  things:  you  are  going  to  have  a  lot  of  superintendeiiis 
or  else  you  are  going  to  have  only  a  few  great  big  contrac- 
tors. In  pioneer  work  sometimes  a  lot  of  money  has  been 
made.  1  have  seen  that  in  offering  work  and  asking  for  pro- 
posals a  number  would  look  it  over  and  make  their  bids,  but 
some  fellow  would  know  tlie  conditions  better  than  the  other 
and  know  how  to  save  a  lot  of  money  and  time  by  knowledge 
of  those  facts.  However,  he  would  go  in  and  make  a  good 
big  bid  and  the  owner  would  accept  it  and  the  consequence 
be  that.he  would  make  a  lot  of  money. 

There  is.  of  course,  the  social  side  to  consider.  Will  Uibor 
as  a  rule  be  better  compensated  or  its  welfare  enhanced  by 
either  method?  Personally,  I  do  not  think  so,  as  welfare  is 
a  matter  for  legislation  and  compensation  must  be  deter- 
mined either  by  the  market  or  by  legislation. 

There  is  a  growing  disposition  all  over  the  country  to  elim- 
inate competition,  but  it  seems  to  me  that  the  better  results 
will  be  obtained  only  where  competition  produces  waste  but 
not  where  it  is  a  creator  of  new  methods,  inventions  and 
energy. 


Civil  Service  Examinations  for  Valuation  Engineers.  -The 
U.  S.  Civil  Service  Commission.  Washington,  D.  (.'..  has  an 
nounced  that  examinations  will  be  held  for  valuation  engi- 
neer, at  $3.600-$4.800,  and  assistant  valuation  engineer  at 
$2.500-$?.. 600.  for  the  technical  staff,  income-tax  unit.  Bureau 
of  Internal   Revenue,   Treasury   Department. 
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Government  Public  Works  Activi- 
ties As  Aid  to  Resumption 
of  Business 

The  National  Kederatioi:  o,  Construction  Industries  is  advo- 
cating as  one  of  the  most  important  steps  to  be  taken  by  the 
Congress  of  the  Cnited  States  in  the  restoration  of  general 
business  activity  the  provision  that  the  National  Government 
?-hall  concentrate  into  the  immediate  future  its  program  ol 
the  construction  of  public  works,  which  would  norniallv  he 
extended  over  the  next  several  years,  in  order  to  effect  a 
(luick  general  resumption  of  business,  which  would  follow 
the  stimulus  given  by  large  Government  activities.  The  fol- 
lowing statement  in  the  matter  appears  in  a  recent  news  let- 
ter  of  the  Federation: 

Since  the  signing  of  the  armistice  there  lias  lieen  a  marked 
halt  m  productir'n  and  general  indecision  in  business.  The 
unsound  conditions  usually  preceding  a  business  depression 
do  not  exist.  It  is  the  belief  of  many  leading  business  men 
I  hat  uncertainty  as  to  the  stability  of  present  costs  of  labor 
and  material  is  the  chief  cause  of  business  inactivity. 

Investigation  by  Government  experts  and  competent  pri- 
vate agencies  indicate  that  when  business  does  resume  it 
iiuist  he  on  the  basis  of  present  prices.  In  fact,  the  oper- 
ation of  the  law  of  supply  and  demand,  necessarily  adjourned 
during  the  war,  is  slowly  resuming,  affecting  in  itself  a  stab 
hilization  of  prices  on  the  present  level.  Tliis  movement  is. 
Iiowever  so  slow  that,  unless  accelerated,  the  country  can- 
not hope  for  an  early  restoration  of  complete  business  con- 
fidence. We  have  the  alternative  of  groping  our  way  slowly 
to  normal  conditions,  with  an  attendant  extended  dissipation 
or  resources,  unemployment  and  social  unrest,  or  by  con- 
certed action  througli  the  a.gencies  of  the  Government,  of 
resuming  business  immediately  at  present  cost  levels,  leaving 
future  values  to  be  determined  wholly  by  supply  and  demand. 

During  the  last  six  months  the  buyers  of  the  country  have 
made  an  unexampled  attack  upon  prices  by  their  refusal  to 
imrchase.  and  yet  prices  have  not  declined  in  any  significant 
amount;  and  in  the  construction  industry,  which  was  largely 
curtailed  during  the  war.  manj   prices  have  advanced. 

.\fter  a  careful  canvass  of  opinion,  the  directors  of  the  Fed- 
eration— potentially  representing  one-third  of  the  industries 
of  the  United  States,  including  producers,  distributors,  con- 
tractors, architects,  engineers  and  all  other  l)ranches  of  the 
industry,  whicii  normally  employs  more  labor  tliau  any  otiier 
indusrr\  in  America — believe  that  no  concerted  movement 
r.r  private  interests  can  quickly  and  independently  re-estab- 
lish business  confidence,  and  that  the  business  of  the  country 
V,  ill  be  fully  resumed  only  after  a  long  period  of  loss  and  dis- 
(|Hiet.  tinless  the  National  Government  takes  action  to  correct 
the  condition. 

This  matter  has  been  discussed  witii  some  of  the  most 
conservative  and  carelul  hiisiiiess  men  of  the  county,  and 
without  exception  they  believe  that  a  rapid  return  to  normal 
business  activity  can  be  realized  only  through  an  example  set 
by  the  (Jovernment  by  its  becoming  the  first  large  purchaser 
ol  commodities  at  curri'ut  prices. 

In  discussing  this  matter  a  few  days  ago  one  of  the  fore- 
most men  in  ihe  American  business  world  said:  ".No  man 
or  group  of  men  can.  independently  of  Government  support. 
etTect  an  early  restoration  of  business  confidence:  the  Gov- 
ernment itself  must  become  tlie  first  large  purchaser  on  the 
new  price  level.  It  would  be  the  part  of  wisdom  for  the 
Cengress  to  appropriate  Ten  Billion  Dollars,  if  necessary,  in 
order  to  terminate  the  present  lassitude  of  .American  busi- 
ness. As  a  nation  we  would  be  financially  better  off  in  the 
end  for  having  made  the  expenditure."' 

'I"lu  Federation  proposes,  as  one  of  the  most  imi)ortanl 
ste|)s  to  be  takers  by  the  Congress  of  the  I'nited  Stales  in  the 
restoration  of  general  business  activity,  the  provision  that 
the  National  Government  shall  concentrate  into  Ihe  immedi- 
•■ite  future  its  program  of  public  works,  which  would  normally 
he  extended  over  the  next  several  years.  The  saving  to  tie- 
country,  resulting  from  a  general  resumption  of  business  fol 
lowing  the  stimulus  given  by  large  Government  activities, 
would  many  times  offset  the  saving  effected  by  the  several 
Government  departments  through  their  present  [lolicies  of 
retrenchment  or  very  limited  purchase. 

.A  corollary  to  this  pioposition  is.  of  course,  the  immediate 
removal  of  all  increases  in  freight  rates  on  construction  mate- 
rials in  excess  of  the  increases  which  have  been  applied   to 
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other  coiiimodities.  in  order  thiit  privali'  conslruction  may  bo 
in  the  best  position  to  follow  the  example  proposed  to  be  set 
by  the  Government. 

Some  attention  has  already  been  Kiven  to  the  question 
whether  a  national  policy  should  not  be  adopted  to  provide 
against  future  contingencies  of  business  stagnation,  by 
which  less  public  work  would  be  done  in  times  of  Industrial 
activity  and  more  during  periods  of  unemployment.  It  is 
said  that  the  normal  amount  of  public  money  spent  annually 
in  the  United  States  on  public  works  is  in  the  neighborhood 
of  a  Thousand  Millions  Dollars.  It  has  been  suggested  that 
such  a  policy  would  provide  a  balance-wheel  to  American 
business,  which,  working  in  conjunction  with  the  Federal  Ke- 
serve  Hanking  System,  would  in  the  future  prevent  great 
fluctuation  in  the  amount  of  business  transacted. 

There  will  probably  never  be  in  the  history  of  the  United 
States  a  time  when  public  works  will  be  more  important  as 
a  means  of  tiding  the  nation  over  a  period  of  industrial  de- 
pression than  the  present.  We  have  had  numerous  expres- 
sions of  opinion  by  business  men  that  an  example  set  by  the 
Government,  as  suggested  above,  would  be  followed  immedi- 
ately by  private  business  interests  in  general. 

As  a  nation  we  can  take  our  choice  between  quickly  resum- 
ing business  as  usual,  or  continuing  our  present  attitude  of 
hesitation  and  indecision. 


Handling  Mexican  Track  Laborers 

For  several  years  the  Santa  Fe  System  has  been  using 
Mexicans  as  track  laborers  on  its  sections  in  the  vicinity  of 
Chicago.  Some  interesting  notes  on  the  best  methods  of 
handling  this  class  of  labor  in  track  work  are  given  by  Mr. 
David  Harris.  Section  Foreman.  Joliet.  111.,  in  the  Mainte- 
nance of  \\ay  Bulletin,  from  which  we  quote  as  follows: 

These  men  are  as  a  rule  not  very  bright  appearing,  being 
slow  to  learn  our  ways,  while  the  work  being  all  new  to 
them  makes  it  necessary  for  the  foreman  to  work  very 
closely  with  them  to  get  in  best  results. 

Do  not  be  afraid  to  take  hold  of  the  pick  or  shovel  and 
show  the  man  how  to  do  the  work,  as  in  this  way  you  will 
gef  quicker  and  better  results.  This  rule  of  showing  a  man 
how.  rather  than  telling  him.  being  a  good  one  to  use  in 
handling  all  classes  of  men  and  especially  the  Mexicans. 

As  a  rule  I  have  found  the  Mexican  laborer  inclined  to  be 
stubborn,  difficult  to  drive  but  more  responsive  to  nice, 
smooth  handling,  and  I  have  found  the  latter  method  got 
the  best  results. 

Aim  to  lay  out  a  fair  day's  work  for  the  crew,  and  when 
they  do  that  and  doit  well,  let  them  rest  until  the  time  comes 
to  go  to  the  camp.  Never  promise  them  anything  unless 
you  can  keep  your  promise — failure  to  keep  your  word  with 
them  will  mean  that  they  will  lose  confidence  in  you,  with 
consequent  loss  of  efficiency  in  their  work,  but  on  the  other 
hand  do  not  always  depend  on  them  to  keep  their  word  with 
you  for  they  do  not  always  do  that. 

It  is  found  that  when  some  of  these  men  are  in  the  coun- 
try a  few  years  and  iearn  a  little  English  they  will  think 
they  know  more  than  the  foreman  or  most  anyone  else,  and 
will  always  be  stirring  up  trouble  of  some  kind.  Get  rid  of 
such  men  quickly,  as  they  make  trouble  makers  the  world 
over,  and  are  detrimental  to  a  gang  or  any  body  of  men. 

Never  keep  a  man  in  your  gang  who  is  inclined  to  be  idle 
and  lay  around  camp,  because  such  a  man  will  soon  have 
most  of  the  gang  staying  in  camp  with  him.  Never  allow 
them  to  bring  liquor  into  camp,  as  intoxicants  have  spoiled 
more  Mexican  gangs  than  any  other  one  thing.  Get  rid  of 
the  boozer  with  scant  ceremony  before  he  spoils  your  entire 
gang  by  having  them  loaf  around  camp,  and  even  if  by  dis- 
missing him  you  lose  a  few-  others,  the  balance  of  the  gang 
will  te  the  better  for  the  weeding  out. 

Because  of  inexperience  in  American  ways  of  business  and 
ignorance  of  our  language,  the  men  often  and  in  fact  always 
have  difficulties  in  getting  their  food  supplies  or  clothing 
at  the  stores  and  the  foreman  should  assist  them  in  the  vari- 
ous transactions  necessary  to  their  commissary,  being  care 
fu!  always  to  know  that  they  are  treated  fairly  and  not  ex- 
ploited by  any  unscrupulous  person. 

Show  them  that  you  are  their  friend  and  as  long  as  you 
do  that  they  in  turn  will  do  the  right  thing  by  you. 

In  conclusion,  let  me  say  that  as  a  general  proposition, 
fair  treatment  of  Mexican  labor  will  bring  results,  and  I 
hope  that  the  suggestions  made  in  this  article  may  be  of 
»ssis*ance  to  foremen  who  are  not  familiar  with  this  par- 
ticular class  of  men. 


New   Classification   for  Rock 
Excavation 

.\  new  rock  classilication  for  excavation  work  has  been 
proposed  by  Warren  D.  Smith,  Professor  of  Geology  at  the 
University  of  Oregon.  His  classilication,  which  is  outlined 
as  follows  in  Economic  (.eolot'y,  piovides  for  four  main 
groups: 

The  classilication  ol  rocks  given  in  geology  handbooks 
is  too  technical  and  too  clumsy,  as  now  arranged,  for  the 
use  of  the  (ieid  engineer,  and  we  find  in  the  literature  noth- 
ing very  adequate  whicli  the  engineer  can  use.  In  some 
cases  he  has  fallen  hack  on  a  classification  something  like 
this,  which  all  geologists  will  recognize  as  being  a  very 
loose  and  unsatisfactory  classification.  For  instance,  I  found 
the  following  classification  in  use  by  the  engineers  of  a  rail- 
road company  in  Oregon:  (1)  Solid  rock;  (2)  sandstone- 
(3). cement;   (4)  shale;   (5)  earth. 

Now,  all  geologists  know^  that  there  are  many  different 
kind.s  of  solid  rocks  and  many  different  kinds  of  sandstones, 
and  so  on.  i\o  regard  is  paid  in  this  classification  to  the 
differences  m  cementing  materials  in  the  sandstones;  there 
is  nothing  in  here  about  structure,  or  texture,  which  deter- 
mine the  ease  or  difficulty  in  excavating  the  material.  No 
attention  is  paid  to  whether  the  material  is  weathered  or  to 
the,  degree  of  alteration.  For  instance,  the  word  cement 
may  include  many  different  kinds  of  cementing  substances, 
silica,  calcium  carbonate  or  iron  oxide,  and  it  makes  a  great 
difference  which  one  of  these  is  the  binding  substance. 

A  good  classification  will  probably  have  to  include  terms 
generally  used  by  geologists,  but  these  must  be  so  grouped 
that  we  get  in  any  one  group  materials  which  can  be  ex- 
cavated with  about  the  same  degree  of  ease  or  difficulty,  as 
the  case  may  be.  In  the  following  proposed  classification 
very  heterogeneous  substances  are  grouped  together,  but, 
taking  into  consideration  texture,  structure  and  composition, 
we  think  there  are  included  those  materials  which,  from  our 
experience,  we  judge  ought  to  be  classed  together  for  simi- 
lar rating  in  regard  to  excavation. 

We  realize  that  tliis  classification  is  open  to  criticism,  but 
criticism  is  what  is  invited,  for  an  excellent  way  to  develop 
a  good  classification  is  to  propose  one,  have  it  criticised,  and 
then  make  a  new  one,  or,  if  necessary,  several  new  ones. 

In  the  case  of  a  small  job,  involving  little  financial  outlay, 
where  not  very  much  can  be  either  made  or  lost  by  the  con- 
tractor, the  old,  loose  classification  as  now  used  might  be 
re'ained:  but  with  a  big  piece  of  work,  where  thousands  of 
cubic  yards  of  rock  have  to  be  moved,  it  will  pay  both  the 
company  and  the  contractor  to  have  a  geologist.  If  the  com- 
pany retains  no  geologist  on  its  staff  then  let  it  secure  the 
temporary  services  of  one,  and  have  him  classify  the  ma- 
terial to  be  excavated.  In  this  particular  case  I  know  that 
several  hundred  dollars  could  have  been  saved. 

For  use  in  connection  with  this  classification  we  think 
that  Pirsson's  "Rocks  and  Rock  Minerals,"  with  the  tables 
there  included  for  rock  determination,  should  be  used.  There 
is  no  escaping  the  fact  that  the  engineer  must  know  the 
common  rocks  and  minerals.  If  he  does  not  know  them 
now,  he  rai;st  either  take  a  course  where  he  can  learn  these, 
or  a  geologist  must  be  retained. 

The  following  classification  has  four  main  groups,  and  is 
as  follows: 

Name. 
AM  granite  rocks,  granites,  diorities.  etc.    ' 

.Sandstone  (.siliceous  cement)    I 

Quartzites  and  qu.nrtz  masses 

Traps    (b<-i.salti    jiorpfiyries    and    volcanic 

glasses 
Conglomerates  and  agglomerates  . 

Gneisses,   breccias  J 

.MI  rook.s  of  Group  I.  badly  weathered 

Sandstone  (lime  or  iron  cement)    

I..imestones  and  marbles 

Serpentines,  schists,  slates  and  argillites 

Hardpan  (glacial,  etc.)  J 

Shales  i 

Rubble  limestone 

Loose  sandstone 

Coqiiina 

^rarls 

Travertine 

Tuff 

Glacial  till 

Silt 

Miut 

Sand 

Gravel 

Volcanic  a.sh  (loose) 


GROLrp  I. 

Solid  and  unweathered 

rocks. 


GROUP  II. 
Intermediate  rocks. 


GROUP   HI. 
Soft  rocks. 


GROUP  TV. 
Unconsolidated    (earti;). 
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River  Bank  Protection  of  Skeleton 

Steel 

Mr.  J.  W.  Kellner  of  Silver  Lake,  Kan.,  has  recently  been 
granted  patents  for  a  new  form  of  bank  protection,  wliich 
has  been  in  successful  use  along  the  Kansas  River  in  the 
vicinity  of  Topeka.  As  described  in  the  Railway  Age,  from 
which  the  accompanying  illustrations  are  reproduced,  the 
protection  consists  of  one  or  more  units,  preferably  at  least 
four,  each  unit  consisting  of  thiee  structural  steel  angles,  16 
ft.  long,  properly  fastened  together  in  the  center  in  the 
form  of  a  jack  stone,  such  as  children  >isc  in  playing  jacks. 


One  of  Steel  Jetties  Just  After  Installation. 
The  extreme  ends  of  these  three  angles  are  fastened  one 
to  another  with  %-in.  wire  cable.  Various  sizes  of  angles; 
have  been  used.  The  four  or  more  units  are  fastened  one 
to  another  by  wire  cable,  attached  to  the  center  of  each  unit, 
and  this  cable  is  fastened  to  a  dead  man  some  distance  from 
the  bank.  The  material  is  shipped  in  a  knocked-down  con- 
dition to  the  point  of  use.  There  each  unit  is  assembled  on 
the  bank,  the  several  units  are  properly  tied  together  with 
one  end  anchored  to  the  shore,  and  the  whole  jetty  is  rolled 
into  place  in  the  stream. 


Deposit    of    Sediment    Resulting     From     Presence    of    Two    Jetties. 

At  first  sight  it  appears  that  there  is  little  in  this  affair 
to  protect  the  bank,  but  its  apparent  efficiency  would  seem 
to  he  due  to  the  fact  that  the  jetty  decreases  the  veIocit> 
of  the  water  passing  through  it  sufficiently  to  deposit  some 
of  the  sand  being  carried  down  stream  by  the  swift  cur- 
rent, and  once  a  deposit  is  started  it  continues  rapidly,  of 
course,  brush  catches  in  the  prongs  of  the  affair,  but  tlic 
jetty  is  not  dependent  upon  this  brush  for  results.  In  fact 
the  builders  claim  better  results  where  no  brush  interferes. 
Should  brush  'Odge,  and  overturn  the  jetty,  it  is  in  the  same 
position  as  before  and  unharmed. 

The   advantages   of  this   jetty    lie   largely   in    its   relatively 


cheap  mstallaticn  cost  and  to  the  short  time  required  to 
place  it.  as  compared  with  other  means  of  bank  protection 
Experience  with  this  construction  indicates  that  the  results 
are  satisfactory.  Then,  too,  the  effect  of  this  jettv  in  push- 
ing tlie  river  away  from  the  point  of  cutting  is  only  moderate 
so  that  the  current  is  not  turned  sharply  away  only  to  have 
It  do  even  greater  damage  at  some  point  further  down 
stream. 

The  pictures  show  the  form  of  construction  and  indicate 
possible  results.  One  illustration  shows  a  jetty  just  after 
installation.  The  other  picture  shows  clearly  that  a  bar  or 
(Kposit  is  forming  beiow  the  point  where  two  jetties  had 
been  placed.  The  river  had  given  more  or  less  trouble  here. 
and  considerable  money  had  been  spent  in  a  small  wav  with- 
oiii  much  success  until  this  jetty  was  placed  in  the  fall  of 
l!il8.  The  picture  was  taken  just  after  the  heavy  rains,  and 
high  water  of  March,  i;tl9.  In  all  of  37  places  where  jetties 
of  tliis  kind  have  been  installed  the  river  has  stopped  cut- 
ling. 

If  the  protection  is  required  for  some  distance  along  the 
rlv'-r.  it  is  necessary  to  place  the  jetties  at  intervals  of  from 

-'(III   to  300   ft. 


Reclaiming   Frogs   and   Switch   Points  by 
Oxy-Acetylene  Welding  Process 

ii.\y-acteylene  welding  (unfits  liave  been  employed  by  the 
Chicago  &  Northwestern  l{y.  for  the  past  three  years  for  re- 
claiming track  appliances  in  yards.  The  work  accomplished 
with  these  outfits  is  described  by  Mr.  A.  \V.  Talbert.  Road- 
master  V.  &  i\.  \V.  Ry.,  in  the  Maintenance  of  Way  Bulletin. 
frniii  which  the  matter  following  is  abstracted: 

.\t  the  time  of  the  installation  of  the  outfits  the  frogs  were 
b;i(lly  worn  and  had  reached  an  extreme  stage  of  wear.  The 
shortage  of  material  had  brought  this  about  and  some  of 
these  frogs  were  worn  up  to  the  danger  point,  where  flanges 
were  running  on  the  castings. 

There  are  five  outfits  on  the  Madison  Division.  During 
the  month  of  January.  191i).  53  frogs  were  repaired  and  a 
saving  was  made  of  $1,820.64,  an  average  saving  of  $34.3.5 
per  frog.  On  one  instance  in  a  freight  yard  a  frog  was  close 
to  the  danger  point.  On  account  of  the  scarcity  of  material, 
this  particular  frog  was  removed  from  the  track,  but  as  it 
was  the  only  emergency  one  on  hand  it  was  necessary  to 
rr'pair  and  build  up  this  frog.  It  was  found  worn  so  that 
the  flanges  were  running  on  the  castings.  One  wing  was 
broken  clear  across  the  ball  and  turned  through  ihe  web  and 
flr.nge.  The  other  wing  was  split  lor  a  distance  of  IS  in.  In 
tl-.is  ca.se  IS  in.  of  new  hall  was  built  up.  1  Vi  in.  of  the  i)()ini 
for  a  distance  ot  8  in.  also  was  built  up.  .\fter  the  frog  was 
completed  it  was  put  back  into  traffic.  At  the  end  of  32  days 
it  was  giving  very  good  service  and  showing  hardly  any 
weir.  It  is  polished  up  so  now  that  if  a  man  did  not  know 
the  frog  had  been  welded,  and  looked  close,  he  would  not 
know  the  difference  betw'een  a  new  frog  and  the  repaired 
one.  A  new  rigid  frog  put  into  the  same  track  under  ordi- 
nary cciiditions  and  same  traffic  will  last  SO  days.  About 
liMi.DOO  ions  pass  over  this  frog  daily. 

During  the  same  month  G  switch  points  were  reclaimed  at 
a  saving  of  .$."it!.24  or  an  average  of  $;i.37i{t  per  point. 

Cross  arms  for  Odenkirk  switch  boards  also  are  repaired 
III  a  cost  ol  1/6  of  the  first  cost  of  the  cross  arms.  Switch 
stands  were  also  reclaimed  at  a  small  cost. 

There  are  frogs  in  the  track  that  were  welded  as  high  as 
three  different  times  and  at  each  time  welded  give  the  same 
service  as  a  new  frog. 

During  Ihe  summer  of  IHIS  some  battered  and  (lowed  rail 
ends  in  (iouble  track  territory  under  heavy  freight  traffic  were 
built  up.  Mr.  Talbert  finds  that  the  welding  is  holding  and 
till-  joints  are  worn  somewhat  at  this  time  and  hardly  visible. 
Two  men  welding  on  an  average  of  6  joints  per  day  in  8 
hours'  work.  The  joints  were  worn  from  %  in.  to  ',,  in.  and 
the  work  was  done  on  an  average  of  $2  per  joint. 

.Mr.  Talbert  states  tliat  in  his  few  years'  experience  with 
the  oxy-acetylene  process  he  finds  during  the  winter  inonlhs 
it  is  not  economical  to  weld  frogs  under  very  heavy  freight 
traffic  as  the  frogs  get  bent.  He  recomm''nds  that  frogs  be 
removed  from  the  track  where  such  conditions  exist  Dur- 
ing the  winter  months  it  is  not  economical  to  weld  outside 
on  account  of  not  being  able  to  draw  out  the  acelyh-ne  gas 
from  the  drum  unless  the  drum  is  warm  and  up  to  about  70'. 
Otherwise  there  is  a  great  amount  of  gas  left  in  the  tank  and 
returned. 
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Views  (»f  Construction  Industry  on 
Present  and  I  uture  Business 
Conditions 

An  iiiial.Nsis  of  the  ii'iswois  lo  ;i  inu'siidiinairi'  soiil  by  llu' 
Natioiiai  Koiltrutioii  of  ('onsii'.iction  liulustrics  to  1.400  of 
tlio  leading  constnu-lioii  iiuliislrics  and  related  iiiteiotits  in 
the  United  States  conlirins  Die  fait  that  during  the  past  few- 
weeks  general  business  eunditions  have  greatly  Improved  and 
that  the  prospects  for  the  hiture  are  bright.  A  preponder- 
ance of  opinion  supports  the  view  that  the  present  price  level 
is  here  to  stay  for  an  indelinite  period  of  time  and  many  be- 
lieve that  prices  will  go  still  higher. 

The  questions  asked  by  tlie  l-'ederation  were; 

1.  What  is  the  condition  of  your  business  (bad,  poor,  fair, 
good,  e.xcellent)? 

2.  How  do  you  classify  your  prospects  f<n'  business  during 
the  remainder  of  the  current  year  (bad,  poor,  fair,  good,  ex- 
cellent)? 

3.  Do  you  believe  that  business  when  it  rssumes  will  be  on 
the  present  price  level? 

4.  What  are  your  reasons  lor  this  belief? 

5.  Do  you  believe  that  unassisted  by  large  Government  iiui- 
cl;ases,  the  present  price  level  will  be  adopted  by  a  normal 
resumption  of  btisiness,  within  the  next  year? 

6.  Within  two  years? 

7.  If  you  do  not,  are  you  in  favor  of  larj;e  Government  pur- 
chases to  establish  confidence  in  the  present  price  level? 

S.  How  nuich  of  an  appropriation  by  the  Federal  Govern- 
ment for  such  purposes  do  you  feel  would  be  warranted,  if 
necessary,  within  the  next  twelve  months? 

9.  What  recommendations  would  you  make  to  get  business 
quickly  established  on  a  peace  basis? 

10.  What  other  remarks  have  you  to  make  upon  the  situ- 
ation? 

In  the  analysis  to  the  answers  to  these  questions  they  are 
grouped  as  coming  from  the  North  Atlantic  States,  South 
Atlantic  Slates.  North  Central  and  North  Western  States. 
South  Central  and  South  Western  States. 

The  answers  to  question  No.  1,  as  to  the  present  condition 
of  business  are  as  follows: 

Ex- 
Bad.      Poor.       Fair.     (Jood.     rellent. 
Per         Per  Per  Per  Per 

cent.       cent.       ceiit.       cent.         cent. 

North   Atlantic    States 6.6  10  18  27  8.4 

South    Atlantic   Slates 4  S  48  24  16 

North      Central      and      North 

Western   States   2  15  4S  18  17 

South      Central      and      South 

Western   States 12  :iO  al  7 

The  answ-ers  to  question  No.  2,  as  to  the  prospects  of  busi- 
ness for  the  remainder  of  the  year  are  as  follows: 

E.x- 
Bad.      Poor.       Fair.     Good,     cellent. 
Per         Per  Per     -     Per  Per 

cent.       cent.       cent.       cent.         cent. 

North  -Mlantic  States 1.4  7.6  44  .•!9  7.7 

South  Atlantic  States 8  22  62  S 

North     Central      and      North 

Western   Slates    4  26  33  12 

South      Central     and      South 

Western   States    ..  IS  60  l.« 

The  answers  to  question  No.  3,  as  to  whether  the  present 
price  level  will  continue  are  as  follows: 

Yes.  Yes. 

slishtly      slightly 
hij;rhor.       lower  Yes.  No. 

Percent.  Percent.  Percent.  Per  ceril. 

North  -Mlantio  States 13  in  r,3  7 

South  .\tlPntic  Slates  35  10  50  5 

North  rentral  and  North  West- 
ern   States    13  13  45  6 

South  Central  and  South  West- 
ern  Stales    15  IS  54 

The  answers  to  question  No.  5.  as  to  whether  normal  busi- 
ness will  support  the  present  price  level  during  this  year, 
are  as  follows: 

Un- 
Yes.  No.  certain. 

Per  cent.  Per  cent.  Per  cert. 

Norih  Atlantic  States  48  27  2t 

Kniiih  .Atlantic  States   68  25  7 

Kortli  Central  and  North  TVestern  States     50  15  35 

Soii'h  <'fiitr;il  and  South  Western  States     66  27  7 

The  answers  to  question  No.  6,  as  to  whether  normal  busi- 
ness will  support  the  present  price  level  during  the  next  two 
Years  are  a^;  follows: 

Un- 
Yes  No.  certain. 

Percent.  Percent.  Pe'-cent. 

North    .Atlantic   States    56  W  25 

Sr.\;th    .-Vtlantic   States    45  25  30 

Ko-th  Central  and  North  Western  States     20  15  65 

South  Central  and  Soith  Western  States     ?.9  21  40 


I'he  answers  to  (juostion  No.  7:  "Do  you  favor  largo  Gov- 
ernment purchases  to  establish  conlldence  in  present  prices," 
are  as  fullows' 

Hn- 
Yes.  No.  <'wtain. 

Percent.   Peri-enl.   Percent. 

North  Attintic  SlaloH  I!i  32  4!) 

South    .Mliintic    States    12  ,S0  8 

North  Cential  ami  North  Western  Slates     15  45  40 

Sotilli  CiMiiral  and  South  Western  States     24  57  IS 

cjucstion  No.  4  requests  rer.sons  for  the  answer  given  in 
question  No.  3,  as  to  whether  the  present  price  level  will  con- 
tinue. The  analysis  of  the  reasons  given  by  those  who  be- 
lieve that  the  present  price  level  will  continue,  are  as  fol- 
lows: 

Per  cent. 

ISccause  of  supply  an<i  demand    1.5 

Kf'cause  oi'  ht^'h   ciisl  of  material 6.6 

llccause  of  shi>rla*.;e  of  material    6.7 

Hciause  of  hlnh  cost  of  food  and  other  living  expenses  9.0 

Hci-ause  of  hiKh  wages  and  altitude  of  laVior  58.1 

Because   of  general  and   miscellaneous   reasons    18.1 

The  latter  reasons  include  shortage  of  material  and  labor 
which  will  develop  when  normal  domestic  and  probably  for- 
eign re(|uiremenls  are  realized.  The  opinion  is  also  ex- 
pressed that  people  will  soon  become  accustomed  to  spending 
money  on  the  new  price  level  and  will  thereafter  spend  as 
freelj   as  tJiey  have  in  the  past. 

.■\n  analysis  of  the  reasons  given  by  those  who  btdieve  that 

the  present  price  level  will  not  continue  but  will  go  lower,  is 

as  follows: 

Per  cent. 

I{ccai'.sc  prices  already  have  .Iccreased    2.7 

Because  lower  livini;  costs  will  reduce  wages   5.4 

Because  of  supply  and  demand   8.2 

Because  lower  prices  are  necessjiry  lo  sliniulale  business  ....  27.0 

ilecause  we  ai-e  clianging  from  war  to  pe;ice  conditions  29.7 

Because  of  general  arul  miscellaneous  reasons  including^sev- 
eral  of  the  alxjve  reasons   27.0 

The  answers  to  question  No.  9,  "What  recommendations 
would  you  makf-  to  get  business  quickly  established  on  a 
peace  basis,"  and  to  question  No.  10,  "What  other  recom- 
mendations have  you  to  make  upon  the  situation,"  inolved  so 
many  considerations  as  to  make  it  practically  impossible  to 
segregate  the  answers  into  groups.  Among  the  more  pnmi- 
inent  recommendations  and  suggestions  are: 

a.  The  rcjieal  or  modification  of  the  Sherman  Anti-Trust 
L.1W. 

b.  Favorable   merchant    Marine   laws. 

c.  Extending  the  Webb-Pomerene  Act. 

d.  Government  loans  for  housing  construction. 

e.  National,  state  and  municipal  governments  should  pro- 
ceed with  all  public  works  authorized. 

f.  Educational  campaign  to  convince  the  public  present 
prices  are  permanent. 

g.  Send   business  men  to  Congress. 
h.  Sign  the   Peace  Treaty. 

i.  Government  should  return  all  private  property  to  own- 
ers. 

j.  Discontinuance  of  war-time  administration  of  private 
business. 

k.  In  a  few  cases  the  answer  is:  "Normal  business  has 
already  resumed." 


Loosening  Hard  Soil  with  Dynamite 

In  digging  a  trench  for  a  4-niile  water  supply  line  soil  was 
encountered  that  was  so  hard  a^  to  require  picking.  After 
about  1  mi:e  of  ditch  had  been  dug  it  was  decided  to  loosen 
the  ground  by  blasting.     This  was  done  as  follows: 

The  tools  required  were  two  10-lb.  sledge  hammers  and  a 
steel  drive  point  H^  in.  in  diameter.  The  sledges  were  used 
to  drive  the  steel  bar  into  the  ground  making  the  holes  2 
ft.  deep  in  wliich  the  charges  of  dynamite  were  loaded.  The 
holes  were  spaced  4  ft.  apart,  each  hole  being  loaded  with 
%  lb.  of  40  per  cent  dynamite  well  tamped  in.  As  no  blasting 
I'.iachine  was  available,  a  blasting  cap  and  length  of  fuse  was 
inserted  in  each  charge.  The  charge  being  small,  a  man 
couid  go  along  the  line  of  charges  lighting  the  fuses  without 
risking  anv  danger  from  the  blasts  going  off  40  or  50  ft. 
bfhind  him. 

The  experiment  was  an  entire  success.  The  small  blasts 
loosened  the  Hard  ground  very  nicely.  It  was  possible  to 
shove!  out  most  of  the  dirt  without  any  picking  whatever. 
Because  of  the  time  of  labor  saved  by  the  blasting,  the  cost  of 
the  work  was  greatly  reduced  and  the  time  of  completion  of 
the  job.  decidedly  shortened. 
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Salary  Schedule  and  Classification 
Suggested  by  Draftsmen's  Union 

In  a  brief  submitted  at  a  liearivig  lield  May  12  and  i:;  by 
the  Board  of  Railroad  Wages  and  Working  Conditions  of 
the  U.  S.  Railroad  Administration  representatives  of  the  In- 
ternational Federation  of  Draftsmen's  Unions  presented  a 
classification  for  draftsmen,  together  with  mlnimnin  salary 
scale.  The  salary  schedule  recommended  by  the  union  was 
as   follows: 

Minimum 

salaries 

per  moiilh. 

Chief  draftsman   $:',«;•, !rO 

Leading  draftsman   or  sciuad   man    iSii.nu 

Draftsman,  Class  A    210  ;I0 

Drafttsman,   Class   11    ITS.dO 

Draftsman,  Class  C    1 35  00 

Tracer,  Class  A  12:,. 00 

Tracer,  Class  B "S.GO 

Assistant  engineer  (or  engineer  insi.ie<-tur)    2.iu.O0 

Assistant    inspector.    Class   A    20ii..ii) 

Assistant  inspector.  Class  B   1.^0. .'ii 

Tnstrunientman     21,  .00 

lUiiIman,  Class  A   175. On 

Rodman.  Class  B   1  ;.'0  o,i 

Tapeman.  Class  A  ...    12.-,   hi 

Tapeman,  Class  B 100  on 

Refular  hours  to  i,e  ;\'2  hours  on  5  days  of  ilie  week  and  I  hours 
on  Saturday,  making  41  li  hours  per  week. 

>'o  overtime  except  whei-e  absdluteU'  iiecessar>'.  or  at  the  option 
of  the  emplove.  and  time  and  one-half  for  all  overtime  ordered  or 
made  necessary. 

All  traveling-  and  other  e-\penses  incurred  tor  railroad  busmess, 
and  also  expenses  attached  to  moving  headciuarters,  allowed. 

Civ'l  service  rules  to  ajiply  regarding  vacation,  holiday  ind 
sick  leave. 

No  salaries  now  in  existence  to  be  redu<-ecl. 

The  following  classiilcaticn  tor  the  above  position?  was 
given  in  the  brief: 

Chief  Draftsman — In  direct  charge  of  olHce  jjerforniing  tecbi.ical 
engineering  or  architectural  work,  workers  in  said  office  reporti.ig 
(lirectlv  to  the  chief  draftsman. 

LeaVdng  Iiraftsnian  or  .'^■lUiol  .\lan--lii  ■lirct  charge  ot  a  gnmp 
of  men  under  the  jurisdiction  i>l  the  <hict  iliMflstman — capable  of 
d,'sign;nf  and  directing  design. 

Draftsman,  Class  A — With  c^iperience,  capable  of  designmg 
complex  and  diflicult  work. 

Draftsman.  Class  B— With  exiierience.  caj)able  of  desigmng  snn- 
ple  w-ork  and  capable  of  detailing  difficult  work. 

Draftsman.  Class  C — With  or  without  experience,  not  necessarily 
callable  of  designing  but  able  lo  detail  ordinary  work. 

Tracer,  Class  A — Either  with  college  education  or  with  two  and 
one-half  yeais'   experience  and  capable  ol    doing  good   work. 

Tracer,  Class  B — Without  college  education  or  experience.  Sil- 
ary  to  increase  $5.00  every  six  months  as  long  as  he  continues  to 
i.nipiove.  ,       i-       .      ,  .• 

Ass-stant  Engineer  or  En;iiieer  InspecKii— In  direct  charge  ot 
important  and  difficult  work,  having  others  undtr  his  charge. 

.A.ssistant  Inspector,  I'l.-iss  .\  — Ueiorting  to  assistant  engip.  cr 
or  engineer  ins-pectcr  and  capable  of  handling  important  work. 

A=sistant  Inspector.  Class  B— Reporting  to  assistant  mspectoi . 
Class  A.  or  to  ..Assistant  Kiiginetr  or  to  engineer  inspector,  ml 
capable  of  handling  less  inii'Orlant  work 

Instrumentnian— In  direct  charge  of  fiel.l  party  and  responsiMe 
I'or  technical  Held  work.  ,       .    ,  ,  ,  ,    , 

Rodman,    Class   A— Tboi  oin,lil,\    understniids    held    work   and    has 

'  Kodmai,,  Class  H— Does  not  thoiougbly  understand  tlclrl  wv,i 
and  has  little  or  no  experience. 

Tapeman,  Class  .\ — Either  with  colle;  ■  education  or  with  tvu 
and   one-half  yeais'   experience  and   capal  le. 

Tapeman,  CUuss  B— Without  colles;e  education  or  experi -nee 
calary  to  tncrease  ?5.00  eV4'ry  six  months  as  long  as  he  continu.s 
to   inipro\'c\ 

In    explanation    ol'   tl;e    salary    schedule,    the    brief    furthe; 

states: 

"It  will  be  n.oted  that  the  niinimuin  scale  of  salaries  sub 
mittod  above  is  very  moderate.  In  proof  of  this  we  give 
bolnw  the  scale  granted  by  the  Macy  Board  to  the  .Marine 
IV.aftsmen  in  the  private  and  in  the  Government  shipyard^ 
and  bureaus: 

Chief  draftsman   *5.min  i,er  year— Stlfi  lit;  per  ino,i;li 

Leading  draftsman   .?!"  to  .?I2  per  day— If2(;0  to  $;11  per  month 

Draftsman,  Grade  A f'.'^o  per  'ay— $25"  per  mon    , 

Draftsman,  C.rade  B   *>^  to  per  day— $2 JO  per  nioic  ; 

Copyist   ■*•''■''  '  '"■''  da.v— $14.-)  per  mnpt  , 

''emii'ar  hours— 41^:   hours  per  week. 

Time  and  a  half  for  overtime.  ,     ,.  ,  ,     .   ,    , 

Civil  service  rules  regarding  vacation,  iKjIidays  and  sick  1,-ave 

■Tt  is  generally  agreed  by  marine  draftsmen  that  no  higher 
technical    knowledge    or    skill    is    refiuircd    to    perform    llieir 
work  than   that   which   is   necessaiy   to  do   work   in    the   rail 
•  road  engineering  departments." 

"We  hold  that  the  employe  has  a  right  to  more  than  what 
is  ccirinion!y  known  t's  'n  living  wage.'  We  hold  that  all  the 
Irnits  of  labo'-  should  be  en,ioyed  by  those  who  work  with 
h^.nd  or  bra'n  and  by  their  children,  to  the  end  that  the  mem 
hers  of  society  iiniy  evolve  toward  greater  perfection  througii 
the  elevpting  influences  of  music  art,  literature,  science  and 
.-v-or-u  all.  of  perfect  freedom.  'A  H-i-c  wags'  does  not  in-- 
n  V   ';-!h'r!fr7   'li;   c?.r:h'   cr   'hiving  life   mo' e   ctundrnfy.' 


We,  as  workers  in  the  great  technical  branches  of  applied 
science,  know  that  our  efforts  result  in  a  greater  produc- 
lioii  for  a  given  expenditure  of  energy.  We  delight  in  our 
labois  because  we  are  conscious  of  this  fact.  Sometimes  it 
is  the  very  lov(>  oi  the  work  itself  that  holds  our  interest; 
but  tit  (ith-  r  limes  the  woik  bectuues  routine  and  irksome, 
and  we  need  the  stimulus  then  of  feeling  that  out  of  the 
struggle  to  accomplish  against  drudgery  will  come  a  greater 
joy  to  oiirstdves  and  to  all  hunianily.  If  on  the  other  hand, 
we  see  ourselves  imposed  upon,  bur  sticngth  sapped  because 
of  excessive  application  to  routine  pcrlorniances,  our  sal- 
aries insufficient  tti  care  rightly  for  ourselves  and  for  our 
children,  to  wliiim  all  future  surplus  properly  belongs — in 
otiK  r  words,  if  we  of  the  great  mass  of  workers  are  con- 
scious of  t!ie  fad  that  we  sow  while  the  few  reap,  that  we 
toil  while  the  few  take  and  \ise  for  themselves  what  we 
make,  then  till  joy  and  contetitmenl  must  of  necessity  be 
taken  diii  nj  our  work,  and  out  o!  our  lives  other  than  the 
hope  tluit  ;it  some  time  througii  rtnr  continuous  efforts  we 
shall  be  able  to  right  this  great  wrong." 

Kiirther  Information   regartling  tiie  siiggi'sted   classification 
is   given   in   the   brief  as  follows. 

"it  will  be  noted  that  the  salaries  retpiested  are  all  mini- 
miiin.  Taking  tlte  Chief  Draftsniiin  .as  an  illustration,  for 
insttince.  no  Chiel  Draftsman  on  any  load  under  federl  con- 
trol would  receive  less  than  |;fi)0  [ler  month.  It  is  undoubt- 
edly tiin'  ih.it  tili  chief  drattsmen  do  not  possess  the 
same  tibilily,  consetiuenlly  the  average  or  lower  than 
average  man  should  naturally  lind  himself  in  a  smaller 
and  less  responsible  office  at  lower  sa'ary  than  that 
in  wiiicli  a  m;in  of  exceptional  ahilily  is  located  at  a 
higher  salary.  Again,  an  exceiitioniilly  exjiert  tracer  on  ali 
kinds  of  intricate  work,  wherever  there  is  a  demand  for 
siicli  ttcrk,  nitty  receive  considerably  moie  than  the  $12.5 
per  month  set  in  tibovc  minimum  scale.  .Xs  another  illustra- 
tion, ttike  the  Class  A  draftsman:  he  is  a  man  capable  of 
designing  anything  in  his  line  of  work.  .Now.  tf.ere  will  be 
a  wide  range  of  such  men,  from  those  below  fiie  average 
to  those  above.  No  Class  A  draftsman  would  receive  less 
than  1210  per  month,  hut  the  exceiitional  expert  may  receive 
mncli  more  than  that.  There  is  mi  retiscn  why  an  txpett  in 
one  line  should  not  receive  as  much,  or  even  more,  than  a. 
tiieditim  man  in  another  position  which  is  commonly  con- 
sideied  to  be  'higher  up.'  Tiie  erroneous  c;)nceptio:i  has  been 
growing  all  too  prevalent  ihtit  the  intin  who  possesses  abil- 
ity to  manage  is  'higher  up'  than  another  wlio  has  r.o  (inaliti- 
cations  along  tlitil  line.  This  conception  lias  been  opertiiing 
to  the  detriment  of  the  lolty  aims  iiiid  furidamental  purposes 
of  engineering  tind  architecture.  Since  wiien  has  the  artist. 
the  musician,  the  inatheniaticiaM.  the  scientist  be'cme  a  inan- 
igcrV  .Ml  engineers  know  that  some  Chief  Draftsmen  and 
engineers  in  charge  of  departments  have  drifted  away  from 
technical  engineering  and  become  c'erical  cperatives.  and 
direclors.  while  the  real  technic  of  (engineering,  the  applica- 
tion of  scieiicc,  is  done  by  what  they  are  pleased  to  call  their 
■subordinates'  The  idea  of  subordiniition  is  a  bad  ide:!.  It 
militates  against  personal  freedom  and  the  true  and  bi  ne- 
licitil  spirit  of  co-operation.  Let  us  recouni;:e  true  merit  and 
\v(-rtli  wheievr  it  exists  anil  recom.u'Uise  accordingly.  For 
these  ,-11111  ulhi  r  reasons  we  decline  t-i  set  tuiy  maximum  scale 
at  till  for  iuiy  of  the  positions  nn^nlioned." 

Ktpiher  extracts  froin  the  brief  foHov.-: 

"Organization.  In  order  lo  tticilitale  the  w:;rk  of  organiza- 
tinii.  sitindariliztition  and  efficiency  of  a  1  tech"ical  railroad 
eagiiM'cring  and  arcliitecturtil  wtu-keis,  we  hir  by  retpiesi 
tlitit  the  Hoard  of  RailroiKl  Wage--  and  Working  Conditious 
r-commcnd  lo  Walker  D.  llinrs.  Diret-tor  Ceneral  of  Rail- 
roads, that  he  issue  a  g"ner;il  oiiler  to  all  railroad  compt.- 
ni'^s  under  federal  control,  said  (Udci-  to  recpiire  these  rtiil- 
ro;'d  companies  lo  grant  to  the  duly  accredited  represi  nla- 
li  e^  of  Ihe  International  l-'e(let-:ition  of  Draftsmen's  I'nions 
.,,,,1  ,1  their  .iltiliated  local  unions,  and  also  to  the  official 
lemesentaiives  ef  nil  other  organizations  of  teclinic- 1  engi- 
n-'crs  and  :-i  eht-i  rural  woruets.  the  following  rights: 

"1.  Tlie  ligl't  lo  post  notices  legardiiig  their  organization 
rffa'rs  in  the  various  offices  tiiid  other  places  of  einployno  iif 
where  technical  engineering  or  architeciiifal  railroad  v.  ,rk 
ei-s  ai-e  emi)!oyed. 

"2.  The  right  to  secure  tiom  the  proper  railroad  officials 
ccmp'f'te  lists  ol  tlie  names,  tiddresses.  titles,  and  p'aces  of 
.  mploymoiit  of  all  technical  engineering  tind  tirchilectural 
wo:!<ers  in   tlieir  employ. 

7) 
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"3.  The  tight  to  enter  the  various  places  of  employment 
of  such  technical  workois  duriuK  ihf  lunch  period  lor  the 
purpose   o(  carrying   on   imlividiial   orKantzation    work, 

"Pro  Ratti  Furlough. — Reports  of  men  bi-ing  discharged 
from  the  engineering  service  of  some  of  the  railroads  have 
been  coming  to  our  notice  for  the  past  two  or  three  weeks. 
We  request,  therefore,  that  your  Board  recommend,  as  soon 
as  possible,  to  the  Director  General  of  Railroads  that  lie 
issue  a  general  order  without  delay  to  the  effect  that,  If  any 
reduction  In  operating  expenses  of  the  engineering  depart- 
ments of  the  railroads  must  be  made,  a  pro  rata  furlough 
without  pay  be  granted  to  provide  for  this  necessary  reduc- 
tion, rather  than  discharging  or  reducing  the  rate  of  wages 
of  employes:  and  also  that  he  direct  that  workers  discharged 
or  demoted   be   reinstated   wherever  they   so  desire. 

"Permanent  Regulatory  Committees. — We  request  that  ma- 
chinery be  perfected  and  set  in  motion  for  the  formation  of 
permanent  regulatory  committees  in  every  railroad  company 
under  federal  control,  such  committees  to  be  composed  of 
the  various  heads  and  subheads  of  the  engineering  depart- 
ments. As  an  illustration,  take  the  bridge  department:  the 
regulatory  committee  of  this  department  would  consist  of  a 
representative  from  the  railroad  managers,  the  Chief  Engi- 
neer, the  Assistant  Chief  Kngineer.  'he  Bridge  Engineer,  the 
Chief  Draftsmen,  and  the  directors  of  tlie  field  forces.  The 
duties  of  this  particular  committee  would  be  to  prepare  a 
budget  of  the  work  and  of  the  forces  in  the  department  neces- 
sary for  carrying  on  the  working  during  the  coming  fiscal 
year.  Representatives  from  these  various  committees  of 
each  railroad  could  confer  with  similar  representatives  from 
other  railroads  or  a  national  railroad  committee  could  be 
formed,  composed  of  representatives  from  all  the  railroads. 
The  duties  of  this  national  or  regional  committee,  it  this  is 
thought  better,  would  be  to  so  adjust  the  engineering  forces 
to  the  work  to  be  done  on  each  railroad  system  so  that  if 
one  company  had  more  engineering  workers  than  they 
needed  temporary  transfers  could  be  made  to  other  compa- 
nies who  have  a  lack  of  such  forces.  It  could  be  arranged 
also  so  as  to  be  satisfactory  to  each  individual  worker.  We 
do  not,  by  any  means,  intend  to  convey  the  impression  that 
we  have  worked  this  regulatory  committee  proposition  out 
in  detail.  We  merely  offer  it  as  a  suggestion.  We  want 
something  to  be  started  along  this  line  so  as  to  regulate  and 
stabilize  the  work  of  the  engineering  departments  so  that  it 
will  not  be  as  spasmodic  as  it  has  been  in  the  past;  and  we 
believe  that  whatever  scheme  is  devised,  the  men  who  have 
actual  and  personal  contact  with  the  forces  who  do  the 
actual  technical  work  should  form  a  part  of  the  general  plan 
of   control. 

"Overtime. — We  consider  the  practice  of  requiring  over- 
time to  be  productive  of  bad  results,  tending  to  destroy  free- 
dom and  the  pursuit  of  wholesome  natural  inclinations  o1^ 
general  interest.  We  hold  that  wherever  an  individual  de- 
sires to  devote  the  whole  of  his  time  to  his  particular  spe- 
cialty, it  is  his  privilige  to  do  so.  There  may  be  danger  of 
his  getting  out  of  touch  and  out  of  sympathy  with  those 
things  which  are  of  general  human  interest,  but  that  de- 
pends largely  upon  his  individual  character:  however,  this 
will  be  done  of  his  own  volition,  and  nature  has  the  benign 
habit  of  often  correcting  its  own  faults.  Such  w^ork  as  is  done 
outside  of  regular  hours  of  one's  own  choice  and  desire  does 
not  constitute  overtime  in  the  sense  implied  in  this  brief. 
Wherever  an  employe  is  requested  or  ordered  to  work  in 
addition  to  the  regular  time,  or,  on  account  of  the  peculiar 
circumstances  under  which  he  is  placed  in  a  trip,  say  away 
from  headquarters  when  he  can  not  very  well  avoid  over- 
time, or  when  he  is  required  to  finish  a  certain  piece  of  work 
by  a  certain  time  which  it  is  physically  impossible  for  him 
to  accomplish  during  regular  hours,  if  he  is  to  do  the  work 
right  and  satisfactory  to  his  own  conscience — this  consti- 
tutes overtime  and  should  be  paid  for  at  the  rate  of  time 
and  one-half  to  discourage  its  practice.  We  contend  that 
the  perfect  human  being  is  the  ideal  toward  which  we  strive 
Required  overtime  tpnds  to  destroy  this  ideal.  Our  duties, 
rights  and  pleasures  are  many  and  varied — and  'variety  is  the 
spice  of  life.'  We  do  not  wish  to  be  mistaken,  either.  We 
do  not  look  upon  our  tasks  as  irksom.e.  Sometimes  they  are, 
and  we  are  honest  enough  to  admit  it,  but  frequently  our 
tasks  are  the  greatest  source  of  pleasure  of  our  lives — when 
the  work  is  interesting,  constructive,  instructive,  and  crea- 
tive. Then  we  are  not  ready  for  the  whistle  to  blow.  We 
take  our  work  home  with  us  in  our  minds  and  dream  over 


it.  \\"c  do  this  all  of  our  own  free  will  and  accord.  We  are 
opposed'  to  enforced  overtime  at  any  rate  of  pay,  e.xcept 
where  it  Is  absolutely  necessary;  and  then  as  a  safeguard 
against  its  practice  It  sliould  be  paid  for  at  the  rate  of  time 
and   onehall, 

"Organization.  In  investigating  llie  causes  for  tile  la- 
n:entable  fad  that  most  engineering  and  architectural  work- 
ers of  the  rank  and  file  eni|)loyed  on  tin-  railroads  are  mls- 
eiably  underpaid,  we  have  arrived  at  this  conclusion — the 
most  potent  cause  lies  in  tlie  fact  that  these  workers  have 
been  heretofore  unorganized.  They  can  not  speak  individ- 
ually. The  individual  voice;  is  hardly  ever  heard.  Colli'C- 
tively.  never  l)efore  until  now,  have  they  spoken.  The  Chief 
Engineer  of  a  railroad,  though  he  felt  disposed  to  do  so, 
knows  that  to  requ<'st  a  general  raise  (that  is,  a  real  and  not 
a  camoMllage  raise)  lor  those  employed  in  his  department, 
means  increase  in  operating  e-xpenses  and  a  consequent  de- 
cease in  dividends.  Inasmuch  as  he  is 'generally  a  stock- 
holder and  the  managers  are  stockholders,  his  economic  and 
tiiiancial  interests,  the  way  he  generally  looks  at  it,  are  in- 
timately bound  up  in  trying  to  keep  down  operating  expense 
and  keep  up  dividends.  Consequently,  even  though  he  sees 
the  need  and  sees  the  ,iustice  of  the  cause,  nevertheless  thers 
is  that  great  urge  wiiich  draws  him  toward  lower  operating 
expenses  as  the  magnet  draws  the  iron,  and,  to  use  a  mixed 
metaphor,  he  is  caught  as  a  fly  in  a  spider's  web.  lie  is 
placed  in  a  very  embarrassing  position.  We  want  to  set  the 
chief  engineers  tree.  We.  too,  want  to  reduce  operating  ex- 
pense. It  is  to  our  interest  as  well  as  to  them  to  do  so^ 
but  not  at  the  expense  of  wages. 

"We  have  read  the  transcript  of  the  proceedings  before 
your  Board  on  March  31,  April  1  and  2,  1919,  regarding 
'Wages  ann  Working  Conditions  of  Employes  of  the  Engi- 
neering Department  of  Railroads  Under  P^ederal  Control.' 
We  note  that  on  page  220.  221.  257  and  258  members  of  your 
Board,  by  their  questions  showed  clearly  to  our  minds  that 
employes  in  the  engineering  department  are  shamefully  neg- 
lected and  underpaid  on  account  of  the  fact  that  they  have 
not  lieretofore  been  organized.  For  instance,  one  of  the 
members  of  tlie  Board  put  the  following  question,  'How  can 
you  account  for  the  very  meager  salaries  and  the  failure  to 
recognize  the  integrity  of  these  men  and  their  capability, 
and  yet  they  are  the  lowest  paid  men,  skill,  knowiedge  and 
ability  considered,  of  any  class  of  employes  that  work  any 
place  that  I  know  of?'  To  this  question  Mr.  Stevens.  Chief 
Engiueer  of  the  Northern  Pacific  Ry..  replied:  "I  think  Mr. 
Dermody  answered  that  question  in  the  remark  that  they 
lack  organization.  The  engineering  department  is  in  a  very 
embarrassing  position  in  going  before  the  management  and 
stating  that  these  men  are  underpaid.  They  say,  'Your 
predecessors  got  along  all  right.  Do  the  men  kick?'  'Why, 
no;  the  men  haven't  said  anything,'  That  is  the  argument. 
Another  member  of  the  board  made  this  statement:  'Now, 
if  it  had  not  been  for  iabor  organizations  the  civil  engineers 
would  not  stand  a  show  to  get  their  wages  raised  now,  be- 
cause labor  organizations  have  done  these  things." 


Loosening  Ground  with  Explosives  in  Trenching. — In 
trenching  for  1,648  ft,  of  5%  ft.  circular  reinforced  concrete 
sewer  at  San  Francisco,  black  powder  was  used  in  breaking 
up  the  ground.  The  trench  opened  was  7  ft,  wide  and  prac- 
ticaljy  20  ft,  deep  for  the  entire  length.  The  material  exca- 
vated was  a  very  hard  clay  that  stood  alone  without  tim- 
bering or  any  other  support.  Black  powder  was  employed  to 
loosen  the  ground;  the  material  Ihus  broken  was  shoveled 
into  1-yd.  buckets  and  hoisted  to  surface  by  a  steam  der- 
rick. The  charge  employed  for  breaking  the  ground  was  1 
lb.  black  powder  to  a  vertical  hole  of  4  ft.  deep  and  drilled 
in  the  center  of  the  trench.  These  holes  were  drilled  at  5  ft. 
intervals.  The  trench  was  dug  in  5-ft.  steps.  This  eharge 
merely  loosened  the  ground  so  that  no  picking  was  required. 
The  sewer  was  located  in  an  easement  through  private 
property  for  1,200  ft.  on  a  side  hill  slope  through  a  eucalyptu.s 
prove.  The  trees  averaged  from  60  ft.  to  80  ft.  in  height. 
The  contractors  had  the  right-of-way  cleared  of  these  trees 
ahead  of  the  excavation.  The  clearing  was  done  by  a  sub- 
contractor who  accepted  the  felled  trees  in  payment  for  the 
work,  A  portable  %-yd.  mixer,  set  up  on  the  edge  of  the 
trench  was  employed  in  the  concrete  work.  The  trench  being 
20  ft,  in  depth,  enabled  the  concrete  to  be  chuted  in  place 
for  50  ft,  each  way;  100  ft.  of  forms  constituting  a  full  day's 
pour. 
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A  New  Type  of  Sectional  Concrete 
Retaining  Wall 

The  engineers  of  the  Clevehiud  &  Youngstown  R.  K..  a 
new  suburban  electric  line  running  out  of  Cleveland,  have 
developed  a  new  type  of  sectional  concrete  wall,  to  conform 
to  peculiar  conditions  in  that  city  where,  on  account  of  con- 
templated term.inal  improvements,  it  was  very  desirable  that 
certain  parts  of  the  electric  line  construction  slioukl  he  tcm- 
prorary. 

This  type  of  sectional  wall  is  essientially  an  8-in.  I-beam  of 
reinforced  concrete,  but  with  additional  cast  concrete  pillow 
blocks   and   fillers   which  are   for   the   purpose   of   increasing 


S2ctional    Concrete    Retaining    Wall    in    Permanent    Form,   Cleveland 
&    Youngstown    R.    R. 

*he  bearing  area  between  headers  and  stretchers,  especially 
where   the   wall   is   to  be  of  considerable   height. 

Each  intersection  of  header  and  stretcher  involves  the  use 
of  tv\o  of  these  pillow-blocks  and  one  filler  block,  the  latter 
corresponding  to  the  lug  cast  across  one  flange  of  the 
stretcher  for  the  purpose  already  mentioned.  In  assembling 
these  parts  tiie  headers  and  stretchers  are  put  in  position 
and  the  filler  and  pillow-blocks  are  inserted  with  sufficient 
grouting  to  make  a  unit  structure  and  give  a  substantial 
bearing.  In  the  completed  wall  this  lesults  in  a  series  of 
substantial  columns  from  bottom  to  top  capable  of  carrying 
any  load  that  is  likely  to  be  imposed  on  a  structure  of  this 
kind. 

Headers  and  stretchers  may  be  made  in  any  convenient 
length.  In  the  illustration,  the  headers  and  the  resulting 
columns  appear  at  3-ft.  intervals.  It  is  to  be  observed,  how- 
ever, that  only  one-half  of  the  apparent  total  number  of 
hea'ders  in  the  completed  wall  are  used,  each  alternate 
header  being  a  dummy  only  12  or  14  in.  in  length.  The 
manner  of  assembling  is  such  as  to  stagger  the  dummy 
headers  with  the  full  length  headers  so  that  while  the  ver- 
tical bearings  lines  are  preserved,  no  element  of  irregular 
lateral  stability  is  introduced.     A  further  precaution  whereby 


Details    of    Pillow    Blocks    and    Fillers    Used    in    Sectional    Concrete 
Retaining    Walls. 

to  secure  this  same  result  lies  in  the  staggered  joints  of  the 
stretchers. 

In  setting  up  the  walls  as  illustraled  a  batter  of  2  in.  pei 
ff'Ot  has  been  allowed.  This  is  provided  for  in  the  slope  of 
the  first  series  of  headers  and  follow-s  thereafter  in  tht 
progress  of  construction  as  a  matter  of  course  since  the  sup- 
ports of  the  inner  end  of  the  headers  are  8-in.  sections  cor 
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responding  to  the  stretchers  themselves.  Back  filling  pro- 
ceeds as  the  wall  is  built  up,  preferably  with  some  porous 
material  snch  as  cinders. 

The  claims  made  for  this  form  of  construction  bv  the  rail- 
way .'Ugincers  are  ouilined  as  follows  in  the  liailwav  Re- 
view, from  which  data  and  illustrations  have  been  taken 
bimplicity  in  form,  cheapness  and  the  rapidity  with  which 
It  may  be  erected,  combined  with  its  dependabilitv  gives  it 
■I  very  pronounced  advantage  over  the  solid  retaining  wall 
that  It  is  designed  to  supplant.  In  preparing  foundations  it 
IS  nt-cessary  to  go  no  further  than  the  frost  line.  Perma- 
nent drains  need  or  need  not  bo  installed,  depending  on  local 
requirements.  (  ommon  labor  is  all  that  is  required  under 
the  direction  ol  a  foreman  to  erect  a  wall  of  this  nature. 
Curves  may  be  followed  or  angles  introduced  without  the 
necessity  of  special  shapes  or  forms  other  than  those  used 
m  straight  way  constructing.  The  -sections  as  employed 
weigh  2(i  lb.  per  lineal  foot  and  about  3  lin.  ft.  of  the  stand- 
ard section  are  required  per  square  foot  of  wall  area.  It  is 
estimated  that  a  retaining  wall  of  this  type  ordinarily  can 
be  erected  at  about  one-third  of  the  expense  of  a  solid  wal! 
serving  the  same  purpose. 


Modern  Appliances  in  Street  Railway 
Construction 

A  recent  contract  job  in  Denver.  Colo.,  furnishes  an  illustra- 
tion of  how  up-to-date  equipment  gives  speed  and  economy  in 
ccnstriicfing  electric  railway  track.  Mr.  W.  L.  Whitlock, 
Office  Engineer  of  the  Denver  Tramway,  writing  in  the  Elec- 
tric Hallway  Journal,  states  that  his  company  departed  from 
its  usual  practice  in  that  it  let  the  track  construction  end 
of  the  job  by  contract,  something  that  had  not  been  done 
on  this  system  for  1.5  years.  The  contract  was  let  on  account 
of  the  scarcity  of  labor  and  the  necessity  for  completing  the 
work  within  a  specified  time.  All  of  the  rail,  ties  and  special 
trackwork  had  been  purchased  and  delivered,  and  as  the  Pub- 
lic Utilities  Commission  had  ordered  the  work  done  there 
was  only  the  labor  shortage  to  prevent  its  speedy  comple- 
tion. The  tramway  allowed  the  contractor  the  use  of  its 
track  construction  tools  and  eciuipment  in  order  to  facilitate 
the  work. 

The  equipment  is  listed  below,  and  the  list  is  interesting 
as  an  indication  of  the  advance  made  during  the  past  15 
years  in  the  art  of  track  construction.  It  comprised  one  5- 
ton,  one  3-ton  and  one  1-ton  auto  truck  of  the  self-dumping 
type;  pneumatic  paving  and  concrete  cutlers;  3ton  crane 
car;  oxy-acetylene  cutting  outfit;  reciprocating  ;ind  Atlas  rail- 
grinders;  Indianaiiolis  arc  welder:  c(mcrete  tram;  mechan- 
ical pusher  for  unloading  dirt  from  flat  cars;  portable  rock 
crusher  and  conveyor;  Lincoln  bonding  machine;  pneumatic 
tie  tampers;  portable  crossovers;  temporary  lamp  clusters, 
;.nd  camera  for  making  progress  records. 

The  largest  layout  of  special  work,  located  at  Broadway  and 
Colfax  St.  intersection,  was  of  100-lb.  A.  R.  A.  rail,  cast-man- 
ganese construction.  The  special  work  at  the  other  three  lo- 
cations w.Ts  likewise  of  cast  manganese  but  of  80-lb.  rail 
section.  \\l  of  the  special  work  was  built  by  William  Whar- 
lon.  .Jr..  &  Co.  The  tangent  track  construction  consisted  of 
SOU).  A.  S.  C.  E.  rail,  with  .'\pex-welded  joints  and  Interna- 
tional twin  steel  ties.  The  entire  track  ;5truclure  was  im- 
liedded  in  concrete  of  a  1:2:3  mix.  using  crushed  rock  as 
the  aggregate.  The  cast-manganese  layouts  already  men- 
tioned were  supported  on  9  in.  of  crushed  rock  ballast  and 
long-leaf  Texas  pine  treated  lies.  The  i)aving  was  1:2:3 
■oncrete  also  with  crushed  rock  agsrregate  .-Ml  of  the  con- 
■tniction    was   in   streets   paved   with   asphalt. 


Increase  in  Living  Costs  During  War  Period.  Living  costs 
increased  fil.3  per  cent  between  .luly.  ISIH.  and  March.  II'IS, 
.iccordiiig  to  a  report  issued  recently  by  the  National  Indus- 
nlal  Ccniference  Hoard.  Thi'  percentage  of  change  in  the 
various  items  of  the  family  budget  were: 

Ki-Iative  Incrf'ast-  Tiir-rciiso 

itnportan'-'^         in  cost  .''.»*  related 

>n  f.'tmily        rliirinu'  wr--         to  totril 
IliKlu'et  Tleins.  lMiH::ct.  |i.-tie.|  'iiKli-'ct. 

.Ml    items    ion. (I  fil..-? 

Fond  'I- '  "  ::- - 

Shelter  IT  7  ::-'  -^^ 

flotliiiiu    I-'  2  ^1  I"  . 

Fuel,    le-al    :iTlH    liKhl     ^■>'  ''■  '■  - 

He.Hlri.-.-     -"-■'  ■'■'  "   - 

These  figures  are  general  averages  based  on  a  large  amount 
of  da'a  collected  by  the  Board  from  all  over  the  United 
States. 
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Safety  Rules  for  On'irryin^ 

Safety  nilfs  ih.iiu-.l  lij  i'ii;lit  lu.niual  iinai  i  >  lucii  aiul 
based  on  actual  miurry  records  have  been  issued  in  poster 
form  by  the  National  1-iine  Manufacturers'  Assodallon.  The 
rules  are  as  follows: 

(1)  Reporting  Injuries. —  hi  case  of  accident,  no  matter  liow 
slight,  even  a  slight  cut  or  DreaU  of  the  skin,  report  to  your 
foreman  ai  once  and  have  it  taken  care  ot  in  a  clean  way. 
Durinu  2  years  in  one  stale  721  n:en  suffered  fron\  infect  ion 
ar.d  bloi.d  poison.  .Vbout  650  of  these  cases  resulted  from 
neglecting  small  cuts,  bruises,  slivers,  scratches,  and  nail 
punctures  of  the  feet. 

(2)  Loose  Rocks  Overhead. — When  working  in  the  quarry 
nlv.-ays  look  out  lor  loose  rocks  above  which  may  fall  and  in- 
jure you.  A  small  rock  the  size  of  your  fist,  if  it  falls  30  ft. 
may  kill  you. 

(;!i  Rocks  l"\ill  Irom  Piles. — Be  careful  when  working 
around  piles  of  stone.  There  is  always  danger  that  a  rock 
may  become  loosened  and  fall  and  strike  you. 

(4)  Steppiim  on  Stones. — Before  stepping  on  a  stone  al- 
ways look  to  see  that  it  is  solid.  A  rockins  stone  may  cause 
you  to  lose  your  footing  and  fall  and  break  your  leg. 

(.S)  Hoisting  Stone. — In  hoisting  stone  with  the  derrick, 
there  is  only  one  safe  rule  for  the  men  in  the  quarry  to  fol- 
low. Don't  stand  under.  The  moment  the  stone  starts  to 
rise,  get  away  to  a  safe  distance. 

(6)  Swinging  Derrick. — When  working  near  tlie  derrick 
always  look  out  for  the  swingins  boom.  Voii  are  liable  to 
be  stiuck  and  injured  by  the  s'one  or  chain. 

(7t  Talking  to  Hoistnian  or  Signal  Man. — It  is  always  dan 
gerous  to  talk  to  the  hoistnian  or  signal  man.  Remember 
that  if  you  attract  their  attention  away  from  their  work  for 
only  a  minute  it  may  cause  them  to  make  a  serious  mistake 
and  the  lives  of  the  men  in  the  quarry  may  be  in  danger. 

(8)  Dragging  Stone. — In  dragging  stone,  don't  stand  in 
front.  The  cable  or  hook  may  break  and  strike  you.  and 
don't  jump  on  or  ride  stone  trucks;  the  temptation  is  great, 
but  the  danger  is  greater. 

(9)  \\  edging  Stone. — In  wedging  stone  apart,  always  insert 
a  stone  or  wedge  in  the  break  before  you  insert  your  hands. 
When  driving  wedges  stand  in  line  with  your  break;  many 
have  been  severely  crushed  by  the  stone  falling  sideways. 

(10)  Protect  Your  Eyes. — Sledgers  and  others  who  work 
where  ciiips  and  small  particles  fly  in  the  air.  should  wear 
spectacles  to  protect  their  eyes.  Remember,  you  have  only 
two  eyes,  and  one  or  both  may  be  blinded  by  a  small  chip. 

(11)  Walking  on  Tracks. — Be  careful  when  walking  on  the 
car  tracks.  You  are  always  in  danger  of  being  struck  by  the 
cars  and  don't  kick  chocks  out  from  under  cars  with  foot; 
drive  out  with  bar. 

(12)  Mushroom  Heads  on  Chisels. — Mushroom  heads  on 
chisels  are  always  dangerous  for  the  reason  that  when  struck 
by  the  hammer  a  small  part  may  be  broken  off  and  fly  in  the 
eye.  Many  men  have  lost  an  eye  because  they  did  not  prop- 
erly grind  the  heads  of  their  chisels. 

(13)  Danger  at  Bottom  of  Incline. — When  the  car  is  going 
lip  the  incline  of  the  crusher  or  kiln  don't  follow  it  or  stand 
on  the  tr?ck  at  the  foot  of  tlie  incline.  There  is  always  dan- 
ger that  the  cable  may  break  or  some  other  part  give  way 
and  you  may  be  str.ick  by  the  car  and  killed. 

(141  Sledges  Caught  In  Awning. — Paving  cutters  should  be 
careful  to  construct  their  tents  high  enough,  so  that  in  work- 
ing, the  sledge  hammer  will  not  catch  in  the  canvas  and  cause 
an  accident  to  yourself  and  others. 

(15)  Blasting — Warning. — The  whistle  or  warning  always 
blows,  or  is  given  before  a  shot  is  to  be  fired.  When  you 
hear  warning  don't  wait — don't  take  a  chance — but  at  once 
run  to  a  safe  place. 

(16)  Report  Dangerous  Conditions. — Every  man  in  this 
quarry  is  requested  to  report  to  his  foreman  any  condition  or 
any  dangerous  practice  which  he  thinks  may  cause  an  acci- 
dent. The  only  way  to  have  a  safe  quarry  is  for  every  man 
to  do  his  part 

How  to  Handle  Dynamite  and  Caps  with  Safety. — The  han- 
dling of  explosives  is  dangerous  business.  Every  man  should 
observe  the  following  rules: 

(17)  Forcing  Primer. — Don't  force  a  primer  into  a  bored 
hole. 

(18)  Smoking  Forbidden. — Smoking  wiiile  handling  explo- 
sives is  strictly  forbidden. 

(19)  Don't  Let  Explosives  Fall. — Don't  throw  or  allow 
boxes  of  explosives  to  fall  violently. 


(201  I'se  Wooden  Tamiiing  Sticks,  Don't  do  tamping  with 
iron  or  steel  bars  or.  tools.  Use  only  tlic  wooden  tamiiing 
slicks  provided   for  thit.  week. 

(21)  Care  of  Explosives.— Don't  allow  explosives  to  lie 
around  loose  in  places  where  you  are  working. 

(22)  Caps  Kept  Separate  from  Dymunitc.  Don'l  leave 
hlastitig  cops  in  the  same  box  or  close  to  dynamitf. 

(23)  Don't  Carry  Caps  in  Pocket, — Don't  carry  blasting 
cajis  in  your  pocket,  and  don't  ta])  or  otlierwise  investigate 
s:ime. 

124)  l!enu)\  ing  llUisting  Cajis  from  Bex. --Don't  attempt  to 
remove  blasting  caps  from  boxes  by  inserting  nails  or  any 
sharp  instrument. 

(25)  Biting  Caps  Is  Dangerous. — Don't  tighten  a  cap 
around  a  fuse  by  biting  it  with  your  teeth,  nor  by  using  a 
Iiocketknife.  (Tse  a  cap  crimper  which  is  provided  for  this 
purpose. 

(26)  Frozen  Dynamite  Dangerous. — Don't  use  frozen  or 
chilled  dynamite.  Don't  cut  or  break  a  piece  of  dynamite 
while   it   is   frozen. 

(27)  When  Dynamite  Fails  to  IJxplode. — If  a  charge  of 
dynamite  fails  to  explode,  don't  go  near  it  for  one  hour,  it 
may  go  off  and  kill  you. 

(28)  Thawing  Dynamite. — Many  men  have  been  killed 
while  thawing  dynamite.  The  following  two  ways  of  thaw- 
ing dynamite  are  safe: 

(a)  One  of  the  safest  and  ch(>apest  ways  to  thaw  dynamite 
is  to  bury  it  in  a  pile  of  manure. 

(b)  Use  the  regular  dynami'e  thawer  which  is  provided, 
and  which  if  properly  used  is  safe.  Don't  under  any  consid- 
eration attempt   to  thaw  dynamite  around  an  open   fire. 


Estimating  the  Life  of  Special  Track-Work 
on  Curves 

.Mr.  .M.  lieriuinl.  writing  in  the  Electric  Railway  .lournal, 
gives  his  experience  in  an  investigation  on  one  of  the  large 
Eastern  electric  railways  in  which  he  arrived  at  some  interest- 
ing rules  by  which  to  gage  the  probable  life  of  curved  track 
work. 

In  a  study  of  special  work  layouts  with  reference  to  their 
most  economical  design  and  also  in  the  determination  of 
schedules  of  future  renewals  extending  over  a  period  of 
years,  it  is  clearly  advantageous  if  not  absolutely  necessary 
to  have  a  knowledge  of   the   probable   life   of  special   work. 

The  age  and  life  records  ot  more  than  100  curved  special 
work  layouts  were  investigated  from  which  it  appeared  that 
the  life  of  such  layouts  varied  in  the  following  manner: 

Special  work  in  which  the  life  is  determined  by  the 
curved  component  parts  has  a  life  expressed  in  terms  ot 
years  approximately  equal  to  the  number  of  the  template 
required  for  plotting  the  curve,  the  standard  scale  being  1 
in.  equals  8  ft.  Thus  with  a  connecting  curve  having  a 
radius  of  40  ft.,  as  the  plotting  would  require  the  use  of  a 
No.  5  template,  the  life  could  be  approximately  5  years  under 
average  conditions,  say.   100.000  cars   per  year. 

Expressed  in  more  general  terms,  the  life  of  curved  special 
work  in  terms  of  years  is  equal  to  the  radius  in  feet  divided 
by  eight.  From  the  investigation  it  was  found  also  that 
the  average  life  in  terms  of  cars  is  equal  approximately  to 
12.500  cars  for  each  foot  of  radius.  Local  conditions  should, 
ot  course,  be  given  some  w'elght  in  deciding  on  the  probable 
"car-life,"  such  as  intensity  of  ♦raffic    speed  of  cars,  etc. 

A  comparison  of  the  varying  car  traffic  at  a  large  num- 
ber of  locations  disclosed  a  tendency  for  special  work  ot 
the  same  general  type  to  have  a  greater  car  life  at  a  loca- 
tion having  a  traffic  of.  say,  50,000  cars  annually,  than  at  a 
location  where  the  ;ar  traffic  amounted  to  150  000  cars.  This 
is  analogous  to  the  fact  that  material  which  fractures  under 
20  blows  delivered  in  one  minute  will  withstand  more  than 
20  blows  if  these  are  spread  out  over  2  minutes. 
For  similar  reasons  special  work  over  which  the  maximum 
speed  is  6  miles  per  hour  will  have  a  greater  car  life  than 
where  the  speed  limit  is  12  miles  per  hour.  As  a  rule  a  trail 
ing  tongue  switch  and  mate  will  have  less  life  than  a  facing 
tongue  switch  and  mate  in  the  same  double-track  branch- 
off.  In  any  study  <^f  the  relative  efliciency  of  special  work 
the  question  to  be  decided  should  not  be  the  life  expressed 
in  terms  of  years  but  rather  the  life  expressed  in  terms  of 
car  wheels.  The  rule  described  in  the  foregoing  will  not 
apply,  ot  course,  where  the  traffic  over  the  straight  is  far 
in  excess  of  that  over  the  curved  run. 
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Stripping    on    Cuyuna    Range    by 
Hydraulic  Sluicing  Method 

By    EMEKY    S.    HlLl^. 
.The    following    method    is    used    in    stripping    Ww    Hilcrest 
open   pit  iron   mine  on  the  Cuyuna  range. 

Water  is  pumped  %  mile  through  12-in.  spiral  riveted  pipe 
to  the  pit  where  it  is  nozzled  down  to  3  in.  and  directed  by 
a  laborer  against  the  spoil  bank,  the  pressure  at  the  nozzle 
being  about  65  lb.  per  stjuare  inch.  The  material,  consist- 
ing of  sand  and  gravel,  is  washed  to  a  sump  from  which  it 
is  pumped  by  centrifugal  sand  pump,  or  "sand  sucker"  and 
fni'ced  to  tne  top  of  the  pit,  about  1(K)  ft.  in  heiglit,  through 
spiral  riveted  pipe  and  from  there  a  distance  of  about  1,200 
fit.  to  the  waste  dump.  The  coarse  stones,  roots,  sticks,  etc., 
are  removed  Irom  the  material  before  it  reaches  the  sump 
by  a  grating  with  bars  4  in.  apart.  The  sand  pump  handles 
stones  up  to  4  in.  in  diameter.  Two  men  stationed  at  this 
grating  keep  it  free  from  debris  by  using  forks  and  rakes. 
Material  not  handled  by  the  pumji  is  loaded  into  dump  cars 
by  a  steam  shovel. 

The  sand  pump  is  direct  connected  to  a  3U0-HP.  2,200-volt, 
alternating  current,  variable  speed  motor  which  consumes 
an  average  of  about  90  amperes.  The  pump,  motor  and  ac- 
cessories are  placed  in  an  old  box  car.  An  attendant  is  re- 
tiuired  at  the  motor,  his  principal  duty  being  to  vary  its 
speed,  in  accordance  with  the  signals  from  a  man  stationed 
at  the  sump.    These  signals  are  given  by  means  of  a  gong. 

The  shell  of  the  pump  is  made  from  charcoal  iron  and 
lasts  an  average  of  about  (i  weeks,  its  life  depending  upon 
the  coarseness  of  the  material  pumped.  In  extremely  coarse 
material  one  shell  lasted  only  i)  days.  The  runner  is  made 
from  cast  steel  and  usually  lasts  about  (j  weeks.  A  foot  valve 
is  used  at  the  end  of  llie  suction  idpe.  The  pump  is  primed 
by  filling  it  with  water  piped  from  the  line  conveying  the 
clear  water  to  the  pit.  A  2-in.  check  valve  is  attached  to 
each  line  at  its  highest  point  to  prevent  the  pipes  from  co- 
lapsihg  should  the  pumps  stop. 

Whenever  the  discharge  pipe  begins  to  show  small  leaks 
on  its  under  side,  indicating  that  it  is  nearly  worn  through 
it  is  revolved  a  distance  equal  to  one-third  of  its  circumfer- 
ence 

The  water  used  in  washing  down  the  material  is  pumped 
to  the  pit  by  a  2-stage  centrifugal  pump  direct-connected  to 
a  30n-HP.,  2,200-volt,  alternating  current  variable  speed  motor 
consuming  an  aver;ige  of  about  60  amperes.  The  pressure 
of  the  water  at  the  pump  is  14.5  lb.  per  square  inch  by  gage. 
The  water  is  admitted  to  the  end  of  the  suction  pipe  through 
a  short  channel  (widened  where  the  suction  pipe  enters  it) 
Tiaving  planked  sides.  Sticks,  moss,  etc..  are  k,ept  away  from 
the  intake  by  a  removable  screen  M  ft.  x  5  ft.,  constructed 
from  heavy  wire  netting  having  Vi-in.  mesh,  set  in  a  wooden 
frame.  The  attendant  at  the  pump  removes  the  debris  col- 
lecting  in   front   of  the  screen   by   means  of  a   rake. 

To  prevent  whirlpools  forming  at  the  end  of  the  suction 
pipe  a  float  is  used  mnde  from  two  1-in.  boards  2V2  ft.  long 
and  12  in.  wide  fastened  to  cleats  so  that  their  inner  edges 
are  6  in.  apart.  These  edges  are  hollowed  out  to  form  a  hole 
about  6  in.  larger  than  the  diameter  of  the  suction  pipe.  The 
12-in.  suction  pipe  is  inserted  through  this  opening.  The 
float  constantly  revolves  and  effectually  stops  any  vortexes 
that  develop. 

By  tlie  above  method  87,000  cu.  yd.  of  material  are  claimed 
to  have  been  removed  in  42  10-hour  shifts. 


Some  Modern  Tendencies  in  Roundhouse 
Design 

Mr.  Exum  M.  Haas  of  the  Austin  t'o..  Cleveland,  O.,  recenlly 
presented  a  paper  before  the  Western  Society  of  Engineer;-; 
on  the  above  subject,  in  which  the  following  points  were 
brought  ont : 

The  great  increase  in  traffic,  operating  charges  and  haul 
ing  capacity  of  locomotives  and  their  cost  have  proportion- 
ately increased  the  demand  for  Ihe  full  utilization  of  an 
engine's  earning  power,  which  is  vitally  affected  by  the  im- 
provements in  the  roundhouse  and  adjacent  facilities. 

The  shortage  of  capable  help  and  the  increasing  cost  oi 
all  labor  are  tending  toward  the  installation  of  labor-saving 
machinery,  as  well  as  the  bettering  in  many  ways  of  the 
working  conditions  for  the  men.     Better  illumination  is  im- 
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porlant  as  affecting  the  production  per  man.  The  use  of 
bridge  and  jib  cranes  is  increasing.  Inii)r()ved  heating  and 
ventilating  also  affect  the  human  element. 

In  the  smaller  and  cheaper  roundhouses  where  wooden  truss 
roofs  are  used,  (he  tendency  is  to  build  up'tlie  trusses  with 
bolted  planks  in  order  to  cheapen  the  construction  without 
reducing  th.'  (piality  of  the  lumber. 

Reinforced  concrete  houses,  the  use  of  which  is  increas- 
ing, are  quite  generally  Iniili  of  the  moniior-lype  construe- 
ticn,  varying  chiefly  in  tlie  number  and  sjiacing  of  the  col- 
umns. These  columns  are  sometimes  of  structural  steel  en- 
cased in  concrete,  when  jib  cranes  are  to  be  installed. 

The  best  window  sash  are  of  steel  and  with  pivoted  venti- 
laling  sections.  Experience  seems  to  show  that  the  steel 
sash  are  longer  lived  than  the  wooden  sash  and  are  nearly 
as  cheap;  they  have  the  additional  advantage  of  not  swell- 
ing under  excessive  moisture,  making  the  ventilators  work 
easily  both  summer  and  winter. 

Another  tendency  in  roundliousf'  design  and  construction 
which  has  come  into  more  general  use  in  the  past  few  years 
is  the  substitution  of  the  hot  lilast  heating  system  for  the 
pipe  coils  or  other  forms  of  direct  radiation.  A  hot  blast 
heating  system  installation  costs  very  little  more  than  a  di- 
rect system,  and  it  has  (he  additional  advantage  of  provid- 
ing forced  ventilation  in  the  house,  which  is  often  very  neces- 
sary. At  first  the  selection  of  too  low  fan  and  radiation  ca- 
pacity resulted  in  the  indirect  system  being  unsatisfactory. 
This  has  been  corrected,  and  the  fan  may  be  speeded  up  in 
extremeiy  cold  weather  to  raise  (lie  temperature  for  thaw- 
ing out    frozen    locomotives    ciuickly. 

.Mr.  Haas  calls  attention  to  the  growing  tendency  to  sub- 
stitute the  electric  hoist  for  tlie  truck  and  driver  drop  pit.  In 
addition  to  reducing  liability  of  accidents  it  removes  wheels 
more  (inickly  and  cheaply.  Wliile  this  hoist  is  sometimes  in- 
st  illed  in  the  roundhouse,  its  proper  location  is  in  the  back 
shop.  Ill  any  case,  the  back  sliop  should  bo  connected  with 
the  roundhouse  by  a  passageway,  lined  up  with  the  turn-table, 
so  that  (he  dead  locomotive  can  be  pushed  through  the  house 
into  the  back  shop.  With  tlie  electric  hoist  in  the  shop  sec- 
tion, tlie  removal  of  wheels  is  under  jiroper  supervision,  and 
the  handling  of  repair  parts  to  and  from  the  various  machine 
fools  is  for  but  a  short  distance.  Placing  the  hoist  in  the 
back  shop  also  ri'leases  a  stall  for  regular  roundhouse  service. 
Serious  objection  to  the  droj)  pit  has  <lev<'loped  in  recent 
years,  owing  io  the  extremely  Heavy  locomotives  and  to  the 
decliiiing  (luality  of  roinidhouse  help.  While  accidents  due 
to  jacking  up  the  locoiiiolives  for  the  removal  of  wheels  do 
not  occur  frequently,  there  is  always  Ihe  liability,  and  it  has 
gle;)tl.^■   increased   with   the  failure   to  obtain  intelligent   labor. 

Grade  Crossing  Elimination  in  Relation  to 
Permanent  State  Roads 

state  llii'hway  Commissioner  Lewis  S.  Sadler  of  Penn- 
sylvania i-  quoted  in  Concrete  Highway  Magazine  as  having 
announced  that  counties  interested  in  the  building  of  periua- 
nont  s(ate  roads  crossed  and  recrossid  at  grade  by  railroads 
will  get  little  encouragement  from  the  State  Highway  De- 
partment as  long  as  the  grade  crossings  exist.  In  receiv- 
ing -x  delegation  from  Bedford  County  not  long  ago.  Com- 
missioner Sadler  said:  "1  will  i)-  frank  with  you  gentle- 
men when  I  I<>11  you  that  there  (lo«  s  not  seem  to  be  a  chance 
in  the  world  of  getting  tnat  road  on  Wm-  primary  system  so 
long  as  it   lias  nine  grade  cross:nt,s." 

Commissioner  Sadler's  attitude  vupjiorts  rapidly  growing 
nuiilic  sentiniint  (hat  where  at  all  possible,  highway  grade 
crossings  wi(h  railroads  be  eliminated. 

Ma:iv  of  our  railioads.  either  volunfariiy  or  as  the  ri'siilt 
0I  frienilly  legislation  compelling  such  changes,  have  done 
much  during  ■several  years  |)ast  to  eliminate  the  gr.id.-  <-ioss- 
ing  menace.  There  is  an  opportunity  for  more  g.tting  to- 
•^ftli'v  on  (he  part  of  highway  and  railway  ollicials  in  the 
solution  of  the  grade  crossing  prt)blem.  The  briefest  study 
of  the  general  nroblem  leaiN  one  to  believe  Ihat  one  thing 
urgently  needed  is  more  unilormKy  in  stai.'  laws  relating 
t(>  grade  crossing  elimination.  Certain  i(  is  that  in  lie -e 
days  of  motor  traffic  many  friissings  have  proven  v.-rv  ex- 
pensive for  the  railioads.  since  expensive  litigation  fre(|u..ntly 
follows  a  crossing  accident  and  the  railroad  company  is  often 
ohligcd  to  pay  heavy  damages  when  doubtless  the  driver  of 
the  automobile   was   in   the   wrong. 
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Relationship    of    Construction    In- 
dustry to  American  Business 

The  lital  ;uimi.il  cxpoiulituro  in  lln'  I'liltoil  Slates  In  normal 
tinios  in  connection  with  const rnci  Ion  is  In  tlio  noiBliborliooii 
of  $S,OOti.OOO,0iU).  nceordins  to  n  report  prepiireii  l>.v  Mr.  W.  T. 
Rossitor.  president  of  tlie  Dliio  Huilders"  Supply  Association. 
The  construction  industry,  according  lo  Mr.  Uossiter's  data 
is  the  InrKOSt  in  the  country,  not  only  Iroin  the  standpoint  of 
ninterinls  produced  and  the  tonnage  furnished  lo  the  rnil- 
roads.  but  from  the  great  number  of  persons  employed.  Mr. 
Rossiter's  ligures  follow: 

The    following    figures  are  computed  from  the  1910  reports 

of    the    Bureau    of    Census,  which   includes  a  tabulation    of 

male  occupations  for  the  year  1910,  in  which  30.091.564  men 

are  reported  as  employed: 

Asriouilural.    Forestry   and    .\nini.tl    10,851.702 

Extraction  Minerals,  Oil  ami  Has   963.730 

Traiisiwrtatic-n     2,531,075 

Uelall   Doalors    1,127,926 

Professional    Se:-vico    929.88 1 

Domestic   anS    Personal   Service    1.241.32S 

Clerical    Occupations    1,143.829 

Buildinc    Trades     4,2G9.-I6fi 

l^nclassitled   7.032, S24 

Total    Employed    Males    30,091.564 

It  will  be  noted  that  those  employed  in  the  building  trade 
number  4.269.466.  To  this  number  must  be  added  25  per  cent 
of  the  total  employed  by  the  railroads  of  the  United  States. 
since,  as  shown  below,  roughly  25  per  cent  of  the  total 
tonnage  moved  by  the  railroads  consists  of  construction  mate- 
rial. It  will  he  seen  that  transportation  employs,  roughly 
2.500.000  men:  25  per  cent  of  that  number  is  approximately 
630.000  additional  men  who  are  employed  because  of  the  con- 
struction industry.  Kurthermore.  statements  by  the  Fuel 
Administration  and  other  authorities  indicate  that  approx- 
imatfiy  30.000.000  tons  of  coal  are  consumed  annually  in  the 
production  of  lime,  cement,  brick,  clay  and  gypsum  products. 
It  would  be  necessary,  in  order  to  obtain  the  total  number  of 
men  employed  because  of  the  construction  industry,  to  take  :t 
proportion  of  'hose  employed  in  forestry,  in  the  extraction  of 
minerals,  retail  dealers,  in  professional  service,  in  clerical 
occurations  and  some  listed  as  unclassified,  such  as  whole- 
sale dealers,  etc. 

The  following  comparative  figures  on  railroad  tonnage  are 
taken  from  the  Interstate  Commerce  Commission  Report  for 
one  year  ending  June  30,  1916: 

Tons. 

Ajrriculture    112.460,531 

Products  of  Av.imals    29. 155. .'548 

Coal.  Coke  or  ore   548.651,092 

F.uiUlins  Materials  (no  metals): 

Cement,   brick   and  lime.  43.165.161;   stone,   sand.   etc. 

101.009.164:    lumber.    63.395.028    207.569.S5.S 

Manufactured    Articles    136.246.713 

Miscellaneous    115,759.060 

1.149.S12,2;>7 

The  following  figures  show  the  relationships  between  values 

of  the  principal  materials  used  in  the  construction  industry; 

these  figures  were  obtained  from  reports  received  by  the  U. 

S.  Geological  Survey  for  the  year  1916  and  are  in  the  terms 

of  the  value  of  the  finished  product  at  the  plant: 

Stone     $  79,041,699  00 

Clay  products   (finished)    207.260.001.00 

Clay  products  (raw)    5,751.771.00 

Portland   cement    104.689,090.00 

Lime     18,618,816.00 

Sand,    lime,    lirick    1.474.073.00 

Slate    5.338.837.00 

nvpsum    7.959.032  ciO 

Sanii   and  gravel    27.852.19S  00 

r-unilier     6O9,S47,0S5.O0 

Structural  steel    227,247,300  00 

Xaiis    53,720,000  0 1 

$1,348,799,905.00 

In  calculating  the  cost  of  labor  entering  into  construction, 
the  percentages  of  the  several  materials  employed  in  typical 
construction  were  taken,  together  with  the  percentage  of  the 
direct  labor  involved  in  producing  the  material  as  reported 
by  the  several  industries.  In  the  final  compilation,  without 
including  labor  employed  in  transportation,  it  was  found  that 
about  80  per  cent  of  the  entire  cost  of  producing  the  material 
and  assembling  it  in  finished  construction  is  labor. 

It  is  evi(3ent  that  the  cost  of  construction  cannot  be  ex- 
pected to  decline  unless  there  is  a  corresponding  decrease  in 
wages  rates,  which  should  not  occur  if  the  American  stand- 
ard of  living  would  thereby  be  lowered. 

.Mr.  Rossiter  concludes  his  report  with  the  following  perti- 
nent observation: 

( 


"TochuUally.  if  we  base  all  our  figures  on  a  70  per  cent 
normal  basis  and  assume  that  half  of  the  70  per  cent  of  the 
entire  construction  industry  is  now  in  operation,  the  country 
would  still  be  suffering  from  the  following  losses: 


10.(100  cars  per  dav 
.$5,0011.000  per  day 
.   1.500.1100  nu-n 


PreiKlil     toiinaKO     

Kinancial     loss     

I'nemploynu'Ml    (direct) 

while,  if  the  industry  were  operating  on  a  l(i()  per  cent  basis, 

it    would    mean    that    over    2,000,000    additional    men    (direct 

labor)   would  be  re(]ulr(jd." 


Efficient     Method     of     Renewing 
Decking  on  Long  Viaduct 

Knglneers  of  the  Milwaukee  Electric  Railway  &  Light  Co.. 
in  renewing  the  timber  decking  on  a  long  viaduct  in  the 
city  of  Milwaukee.  Wis,,  employed  a  method  of  procedure 
both  novel  and  efficient.  The  work  was  done  the  past  sea- 
son when  labor  was  difficult  to  obtain.  This  in  addition  to 
the  requirement  of  interfering  with  traflic  as  little  as  possi- 
ble, made  the  problem  a  serious  one.  The  organization  of 
the  work  and  appliances  used  are  described  in  Electric  Trac- 
tion as  follows: 

The  way  and  structures  department  of  the  road  conceived 
the  idea  of  preparing  the  decking  in  sections  and  placing 
these  in  position  with  a  derrick  during  the  progress  of  the 
work.  By  this  means  the  entire  2,060  ft.  of  decking  for  one 
track  was  removed  and  replaced  ready  for  the  laying  of 
rails  in  a  space  of  time  involving  slightly  less  than  10  days. 
This  was  accomplished  with  a  crew  of  25  men. 

Over  200,000  ft.  B.M.  of  Washington  fir  timber  was  used  in 
the  new  decking.  All  timber  was  framed  and  bored  before 
subjecting  it  lo  treatment  with  creosote.  For  this  purpose 
an  electrically  operated  boring  machine  was  improvised  at 
the  material  yard.  Bolt  holes  for  securing  the  timbers  to- 
gether in  sections  and  for  securing  the  sections  to  the  struc- 
ture w-ere  drilled  with  this  machine,  using  a  template.  Spike 
holes  were  also  drilled. 

After  drilling  and  framing  was  complete  the  timbers  were 
assembled  into  bundles  for  treatment  with  creosote.  This 
treatment  consisted  of  dipping  the  bundled  timbers  into  a 
tank  specially  prepared  for  this  purpose.  The  tank  was  con- 
structed of  steel  plate  and  was  made  large  enough  to  te- 
ecive  a  bundle  of  24  lies.  The  timbers  were  prepared  for 
immersion  by  securing  them  with  strips  of  angle  iron.  A 
"drip  platform"  was  erected  at  one  side  of  the  creosote  tanK 
in  order  to  set  aside  a  treated  bundle  while  another  bundle 
was  'minersed.  The  previous  bundle  was  then  placed  on  top 
of  the  bundle  in  the  tank  to  hold  the  latter  down  and  also  lo 
allow  the  drip  lo  run  back  in  the  tank.  The  creosote  oil 
was  kept  hot  by  means  of  steam  coils  placed  on  the  floor  of 
the  iron  tank. 

When  preparations  were  completed,  traffic  was  diverted 
entirely  onto  one  track  and  the  work  of  removing  the  old 
dccliing  v.as  begun.  The  running  rails  and  steel  guard  rails 
were  first  removed  with  the  help  of  the  derrick  and  were 
disposed  of  for  the  time  being  by  setting  them  between  the 
rails  of  the  operating  track.  Old  ties,  timber  guards  and 
planking  were  removed  and  loaded  on  cars  which  were  then 
pulled  to  a  nearby  material  yard.  The  power  derrick  then 
picked  'ip  the  14-ft.  sections,  transported  them  lo  position, 
and  swung  them  into  place,  tlius  eliminating  a  large  amount 
of  h.'-nd  labor  and  making  possible  the  remarkable  speed  at- 
tained in  replacing  the  decking  and  restoring  the  bridge  to 
a  condition  to  accommodate  traffic.  An  additional  factor  con- 
tributing to  the  speed  of  the  work  was  the  offering  of  a  bonus 
to  the  men  for  completing  the  work  within  specified  condi- 
tions. 

After  »he  completion  of  the  first  track  by  this  method, 
traffic  was  diverted  over  tne  new  construction  and  the  method 
repeated  on  the  second  track.  The  time  required  for  this 
work  was  practically  tlie  same  as  that  for  the  first  track. 

From  the  standpoint  of  labor  saving,  the  method  is  ob- 
viously very  efficient.  From  the  standpoint  of  speed  the  effi- 
ciency of  the  method  can  best  be  illustrated  by  reference  to 
the  record  of  tlie  25-man  gang  on  one  of  the  closing  days  of 
the  work  when  the  men  were  thoroughly  organized  and  work- 
ing to  the  best  advantage  on  account  of  being  more  familiar 
with  the  method.  On  the  day  referred  to,  30  sections  o.' 
decking,  totaling  405  ft  of  new  deck,  were  placed  on  the  struc- 
U:re. 
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MANAGEMENT  AND    OFFICE    SYSTEM 

This  section  is  published  twice  a  month:  (1)  In  the  Waterworks  and 
HydrauHc  Monthly  issue,  and  (2)  in  the  Railway  and  Excavation 
Monthly  issue.  It  covers  what  may  be  broadly  termed  "management 
engineering  '  as  applied  in  the  civil  engineering  and  construction  fields. 


The  Application  of  Efficiency 
Engineering  to  Shoveling* 


By   Ci.    TOWNSEND   HAKLEV, 
Efficiency    Engineer,    I'lulps-I  iodt;i-    < '(irponition,    Tyrone,    -N. 


Mcx. 


At  the  mines  of  the  Phelps  Dodge  Corporation  at 
Tyi'or.e,  N.  Mex..  the  cost  of  shoveling  in  all  stopes 
during  1917  amounted  to  24  ct.  per  ton.  In  the  top-slice 
stopes  for  the  same  period  shoveling  cost  27  ct.  per  ton.,  or 
16  per  cent  of  the  total  cost  of  these  stopes.  The  average 
wage  per  laborer  shift  was  $2.67  during  the  year  under  re- 
view. The  tonnage  for  shovelers  from  all  stoping  was  9.:' 
tons  per  man,  and  for  top-slicing  8.2  tons  per  man  per  day 
These  stopes  were  not  unduly  hot.  and  there  w-as  not  more 
tlian  the  usual  amount  of  timber  to  interfere  with  the  work 
of  the  men.  The  tonnages  obtained  per  shoveler  were  con- 
sidered low:  first,  because  of  a  poor  grade  of  Mexican  labor, 
manv    of    (he    men    having    come     in     from    railroad-grading 


to  Work,  sucli  ;is  limber  standing  in  line  of  throw  or  closely 
spaced,  ano  luen  and  supplies  passing  back  and  forth 
throiifih  working  space;  manner  of  placing  the  shovelers 
to  obtain  maximum  res\ilts  from  them,  number  of  men  in 
one  working  place,  and  size  of  working  place  required  per 
maA;  the  hours  of  actual  work  and  tlie  cause  and  amount  of 
delays;  capacity  of  a  man  for  work  as  the  day  progresses; 
proper  rest  periods  for  men  to  maintain  maximum  efliciency; 
best  means  for  instructing  men  and  supervising  work,  and 
compensation  received  and  manner  of  payment. 

Three  types  of  shovels  were  in  general  use  at  the  mines; 
A  No.  2  scoop,  a  No.  2  or  No.  li  square-point  I)-handle  shovel, 
and  a  No.  2  round-point  long-handle  shovel.  In  determining 
the  average  load  that  the  various  types  and  sizes  of  shovels 
would  handle,  so  as  to  be  able  to  decide  the  best  load  for 
the  average  Mexican  laborer  of  the  Southwest,  average  ca- 
pacities were  obtained  by  repeatedly  shoveling  a  weighted 
pile  of  ore  with  each  of  the  shovnls  and  counting  the  num- 
ber of  shovel  loads  required  to  move  it..  U  was  determined 
that   nitli    Hurro    Mountain   ore   a   si)ecially   made   shovel    with 
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Fig.    1 — Average   Tonna 

camps;  and,  second,  because  ot  a  poor  spacing  of  raises, 
especially  in  the  top-slice  stopes  where,  in  general,  they 
were  spaced   25  ft.   by  (J6  ft.  centers. 

Preliminary  Steps  for  Determining  Shoveling  Efficiency. — 
.\s  a  first  step  toward  Jetermining  how  the  general  efficiency 
of  underground  shoveling  could  be  improved,  several  weeks 
were  spent  in  a  general  survey  of  the  field  and  making  time 
studies  on  various  men,  to  see  what  points  would  need  to 
he  determined  for  a  full  consideration  of  the  subject.  The 
following  factors  were  soon  recognized:  The  type,  weight, 
size,  and  design  of  shovel  giving  the  greatest  shift  tonnage 
without  too  much  wear  and  tear  on  the  man  would  have 
to  be  determined;  a  standard  of  comparison  would  be  neces- 
sary if  the  ill  effects  of  mine  air.  powder  gas  and  smoke, 
temperature,  humidity,  and  poor  light  were  to  be  estimated, 
and  the  layout  and  spacing  of  chutes  would  have  to  be  stud- 
ied with  regard  to  their  effect  on  shoveling  directly  into  the 
chutes,  or  loading  into  wheelbarrows  or  cars  and  tramming 
to  them.  This  latter  work  would  determine  the  proper  dis- 
tance at  which  shoveling  into  a  chtite  should  cease  and  load- 
ing into  a  wheelbarrow  or  car  would  begin,  and  the  infor- 
mation would  also  be  of  great  value  in  planning  the  devel- 
opment of  a  stope.    Further  wnsiderations  were:    Hindrances 


•Abstract  of  a  paper  presented  last  Fe.tjruary  at   the   New   Yor; 
meeting  of  the  American  Institute  ot  Mining  Ensmeers. 
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Length  of  Job.  in  Hourt 

/?-No.4  Sq.Pt.D-Handle  Shovel 

ge    Shoveled    Per    Hour. 

a  1(1  l)v  i:;  ill.  blade  would  bold  a  21-lb.  load,  or  363  cu.  in. 
In  [iractice.  however,  a  No,  1  square-point  shovel  holding 
■.>,l:\  (11.  in.  and  a  No.  5  round-point  shovel  holding  :!4ii  cu.  in. 
were  used. 

A  time-study  sheet  was  developed,  which  was  used  for  all 
tests.  In  addition  to  the  data  placed  on  this  sheet,  an  ex- 
tensive log  of  the  work  was  carried  on.  which  undertook  to 
explain,  in  detail,  all  delays,  changes  of  work,  rest  periods. 
chances  in  conditions  that  would  affect  speed,  high  and  low 
einciency  periods  during  the  <lay.  and  other  points  to  be 
considered. 

Motion  Studies  Establish  Standard  Time  and  Performance 
of  Structures.-  During  the  p-riod  of  preliminary  work,  it  was 
discovered  that  the  work  of  a  slioveler  can  bo  clasMlitd  into 
^.evetal  divisions,  each  susceptible  to  comprehensive  study 
ard  analysis,  and  to  each  of  which  a  definite  r,IaMve  lime 
vi'ine   can   be  given. 

These  divisions,  in  general,  may  be  classifu-d  into  vup 
spent  actuallv  shoveling,  time  spent  other  than  shovel ;ng, 
delavs  and  resting  periods.  Hy  sludyir.g  <^ach  motion  s-p- 
aratelv,  it  was  possible  lo  est.iblish  a  standard  time  for  each, 
and  consequentlv.  a  standaid  of  performance  for  the  whole. 
It  was  possible,  also,  to  discover  which  were  the  most  tiring 
,„otions  and  how  ea<:h  was  affected  by  length  of  lime  worked, 
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length  ami  disti  ibution  of  rest  periods,  sl/.c  of  sliovol.  de- 
sign of  shovel,  and   leuijth  of  throw. 

To  obtain  some  standarii  of  comparison  for  the  nnder- 
ground  work,  some  of  the  mine  shovelors  were  hrouitht  to 
the  surface  and  a  record  of  their  work  was  made  tinder 
ideal  conditions;  that  is.  with  go<id  air.  good  Ughl.  no  lim- 
her  to  interfere,  steady  shoveling  for  various  lengths  of  time. 
and  standard  lengths  of  throw  for  the  muck.  In  addition  to 
obtaining  the  comparison  standard,  it  was  possible  to  form 
definite  conclusions,  which  were  Inter  checked  satisfactorily 
under  actual  coi'ditions  In  the  mine,  as  to  the  most  "idvan- 
tagpous  size.  type,  weljiht.  and  design  of  shove's  for  general 
mine  use.   under  the  \arious  conditions  encountered. 

Tests  of  Shoveling  Performance.— Tests  were  carried  on 
for  two  montt>s.  three  ditTerent  shovelers,  t'lken  from  the 
mines,  being  observed.     Each  of  these  men  was  warned  that 


w.is  pldtteii  on  charts.  The  results  olituiued  during  the  sur- 
face tests  were  plotted  alongside  of  corresi)onding  results 
from  un;ierground.  to  accent uate  the  adverse  efl'ects  of  un- 
dergriiund  coinlitioiis  on  shoveling  eaiKn'ily. 

Effect  of  Type  of  Shovel  and  Length  of  Throw  on  Shovel- 
ing Speed.  The  number  of  shovels  per  minute  thrown  into 
a  .'lii'ii'  at  a  distance  of  8  ft.  from  the  ore  pile,  for  jobs  vary- 
ing ii!  length  from  1  to  8  hours,  is  greater  with  the  No.  1 
siiovel  than  with  the  Xo  2  scoop.  Both  on  the  surfac(>  and 
underground,  the  si)eed  of  shoveling  decreases  more  rapidly 
with  the  scoop  than  with  the  shovel,  as  the  length  of  the  .job 
increases.  A  man  working  with  a  scoop  underground  can 
p°'-form  at  only  72  per  cent  of  his  speed  on' surface  for  8 
hours,  whereas  with  a  No.  4  sliovel  he  can  work  at  82  per 
cent  of  his  surface  speed.  The  percentage  reduction  in 
speed   between   surface   and   undergrounii    work   is   I  he   nieas- 
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be  had  to  work  at  his  best  speed,  all  during  the  j'ob.  but  that 
he  was  not  to  overtax  himself.  He  was  told  that  when  he 
became  tired  he  was  to  take  a  few  moments'  rest,  as  it  was 
better  for  him  to  rest  at  intervals  than  to  try  to  work  all  the 
time,  at  the  expense  of  speed  and  capacit\.  Later  the  rest 
periods  were  regulated,  to  obtain  the  proper  intervals  at 
which  they  should  occur,  and  their  length. 

All  of  the  underground  shoveling  tests  may  be  classified 
under  one  of  three  headings:  Shoveling  directly  into  chutes; 
shoveling  into  wheelbarrows  and  tramming  to  chutes,  and 
shoveling  into  cars  and  tramming  to  chutes.  Each  of  these 
series  was  conducted  independently  of  the  others,  and  was 
complete  in  itself.  The  men  under  observation  worked  for 
periods  varying  from  1  to  8  hours,  and  for  each  length  of 
job  they  threw  or  trammed  the  muck  over  a  wide  range 
of  distances,  with  various  types  and  sizes  of  shovels.  In 
all  the  underground  tests,  the  work  was  done  under  the 
actual  mining  conditions,  with  the  one  exception  that  the 
men  were  always  under  observation,  and.  consequently,  were 
working  at  a  good  speed  for  the  full  period  of  the  test.  In 
no  case  did  the  men  overtax  themselves,  and  it  is  believed 
that  all  tonnages  recorded  are  easily  obtainable  by  a  good 
but  not  exceptional  Mexican  laborer  after  he  had  been  prop- 
erly instructed,  and  under  close  and  intelligent  supervision, 
together  with  a  wage  paid  in  such  a  manner  as  to  provide 
an  adequate  incentive  to  do  good  work. 

It  soon  became  evident  that  the  great  majority  of  shovels 
being  tested  were  not  suitable  for  efficient  work,  and  only 
the  work  of  t'-\e  No.  4  shovel,  which  handles  the  21-lb.  load, 
together  with  that  of  the  No.  2  scoop,  which  was  held  in  high 
esteem    by  many   of   the   men   in   the   operating   department. 
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u:e,  in  part,  ol'  flie  effect  of  mine  air.  powder  gas  and  smoke, 
temperature,  Humidity,  and  poor  light.  Under  the  same  con- 
dition of  work,  the  difference  in  speed  between  the  No.  4 
shovel  and  the  No.  2  scoop  is  due  to  the  difference  in  the 
load  handled. 

The  manner  in  which  the  length  of  throw  will  affect  the 
speed  of  the  shcveler  was  worked  out  for  a  uniform  length 
of  job  of  6  hours  and  12*  minutes,  and  for  varying  distances. 
The  decrease  in  shoveling  speed  on  the  surface  amounted 
to  an  average  of  2.5  per  cent  for  every  foot  increase  in  dis- 
tance thrown  in  the  case  of  the  scoop,  and  1.8  per  cent  for 
the  Xo.  4  shovel.  Underground,  the  working  speed  was  de- 
creased more  rapidly,  being  respectively  4.4  per  cent  and 
3.2  per  tent  per  loot  increase  in  throw\  The  rate  of  decrease 
in  shoveling  speed,  both  on  the  surface  and  underground, 
was  greater  for  the  heavily  loaded  scoop  than  for  the  shovel. 

In  determining  the  amount  of  rest  required  for  shoveling 
jobs  of  various  lengths  it  was  found  that  the  scoop  again 
has  a  negative  effect  both  on  surface  and  underground, 
causing  a  man  to  use  up  more  time  in  resting  than  when 
working  with  a  Xo.  4  shovel.  The  rest  period,  as  considered, 
was  made  of  the  time  consumed  in  delays,  the  time  actually 
spent  in  resting,  during  which  the  man  may  smoke  a  cig- 
arette and  sit  down  for  a^few  minutes,  and  the  time  used  in 
loosening  the  muck  pile,  scraping  up  the  dirt  on  the  shovel- 
ing plat,  or  doing  other  light  work,  not  actually  shoveling, 
but  closely  related  to  it. 

Determination  of  Actual  Time  Devoted  to  Shoveling. — Over 
a  long  period  it  Wiis  possible  tp  demonstrate  the  feasibility 
of  accurately  determining  the  percentage  of  the  working  day 
that  a   man  will  actually  devote  to  shoveling.     The  working 
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day  at  the  Burro  Mountain  mini's  is  8  hours.  \..  hour  of 
which  is  given  up  -o  the  lunch  period,  leaving  Tv!' hours  as 
the  total  possible  workins  time,  u  was  found  that  of  this 
TVi  hours  the  man  actually  workeil  at  shoveling  for  82.5  per 
cent  of  the  time.  The  remainder  of  the  possible  working 
time,  or  17.5  per  cent,  is  spent  on  ether  work,  the  man  quit- 
ting early  for  lunch  o-  leaving  the  mine  or  conimencins;  to 
work  late  at  beginning  of  the  shirt  or  after  lunch.  Observa- 
tions of  this  character  were  gathered  by  some  of  the  shift 
bosses,  on  se^^eral  hundred-man  shifts,  and  it  is  surprising 
how  little  the  figures  obtained  by  each  have  varied  from  the 
average  finally  obtained. 

The  average  tonna.ge  per  hour  to  be  expected  of  a  nuiii 
throwing  the  muck  a  distance  of  8  ft.  over  any  period  of  time 
is  shown  in  Fig.  1.  ICxperinients  to  determine  the  total  ton- 
nage shoveled  for  any  period  over  the  same  distance  showed 
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that  for  a  job  lasting  5  hours  and  3h  minutes,  with  a  No.  4 
shovel  underground,  a  man  would  be  expected  to  shovel  26. D 
tons  a  distance  of  8  It.  Five  representative  tests  actually 
gave  the  following  'onnages  under  average  conditions: 

TonriHi;!-. 

Length  ol   .jolt  .5  Iioliis  .iml    !ll  minute;;    l^S.O 

L#ength  of  job  5  l.tuirs  ;iinl  IiJ  niinutts L';;.i) 

Length  of  jolj  5  hours  and  25  minutes 2i..'i 

Leng-tli  of  .job  5  hours  and  50  minutt  -s  J4.() 

Length  of  .job  .'>  hour.s  and  :!ll  mmutes •.>.!. ii 

Average.  5   hours  and  30  minute.^,  average    2i.l 

Comparison  of  Work  Done  with  Scoop  and  by  Shovel. — A 
careful  study  of  Fig.  2  snows  the  following  conditions:  (1) 
The  difference  in  tonnage  handled  by  the  same  shovel.  o:i 
the  :^urface  and  underground,  for  any  length  of  job,  is  the 
measure  of  the  bad  effects  ot  underground  conditions.  For  a 
job  of  6  hours  and  12  minutes,  with  a  No.  4  shovel,  the  un- 
derground work  is  20.5  per  cent  less  than  on  surface.  |2i 
The  difference  between  the  amounts  shoveled  with  the  No. 
2  scoop  and  the  No.  4  shovel,  under  same  conditions,  is  the 
measure  of  the  effect  of  the  difference  in  load  handled  by 
the  man.  (.3)  Each  line  on  this  chart  shows  a  peak  at  some 
particular  length  of  job,  and  the  total  tonnage  shoveled  for 
any  greater  period  than  this  is  actually  less.  (4)  The  pres- 
ence of  this  peak  accords  with  the  experience  of  many  sr 
perintendents  and  managers,  who  state  that  their  men  do 
more  work  in  an  8-hour  day  than  they  did  on  the  old  lO-hour 
basis.  (5)  The  "economic  shoveling  day"  is  about  6%  hours. 
with  a  No.  2  scoop  on  the  surface,  and  SVa  hours  under- 
ground. With  a  No.  4  shovel,  on  the  surface  8  hours  is  about 
the  proper  length  of  day.  whereas  underground  6%  hours 
seems  to  be  about  correct.  As  the  men  actually  shovel  only 
6  1,'5  hours  per  day  on  an  average,  and  as  their  other  work 
is  generally  of  a  light  nature,  the  8-hour  day  with  tlie  cor- 
rectly proportioned  shovel  is  probably  the  best:  but  with  ;i 
scoop  it  is  certainly  too  long.  (6)  For  work  on  the  surface, 
on  jobs  lasting  longer  than  4%  hours,  the  No.  4  shovel  i^ 
supeiior  to  the  scoop.  Underground  the  No.  4  shovel  dem 
onstrates  its  superiority  for  jobs  longer  than  3%  hours.    The 
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scoop  thus  may  be  considered  as  a  task  shovel  for  short- 
time  jobs,  but  even  here  its  value  is  only  slightly  greater 
than  the  No.  4  shovel  and  it  tiros  the  man  so  that  he  is  unfit 
lor  other  work  when  the  shoveling  task  is  finished. 

Effect  of  Height  and   Length  of  Throw  on  Shoveling  Speed. 
The   lollovvmg   tonuulas  siiow    the   manner  in   which   use   i.-i 
made  of  the  figures  presented  in  the  preceding  diagrams: 
Let  \V— weight   of  load  on   shovel,  in   pounds; 
N    ^  number  of  shovels  per  minute; 
P  =  per  cent  time  actually  shoveling; 
Iyr=  length  of  job.  in  minutes; 
T  =:  total   tonnage  shoveled; 

n  =  number  of  shovels  per  minute  for  an  8-fl.  throw; 
P  =  per    cent    increase    or    decrease    due     to     various 
lengths  of  throw. 
W  X  N  X  P  X  L 
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In  using  the  No.  4  D-handle  shovel  it  was  discovered  that 
a  tlirow  of  3  ft.  to  the  wheelbarrow  gave  the  best  results 
as  far  as  number  of  shovels  per  minute  and  rest  periods  re 
quired  were  concerned,  and  in  all  subsequent  work  the  ore 
was  thrown  into  the  wheelbarrow  from  this  distance.  For 
any  length  of  job.  the  number  of  shovels  per  minute  is  less 
than  when  throwing  8  ft  into  a  chute,  and  this  is  due  to 
the  fact  that  the  shoveler  must  place  each  shovelful  care- 
'rlly  to  keep  the  wheelbarrow  from  spilling  its  contents  and 
to  make  it  ride  easily. 

Figure  3  shows  the  tonnage  to  be  expected  of  a  man  for 
a:iy  length  of  job.  the  length  of  tram  being  constant  at  20 
ft  This  chart  shows  that  the  shoveler  has  not  (piite  reached 
his  maximum  capacity  at  the  end  of  8  hours.  Two  reasons 
aie  .idvanced  for  this:  (1)  As  long  as  a  man  can  throw 
the  ore  into  a  chute,  he  has  a  fairly  direct  throw  from  the 
orp  pile  to  the  chute,  and  with  a  car  he  has  a  definite  path 
to  tr.iverse  each  trip.  With  a  wheelbarrow,  however,  the 
direction  and  length  of  tram  are  constantly  varying,  as  is 
also  the  amount  of  interference  from  other  trammers,  tim- 
bernien  and  machine  men.  The  retarding  influence  of  these 
factors  increases  as  the  length  of  the  tram  increases.  (2t 
The  sequence  of  operations,  shoveling,  tramming,  and  dump- 
ing, is  of  such  short  duration  and  changes  so  often  from  me 
t(>  the  other  than  it  is  hard  to  keep  up  any  pace  that  may 
he  s.'t.  and  probably  an  iinneci-ssary  amount  of  rest  is  in- 
dulged in  for  all  periods. 

From  a  series  of  tests  during  which  the  ore  was  liirown 
in!()  a  mine  car  42  in.  high,  it  w,-is  determined  that  a  horizon- 
I  il  interspace  of  4  ft.  was  the  best  distance  to  maintain  be- 
tv.eeti  car  and  ore  pile  in  order  ihat  a  man  might  work  lo 
W\i'  best  advantage.  Owing  to  the  height  of  the  car.  the  ca- 
pacity of  a  shoveler  is  decreased,  as  compared  to  his  ca- 
pacity in  shovels  per  minute  when  loading  into  a  wheelbar- 
low.  This  decrease  in  shoveling  speed  amounts  to  about  8 
w\-  cent  per  foot  (;f  height.  The  best  type  of  car  for  a 
sluiveler  to  use  holds  about  a  ton  of  ore,  is  as  low  as  is  con- 
sistent w  iih  good  design -certainly  not  over  45  in.  in. height 

and  is  equipped  with  roller  bearings,  which  should  be  kept 
in  the  best  of  condition.  Cars  much  larger  than  this  are  too 
hard  to  tram  anil  car-;  much  smaller  use  up  too  much  of 
the  shoveler's   lime   tramming   back   and   forth. 

Tonnage  to  Be  Expected  Under  Average  Shoveling  Condi- 
tions. Figi're  4  shows  the  tonnage  lo  he  expected  of  a  man 
nnicking  into  ;i  car  and  tramming  a  constant  distance,  for 
various  lengths  of  jobs.  It  will  be  noticed  Ihat  the  economic 
shovelin.g  day  is  between  7  and  8  hours  long,  ami  that  the 
niaxlnuun  average  lesiilts  to  be  expected  of  a  mine  shoveler 
under  the  given  conditions  have  probably  been  reached.  The 
tonnage  to  be  expected  undei-  average  shoveling  condition.s 
(luring  :i  uniform  shoveling  day  of  tj  hours  and  12  minutes 
ar.cl  lor  any  distance  that  the  ore  must  he  thrown  or  trammed 
is  sliown  in  Fig.  5.  The  graph  representing  the  tonnage  to 
hi>  expected  of  a  man  with  a  wheelbarrow  may  not  h"  entirely 
c  rrecl.  especially  as  the  length  of  tram  increases  On  the 
other  hand,  the  wheelbarrow  is  generally  used  when'  neither 
(lirec;  shoveling  nor  the  use  of  a  car.  with  its  attendant  track 
exjiense.  is  feasible:  consequently,  the  wheelbarrow  is  alway.- 
at  work  under  adverse  conditions  in  a  stope.  and  no  iiii 
provements  over  the  results  here  tabulated  are  to  be  ex- 
pi'cted. 

The  calculation  of  tonnage  to  be  expected  when  tramming 
elihei  with  a  car  or  wlieelbarrow.  for  any  length  of  job  and 
dista:ice   trammed,    is   expressed    in   the   following   formulas: 
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Let  W^ weight  of  load  on  shovel,  in  pounds; 
N^  number  of  shovels  per  minute; 
P^per  cent  of  time  actually  shoveling; 
L^ length  of  job.  in  minutes; 
T^  total  tonnage  shoveled; 
a:=tinie  to  load  one  car  or  wheelbarrow; 
b  =  time  to  tram  and  dump  one  car  or  wheelbarrow, 

in  minutes; 
c  ^  load  on  one  car  or  wheelbarrow,  in  pounds; 
c 
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Effect  of  Size  of  Shovel  or  Scoop  on  Shoveling  Capacity. — 
To  determine  the  relative  wearing  qualities  and  the  cost  per 
ton  for  supplying  the  men  underground  with  new  shovels, 
different  places  in  the  mines  were  equipped  with  different 
makes  and  styles  of  shovels,  and  the  results  carefully  noted. 
At  frequent  intervals  these  shovels  were  measured  to  detect 
the  wear  of  the  blade,  and  checked  up  to  see  that  all  were 
being  used  in  the  proper  places  underground;  the  tonnage 
coming  from  each  place  and  the  number  of  shovelers  em- 
ployed were  also  noted. 

Tests  were  conducted  with  square  and  round-point  shovels 
varying  in  size  from  No.  2  to  No.  6  and  with  standard  No. 
2  scoops,  to  determine  what  size  of  shovel  was  best  adapted 
to  the  work.  For  short  jobs  of  less  than  4  hours'  duration, 
the  No.  2  scoop  and  the  No.  5  and  6  shovels  were  slightly 
superior  from  the  standpoint  of  tonnage  handled:  but  for 
jobs  requiring  more  than  4  hours  for  their  completion,  the 
No.  4  shovel  was  greatly  superior.  From  the  standpoint  of 
"number  of  sliovels  per  minute,"  work  with  a  scoop  is  at 
all  times  slower  than  with  a  No.  4  shovel,  and  as  the  day 
progresses   the   percentage   of  time  required   for  resting   be- 


comes greater  with  the  scoop  than  with  the  shovel.  The 
result  is  that  although,  for  short  work  periods,  the  larger 
capacity  of  the  scoop  brings  the  total  tonnage  handled  above 
that  of  a  No.  4  shovel,  for  long  periods  the  increased  amount 
of  rest  required  when  handling  the  heavier  load  serves  to  put 
the  No.  4  shovel  considerably  in  the  lead  as  a  tonnage 
mover.  In  general  it  may  be  said  that  for  shovels  smaller 
than  the  21-lb.  load  shovel,  the  tonnage  handled  per  shift  is 
approximately  directly  proportional  to  the  shovel  capacity; 
that  is,  if  a  man  using  a  No.  4  shovel  will  handle  26  tons  in 
an  8-hour  shift,  with  a  No.  3  shovel,  which  holds  91  per  cent 
of  the  load  of  a  No.  4  shovel,  he  would  be  expected  to  shovel 
about  24  tons  a  shift.  If  the  increased  cost  of  shoveling  with 
a  smaller  ?hovel,  or  one  that  has  been  worn,  is  balanced 
against  the  cost  per  ton  of  putting  a  new  shovel  underground 
and  discliarding  the  old  one.  it  will  indicate  the  economic 
limit  of  wear  of  the  shovels  in  use. 

Design  of  Shovel  Best  Adapted  to  Mining  Work. — The  de- 
sign of  slidvfl  which  was  considered  as  being  the  best  adapt- 
ed to  mining  work,  conforming  to  conditions  under  which 
the  tests  undt-r  review  were  made,  is  shown  in  Fig.  21.  The 
blade  should  hold  21  lb.  of  broken  ore  as  an  average  load. 
Both  the  square  and  the  round-point  blades  should  be  of 
standard  shape,  of  No.  15  gage  at  the  point,  and  of  such 
composition  that  the  shovel  will  handle  not  less  than  1,100 
tons  of  medium  hard  ore  when  shoveled  off  a  wooden  mat. 
All  blades  should  be  of  the  plain-back  type  without  rivets, 
the  back  strap  being  welded  to  the  blade.  Only  best-grade, 
second-growth,  northern  white  ash  should  be  used  for  the 
handle,  which  should  be  bent  to  the  shape  and  dimensions 
shown.  On  sliort-handle  shovels,  the  Dirigo,  or  split  D,  han- 
dle is  preferred,  as  it  is  much  stronger  than  the  ordinary  D 
handle. 

How  to  Obtain  Greatest  Shoveling  Efficiency. — To  obtain 
the  highest  shoveling  efficiency  underground,  every  man 
hired  as  a  shoveler  should  be  in  a  particular  stope  or  work- 
ing place  that  is  directly  in  charge  of  a  shoveling  boss.  This 
boss   should   have  had   considerable  experiCHce   in   shoveling. 
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should  know  correct  shoveling  methods  and  be  able  to  in- 
struct men  and  gain  theii-  confidence.  Each  man  should  be 
taught:  (1)  The  necessity  of  using  the  correct  type  of  shovel 
for  any  given  purpose;  (2)  the  proper  way  to  handle  a 
shovel;  (3)  the  range  of  usefulness  of  wheelbarrow  and  car, 
and  (4)  the  advantage  of  using  a  platform  from  which  to 
shovel.  When  each  man  has  been  thoroughly  instructed  in 
the  methods  of  shoveling,  he  should  be  placed  in  general 
run-of-mine  work  among  the  more  experienced  shovelers,  so 
that  another  new  man  may  taki'  his  place  for  instruction. 

Bonus  System  of  Payment  of  Shovelers. — The  Phelps  Dodge 
Corporation  has  not  yet  introduced  a  system  of  payment  for 
shovel  woik  other  than  the  regular  daily  wage,  and,  in  the 
case  of  de\elopnient  work,  the  contract  system,  in  which  the 


Fig.   e — Design   of   Shovel    Best   Adapted    to    Mining   Work. 

shovelers  share  by  receiving  a  higher  wage  than  the  men 
in  the  slopes.  The  wage  in  force  at  present  at  Burro  Moun- 
tain mines  for  Me.xican  shovelers  is  $3.40  a  day.  Assuming 
that  this  is  a  fair  wage  for  this  class  of  labor,  to  put  the 
men  in  the  proper  frame  of  mind  to  take  kindly  to  the  bonus 
system  the  wage  should  be  raised  to  $3.7-5  a  day,  an  increase 
of  10.3  per  cent;  this  wage  will  be  paid  to  them  whether 
they  make  the  required  tonnage  or  not.  If  any  man  mako.s 
the  tonnage  reciuired  of  him,  his  wage  may  be  raised  to  $4 
for  that  shift,  an  increase  of  17.6  per  cent  above  the  $3.40 
rate.  If  he  produces  anything  over  the  required  amount,  he 
should  be  paid  a  bonus  per  ton,  depending  on  the  original 
task  allotted  to  him.  To  make  an  increase  of  50  per  cent 
o\  er  his  old  $3.40  rate,  a  shoveler  will  have  to  produce  be- 
tween 2,5  and  30  per  cent  more  than  his  allotment.  Experi- 
ence has  shown  that  when  a  laborer  receives  an  advance  in 
wages  of  more  than  about  50  to  80  per  cent  above  a  fair 
wage,  he  tends  to  become  shiftless,  and  the  increase  usually 
does  him  more  harm  than  good. 

In  1917,  in  a  stope  with  raises  spaced  25  by  65  ft.,  from 
which  was  mined  145,000  tons,  the  shovelers  averaged  S.5 
tons  per  man  w'ith  wages  at  $3.40  a  day.  This  shoveling  cost 
33  ct  per  ion,  assuming  that  the  men  were  on  other  work.? 
for  17.5  per  cent  of  the  day.  Charts  show  that  under  the  new 
system  these  men  should  have  averaged  22.9  tons  per  day, 
for  which  they  would  have  received  $4  a  day.  This  would 
he  an  average  shoveling  cost  of  17%  ct.  per  ton  or  a  gross  sav- 
ing of  $22,475  for  the  year.  Out  of  this  gross  saving  would 
have  to  come  the  cost  of.  say,  five  special  men,  at  an  aver- 
age salary  of  $160  a  month,  or  a  total  of  $9.G0U  a  year  to  take 
care  of  this  branch  of  the  work.  This  sura  deducted  from 
$22,475  leaves  a  saving  of  $12,875.  or  a  total  shoveling  cost  of 
23.9  ct.  a  ton. 

Figures  obtained  at  Tyrone  indicate  that  the  tonnage  in  <u 
least  one  of  the  large  slopes  can  be  raised  from  8.5  tons  per 
man  to  22.9  tons  per  man,  pn  increase  of  169  per  cent;  th' 
wages  Can  be  raised  from  $3.4ii  a  day  to  $4  a  day,  and  th> 
cost  to  The  company  reduced  from  33  ct.  a  ton  to  24  ct.  .i 
ton.  after  taking  care  of  all  extra  supervision  needed.  In 
acdition  to  this  actual  saving  in  shoveling  costs,  the  over- 
head and  general  raining  costs  will  be  reduced  per  ton  by 
mining  a  greater  tonnage  per  man;  and  the  other  classes  o' 
labor,  such  as  machine  miners  and  timber  men,  will  be  able 
to  do  more  work,  as  they  will  not  be  hampered  and  delayed 
by  the  shovelers  to  such  an  extent  as  at  present. 
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Fixing  Standards  for  Incentive 
Wage  Plan 

Most  inciMitive  wage  plans  are  based  upon  the  time  re- 
(iuired  to  complete  a  job.  The  selection  of  the  fair  time,  as 
or  it  is  sometimes  called  the  "standard  time,'  required  for 
an  operation  involves  the  making  of  time  studies  and  careful 
analyses.  Proper  rest  allowances  are  made  and  the  logical 
time  allowances  for  each  sub-operation  are  determined.  After 
these  steps  have  been  taken,  it  is  always  desirable  to  classify 
these  figures  into  a  table  which  may  be  readily  used  by  a 
clerk  in  specifying  the  correct  standard  time  allowance"  on 
current  .iobs.  This  problem  ot  the  proper  classification  of 
tiasic  standard  time  allowances  is  a  real  (juestion  with  the 
inilustrial  engineer  and  is  worthy  of  special  discussion.  The 
method  of  procedure  in  such  a  coutingucncy  is  explained  by 
Mr.  ,\.  G.  Bryant.  Manager  Betterment  Department.  Joseph  T. 
Kyen-^on  &  Son.  in  the  l'W%  .Magazine,  by  means  of  the  fol- 
lowing  simple   example: 

In  unloading  lumber  from  a  box  car  one  or  more  boards  at 
a  time  are  drawn  trora  the  pile  by  a  workman,  dragged  or 
skidded  through  the  car  door,  to  be  piled  on  the  outside  by 
.•mother  man. 

We  will  coiisi<ier  only  the  handling  of  the  common  sizes  of 
soutlierii  pine.  Let  us  assume  that  time  studies  have  been 
taken  with  a  suffieient  number  of  observations  on  various 
sizes  of  lumber. 

As   a    deduction    from    these    lime    studies    basic    standard 
times  have  been   selected   for  each   individual  size.     The  fol- 
lowing are  the  sizes  with  the  standard  time  required  for  each: 
l"x  4"xl6'   0"  -  0.38  rain. 
l"x  fi"xl6'   0"— 0.40     •• 
l"x  8"xl6'   0"— 0.45     '• 
I"xl0"xl6'    0"-0.47     '■ 
I"xl2"xl6'    0"— 11.48     " 
2"x  4"xl6'    0"— 0.42     " 
2"x  6"xl6'    0"-    0.44     '• 
2"x  8"xl6'   0"— 0.46     " 
2"xl0"xl6'   0"— 0.48     " 
2"xl2"xl6'   0"--0.50     '• 
The  next  step  is  to  consider  what  are  the  controlling  fac- 
tors, or  in  other  words,  the  variables. 

The  weight  of  the  board,  of  course,  affects  the  amount  of 
e;iergy  required  to  iiandle  it  and  accordingly  varies  the  time. 
Likewise  the  relative  limherness  of  (he  lumhei-  is  a  control- 
ii>g  factor. 

When  a  thin  board  bends  so  that  it  is  clumsy  to  handle  it 
may  require  more  time  and  energy  than  one  which,  though 
lieavier.  is  stiffer. 

In  order  to  determine  the  effect  of  these  factors,  the  stand- 
ard   titnes    are   plotted    on    the    accompanying   chart    (Kig.    1.) 
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UNLOADING    LUMBER  FROM 
BOX    CAR . 


TIME   "FOR  IINCM  BOARDS 

.  —     ,,        „    a    .. 


20  0       4^.o        60.0      ecJ.o      IOO.O      ISO  o 

VyTEI&MT     OF     BO^RPS      IN    'POLINDS 


Ply     1— cli.Trt  Sliowinc;   Standard   Times   of    Handling    Lumber. 

I'.-iieli  cross  represents  the  time  required  to  hanille  one  size 
of  board  as  shown  in  the  foregoing  table.  The  points  are 
Inc.iii'd  :tccordinc  to  a  horizontal  scale  I'presenting  the 
weight  of  till'  lumber  and  a  vertical  scale  representing  time 
in  minutes. 

.\  solid  line  connects  the  crosses  indicating  lin.  boards  and 
a  dash  line  represents  the  curve  of  the  time  for  handliim  2-in. 
planks. 

,\  cursory  glance  alone  teHs  tlie  story  of  the  difficulty  in 
b.indling  tliin  lumber.     It  will   be  noticed  that  heavier  mate- 
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rial  actually  loiiiiiies  less  liino  ilian  linlitiT.  iloxiblo.  Iiimhrr, 

It  \a  not  deslrnble  to  liave  a  scpanitc  bnslo  slaiulard  fur 
each  sizp  of  liinibor  and  tlu>  qiK'stioii  now  arises  as  lo  llio 
nirtliod  to  l)e  followed  in  classitying. 

Althoii!;!)  we  haxe  no  intratlon  of  si'tllns  up  an  ailiilrary 
rule.  Rood  praclict  would  seem  to  indk-ale  that  the  exact 
standard  time  as  piedotermiiied  for  any  size  should  not  vary 
more  than  10  per  nnt  frcm  the  time  allowance  of  the  classl- 
flcntioii  arranged  to  cover  It. 

Reviewinj;  our  chart,  therefore,  we  see  that  points  1  and  :; 
may  be  classed  together  but  that  point  3  cannot  be  thrown  in 
with  them  as  there  Is  a  difference  between  2  and  :i  of  iMifi 
ininuies  or  12.5  per  cent.  We  perceive,  however,  that  points 
:i.  4  «nd  h  have  a  inaximinn  difTerence  of  only  0.03  minutes  or 
about  7  per  cent  and  can  be  grouped  together. 

Similar  reasoning  directs  us  to  classily  points  6.  7  and  8. 
and  '.I  and  ]0. 

We  have  therefore  derived  four  classifications  and  by  aver- 
aging the  standards  in  each  one  we  secure  the  time  to  cover 
the  group  for  practical  application. 


Efficiency  in  the  Drafting  Room* 

Hy  W.M.  P.  MUNGER. 

The  obvious  method  to  follow  in  overcoming  the  (iitliculty 
of  getting  enough  work  through  the  drafting  room  lo  keep 
the  general  organization  working  in  balance  is  to  apply  the 
tenets  of  scientitic  inanagtment  to  the  drafting  room  manage- 
ment and  its  production,  thereby  conserving  all  the  trained 
hrlp  and  permitting  tlie  immediate  and  profitable  employ- 
ment of  a  large  percentage  of  unskilled  hands.  But  man- 
agers must  remember  that  scientific  management,  while  it 
produces  marvelous  results,  must  not  be  pressed  on  a  group 
of  employes  raster  than  they  can  assimilate  it.  Failure  to 
observe  this  has  produced  results  anil  will  again  produce  re- 
sults, not  marvelous  results  hut  violent  results  such  as  would 
be  achfrved  by  attempting  a  20-mi!e  speed  ever  the  unspiked 
rails  of  a  new   railroad. 

The  preparatary  step  is  to  regroup  and  reroute  the  work 
performed,  regroup  as  to  the  operation  through  which  it 
passes,  rerouting  so  that  each  of  these  operations  is  per- 
formed by  the  man  best  equipped  for  performing  the  given 
operation,  regrouping  so  that  a  high  priced  man  who  is  capa- 
ble of  laying  out  work  or  looking  up  the  related  information 
will  not  be  found  part  of  his  time  on  tracing  and  other  lower 
grade  work,  and  rerouting  so  that  the  larger  matters  will  not 
come  near  enough  to  distract  the  man  of  little  ability.  This 
change  from  one  man  handling  the  plotting,  planning,  search- 
ing computing  and  tracing  on  a  whole  Job  will  produce  the 
same  kind  of  economy  that  is  apparent  on  resident  construc- 
tion when  a  group  of  handy  men  are  replaced  by  masons  for 
mason  work,  carpenters  for  carpenter  work  and  plumbers  for 
plumbing  work. 

The  second  step  is  that  of  reofficering  the  department  and 
must  be  taken  befoie  the  full  benefits  of  the  first  step  can  be 
realized.  There  are  four  positions:  chief  draftsman,  plan 
master,  clerk  and  checker.  The  chief  draftsman  is  in  gen- 
eral charge,  passes  on  all  matters  requiring  judgment,  as- 
signs all  work,  enforces  the  use  of  standard  methods,  inspects 
the  work  for  quality  and  handles  all  discipline.  The  plan 
master  receives  all  work  from  the  chief  or  the  clerk  as  the 
work  enters  the  department,  looks  up  all  related  information 
and  in  accordance  with  his  general  instruction  decides  the 
detail  by  which  Jhe  work  is  to  be  handled,  makes  out  the 
proper  work  car"  and.  from  reference  to  his  standard,  fixes 
the  time  the  various  operations  and  parts  of  the  job  should 
take.  The  clerk  has  the  custody  of  all  information,  attends 
to  all  filing.  Issues  all  supplies,  has  made  and  issued  all  blue 
prints  and  attends  to  all  routine  matters.  The  checker  in- 
spects all  work  for  accuracy  and  acts  as  an  understudy  for 
the  plan  master,  just  as  the  plan  master  does  for  the  chief. 

In  small  rooms  (he  positions  can  be  worked  in  combina- 
ti!;ns  and  in  larger  rooms  these  officers  will  have  to  have  as- 
sistants. It  has  been  the  custom  to  relieve  an  over-burdened 
chief  draftsman  by  promoting  certain  deserving  young  men 
to  the  position  of  assistant  chief  in  charge  of  this  or  that  or 
the  other  thing,  a  squad  boss  or  special  engineer,  etc..  all  of 
which  increase  the  pay  roll,  divide  the  chief's  authority  and 
do  not  and  cannot  relieve  the  confusion.  So  when  the  num- 
ber of  boards  reaches  15  or  20  and  the  chief  cannot  further 
sprer.d  himself,  care  must  be  taken  to  make  the  appointments 


as  Instructor  or  Inspector  or  some  such  title  wliich  does  not 
carry  authority  with  it.  1  am  aware  that  the  placing  of  the 
work  caid  by  the  chief  rather  than  by  the  plan  master  is  not 
in  accordauci'  with  the  general  shop  practice  in  scientific 
mtinagfinent.  Imt   1  think  it  is  best  in  the  drafting-rooni. 

Standardlzinc  the  Work. — As  the  records  of  the  time  of 
drafting  increase  and  the  standards  are  corrected  thereby, 
the  standard  practice  of  Ihe  room  will  become  what  the  best 
n;an  considers  a  day's  work.  To  speed  up  beyond  this  point, 
lo  carry  the  railroad  illustration  further,  better  ballasting 
must  be  obtained.  This  is  achieved  first  by  Irving  out  the 
several  ways  ;if  doing  things  which  are  followed  by  several 
of  the  best  nicM.  choosing  the  most  desirable,  and  letting  one 
who  can  qualify  in  time  .md  motion  study  work  it  up  to  the 
one  best  w.-iy.  teaching  this  to  all  the  men  and  compelling 
them  to  do  that  thing  In  the  one  best  way.  Second,  the  mat- 
tor  In  hand  may  be  analyzed  and  a  standard  method  and 
standard  time  built  up  from  theoretical  considerations  and 
the  times  of  Ihe  elementary  operations.  Third,  a  niclhod 
ladlcally  different  may  be  introduced. 

An  application  of  the  first  method  wotild  be  to  determine 
whether  it  is  more  desirable  to  turn  angles  by  a  protractor 
or  to  plot  them  hy  tangents,  to  use  railroad  curves  or  a  beam 
compass,  to  use  a  parallel  rtile  or  triangle. 

Having  io  llnd  the  length  of  property  lines  crossing  con- 
centric right  of  way  lines  is  a  common  and  tedious  problem 
and  can  be  speeded  up  by  the  second  method.  By  taking  a 
little  time  to  work  out  a  formula  and  scheduling  each  oper- 
ation and  description  of  each  log  in  a  three-inch  column  on 
the  left  of  a  sheet  of  paper,  the  solution  of  the  problem  be- 
comes a  simple  mechanical  matter  of  filling  in  a  column  of 
numbers  on  the  right.  A  second  problem  will  be  solved  by 
placing  a  sheet  of  paper  over  the  first  so  that  the  schedule 
column  of  the  first  sheet  is  exposed  to  the  left  of  the  second 
•  sheet.  The  logs,  numbers  and  angles  are  fitted  in  as  before 
and  in  solving  a  third  problem  the  sheet  many  be  placed  by 
the  side  of  the  schedule  to  the  right  of  the  sheet.  Since  by 
experiment  we  can  easily  determine  that  it  takes  say  two 
minutes  to  "set  up"  for  solving  any  proble  mand  let  us  say 
four  mirutes  for  taking  out  two  logs,  adding  or  subtracting, 
and  taking  out  the  resulting  angle  or  number,  the  standard 
time  for  solving  nearly  every  problem  is  readily  determinable. 
This  particular  application  of  the  second  method  has  the 
added  poiiii  that  by  having  the  schedule  sheet  numbered  and 
each  7uan  ;md  the  checker  having  a  set,  much  time  will  be 
saved  in  checking. 

Introducing  New  Methods. — But  the  third  method,  that  of 
introduciiii,  radically  different  methods,  sometimes  produced 
surprising  savings  in  time.  In  an  instance  known  to  the 
writer  the  making  of  several  hundred  duplicate  captions  at 
the  rate  of  three  per  day  was  cut  to  three  per  minute  hy  the 
use  of  a  small  job  press.  A  boy  at  one-third  the  pay  did  480 
times  the  work  of  a  skilled  draftsman. 

In  estimating  the  time  required  to  make  a  plotting  or  trac- 
ing, the  individual  length  and  breadth  of  each  of  the  various 
lines  are  not  separately  listed  but  the  work  is  listeo  in  units 
and  then  totaled.  To  ilustrate:  In  railway  work  it  takes  a 
unit  of  time  to  draw  a  curve,  label  the  P.  C.  and  P.  T.  and 
the  R.  \V.  lines.  A  unit  of  time  to  draw  and  label  a  prop- 
erty line  crossing  a  curve,  a  unit  of  time  to  plat  100  field  book 
entries  of  oilfire.  and  an  additional  time  allowance  for  each 
signal  mad"  or  barn  shown,  etc.  In  architectural  work,  each 
kind  of  window  elevation  would  have  a  unit  of  time  for  the 
first  window  :nid  additional  for  each  w-indbw  in  the  same  line. 

So  the  plan  master  by  consulting  the  list  of  unit  times 
which  app!y  t'l  the  case  in  hand,  can  quickly  and  with  a  high 
degree  of  accuiacy  determine  what  is  a  day's  work  on  a  very 
complicated  drawing.  In  computing  it  is  well  to  get  a  rough 
check  on  the  efliciency  of  a  computer  by  specifying  so  many 
general  columns  of  entries  as  outlined  above  for  a  standard 
day's  work 


''From  Ind.istrinl  Man.-igpn^fni. 


General  Public  Opposed  to  Government  Ownership  of  Rail- 
roads.— Jnteresiing  inti-rmation  on  the  general  sentiment  re- 
garding Government  ownership  of  the  railroads  is  given  by 
the  results  of  an  investigation  made  recently  by  the  Asso- 
ciation of  Railway  Executives.  A  questionnaire  was  sent  to 
the  editors  of  all  daily  and  weekly  newspapers  in  the  coun- 
try, some  13.424  in  all.  The  editors  were  asked  to  appraise 
the  sentiment  in  their  communities.  Replies  were  received 
from  nearly  6.000  editors,  83  per  cent  of  whom  reported  that 
their  communities  were  in  favor  of  the  return  of  the  rail- 
roads to  private  ownership. 
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Dragline  Mounted  on  Scow  for  River 
Channel  Excavation 

A  dragliiip  mounted  or.  a  scow  is  being  cinplo.Md  in  ux- 
cavaling  the  channel  of  the  .Mad  River  at  Dayton,  O.,  in  con- 
nection with  the  flood  prevention  worlc  ot  the  Miami  Con- 
servancy District.  The  material  after  being  placed  on  the 
side  ot  the  channel  is  rehandled  into  the  spoil  bank  by  an 
other  dragline.  The  scow  40  ft.  by  80  ft.  by  7  ft.  in  dimrn- 
sions.  has  two  12-in.  and  four  ti-in.  longitudinal  bulklieads 
extending  the  entire  length  of  the  scow  and  dividing  it  into 
five  longitudinal  compartments.  These  bulkheads  are  built 
up  by  12xl2-in.  and  6xlL'-iu.  timbers,  respectively,  forming 
built-up  beams  80  ft.  long  by  6  ft.  in  depth.  These  bulkheads 
are  braced  longitudinally  by  6x6-in.  diagonals  extending  be- 
tween the  floor  and  deck  cross  timbers  and  bolted  to  the 
bulkheads.  These  bulkheads  rest  upon  nine  12xl2-in.  floor 
timbers  extending  from  side  to  side  across  the  scow,  with 
eighteen  6\12-in.  intermediate  floor  timbers  spaced  between. 
A  similar  system  ot  deck  timbers  is  used.  These  floor  and 
deek  timbers  are  braced  by  double  cross-diagonals  6xt)-in.  in 
size.  The  deck  planking  is  3x8-in.  and  the  bottom  planking 
3x12  in.  The  four  spuds  are  24x24  in.  x  20  ft.  They  are 
driven  by  Wagner  alternating  current  induction  motors  of 
3-phase,  60-cycle  type,  carrying  current  at  440  volts,  devel- 
oping 20  HP.  at  725  r.p.m.  The  drive  to  the  spud  rack  is 
through  three  sets  of  gears  and  pinions. 

The  dragline  is  a  Class  175  B  Bucyrus.  with  3Vi-eu.  yd. 
bucket  and  135-ft.  boom.  The  machine  weighs  about  200  tons. 
The  base  frame  is  about  25  ft.  square.  This  base  rests  on 
stiffening  trusses  run  lengthways  of  the  scow,  the  propelline 
trucks  ot  the  dragline  being  removed.  The  stiffening  trusses 
are  simple  triangular  (king I  trusses,  12  in  number,  eacn 
formed  of  a  .50-ft.  12xli)-in.  southern  pine  limber  laid  length- 
wise upon  the  deck  of  the  scow,  ..ith  a  214-in.  tension  rod 
running  from  the  timber  ends  to  the  bottom  of  the  scow  be- 
low the  center  of  the  timber,  the  center  post  of  the  truss 
being  formed  by  timber  crib  work  built  between  the  flooi 
and  the  deck  timbers. 

The  illustration,  reproduced  from  the  Miami  Conservancy 
Bulletin,  shows  the  scow,  canted  about  fi  ft.  out  of  level  (by 
thrusting  ilown  on  the  two  right-hand  spuds),  so  that  the 
men  on  the  raft  '>an  recalk  the  joints  between  the  side  plank 


Recalking   Joints  of    Scow. 

ing,  the  tilt  being  suthcieut  to  raise  the  lowest  joint  out  of 
the  water.  By  canting  first  one  way  and  then  the  other,  both 
sides  were  thus  recalked. 


Device  for  Oiling  Hoisting  Cables  in  Place 

An  arrangement  lor  oiling  hoisting  cables  without  renuival 
from  the  drum  and  without  causing  delay  of  more  than  half 
a  shift  was  described  by  Mr.  Wm.  F'leet  Robertson  in  a  paper 
presented  at  a  recent  meeting  o:  the  Canadian  Mining  In- 
stitute. The  arrangement  is  shown  in  the  accompanyiui; 
sketch.  It  can  be  cheaply  constructed  from  materials  al- 
ready around  most  mines,  and  it  accomplishes  the  oiliui;  at 
a  nominal   expense.     The  method  of  oiling  is  as   follows: 

The  cage  is  brought  to  the  surface,  and  there  blocked  on 
timbers;  the  cable  is  detached  from  the  cage  and  attached 
to  a  manila  tail  rope.  The  cable  is  then  wound  up  on  the 
hoisting-drum  until  the  end  of  the  cable  and  tail  rope  come 
to  the  oil-bath.     The  end  of  the  cable  is  then  detached  ;i!id 


passed  through   the  bath  and  under  the  sheave  wheel     ii  is 
then  a  tuched  again  to  the  tail-rope  by  which,  with  the  aid  of 
a  hand-w.ncb    the  cable  is  slowly  pulled  through  the  hJa.e" 
o.l-l.ath   and    back    to   the   cage,   where   i,    is   reattached   and 
he   ..mpty   cage  slowly   lowered   to   the   bo'tom.     The  opera 
Ibe  oTl-bau"  "■""""'•  ^""  """'"  "'""^  "='^^'"*''  '-'-  through 

■ind^^the*'  ""^'"^  ^■=""«  ^^"""^  "«  '■"  '"e  bath  at  one  time 
and  ,r  the     able  ,s  passed  through  at  a  rate  of  4  ft.  per  min- 

whi/H   T°    M  !'""   ''"'"  "'"  ""'"''^«">»=^   of  4   minutes  each. 
whu.h  should  he  sullicieni.     The  oil  in  the  bath  must  be  kep 


Srushej 
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Arrangement  for  Oiling    Hoisting   Cable   Without   Removing    It   From 
the  Drum. 

at  a  temperature  of  over  212'  V.  by  the  aid  of  live  steam 
l)ipes  and  it  is  suggested  tliat  vaseline  with  flake  graphite 
mixed  through  it  will  probably  be  found  to  be  the  most  ef- 
fective and  lasting. 

It  is  essential  that  the  cable  before  entering  the  batn 
should  be  as  thoroughly  cleaned  as  possible  of  all  dirt  by  the 
use  of  wire  brushes.  The  horizontal  travel  of  the  cable  in 
unwinding  will  automatically  move  the  bath  and  carriage 
on  rails  and  so  keep  it  in  line  at  all  times. 

The  supporting  shaft  of  the  bath  sheave  wheel  must  be 
:inchored  down  sufliciently  to  hold  the  upward  pull  of  the 
cable  after  the  cage  is  attached. 

Removing  11  Ft.  Diameter  Tree  with 
Dynamite 

A  chestnut  tree.  34 V2  ft.  in  circumference.  70  ft.  high,  and 
nearly  11  ft.  in  diameter  just  above  the  ground  was  blasted 
down  Nvilh  dynamite.  The  tree  was  located  near  Quakertown 
Pa.,  and  had  been  killed  by  blight  2  years  ago.  The  method 
of  dynamiting  was  as  follows: 

Four  bore  holes  were  put  down  at  an  angle  to  a  depth  of 
eight  feet  under  the  center  of  the  trunk.  These  were  loaded 
with  small  charges  of  dynamite  and  shot,  the  object  being  to 
form  cavities  in  the  earth  into  which  the  large  charges  which 
it  was  estimated  would  be  necessary  to  blast  out  the  tree 
could  be  loaded.  About  a  dozen  holes  w-ere  then  bored  into 
the  large  roots  at  a  considerable  distance  from  the  trunk  and 
charges  loaded  into  those  holes  large  enough  to  cut  the  roots 
and  permit  the  lifting  charge  under  the  trunk  to  do  its  work 
eft'ectually.  A  Schramm  pneumatic  boring  machine  was  used 
to  bore  the  holes.  Each  of  the  four  holes  under  the  trunk 
were  loaded  with  25  lbs.  of  20  per  cent  ammonia  dynamite. 
.\  1/2  •l'.  charge  was  used  in  each  of  the  holes  in  the  roots. 
No.  t)  electric  blasting  caps  were  inserted  in  all  the  charges 
and  the  various  charges  were  connected  together  in  series 
and  fired  electrically  with  a  blasting  machine.  The  shot  was 
a.  perfect  success.  The  tree  was  lifted  up  a  few  feet  and 
droi)ped  over  on  its  side.  All  roots  were  taken  out  or  cut 
off  well  below  plow  depth  and  in  addition,  the  tree  was 
broken  up  so  that  the  pieces  could  be  haiulled  and  hauled 
away.  The  blast  made  a  crater  in  the  earth  about  12  ft. 
deep  and  3u  ft.  in  diameter. 
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Pedestal  Track  CiOnstruction 

As  is  well  known,  the  nse  of  substiiulcs  for  wooden  lies 
hiis  been  of  relnilvely  RrciUor  hnpoKiince  in  forelRn  ronn- 
tries  Ihiiii  in  the  United  Stiites.  iind  for  reiisons  eiinally  well 
known.  These  snbstilutes  have  replaced  the  wooden  lie  willi 
variotis  forms  ot  steel  and  of  reinforced  concrete,  and  have 
also  in  some  cases  done  away  with  the  tie  altoj;ether  and  sup- 
ported tlie  rail  on  eltlier  a  lon;;itudinal  support  or  on  rein- 
forced concrete  pedestals,  with  lie  bars  lo  maintain  the  gaj;e. 
!n  the  K.iilway  Maintenance  Kngineer  reference  is  made 
lo  experiments  in  progress  on  the  Shaliinar  branch  of  tlie 
Kast  Indian  Ry.  with  the  pedestal  type  of  conslruclion.  .\ 
Government  inspector  at  Calcutta  reported  that  installations 
of  these  ties  (or  subslltutes)  were  standing  up  well  after  sev- 
eral years'  service  and  were  a  promising  feattire  of  track 
conslruclion. 

.■\nothor  slightly  different  form  of  const r\iel  ion  is  referred 
to  in  lite  same  journal  as  having  been  experimented  with  in 
Holland.  This  consists  of  concrete  i)edestals  under  Ihe  rails 
supporting  steel  ties  of  channel  section.  The  concrete  is 
protected  from  the  shocks  of  tlie  trnllic  by  two  hardwood 
wedges  with  an  inclination  of  1  in  10.  placed  between  the 
pedestal  and  the  ties.  The  pedestals  and  the  ties  are  spaced 
4  ft.  apart,  except  at  the  joints  where  a  2-ft.  spacing  is  used. 
Mr.  K.  den  Tex  of  lUrecht.  Netherlands,  in  writing  of  this 
type  of  track  support,  gives  his  experience  with  several  va- 
rieties, in  the  attempts  made  to  obtain  a  lighter  pedestal  and 
a  sin\pler  mode  of  attachment.  His  conclusion  is  that  tor 
these  several  types  of  pedestal  construction,  tlie  only  work  of 
maintenance  which  has  jiroved  necessary  lias  been  surfacing. 
The  track  needs  some  attention  in  the  beginning,  but  the 
gravel  under  the  pedestals  is  soon  packed  to  the  point  where 
it  gives  an  excellent  support,  owing  to  the  large  base.  The 
rail-surface  can  be  regulated  by  loosening  the  bolts  and  ar- 
ranging the  wedge,  or  by  lifting  Ihe  track  with  the  Jack  and 
shoving  some  gravel  under  the  pedestals.  Both  ways  are  easy 
compared  with  the  tamping  of  ordinary  ties. 


News  Letter 

St.  Louis  Items 

.\.  Waddell  moved  his  outfit  to  .\t;il.Tsi:a.  Iowa.  Kipoits  lots  of 
rain   and   not   much   prog7"ess. 

The  Board  of  Public  Service.  St.  Ijouis.  .Mo.,  will  receive  bids 
for  the  improvenier.t  of  a   number  of  alleys  on  .lutie  2t. 

Mo.Mahon  Contraetinfr  Co.  are  workiriK  a  team  outfit  on  Dunn 
iV:   MeCartli.\'s  big:  grrading  job   in   northern   part  of  llie  eil.v. 

(^oIuml>us  S.  .Tones  started  work  on  several  new  bank  wideniii.u 
Jotis  on  the  Koek  I.'^land  R.  K.  in  Iowa  and  .Northern  Illinois. 

W.  I".  ilcCIeor.se  &  Co.  moved  their  team  outfit  to  .Morrillton. 
.Ark      Report  a  shorlagf  of  teamsters  in  their  neii;lil>orhood. 

The  Frazier-Davis  Construction  Co..  "22  Wright  builrtins.  St. 
I.ouis.  Mo.  Kot  in  on  a  piece  of  the  Springrfield- Peoria  higrhway. 

J.    C.    Kaiser    and    A.    Manigolrt    have    made    a    good    start    on 

.errading-  the  grounds  for  the  Southern  Wheel  Co  's  new  plant  here. 

Ira   .1.    Printy   expects    to   finish   his  job   at    Columbus.    O.,    in    a 

.-ouule    of    weeks.     Wants    another    job    that    will    suit    a    25-team 

outfit. 

I.ee  Hale  was  awarded  some  street  work  in  .\rkansas  City. 
Kans.  I..ee  says  this  will  hold  him  until  some  good  railroad  work 
opens  up. 

r>.  C.  Gahan  was  awarded  the  contract  for  building  a  levee 
■iroiind  St.  .Johns  Hospital.  Spring^fleld.  HI.  .\bout  .".O.OnO  yards 
in  this  job. 

K  T.  Amis  secured  a  nice  grading  job  at  Outhrie.  Okla..  build- 
ing a  l»ig  reservoir  for  the  Missouri,  Kansas  <t  Texas  K.  It.  Subbed 
this  from  Cook  &  O'Biien. 

Contractors  when  ir  want  of  labor  or  work  for  their  outfits 
write  Koenigs  Labor  Agency.  612  Walnut  street.  St.  Louis,  Mo.,  or 
.1(13  Delaware  street.  Kansas  City.  Mo. 

Tom  Walsh  and  Dan  Terry  of  the  Walsh  Construction  Co. 
passed  through  St.  Louis  the  other  day  on  their  way  to  Omaha. 
.\rk..  where  they  are  finishing  a  Missouri  Pacific   li.  R.  contract. 

r.ain  and  nothing'  but  rain  the  past  month  has  delayed  all 
grading  work  in  this  part  of  the  countr.v.  Several  jobs  that  could 
have  been  completed  in  three  or  four  days  a  month  ago  at  this 
writing-  are  still  uncompleted. 

Bates  &  Roper-;  Construction  Co.  w-ere  awarded  in  the  neiyli- 
1  orhood  of  $1,500.(100  worth  of  work  on  the  new  Springfield  & 
Peoria  hard  road  highv  ay.  They  have  opencfl  an  office  in  Iklason 
City.    Hi.     F.   E.    Coi)land    is  in   charge. 

The  Scullin  .Steel  Co.  let  the  contract  for  the  immediate  con- 
.struction  of  a  $2.000.00ii  steel  rolling'  mill  with  ;i  rapacity  of  10.000 
tons  of  tinished  material  per  month.  It  is  jtlanned  to  have  it 
ready   for  operation  by   the  first   of  next   February. 

P.  L.  Hcskins  of  the  C.  R.  Cummins  Co.  came  to  town  one  day 
last  week  when  the  writer  w.a.s  out  fishing.  Sorry  we  missed  voli 
this  time.  Hoskins.  In  future  give  us  a  tip  when  you  expect  to 
be  here  and  we  will  manage  to  try  and  postpone  the  fishing'  trip 

J.  W.  McMurray  of  Kansas  City  returned  from  T^ittle  Rock 
Ark.  Mac  says  while  there  Iiis  friend  Knniiett  Farrel]  wanted 
to  know^  if  he  had  any  "wild  cow's  milk"  in  his  room  We've 
heard  it  called  everyihin.g  Itut  "wild  co\\''s  milk."  Wonder  what 
they   will    call    it   after   July  1? 

The  Xational  Construction  Co..  302  Putnam  building'.  Davenport. 
Iowa,  secured  the  contract  at  Kmtiietsburg.  Iowa,  for  the  con-^ 
stniction  of  approximately  five  miles  of  storm  drain.  The  dig- 
ging will  practically  all  be  done  by  machine  with  the  exception 
of  some  light   work  on  connections    about  ?,  to  5  feet  deep. 


Wni,  .1.  Danklen'  of  .Mt  dllve.  111.,  luis  taken  a  slice  of  Bntes  & 
Ivogers    new  hard  roiiil  work   lU'ar  .Mason  Cltv,  111. 

rile  .Moreno-Biukham  Construction  Co.  of  St.  l.ouls  was  tiward- 
. Ml  u  eiinii'jiet  at  Kdwarilsv  llle.  ill..  \.y  the  .MadLsou  County  Hoard  of 
.•supervisors  for  the  iiinst  ruction  of  five  miles  of  moilol'ithle-briek 
paving  on  ih,'  St.  l»uls-..\lion  road.  The  bid  is  »lilfl,:)07.  Tho 
lilgli\va,\s  will  he  palil  for  from  a  liond  Is.sue  of  IfddO.OOo  voted  bv 
.Madlsmi  Couiuy  and  the  sum  spent  for  the  road  will  be  returned 
«iien   the  nunois  State   Highway  Conunlsslon   takes   over   Ihe  road. 

Wni.  1,1st  Informs  us  that  he  Is  Interested  In  thirteen  dllTeri'nt 
loiitraeis  at  the  present  time,  among  which  are  reservoirs  at 
.\bllen. .  Stanford.  Ranger  and  I'hithrUige.  Tex.;  a  shovel  job  at 
-Mexamlrla.  La  .  for  the  '1'  I'.  R.  It.:  also  a  big:  grading  lob  for  the 
l>;illas  Hoi.ril  of  Trade  at  I  "alias,  Ti'x.  Tlie.\  have  opened  a  new 
olllee  in  -hi'  West  Texas  Hank  liullding  at  Dallas.  Tex.  Berter 
»■■  t    .1  new   J(di.    mil.   anil    make    it    fourteen. 

List  \-  llall.tt  Construelion  Co.  got  in  on  a  nice  new  rock  k>b 
"11  Ihe  I.  C,  li  K.  Ill  llolcoiida.  III.  .1.  1.  Ilallett.  vlee-jiresidenl  of 
this  company.  Informed  the  writer  that  the  List  companies  were 
awar<l.d  i;o.(ilO  ■..'irds  of  roik  work  on  the  Fort  to  Fort  Highway  at 
l.mvreiiei.  K.'in.'<..  passing  .less  Willanl.  Iln-  ilianipimi  prize  liglit'er's 
firm.  Halletl  is  going  to  take  lioxing  lessons  from  the  ehaiupion 
'luring  his  sla\  out  there,  so  don't  get  gay  witli  Hallett  In  the 
I  111  are. 

.\.   B.    KOI'-.NIG 


Personals 

William  L.  Lanard  has  been  apjiointed  assistant  engineer  In 
111.    1 1.  iiarim.  Ill   of  City  Transit  of   Philadelphia,   Pa. 

W.  H.  Tippln  lias  liec'M  aiipoiiiled  g.'Mcral  manager  of  the 
Souihiiii    I  ir.\    I'li.lv   ,>,•    .Slii]il>nii(liiig  Co.  at    i 'range,    Tex. 

MaJ.  Earl  R.  Stewart  of  Craiid  Rapids.  Mich.,  has  been  ap- 
pointrd  a  nuiiil"!  of  the  State  Public  I'lilities  Commission  of 
.Micliigan. 

Lieut.  Ralph  K.  Linvllle  has  iK'cn  made  a  captain  and  put 
in  cliarge  of  eamp  engineering  at  Kustis.  Va.  He  formerly  was 
an  assistaiii  water  engineer  at  Lake  Moiitebelle  and  Loch  Ravan, 
Hallimore.   Md, 

J.  Vibord  Davies,  Col.  William  J.  Wilgus.  .Maj.  Charles  A.  Bcn- 
sel.  Col.  Henry  W.  Hodge.  William  H.  Burr  and  tldward  .1.  Byrne 
iitive  been  selected  as  consulting  engineers  b.v  the  New  York  and 
New  Jerse.^■  Tunne'l  Commission  for  the  jiroposed  $15.000.ooU  ve- 
hicular tunnel  between  .New  '^'ork  aiul  New  Jerse>'.  ClilTord  M. 
Holland  has  been  appointed  chief  engineer  of  the  Commission. 

George  H.  Webb,  colonel  of  the  ICth  Engineers,  has  resumed 
his  former  dutits  .is  chief  engineer  of  the  Michigan  Central,  the 
Chicago.  Kalamazoo  &  Saginaw  and  the  Detroit  Terminal,  with 
headquarters  at  iietroit.  .1.  F.  Biemling.  acting  cliief  engineer 
of  these  roads,  has  resumed  his  former  duties  as  assistant  chief 
engineer,  witli  lu-adquarters  at  Detroit,  to  succeed  Georg'e  H.  Har- 
ris, wlio  has  been  performing  the  duties  of  assistant  chief  engi- 
ne* r.  and  \\  ill  now  assuipe  the  duties  of  special  engineer  on  these 
roacis. 

W.  E.  Hart  has  been  appointed  district  engineer  in  charge  of 
the  Minneapolis  office  of  the  P'ortland  Cement  Association.  This 
office,  whieli  is  located  in  the  .Metroixjlitan  Hank  building,  has 
charge  of  association  worlc  in  Minnesota.  North  and  .South  Dakota. 
Mr.  Hart  lias  been  connected  with  the  Portland  Cement  Asso- 
ciation for  the  past  two  years  and  has  been  engaged  principally  in 
South  Dakota.  Prior  to  joining  the  association  he  was  county 
engineer  of  F.iUly  Count.v.  .North  Dakota,  and  city  engineer  of 
New    RockfonI,    N.    Dak. 


Obituaries 

John  F.  Quinters.  a  r.-iiiioad  (M>ntia(tur.  died  June  7  at  Shonts- 
\ille.  N.  i..  aged  si;.  Hi  followed  tile  occupation  of  timber  con- 
tractor for  inmes  for  2S  years,  when  he  entered  railroad  con- 
struction work,  which  he  followed  2ti  years,  when  be  retired. 

Benjamin  F.  Slaw,  a  retired  engineer  and  superintendent  of  the 
Wayne  estat.  .  died  June  4  at  W'ayne.  Pa.  He  was  S3  years  old. 
Ml." Slaw  was  an  eiigineer  at  the  Philadelphia  water  works  and  for 
35  years  was  superintendent  of  the  water  works  at  New  Castle, 
Del. 

John  A.  Kelley,  of  Ryan  &  Kelley.  railroad  contractois.  Phila- 
delphia, died  .M.iy  :10  at  his  home  in  that  city,  aged  72.  He  built 
manv  important  works  for  the  Pennsylvania  R.  R..  among  them 
being  a  portioi,  of  the  Schuylkill  Valley  R.  P...  includins,'  the  Phoe- 
nixville   tunnel. 


Industrial  Notes 

The  Sullivan  Machinery  Co.  lias  established  a  new  branch  office 
at  Room  -111.  I':.rk  building.  Cleveland.  O..  under  the  management 
of  Ralph  T.  SI  one.  for  several  years  past  sales  engineer  asso- 
ciattd  with  tin-  .New  York  office  ot  this  company. 

H.  L.  Garbutt.  lor  the  last  six  years  manager  of  the  line  ma- 
terial section  of  111.-  Westint'houso  Electric  &  Manufacturing  'Oc 
Kast  Pitt^liui  yli.  I'.i..  has  been  appointed  manager  ot  the  supply 
division   of  tlv    Wcstingbouse   San    Francisco  office. 

The  Portland  Cement  Association  announces  the  opening  ot  a 
district  offic"  in  l.os  .\ngeles.  Cal..  in  the  Merchants'  National 
BanK  building.  This  office  will  be  in  charge  of  association  activi- 
ties in  Southern  I'iilifornia  and  Ari'/ona.  H.  H.  Fillmore  is  district 
engineer  !n   rharg*'. 

The  Sullivan  Machinery  Co.  has  appointed  George  H.  Riciiey 
as  New  Kiiiiland  sales  nianag'er  to  succeed  George  Ebner  Wol- 
cott.  who  died  May  M.  IHll.  Mr.  Richey  has  been  associated  with 
Mr.  W'olcott  as  sales  engineer  in  New  Eingland  and  Eastern  Can- 
ada for  several  years  past.  The  Boston  offices  remain  at  201  Dev- 
onshire street   as  heretofore. 

Vernon  T.  Brauns  has  assumed  the  management  of  the  Ameri- 
can Blue  Print  I'aper  Co..  Chicago.  In  the  summer  of  1919  Mr. 
Erauns  was  in  th  •  government  service  at  Camp  Custer  as  a 
civilian  employe,  but  upon  his  release  from  service  he  returned 
to  the  American  Blue  Print  Paper  Co.  and  has  since  been  devoting 
his  energies  to  -tfici.  ncy  and  production  development  and  to  the 
outlining  of  sales  promotion. 

Sauerman  Bros..  .Mi.n-idnock  block.  Chicago.  III.,  announce  the 
return  of  Maj.  D.  D.  Guilfoil  to  his  old  position  as  sales  enginei-r. 
Maj.  Guiltoil  commanded  the  1st  Battalion  of  the  lO.Sth  Regiment 
of  Engineers.  This  n  giment.  which  was  composed  almost  entirely 
of  Chicago  men.  participated  in  two  major  operations  in  France, 
the  SoiTime  and  Meuse-.-^rgonne  offensives.  Maj.  Guilfoil  received 
his  discharge  at  Camp  Grant  on  June  7  and  resumed  his  old  job 
on  June   9. 
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contract   news. 

Roads  and  Streets  —  1st  Wednesday 

(a)  Roads  <c)   Street    Cleaning 

(b)  Streets  (d)    Municipal    Misct-llanles 

Waterworks  and   Hydraulics — 2nd  Wednesday 

(a  I    Waterworks  icl    Irrigation    and     Drainage 

(b)    Sewere    and    Sanl-         <d)    Power    and   Pumping 
tatlon 

(e)    Management  and  Office 
System 


Railways    and    Excavation — 3rd   Wednesday 

I  a)    Excavation    and  *c)    Quarries   and    Pits 

Dreiging  (d)   Railways.    Steam    and 

(h)    Rivers    and    Canals  Electric 

(e)    Management  and  Office 
.System 

Buildings  and   Structures — 4th  Wednesday 

(a)    Buildings  (c)    Harbor  Structures 

^b)    Bridges  (d)    Miscellaneous    Structures 

''  >    F^ropertiee   of   Materials 
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Are   "Trades"   Evolving  Into 

"Professions"  _ 

Due  to  the  fact  that  few  men  have  studied  logic,  not  man.v 
of  us  habitually  define  the  words  that  we  use.  Indeed  it  is 
customary  to  regard  all  the  words  in  common  use  as  being 
SO  well  understood  as  to  need  no  formal  definition.  This 
careless  attitude  toward  language  is  not  only  the  cause  of 
countless  eiTors  in  reasoning,  but  of  numberless  controver- 
sies that  lead  to  no  conclusion. 

In  a  recent  address  by  Dr.  ('.  Stuart  Gager,  of  the  Brooklyn 
Botanic  Garden,  an  attempt  was  made  to  show  that  horticul- 
ture is  a  "profession"  and  that  gardening  is  a  "trade."  Yet 
specific  definition  of  "profession"  and  "trade"  were  not 
given.  Dr.  Gager  did  undertake,  however,  to  indicate  the 
main  points  of  difference  between  a  profession  and  a  trade. 
These  differences,  according  to  him,  are  substantially  as 
follows; 

1.  A  trade  may  be  ^^^^__^^^.^^^^^^___^— — 
learned  solely  by  one's 
own  experience,  whereas 
a  profession  can  be 
learned  only  by  adding 
to  one's  personal  experi- 
ence the  experience  of 
others. 

2.  A  trade  is  learned 
by  serving  an  appren- 
ticeship, acting  by  "rule 
of  Uiumb":  whereas,  a 
profession  is  learned 
from  teachers,  who  im- 
part a  knowledge  of  prin- 
ciples and  theories. 

3.  A  trade  involves 
only  the  skillful  applica- 
tion of  practical  rules; 
whereas  a  profession  in- 
volves an  understanding 


of  the   reasons   upon   which   sucii    rules  are   based,   that   is  a 
knowledge   of   science. 
Dr.    Gager   adds; 

"Horticulture  is  an  art.  and.  like  all  arts,  it  is  based  upon 
certain  sciences;  a  knowledge  of  those  fundamental  sciences 
is  necessary-  soil  technology,  economic  entomology,  the  ele- 
ments of  botany,  with  special  emphasis  on  plant  physiology; 
something  of  plant  pathology,  the  principles  of  plant-breed- 
ing ecologv  or  the  relation  of  plants  to  their  environment; 
something  of  phvsics  and  chemistry,  plant  geography,  and 
he  historv  of  cultivated  plants.  .Moreover,  one  should  know 
the  history  of  his  profession,  be  aciuainled  with  the  classic 
publir-lions,  the  names  and  lives  of  the  founders  and  lead- 
ing iHirticulturists.  One  can  never  keep  abreast  of  the 
times  (let  alone  becoming  a  leader)  who  <\r,->  not  keep  in 
toiK-h  with  the  new  and  modern  books,  and  the  current 
n.Tio.'ical    literature    of    the    subje.-t.      Meiubership    in    local 

and      national     organiza- 

:i(ins     of     gardeners     or 

horticulturists  is  stimu- 
lating, if  not  essential." 
Based  on  your  concep- 
tion of  the  meaning  of 
ihe  woids  "profession" 
and  "tiade."  write  your 
definitions  of  those 
terms  before  reading 
I  lie  (lefinitiiui>  f;iven  be- 
IdW.  Tli'ii  carefully 
compare  I'ur  definitions 
with  oin-^  .aid  with  those 
in  die;  ■>iiaries. 

A  piofession  is  an  in- 
con,.-  producing  occupa- 
tion, learned  in  part  by 
personal  practice  and 
e.\perience.  but  mainly 
by  prolonged  systematic 
study  of  the  experiences 


28  Pages  =  40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest-easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Uur 
28  pages  of  articles  would  f^lll  12  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  5»U 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  ot  our 
weekly  construction  news. 


.  129) 


670 


F.Hyunttiuii  011(1  i'<>titi(iilini)  for  June  ;'.">,  /.''/,''. 


and  theories  of  other  men. 

A  trade  is  nn  income  prodiu-hig  occupntlon,  learned  in  part 
by  personal  practice  and  experience,  and  In  part  by  appren- 
ticeship, but  without  prolonged  syslemiitic  study  of  the  ex- 
periences  and    theories   of   other    men. 

If  these  deliiiitions  are  acieptnble.  it  follows  that  n  trade 
may  merge  Into  a  profession.  It  also  follows  that  a  trade 
may  rise  to  the  rank  of  a  profession.  In  Its  early  history, 
enstineering  was  more  of  a  trade  than  a  profession.  Gar- 
dening is  a  trade,  for  most  men  that  practice  it.  but  for  a 
few  it  is  a  profession,  and  they  call  it  horticullure.  In  the 
course  of  a  generation  it  may  happen  that  nearly  all  mana- 
gerin!   gardeners   in  America   will   he   trained   hortlcullurists. 

Are  We  not.  in  fact,  entering  upon  an  age  of  evolution  of 
trades  into  professions?  Certainly  the  astonishing  increase 
in  trade  hooks,  and  class  periodicals,  and  technical  courses, 
indicates  a  rapidly  airowing  tendency  to  study  systematically 
and  continuously  the  experiences  and  theories  of  other  men 
And  when  the  majority  of  men  in  any  "trade"  have  become 
hahitual  students  of  their  "business."  then  that  "trade"  may 
claim  to  have  risen  to  the  rank  of  a  "profession." 


Is    the    Beauty    of    the    Pantheon 

Superior  to  the  Utility  of 

the  Brooklyn  Bridge? 

In  a  recent  editorial  the  "Huilding  Review"  argues  that 
"the  special  sphere  of  the  architect  is  the  sphere  of  plan- 
ning," and  that  in  this  sphere  "he  can  never  be  approached 
by  men  who  are  untrained  in  the  problems  that  good  plan- 
ning involves."     To  quote  further: 

"We  see  here  a  better  common  ground  for  engineer  and 
architect  to  meet  upon  than  any  other,  and  from  such  an 
understanding  of  each  other's  value  there  can  develop  noth- 
ing but  mutuai  gooti  to  each  profession,  the  furtherance  of 
engineering,  and  the  employment  by  architects  of  their 
.special  ability  upon  works  that  at  first  glance  seem  foreign 
to  architecture  but  which  in  the  light  here  shown  proves 
itself  to  be  simply  a  proper  extension  of  the  architect's 
work  and  a  legitimate  use  of  the  architect  by  the  engineer; 
just  as  the  architect  calls  in  the  engineer  to  solve  his  own — 
the  architect's — structural  and  mechanical  problems. 

"The  engineer  is  indispensable  to  the  architect  as  a  spe- 
cialist in  a  field  which  the  architect  sensibly  realizes  is  not 
his  own  except  indirectly,  and  no  less  is  the  architect  indis- 
pensable to  the  engineer  in  a  field  that,  likewise,  the  engi- 
neer should  realize  is  not  his  own  except  indirectly — the 
field  of  planning.  ' 

We  are  at  a  loss  to  understand  this  statement,  unless  it 
implies  tliat  engineers  are  merely  detailers  and  not  "plan- 
ners." We  had  thought  that  engineers  were  trained  to  plan. 
particular  emphasis  being  placed  on  economic  planning.  We 
had  thought  that  architects  were  also  trained  to  plan,  par- 
ticular emphasis  being  placed  on  artistic  planning.  It  liad 
never  occurred  to  us  that  anyone  would  claim  the  entire 
"sphere  of  planning"  as  being  identical  with  the  spliere  of 
architecture. 

But  before  we  get  deep  into  controversy,  just  what  is 
meant  by  the  word  "planning"?  Does  it  not  signify  design- 
ing something  to  accomplish  a  given  purpose?  Luther  Bur- 
bank  plans  the  plant  that  he  w-ants  to  produce.  He  draws 
a  mental  picture  of  it  and  he  specifies  its  properties  in 
detail.  Then  he  proceeds  to  produce  the  plant  that  he  has 
planned.  Should  he  consult  an  architect  before  trying  to  plan 
a  fruit  or  a  flower?  Civil  engineers  plan  bridges,  railways, 
buildings,  what  not.  Should  they  invariably  consult  archi- 
tects before  doing  so?  It  is  true  that  engineers  frequently 
do,  and  more  frequently  should,  consult  architects  in 
order  to  improve  the  artistic  appearance  of  bridges  and 
buildings.  But  to  admit  this  is  quite  different  from  conced- 
ing that  only  architects  are  "trained  in  the  problems  that 
good   planning  involves." 

By  all  means  let  us  have  co-operation  between  architects 
and  engineers  in  planning  buildings  and  bridges,  but  let 
neither  profession  look  upon  itself  as  superior  to  the  other. 
How  illogical  it  really  i.s  to  compare  incommensurables. 
Esthetics  and  economics  are  incommensurable.  Is  the 
beauty  of  a  Burbank  rose  superior  to  Edison's  incandescent 
lamp?  Is  the  glory  of  the  Pantheon  superior  to  the  utility 
ol  the  Brooklyn  bridge?  Is  an  architectural  beauty  superior 
to  an  engineering  economy?  The  questions  are  absurd,  and 
so   is   the   contention   that   the   architect   is   superior   to   the 


engineer,    or   the    engineei-     io     the     architect,     each     is     his 
special   field. 

A  Remarkable    Invention    by    the 

Engineers  of  the  Forestry 

Department 

The  Forestry  Depart menl  has  invented  a  remarkable  water- 
proof ghie  with  which  built-up  heams  of  wood  can  be  made 
that  are  stronger  than  solid  beams.  If  the  cost  of  such  built- 
up  timbers  Is  low  enough,  structural  engineers  will  have  to 
revise  some  of  their  ideas  as  to  the  economic  value  of  wood. 

Since  small  sticks  can  now  be  glued  together  to  form  as 
large  sticks  as  may  be  reciuired.  it  follows  that  trees  can  be 
cut  before  maturity.  This  alone  should  result  in  greatly  de- 
creasing the  cost  of  producing  lumber,  for  trees,  like  animals, 
grow  fastest  when  they  are  infants. 

There  are  countless  acres  of  logged-otT  hills  that  are  of  no 
use  agriculturally  and  probably  never  will  be.  if  these  hills 
are  reforested,  and  if  valuable  timber  can  be  harvested  every 
ten  years,  there  will  surely  be  reason  to  regard  lumber  as  a 
iniiducl  in  no  danger  of  ever  ceasing  to  be  used  because  of 
high  cost. 

In  this  connection  we  ma\  call  attention  to  Luther  Bur- 
bank's  remarkable  achievement  in  accelerating  the  maturing 
of  walnut  trees.  With  men  such  as  Burbank  showing  us  how- 
to  make  trees  grow  several  times  faster  than  normal,  and 
with  inventors  showing  us  how  to  build  large  timbers  from 
small  trees  hy  the  use  of  glue,  it  may  come  about  that  lum- 
ber will  be  used  more  extensively  in  the  future  than  it  ever 
has  been  used  in  the  past. 

If  as  much  brains  and  capital  should  be  devoted  to  the 
solution  of  problems  in  timber  economics  as  to  similar  prob- 
lems in  steel  and  concrete  economics,  it  inight  readily  hap- 
pen not  only  that  our  "vanishing  forests"  would  cease  to 
vanish,  but  that  our  vanished  forests  would  appear  again 
on  a  million  hills.  Stranger  things  are  happening  in  this 
age   of  miracles. 


The  Economic  Fallacy  of  the  "Back 
to  the  Farm"  Slogan 

For  a  generation  Americans  have  been  repeatedly  told  that 
the  growth  of  urban  population  at  the  expense  of  the  coun- 
try population  is  deplorable.  We  have  so  long  and 
so  frequently  heard  the  wailings  of  editors  and  "economists" 
on  this  topic  that  most  of  us  have  doubtless  come  to  agree 
with  them  in  believing  that  moral  and  economic  decadence 
will  occur  unless  the  exodus  from  farms  to  cities  can  be 
curtailed.  How  many  of  us  have  gone  so  far  as  to  ask  for 
proof  of  the  contention  that  the  abnormal  growth  of  our 
cities  Is  really  so  oojectionable  as  it  is  pictured? 

The  underlying  reason  for  the  exodus  from  our  farms  is 
simply  this.  There  is  a  relatively  limited  demand  for  food 
products,  but  there  is  an  almost  limitless  demand  for  ex- 
pensive clothing,  housing,  amusements  and  luxuries.  Given 
a  relatively  limited  demand  for  foods,  coupled  with  a  never- 
ending  increase  in  labor-saving  machinery  for  farm  use,  It 
tiecessarily  must  follow  that  progressively  fewer  men  will 
be  required  on  the  farms.  As  labor-saving  machinery  frees 
workmen  from  the  fields,  they  are  attracted  to  the  factories 
for  the  demand  for  expensive  textiles,  etc.,  increases  as  gen- 
eral wealth  increases. 

In  Russia  and  other  primitive  countries  where  machinery 
has  not  yet  treed  many  agricultural  toilers,  a  very  large 
percentage  of  the  population  remains  rural.  But  is  the  pop- 
ulation of  such  countries  more  healthy,  prosperous  or  happy 
than  in  countries  like  England?  Statistics  answer  "No" 
as  to  the  health  and  prosperity.  Since  there  are  no  statis- 
tics as  to  happiness,  we  can  only  infer  that  a  negative  reply 
would  be  had  as  to  that  factor,  since  happiness  usually  fol- 
lows in  larger  measure  where  heallhfulness  and  prosperity 
are  greatest. 

Because  of  the  unusual  prosperity  of  our  farmers  It  will 
not  be  surprising  if  so  much  capital  is  attracted  into  the 
farming  business  as  to  result  in  an  overproduction  of  food- 
stuffs within  the  next  few  years.  Tending  tow^ard  this  re- 
sult is  the  progressive  lowering  of  interest  rates  on  farm 
mortgages,  a  tendency  that  has  been  increased  by  the  Gov- 
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erninent's   pateinalihtit-   policy   of   making   long-time   low-rate 
loans  to  farmer?. 

American  inventors,  engineers  and  managers  have  steadily 
Increased  the  productivity  of  workers  in  every  line  of  activ- 
ity. As  the  market  in  any  given  line  approaches  saturation 
it  often  happens  that  advertising  and  education  serve  to 
increase  the  demand  in  that  line,  thus  moving  the  saturation 
point  farther  away  into  the  future.  But  since  the  average 
vigorous  man  can  eat  only  tour  pounds  of  food  daily,  no 
amount  of  advertising  or  education  will  result  in  adding  to 
his  daily  demand  for  calories  of  food  energy.  All  that  can 
be  done  in  that  line  is  to  shift  the  demand  from  one  sort 
of  food  to  another.  It  is  possible,  of  course,  to  shift  the 
demand  from  grains,  fruits  and  vegetables  to  meals,  and 
thus  increase  the  number  of  workers  needed  on  the  farms  to 
supply  the  demand.  Similar  changes  in  demand  for  more 
expensive  foods  may  tend  temporarily  to  curtail  or  even 
stop  the  exodus  from  the  farm,  but  eventually  the  exodus 
will  be  resumed,  because  the  demand  for  foods  is  relatively 
limited  as  conijiared  with  the  demand  for  other  products. 


Three  Opinions  of  Three  Leading 

Americans  as  to  the  Persistence 

of  High  Prices 

The  heads  of  large  industrial  and  puljlic  utility  companies 
have  been  slow  to  express  opinions  as  to  the  probable  course 
of  prices.  But  within  the  past  few  weeks  such  men  have  been 
voicing  the  belief  that  high  prices  will  persist  indefinitel.v. 

Julius  Rosenwald,  head  of  the  great  Chicago  mail  order 
house.  Sears,  Roebuck  &  Co.;  J.  Ogden  Armour,  head  of  the 
packing  firm  that  bears  his  name,  and  Theodore  N.  Vail, 
president  of  the  American  Telegraph  and  Telephone  Co.  (the 
Bell  System),  form  a  triumvirate  whose  opinions  will  carry 
great  weight.  We  quote  from  recent  utterances  by  these 
three   leaders. 

.VI r.  Rosenwald  said: 

"It  is  my  belief  that  the  range  of  prices  for  the  necessities 
of  life  will  average  little,  if  any.  lower  than  at  the  present 
time.  Though  there  will  be  some  exceptions.  I  do  not  look 
for  a  sudden  or  violent  reduction  of  prices  in  the  near  fu- 
ture aside  from  those  which  have  been  artificially  stimulated." 
J.  Ogden  Armour  makes  the  following  somewhat  simil-.tr 
statement: 

"The  greatest  danger  to  our  economic  structure  today 
arises  from  the  failure  of  many  to  recognize  a  new  and 
higher  level  of  prices,  based  on  permanently  increased  cost 
of  labor,  and  high  taxation.  Those  who  postpone  building  or 
buying  in  the  hope  of  materially  lower  prices  are  speculating 
in  the  future  misfortune  of  the  nation." 

And  this  word  comes  from  Theodore  X.  Vail  of  the  Amer- 
ican Telegraph  and  Telephone  company: 

"A  favorable  factor  to  big  construction  is  the  present  tre- 
mendous latest  demand  for  buildings,  commodities,  labor  and 
raw  material,  which  is  expected  to  bring  on  a  period  of  in- 
tense activity  and  national  prosperity.  It  is  also  well  to  con- 
sider that,  excepting  steel,  the  rise  in  the  cost  of  building  ma- 
terials has  been  relatively  small  as  compared  with  other 
commodities.  The  price  of  lumber  in  particular  may  easily 
go  higher,  and  in  view  of  the  decreasing  lumber  supply  may 
never  get  back  to  the  low  levels  of  1913-14." 

That  retail  prices  for  food  reached  their  peak  in  Deceinl)er. 
1918.  is  one  of  the  results  of  the  recent  investigations  made 
by  the  Bureau  of  Labor  statistics.  There  were  slight  de- 
clines in  January  and  February,  but  advances  the  next  two 
months.  In  April,  1919,  the  cost  of  twenty-two  articles  of 
food  combined  was  for  the  Tnited  States  as  a  whole  ix  V'-r 
cent  higher  than  in  April.  191N.  and  S.^  per  cent  higher  tluiii  in 
April.  191.3. 


Wage  Increases  of  Railway 
Employees 

To  the  Kditor: 

Referring  to  article  in  the  .May  28  issue  of  Engineering  and 
Contracting  entitled  "The  Past  and  Prospective  Rise  of 
Wages  in  the  Building  Trades":  It  is  stated  in  the  second 
paragraph  on  page  lii2  that  "the  V .  S.  Government  has 
raised  the  wages  of  the  average-  railway  employe  8-1  per 
cent." 

It  may  he  that  the  writer  of  this  article  can  produce  the 
necessary  statistics  to  prove  this  assertion,  bui  1  do  not  be- 
lieve he  can  find  a  member  of  the  engineering  department 
of  any  railroad  holding  the  same  position  he  held  on  Dec. 
27.  1917.  whoso  salary  has  been  increased  84  per  cent. 

I  also  do  not  believe  that  sufficient  increases  were  granted 
iii  iiilicr,  departments  to  raise  the  average  to  84  per  cent. 

I  would  .suggest  that  some  authentic  figures  showing  the 
iictiial  incre-ises  in  salaries  received  by  railroad  employes  in 
all  <lepar(ments  since  Dec.  27.  1917.  be  published  in  an 
i-arly  issue  o)   I'Jngineering  and  Contracting. 

V    F.  WICTMORK,  Civil  Engineer. 

Omaha.    Neb. 

I  We  thank  .Mr.  Wetmore  for  calling'  attention  to  the  error 
Illative  to  the  increase  in  railway  wages.  According  to  the 
I.  C.  C.  report  for  the  year  ending  .lune  .3ii.  ISlti.  the  rail- 
ways paid  about  $1.400,00<l,00u  to  1.G40.000  employes  during 
that  year.  In  the  fall  of  191 1;  the  first  great  increase  in 
railway  wage  rates  was  made.  Exact  figures  as  to  the  total 
increases  are  not  to  be  had.  The  Railway  Age  estimates 
that  the  year  1919  will  show  a  wage  increase  of  about  $800.- 
11(111.000.  as  compared  with  the  pre-war  wage  total.  This  is 
equivalent  to  about  57  per  cent  increase  over  the  wages  paid 
in  191 G;  but  there  has  also  been  an  increase  in  the  number 
of  employes.  It  will  be  noted  that  the  1.040.000  employes 
in  191ij  received  slightly  less  than  $9imi  each.  It  has  been 
stated  that  the  average  pay  now  is  about  $1,400.  This  would 
indicate  an  increase  of  02  per  cent  in  the  average  wage  rate 
of  railway  employes. — Editor.] 


E.  &  C.  Index  Furnished  Only   on 
Request 

Previous  to  last  year  it  had  been  our  custom  to  scud 
the  index  of  our  articles  to  all  subscribers.  In  common  with 
many  other  publishers  we  now  have  adopted  the  practice 
of  sending  the  indi'x  to  only  «>ifh  subscribers  as  request  it. 
Therefore,  if  vou  want  the  index  for  the  6  months  ending 
June  30  you  should  notify  us  at  once.  Those  who  requested 
the  index  for  the  previous  voluniie  have  been  listed  and  need 
not  notify  us  again. 


Effect  of  Time  of  Cutting  Timber  on 
Its  Durability 

Many  of  the  theories  which  have  been  advanced  regard- 
ing the  durability  of  wood  attribute  too  much  importance  to 
the  time  of  cutting.  As  a  matter  of  fact,  the  time  of  cutting 
has  very  little  effect  upon  the  durability  or  other  properties 
if  the  timber  is  properly  cared  for  after  it  is  cut.  The  method 
of  handling  posts,  poles  and  logs  at  different  times  of  the 
year,  however,  does  influence  their  durability. 

Posts,  poles,  and   other  rough   products   cut    in   late   spring 
and  early  summer  are  more  likely  to  be  .ittacUed  by  insects 
and  fungi  because  the  wood  is  freshly  cul   and  in  the  most 
favorable   condition   for   attack   at   a    time    when   insects   and 
the    spores    of   fungi   arc    uu.st    active.      Seasoning   also    pro- 
ceeds   nunc    rapidly    during    the    warmer    months    and    may 
<aiise   excessive  checking.     It    the   wood   is  peeled    when   cut 
and   piled  openlv  on  skids  for  seasoning  the  opportunity  for 
decay  will  he  reduced   to  a  iiiinimum.  but  checking  will  not 
be  retarded      In  no  case  should   the  wood   be  allowed   to  lie 
in  direct  contact  with  the  ground.     If  checking  is  an  import- 
ant  consideration   it   can    he   reduced    s<.mewhat   by   locating 
the   piles   in  a   shaded   but  dry  place.     The  bark  peels  most 
casilv   in   spring.     It   can   be   removd    at   any   other   time   of 
the  v'car  but  the  labor  and  expense  will  probably  he  greater. 
Timber  cut    in   late   fall   and    winter   seasons    more   slowly 
,n,l    with    less    checkin.    'ban    during    the    warmer    months, 
when  proper  storage  or  handling  is  im,.n.ct.cable    winter 
cutting  is  besi.     Kungi  and  insects  do  no.  attack  wood  out  of 
d   ors^i    cold  weather  and  by  the  tim.  wartn  weather  arrives 
tb,    wood  is  partly  seasoned   and  sotiHwha,   less  susceptible 
a  tack      1     is   for   this   reason   that    winter  cutting   is   ad- 
vatitageous  and  not  on  account  of  a  smaller  amount  of  mois- 
e  or  sap  in  the  wood  in  winter  as  the  popular  belief  has 
l;      There  is  pra<:tically  no  diff-rence  in  moisture  content  of 
green  wood  in  winter  and  summer. 
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For/iuila  and  Table  of  Weights  Stool 
Roof  Triissos 


niiiii.'v   .V  s.ii^ 


Lty    MAKSHAl.l.   I..   Ml  lUtAY. 

Stfi'l    Supt'i'liilt'iutent.   i'oii<ii-l>-    Slil|>.\iiiil.    Tlif    A. 
Co.,   JiirksonMlli'.    Khi 

Several  years  apo  the  writer  hurt  occiislon  to  prepare  some 
designs  for  sloel-roof  trusses  tor  preliminary  t>sttmates  for 
factory  buildings.  After  several  designs  had  been  prepared 
and  lists  of  material  and  estimates  of  cost  hail  been  madi'. 
the  data  on  hand  were  used  in  several  formulas  for  givinu 
the  weights  of  steel-roof  trusses,  in  order  to  llnd  one  which 
would  give  results  closely  agreeinu  with  the  tlguved  weights. 
If  such  a  formula  could  he  found  it  was  inteiuled  to  use  it 
for  purposes  of  preliminary  estimates  instead  of  taking  lime 
to  prepare  a  design.  But  no  one  formula  gave  results  which 
were  considered  satisfactory.  It  was  observed  that  the 
Ricker  formiila 
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which   were  too  low  and   the   Ketchuni   formula. 
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gave  results  too  high  to  agree  closely  with  our  desiyn  data. 
In  these  formulas  w  equals  total  weight  of  truss;  S  equals 
span  of  truss  in  feet;  A  equals  distance  center  to  center  of 
trusses  in  feet:  P  equals  carrying  capacity  of  truss  in 
pounds  per  square  foot  of  horizontal  projection  of  roof. 
After    carefully    studying    the    formulas    and    readins    the 
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In  order  to  tiy  or.t  tiic  aiiove  formula  it  was  applied  to  all 
trusses  upon  which  we  had  the  necessary  data,  and  to 
others  used  as  examples  in  text  liooUs  and  the  results  were 
remarkably  close  to  the  wei,!;hls  obtained  from  material  lists. 
.\fier  linding  that  t.ie  formula  was  worth  while  the  writer 
picpurei!  the  accompanying  table  to  simplify  its  use.  This 
was  doni>  by  making  P  equal  to  unity  and  calculating  the 
value  of  w  for  a  series  of  values  given  to  S  and  A.  It  will 
be  noted  this  reduced  to  a  simple  multiplication  the  calcula- 
tion necessary  to  tind  the  weiglit  of  a  steel  roof  truss,  bavins 
given  the  span,  distance  center  to  center  of  trusses,  and  the 
carrying  capacity  of  truss.  The  writer  has  found  this  table 
to  be  very  n.scful  and  quite  reliable  in  preparing  preliminary 
estimates,  and  even  as  a  check  on  weights  figured  from  a 
design. 


Economies  of  Using   Portland   Cement  in 

Bulk 

A  cement  products  manufacturer  having  a  total  consump- 
tion of  about  200.(100  bbl.  of  cement  per  year  effected  a  saving 
of  $9()  per  day  by  using  bulk  cement,  according  to  a  paper 
presented  betoie  the  Western  Society  of  Engineers,  by  Wal- 
lace R.  Harris,  Engineer.  Cement  Products  3ureau.  Portland 
Cement  Association.  The  savins;  effected  by  using  50<»  bbl. 
huilk  cement  per  day  was  itemized  as  follows  by  Mr.  Harris: 


The  table 
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multiply  value  in  table 
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90,5 
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24,1 
35,0 
45.7 
56.1 
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145.7 
160.2 
173.7 
187.6 
201.1 
214.6 
228. 5 


163.6 
179.5 
195.3 
210,7 
226  2 
241.1 
256.0 
271,1 
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200. 
218. 
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252, 
269, 
286, 
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202.7 
222.5 
242.1 
261.4 
280.3 
299.8 
317.8 
336.3 


271  1 
295.0 
318.5 
341.6 
364.7 
3S7.2 
410.2 


353. S 
382,0 
409.5 
437.7 
46".. 0 
492,1 


explanation  of  the  Ricker  formula  in  University  of  Illinois 
Bulletin  No.  16.  and  that  of  the  Ketchuni  formula  in  the 
author's  text  book  on  Steel  Mill  Buildings,  it  occurred  to  the 
writer  to  combine  the  two  formulas,  thereby  making  use  of 
the  span  factors  In  the  Ricker  formula  and  the  center  to 
center  of  truss  factor  and  the  variable  load  factor  in  the 
Ketchum  formula.  From  the  bulletin  it  seemed  the  carry- 
ing capacity  of  the  trusses  upon  which  the  Ricker  formula 
was  based  was  about  .50  Therefore  the  results  obtained 
by   using  the   data   on   hand    with   the    Ricker   formula    were 

P 
increased   in  the  ratio  of  — .  since  the   Ricker  formula  does 

50 
not  take  into  account  the  variable  load  P,  These  weights 
were  then  averaged  with  those  obtained  by  the  Ketchum 
formula,  which  considers  the  variable  load  P,  and  the  final 
results  agi-eed  quite  closely  with  the  data  on  hand.  The 
tentative  formula  then  became 
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For    trial    calculation    the    two    factors    —    and    —    were 

50  45 

averaged  and  made  the  s  .me  for  both  formulas.     Then 
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After  several   trials  with  the  slide  rule   the   variable  load 
P  P  P 

factor  was  made  —  Instead  of  or  — .  so  as  to  agree 
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$25.00 

15.00 

7.00 

20,00 
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2.50 


1.75 


l^lKir  savi'd  in  unloading  500  bbl at 

oavins  in  ctnient  returned  with  bass.  3,5  bbl.  .at 
Freight  and  labor  saved  on  2.000  M,  T.  sacks,,. at 
Savins;  in  lo.st  and  damaged  sacks.  5  per  cent,, at 
Interest  saved  at  6  per  cent  on  money  invested  in 

sacks,  estimating:  that  sacks  are  returned  each 

month    

Savini;    in    liability    insurance,    on    labor    used    in 

handlinK  sacked   cement   and    AI.   T.'s  at   5   per 

cent    

Total  saving  on  500  bbl at       .19 '4         „*^*'„-5 

Saving  for  30.1  days  per  .ve.<ir  at  596,25 V-'^  S7.. 

This  savins   ■."  equal   to  6  per  cent  interest  on  an   invest- 
ment of $481,250,00 

Savings  on  the  following  items  have  not  been  included 
in  the  tabulation  above:  Fire  insurance  rates  on  empty  sacks 
in  storage  or  in  transit  and  the  rental  value  of  storage  space 
occupied  by  euipty  sacks  and  the  rental  value  of  the  greater 
space  required  for  storage  cement  in  packages. 

The  above  saving  of  $28,875  is  gross  and  to  obtain  the  net 
saving  an  estimate  should  be  made  on  the  cost  of  conveying 
the  apparatus,  and  proper  allowances  should  be  made  for 
cost  of  power  for  operation,  for  maintenance,  depreciation 
and  interest  at,  say,  6  per  cent  on  the  cost  of  machinery  in- 
stalled. No  deduction  should  be  made  for  the  labor  in  op- 
erating bulk  cement  apparatus  as  the  second  item  in  the 
table  above  reiiresents  the  net  labor  saving,  proper  allow- 
ance having  been  made  for  the  labor  to  operate  bulk 
cement    machinery. 


Cutting  Concrete  Piles. — Precast  concrete  piles  in  the  dock 
structure  at  the  U.  S.  Army  Base  at  Charleston.  S.  C.  were 
cut  to  the  proper  elevation  by  sledging  off  the  surface  coti- 
crete  about  :;  ft.  above  the  cutoff  level  and  cutting  the  rods 
with  a  gas  torch.  The  shaft  concrete  was  then  cut  at  the 
cutoff  level  with  plug  and  feather,  the  3  ft.  of  projecting  rods 
being  leit  for  bonding  purposes. 
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The    Surface    Area    and    Fineness 

Modulus  Methods  of  Grading 

Concrete  Aggregates 


•arch     l^iltoTaiov; 


By  Dl'FF  A.  ABRAMS, 

Professor    in    cliarge    Structural    .Materials     Ri 
Lewis  Institute.  Chicago. 

In  (ie.signins  concrete  mixtures,  three  elements  mu,st  be 
kept  in  mind:  (li  workability;  (2)  strength,  or  other  desir- 
able property,  and  (o)  cost.  Under  usual  circumstances  each 
of  these  three  factors  is  an  absolute  limitation  on  the  makeup 
of  the  concrete.  If  cost  were  no  item,  concrete  of  any  de- 
sired stren5;th  and  workability  could  be  secured  by  using 
rich  mixtures.  In  order  to  reduce  the  cost  to  a  minimum  we 
use  as  much  aggregate  as  feasible.  The  degree  of  workabil- 
ity required  depends  on  the  nature  of  the  work  and  the 
methods  used  in  handling  and  placing.  The  workability  of 
concrete  is  one  uf  its  prime  advantages  and  a  certain  degree 
of  workability  is  absolutely  essential.  In  order  to  reduce  the 
cost  of  handling  and  placing  to  a  minimum,  a  satisfactory 
degree  of  workability  may  be  secured  l>y  using  a  little  more 
water  than  is  necessary,  and  an  aggregate  of  somewhat 
greater  fineness  than  that  known  to  produce  maximum 
strength  of  concrete.  In  designing  concrete  mixtures  the 
engineer  must  work  out  a  nice  balance  between  the  strength, 
cost  and  woi-kability  in  order  to  secure  an  economical  build- 
ing materia!. 

It  has  been  pointed  out  that  the  function  of  water  in  con- 
crete is  two  fold; 

(1)  To  hydrate  the  cement. 

(2)  To  form  a  plastic  mass 

The  quantity  of  water  required  to  hydrate  the  cement  has 
not  been  definitely  determined;  it  is  probable  that  not  more 
than  25  to  -10  per  cent  of  the  water  in  ordinary  concrete  is 
necessary  for  this  purpose. 

Tests  made  in  this  laboratory  have  shown  that  with  given 
materials  and  conditions  of  test,  the  quantity  of  mixing  water 
used  determines  the  strength  of  the  concrete  so  long  as  the 
following  conditions  are  observed; 

(1)  Concrete  is  plastic  with  the  method  of  placing  used. 

(2)  Aggregate  not  too  coarse  for  qiutntity  of  cement  used. 

(3)  Mixture  not  so  wet  that  all  water  cannot  be  held  by 
the  concrete. 

Were  it  not  for  the  plasticity  of  the  material  concrete  con- 
struction would  be  impossible.  The  falling-off  in  strength 
due  to  aggregates  being  too  coarse  is  illustrated  in  Fig.  :;  of 
our  Bulletin  1.  (See  Engineering  and  Contracting.  April  2:'.. 
1919.  page  423.)  If  the  mixture  is  so  wet  that  all  water  is 
not  held,  the  strength  will  be  somewhat  higher  than  would  be 
expected  for  this  water  ratio.  However,  this  condition  is 
not  reached  until  we  come  to  very  wet  mixtures  which  give 
extremely  low  strengths  anyhow.  The  quantity  of  mixim; 
water  can  be  be  expressed  at  a  ratio  to  the  volume  of  cement. 

Regardless  of  the  size  or  grading  of  the  aggregate,  the 
amount  of  cement  or  the  consistency  of  the  concrete,  the 
"water-ratio"  may  be  used  as  a  measure  of  the  strength  of 
the  concrete.  In  other  words,  it  makes  no  difference  why  the 
water-ratio  is  changed;  the  fact  that  it  is  changed  within  the 
limits  stated  above  produces  a  definite  result.  Other  prop- 
erties of  concrete,  such  as  wearing  resistance,  modulus  ol 
elasticity,  etc..  have  been  found  to  follow  similar  laws, 

Cantain  Edwards*  has  not  given  sufficient  weight  to  the 
fundamental  relation  between  the  water  content  and  the 
strength  of  concrete.  He  states  in  his  original  paper  that 
"the  surface  area  method  of  proportioning  concrete  assumes 
as  its  basic  principle  that  the  physical  properties  are  pri- 
marily dependent  upon  the  relation  of  volume  of  cementing 
material  to  the  surface  areas  of  the  aggregation."  It  seems 
to  me  that  the  tests  reported  fail  to  bear  out  this  assumption. 

On  the  other  hand  many  different  series  of  tests  made  in 
this  laboratory  have  shown  that  the  quantity  of  cement  is 
not  a  criterion  of  the  strength  of  the  concrete  unless  at  the 
same  time  we  take  into  account  the  quantity  of  water  used 
A  1-9  mix  may  be  as  strong  as  a  1-2  mix.  In  other  words,  it 
is  the  ratio  of  water  to  cement  that  determines  the  strength 
of  the  concrete.  Table  111  shows  one  way  in  which  the  (pi  lu 
tity  of  cement  may  be  varied  ton  to  ilOO  per  cent  without  iiro- 


ducing  any  appreciable  effect  on  strength  so  long  as  the 
water-ratio  is  constant.  Much  greater  variations  in  cement 
content  could  iiave  been  made  had  it  seemed  desirable. 

'aplain  Edv.ards  states  that  "the  tests  were  made  with  the 
ob.iet:t  of  developing  the  surface-area  method  of  proportion- 
ing .  .  ."  Apparently  the  entire  method  of  dealing  with 
concrete  mixtures  is  based  on  comiiression  tests  of  mortar 
from  ;!  different  giadings  of  the  same  sand,  using  one  quan- 
tity of  cement  (2  in  the  case  of  :;  gradings)  and  mixed  to  a 
single  consistency.  Each  value  was  probably  based  on  tests 
from  a  .single  batch.  A  tew  concrete  tests  were  made,  but 
it  is  stated  "that  in  the  proportioning  of  the  cement  content 
of  the  mix  no  account  was  taken  of  the  surface  area  of  the 
stone  aggregate."  These  concrete  tests  can  therefore  have 
little  or  iio  bearing  on  the  surface-area  method.  The  9  sand 
gradings  all  gave  smooth  sieve  analysis  curves.  All  but  two 
of  the  sands  were  of  the  same  maximum  size.  This  cannot 
be  expected  to  be  a  severe  lest  oi;  a  new  method  of  propor- 
tioning. 

The  "water  formula"  for  concrete  cannot  be  reduced  to  the 
simple  form  given  by  Captain  Edwards,  if  it  is  to  be  of  gen- 
eral application.  The  following  formula  is  from  our  Bulletin 
1   [See  Engineering  and  Contracting.  April  25.  19191; 


'V'[*(5--  )] 


factor! 


•Se-^  Enfineerins  and  Contracting.  Sept.  :;».  IJl.s.  fer  absti.!  i 
of  Captain  Edwards'  paper  on  .Surface  Area  Method  of  1><-:'I  - 
with  concrete  mixers.  See  also  Captain  Edwards  letter  in  .\l.i> 
2S  issue. 
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Where   X  =  'I'otal    water    rciuin-il— ratio    to    volinne    of    eeinelU     in 
hatch. 
R  r=  K.lative  consistency  of  concrete, 
p  ^=  .Normal  consistency  of  cement,   hy   weight, 
m  =  Fineness    modulus  of   asgreKate    (an    exponent), 
n  =  Volumes  of  mixed  asgiegate  to  one  of  cement, 
a  =  .Absorption   i»f  a-.;gre)jate.    hy    volume, 
c  V  .Moisture  containetl  in  agnregate.  ratio  by  volume. 

This  water  formula  takes  account  of  the  following  6 
factors; 

(1)   Relative   consistency  of  concrete    (workabilil\ 
12)   Normal  consistency  of  cement. 
i:;)   The  mix   (volume  of  cement). 

Ill  Size  tind  giading  of  aggregate  (measured  by  the  fine- 
ness modulus). 

(.'i)   .Absorption  ol  aggregate. 
(C)   Moisture  contained   in  aggregate. 

Another  term  is  necessary  when  an  admixture  is  used. 
Tlie  items,  with  the  exception  of  (1)  and  (!)  can  be  readily 
determined  for  given  materials.  The  amount  of  water 
required  undei-  i  I  i  will  depend  on  the  nature  of  the  work,  the 
method  of  placing  the  concrete,  etc.  -Any  method  which 
will  give  a  proper  distributiim  of  t!ie  water  du<-  to  size  and 
trading  of  the  aggregate  should  ^-ive  satisfactory  results. 
This  Captain  Edwards  has  endeavored  to  accomplish  by 
iiK  ans  of  the  surface-area  factor,  while  we  have  \ised  the 
tineness  modulus  of  the  aggregate. 

The  fineness  modulus  is  the  sum  of  the  percentages  in  the 
sieve  analysis  of  the  aggregate,  divided  by  lOO.  Sieves  from 
th.-  Tyler  standard  screen  scale  are  used.  The  percentages 
are  expressed  in  terms  of  the  q'lantity  of  aggregate  by  weight 
or  v(dume  coarser  than  each  of  the  sieves.  For  a  particle 
of  a  ^iven  size  the  surface  area  and  the  fineness  modulus 
i,ear  ;:  direct  relation  to  each  other,  since  they  are  both  sim- 
ple functions  of  the  diameter.  The  surfnre  area  varies  as 
Ihe  square  of  the  diameter,  while  the  fineness  modulus  is  a 
loi;arithn;ic  function  of  the  .liameter.  The  relation  is  not 
-.o  simple  when  we  come  to  d ■;!!  with  graded  aggregates. 
The  disci-epancv  in  this  case  becomes  so  great  that  both  of 
these   methods   cannot   be  e.nrecl    lor  a   wide   range  of  condi- 

'"Tfurther  discussion  of  the  quantity  of  water  required  on 
the  basis  of  the  grading  of  aggregate  may  be  of  interest. 
The  plasticitv  or  workability  of  the  finished  concrete  is  the 
nnh  criterion  which  can  be  used  in  comparing  the  water  re- 
,,uirements  of  different  mixes,  gradings.  etc.  We  have  used 
the  "slump"  test  for  this  purpose.  This  consists  of  moming 
,„.  (!  by  12  in.  cylinder  in  a  smooth  steel  form  bv  pvuldling 
„„>  concrete  in  t-in.  layers  with  a  ,-in.  steel  '.at.  leveling  oft 
with  a  bricklaver's  trow-l,  then  immeduitdv  remoMng  the 
form,  without  opening  ".  by  a  steady  -ward  pull.  The 
shortening  of  fresh  con.  rete  from  its  ora.nal  length,  n-  >>• 
nred  in  inches,  is  the  "slump  " 

The   water  which   m.tsi    be  added,   d.i      to   the   pre  en,,    of 
the  aggregate,  aside  fr,m.  that  absorb,-,!,  may  be  divale.l  into 

two  portions; 

(11   To  form  a  suvfac-  film  on  :.ggtegate,  ,     „    , 

CJl   To    make   a    thin    .-ment    paste    which    will    produce   a 

plastic  mix  with  the  aggregate. 
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The  tutal  (luaniity  of   wiitcr  ri'iiuircd   (or  this  purposo  can  (4)   The  slriiiKlh  iind  other  desirable  properties  of  the  con- 

bf   deteniiinod    experlmcntiilly    liy    moiis'.irinK    the    additional  note  depends  on  the  quality  of  the  paste  and  is  little  affected 

water  necessary   lo  proiliire  a  given  plasticity   in  a  concrete  hy   the  (luanlity,  so  long  as  we  have  sufficient  to  prodiice  a 

mixture  as  compared  with  that  required  for  neat  cement.     Hy  workable  mix. 

using  dirrereni  quantities  of  aggregate  and  different  sizes  and  The    inlhience   of   the   cement-water   mixture   on   the    plas- 

^rading  we  arrived  at  the  term.  licily  of  concrtle  is  then  a  function  jointly  of  the  plasticity 

0.30  and  volume  of  the  paste.     We  have   seen   that  the  strength 

is  a  function  of  the  water-ratio  (volume  of  water  to  volume 

1.26'"  of  cement)  and  that  the  strength  of  concrete  decreases  as  the 
in  our  water  formulu  whicli  takes  account  of  this  factor.  (It  water-ratio  iniieases;  hence,  in  order  to  secure  the  highest 
will  be  noted  that  this  term  gives  «  relation  between  water  grade  of  concrete  at  the  lowest  cost  it  is  necessary  to  secure 
and  fineness  modulus  similar  to  the  water-strength  curve  in  a  i;lveu  condition  of  plasticity  with  a  minimum  water-ratio. 
Fig.  1  of  Itullelin  l.i  The  total  quantity  of  water  required  What  condition  with  reference  to  the  size  and  grading  of  the 
for  this  term  in  an  ordinary  concrete  mixture  Is  about  8  per  aggregate  will  give  the  desired  result?  It  is  obvious  that 
cent  by  volume  of  concrete  or  10  to  .SO  per  cent  of  the  total.  this  Is  a  most  complex  relation  if  we  consider  the  almost 
This  quantity  is  known  to  s;lve  satisfactory  results.  There  infinite  variety  of  sizes  and  gradings  which  may  be  made 
is  no  reason  why  (he  water  necessary  to  thin  the  cement  from  a  single  aggregate.  Captain  Edwards  has  used  the 
paste  should  not  be  charged  to  the  cement  Instead  of  the  ng-  surface  areas  as  a  satisfactory  measure.  It  seems  to  the 
grega'.e;  however,  the  latter  method  seems  more  logical  writer  that  tin-  radius  of  curvature  of  the  particles  and  the 
since  It  is  the  presence  of  the  aggregate  and  its  size  and  number  of  points  of  contact  (or  near  contact)  between  adja- 
grading  that  ncessitates  the  addition  of  water  to  produce  a  cent  particles  are  the  factors  which  are  primarily  responsible 
mix  of  the  same  plasticity.  for  the  additional  water  which  is  necessary  due  to  the  pros- 
Let  us  see  how  much  the  quantity  of  water  which  must  be  ence  of  the  aggregate.  Both  of  these  factors  are  functions 
charged  to  the  aggregate  (aside  from  that  absorbed)  is  de-  of  the  dianielor:  the  radius  of  curvature  is  one-halt  the  diam- 
pendent  upon  surface  area.  Earl  Peltijohn  has  shown  (Jour.  eter,  if  we  assume  that  aggregate  of  spherical  form  is  being 
Am.  Chem.  Soc.  April.  19191  that  the  thickness  of  the  sur-  used.  Since  particles  of  all  sizes  are  mixed  at  random  and 
face  aim  of  standard  Ottawa  sand  Is  O.OOOu;?  in.  at  the  point  there  is  no  systematic  arrangement,  it  is  impossible  to  an- 
when  free  water  begins  to  form.  This  means  that  IS  cc.  alyze  the  problem  in  a  way  that  will  enable  us  to  compute 
(about  1  20  pint)  of  water  would  be  required  to  produce  the  the  number  of  points  of  contact.  The  only  practical  method 
surface  film  on  a  cubic  foot  of  standard  sand  and  a  much  then  is  to  determine  the  relation  by  trial.  The  fineness 
smaller  quantity  for  ordinary  concrete  aggregate.  The  water  modulus  metliod  was  arrived  at  in  this  way.  It  was  discov- 
renuired  for  this  purpose  is  negligible.  In  other  words:,  prac-  ered  from  a  study  of  mortar  strength  tests  of  about  1.000 
tically  the  entire  ciuantity  of  water  necessary  on  account  of  different  sands  mixed  to  a  uniform  plasticity,  and  stored  and 
size  and  grading  of  aggregates  must  be  charged  to  thinning  tested  under  uniform  conditions. 

the  cement  paste.  The  water  formula  given  in  our  Bulletin  1  is  of  a  rational 
Ordinarv  mixes  require  water-ratios  of  .75  to  I.hh;  the  form  and  can  be  applied  to  any  combination  of  concrete  mate- 
value  for  neat  cement  with  a  normal  consistencv  of  1Z  per  "a!s.  Its  development  was  an  evolution  extending  over  sev- 
cent  bv  weight  is  .35.  In  other  words  the  cement'in  concrete  eral  years.  These  formulas  were  numbered  in  the  order 
contains  two  to  three  times  as  much  water  as  that  required  of  'heir  derivation  as  they  were  modified  from  time  to  time 
for  normal  consistencv.  It  is  the  dispersion  of  the  cement  °^  "le  basis  of  experience.  The  above  formula  is  No.  11. 
particles  which  results  from  the  addition  of  water  that  is  I'  is  based  on  the  experience  of  many  thousand  tests.  I  do 
responsible  tor  the  raoid  reduction  in  strength  found  in  the  not  mean  to.  be  understood  as  believing  that  this  formula  is 
wetter  mixes-  exact  and  will  require  no  further  modification.     On  the  other 

How  must  the  thinness  of  this  paste  be  varied  in  order  to  liand,  subsequent  experience  may  dictate  certain  changes. 
produce  a   plastic   mix  with  aggregate   of  different   size   and  The  formula  has  been  subjected  to  many  severe  tests  by 

grading?     Upon    thinning    the    paste    by    adding    water,    we  applying  it  to  aggregate  of  the  most  diverse  character.     A 

observe  the  following  phenomena:  recent    series   of   tests    using    1    different   coarse    aggregates 

(1)  Increased  plasticity,  (graded  No.  4  sieve  to  1%  in.)   and  the  same  sand  gave  the 

(2)  Change  in  volume.  following  resuils  for  1-4   mixes: 

The  increased  plasticity  arising  from  adding  water  needs  ^^^.^^^.  „^.^trength  of  co.n-crete  from  FOUR 

no  demonstration.     The  volume  of  paste  is  first  reduced,  then  AGGREGATES. 

increased  as  water  is  added  to  cement.     Table   I  shows  the  Compressive 

effect  with  a  standard  cement  weighing  94  lb.  per  cu.  ft.  aggreKatc.  ilh.   per"sq.   in). 

TABLE  I— VOO-ME  OF  CEMENT  PASTE.  S^'^'^*!.  V- llll 

„.  ,         jjj.ii<.j  .  Crushed  limestone    .  3,8du 

^^atcr  added  to  1  vol.  of  dry  cement.-^  Crushed  sla"  3  750 

"^^}?^-  In  terms  of  Volume   of  Crushed  Bi'aliite '  ■.'.■.■.■.'.'.■.■.'.■.■.■.■.■.■.■.■.■.■.'.■.'.'.'.■.■.'.■.■.■.■.■  S'SSO 

ratio.  normal  consistency.  cement    paste. 

■^^                                1-^^                                  'l^  Tests  were  made  on  6  by  12-in.  cylinders  at  the  age  of  ?• 
iso                                1.43                                  !ps  months.     Twenty-one  different   gradings  were   used   for  each 
■*'                                1-jJ                                1-^6  coarse    aggregate.     Specimens    were    stored    under   two    con- 
I'oo                                 2.90                          •      1.42  ditions.     Each  value  given  above  is  the  average  of  105  tests. 
I-^U                                4-3                                  1.93  The    water    for    these    concretes    was    proportioned    by    the 
3."oo                                 S.'p                                  3.'20  formula   given   above.     The   fact   that   with   similar   gradings 
That  the  volume  of  paste  is  an  important  factor  in  produc-  aid  water  properly  controlled   we   secure  uniform   plasticity 
ing  plasticity  of  mix  can  readily  be  seen  from  the  fact  that  and  strength,  is  a  severe  test  on  the  formula,  when  it  is  con- 
plasticity    can    be    increased    by    increasing    the    quantity    of  sidered  that  we  are  comparing  spherical  and  crushed  mate- 
cement   and   using  relatively   less  water:    in   other   words,  a  rials   of  widely  different  characteristics.     The  absorption   of 
given  degree  of  plasticity  is  produced   by  a  low-water  ratio  the  aggregate  was  also  different  in  each  case.     Many  serious 
for   a    rich    mix    and    a    high    water-ratio    with    a    lean    mix.  errors  have  been  made  by  experimentors   in  comparing  the 
Just  what  eftect  the  actual  quantities  of  paste  has  on  work-  concrete-making  qualities  of  different  aggregates.     The  wide 
ability   under   the   extreme   conditions   of   mix,   etc..   has   not  variations    reported    in    the    strength    of   the   concrete    made 
been  determined.  from  different  materials  can  almost  invariably  be  traced  to 
Current   theories   of   concrete   are   generally   based   on   the  failure  to  take  account  of  differences  in  size  or  grading  and 
idea  that  the  quantity  of  paste  is  dictated  by  the  voids  in  the  to  neglect  of  the  absorption  of  aggregates, 
aggregate,  with  a  certain  surplus.     Four  weaknesses  in  this  The  sand   mortar  tests   in  Captain   Edwards'   paper,   which 
theory  may  be  mentioned:  were  mixed  with  1  volume  of  cement  for  each  13  sq.  in.  of 

(1)  The  voids  in  the  agirregate  can  be  varied  widely  with-  calculated  surface  area  of  the  sand  eave  mortars  of  fairly 
out  producing  any  change  in  the  quality  of  concrete:  uniform  strengths  at  3  different  ages.     These  tests  are  inter- 

(2)  The  gradinsf  of  aggregate  which  gives  greatest  strength  preted  as  proving  that  the  surface  area  of  the  aggregate  is  a 
in  concrete  gives  higher  voids  than  are  found  in  other  grad-  proper  basis  for  proportioning  mortar  and  concrete  mixtures, 
ings  of  lower  strengths;  It  is  the  writer  s  view  that  the  uniformity  in  strength  is  due 

'3)  Concrete    of    highest    strength     may     contain     visible  to   an    entirely    different    cause.     Since   both    the    water   and 

voids:  cement   were   proportioned   on   the   basis   of  the   surface  area 
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of  the  aggregates,  he  obtained  a  uniform  water-ratio,  which 
is  solely  responsible  for  the  uniform  strength.  This  is  the 
result  to  be  expected  so  long  as  all  of  the  mixtures  were 
plastic  and  none  of  the  aggregate  gradings  were  too  coarse 
for  the  quantity  cf  cement  used. 

It  is  unfortunate  that  it  was  not  feasible  to  include  in  our 
Bulletin  1  all  of  the  data  on  which  the  conclusions  were 
based.  It  is  the  writer's  belief,  however,  that  tlu'  tests  given 
in  Table  II  of  the  Bulletin  bring  out  a  fatal  limitation  of  the 
surface-area  method  of  dealing  with  proportioning  of  aggre- 
gates. Twenty-seven  different  jjradings  of  the  same  aggre- 
gate were  used.  The  gradings  were  made  to  vary  over  a 
wide  range,  but  had  one  property  in  common,  that  is,  the  fine- 
ness modulus  was  uniform.  They  were  mixed  with  the  same 
proportions  of  cement  and  water.  The  strengths  for  two  dif- 
ferent consistencies  showed  a  mean  variation  from  the  aver- 
age of  about  3  per  cent,  and  a  maximum  variation  from  the 
average  of  about  10  per  cent.  The  corresponding  values  for 
surface  areas  are  31  per  cent  and  110  per  cent  respectively. 
If  the  water  proportioning  of  these  tests  had  been  based  on 
Captain  Edwards'  formula,  the  water-ratios  of  the  concrete 
would  range  from  0.39  to  0..5T,  an  extreme  variation  of  G9 
per  cent,  and  would  have  made  a  very  great  difference  in  the 
plasticity  of  the  concrete.  It  is  true,  as  stated  in  Captain 
Edwards'  letter,  that  these  tests  were  made  with  a  view  to 
determining  whether  or  not  a  uniform  strength  of  concrete 
was  obtained  .vith  such  wide  variations  in  the  sieve  analysis 
of  the  aggregates.  However,  the  plasticity  or  workability 
of  the  concrete  did  not  differ  materially.  The  surface-area 
values  in  our  table  were  calculated  from  the  diagrams  given 
in  Captain  Edwards'  paper.  It  was  necessary  to  estimate  the 
areas  of  the  sand  particles  below  the  100-mesh  sieve,  and 
wide  variations  may  be  due  to  this  cause.  In  certain  of  thi> 
tests  as  much  as  10  per  cent  of  the  aggregate  was  sand  tiner 
than  the  100-mesh  sieve.  The  surface  area  of  this  portion 
which  we  must  estimate  or  neglect  entirely,  is  probably  con- 
siderably greater  than  the  entire  surface  area  of  many  other 
gradings  in  the  same  group. 

The  quantities  of  water  given  by  Captain  Edwards'  formula 
are  only  GO  to  70  per  cent  of  those  required  for  the  materials 
used  In  this  laboratory.  It  was  impossible  to  mix  concrete 
using  the  water  given  by  his  formula. 

Let  us  consider  the  tests  reported  in  Fig.  11  of  the  paper 
by  Captain  Edwards,  in  which  all  of  the  coarse  aggregate  in 
a  1-2-4  mixture  was  screened  out  of  the  fresh  concrete  for  the 
purpose  of  leaving  the  cement,  sand  and  water  as  in  the  orig- 
inal mixture.     If  our  conclusion  is  correct  we  would  expect 


to  secure  tlie  same  strength  in  these  two  instances,  whereas 
the  strength  with  the  fine  aggregate  only,  varies  from  22  per 
cent  at  7  days  and  31  per  cent  at  (iO  days  higher  than  the 
original  concrete.  This  discrepancy  is  attributed  to  "the 
weakening  eftect  of  cleavage  planes  produced  by  the  stcne 
aggregate."  This  explanation  is  undoubtedly  erroneous.  The 
discrepancy  should  be  attributed  to  one  or  more  of  the  fol- 
lowing causes: 

111  Absorption  of  a  proportion  of  the  water  by  the  coarse 
ag!;regatc. 

(2)  The  loss  of  water  diie  to  screening  out  the  coarse 
aggregate. 

<3l   Variations  due  to  size  of  test  pieces. 

Ml   Different   curing  conditions. 

This  method  of  varying  the  proportions  has  been  studied 
in  two  series  covering  several  thousand  tests  made  in  this 
laboratory.  The  tests  were  made  in  this  manner  for  the 
reason  that  we  can  secure  a  wider  range  in  water-ratio  than 
is  practifable  with  the  ordinary  variations  in  mixes,  etc. 
When  the  same  size  of  test  cylinder  is  used  and  the  concrete 
is  made,  cured  and  tested  under  similar  conditions  we  find  a 
uniform  strength.  Table  III  gives  the  results  from  a  portion 
of  the  tests  in  the  earlier  series.  Two  leaner  and  two  richer 
groups  of  mixtures  are  omitted.  The  quantity  of  materials 
required  for  each  specimen  beginning  with  the  0-1 '/j  in.  aggre- 
gate and  a  mix  of  1-2 '/^-5,  1-2-4,  l-l>/.-3,  etc.  was  calculated. 
The  coarser  sizes  of  aggregate  were  dropped  in  turn,  but  we 
retained  exactly  the  same  quantity  of  cement  and  water.  The 
tinal  mixes  in  terms  of  volume  of  cement  and  total  aggregate 
arc  given  in  column  2  of  the  table.  It  is  obvious  that  the 
richer  mixers  in  each  group  are  much  more  plastic  than  the 
leaner  ones,  and  that  ecpial  workability  was  not  secured. 
.\s  in  all  other  tests  in  these  investigations,  the  concrete 
!(ir  each  '-ylinder  was  mixed  separately  by  hand.  Each  value 
is  the  average  of  5  tests  made  on  different  days.  The  second 
series  of  tests  is  not  yet  completed,  however,  the  tests  which 
have  been  made  show  a  greater  viniformity  in  strength  than 
those  in  Table  111,  due  to  slight  readjustments  of  certain 
constants  in  the  water  formula.  These  tests  confirm  the 
conclusion  based  on  many  other  series:  namely  that  the  wid- 
est variations  may  be  made  in  the  mix,  consistency,  and  size 
of  aggregate  without  any  change  in  strength  so  long  as  the 
water-ratio  is  unchanged,  and  the  limitations  given  above 
are  not  violated. 

1  am  at  a  loss  to  understand  the  basis  of  the  table  of  com- 
parative properties  which  Captain  Edwards  gives.  It  is 
stated  in  this  table  that   the  fincufss   modulus   method  gives 


TABLK    III— EFFECT  OF   SIZI-:    ,\XD  P.RA[)Ixr;  fiF   AGGREG.VTF.  .-VXD  (MDX.SlSTKXt '  V  OF  ( 'i  i.XCUlOTK.^ 
Compression   tests:     n   by   12-in.    c.vlinilers:   hancl-nii.xed   confret.'.    Sand  anO  pHbhIe  aKsr.^eate,     At,-.-  at  tesi.  2S  days.    Stored  in  tiaiiip 
sanil:   tested  damp.     Kacb  value  is  the  averaHe  of  5  tests  made  on   different  days. 
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•Fineness  modulus   of  aR'gregate. 

tTield  was  calculated  on  the  basis  of  tlie  oriKinal  volume  of  dry   asgreoate. 
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a  variiiblf  pl«slioil>      No  evliloncc  Is  siilmiltUMl  lo  slunv  Ihiii  siirple  luid   diii'il   in   its  apiiliisii  Ion   md    wliiili   al    llic  same 

this  is  the  caso,  on  the  other  haml.  wid.-  oxptMionco  in  usin;..  linu-  is  known  to  ni\f  sal isl'ac lory  rt'sults. 

this    method    has    sliown    thai    this    oomlusion    Is    .mtoiu-ous  It    Is   unfortunate   Ihat    the   wording   in   our   Hullfliii    1    was 

The  coiisl;-.nts  used  in  Iho  portion  of  our  water  fonnula  whieh  such  as  to  peruill   tlu"  inliTprelallon  which  Is  placed  upon  it 

takes  account  of  the  grudint;  of  aggregates  is  havMl  on  tests  by   (.'aptain   lOdwards    in    Ills   letter.     The   thought    the   writer 

coverlnK  the  widest  possible  range  In  the  proportions  of  the  meant   lo  convey   was  not   at    all    the  meaning   Ihat   Captain 

concrete  materials.     The  aggregates  used   ranged  from  sand.  Kdwards   linds   In   this  report.     The  purpose   was  to   indicate 

all  of  which  passed  a  UU)inesh  sieve,  lo  concrete  aggregate  th  it   the  size  of  the  aggregate  may  vary  over  a  wide  range 

graded   up  lo  2  In.  in  size:    mixes  from    1-15  to  neat   cement,  wii'iout    producing   any    elTect    on    the   concrete    strength,   so 

and  consist,  ncies  from  drv  to  verv  sloppv.  long   as   the   concrete   and    water   remain    unchanged,   for   In- 

It   Is  also  stated  thai  the  "toughness"  Is  variable  w,th  the  stance  as  in  Table  111.    The  confusion  arises  Iron,  the  use  of 

fineness    modulus   method,   but    is   uniform    with   the   surface-  "l'-  «^nns   sl/.e  and   grading  intercbang.-ably   and   to   the   use 

area    method.     So  far  as   I   am   aware   no  studies   have   been  <'t   '"'1"   '""  ""'"'   '"   ■'   nuiltitnde   of  ditlerenl    senses.     It  was 

made    bv   anv   one    wluch    woitld   justlfv    such   a    comparison.  >""   intended  thai   this  stalenieni   should  apply  to  the  case  of 

We  have   made  a   th.orough   st.uiy   of  the   wearing   resistance  "^Kregates  bavins;  the  same  fineness  nuxlulus.  such  as  those 

of  concrete  of  a  wide  ran^ie  in  proportions  whieh  shows  that  ^='^"'"  '"  '''"IJ'*'  "•  H'lHetm   1. 

for  given  materials  and  conditions  of  test  the  wear  is  a  func-  I'aptaiu   Kdwards  allribiilcd   IMc  voluiiiclric  method  of  pro- 
lion  of  the  walerratio.     (See    •EBfect  of  Time  of  .Mixing  Con-  portioning  concrete   materials  to  General    Pasley,   1827;   how- 
crele."    Proc.    Am.    Cone.    Inst..    191S,    and    "Kflfect    of    Curing  ever,    this    method    is    referred    to    by    a    number    of    earlier 
Condition  on  the  Wear  and  Strength  of  Concrete,"  Bulletin  L'  writers.     It  is  fieiiuenlly  mentioned  in   Vicafs   book  on   Mor- 
of  this  laboratory.)  tars    and    Cements,    published    originally    in    French   in    1818. 
It  seems  lo  the  writer  that  any  comparison  of  the  surface  This  meihoil  of  proportioning  lime  mortars   was  a  matter  of 
area  and  lineness  modulus  methods  must  be  reduced  to  the  coihmon  knowledgo  among  the  ancients,  as  is  shown  by  the 
following  two  factors:  following      (|iiolatioii      from      Vitruvius      on      "Architecture" 
tit   Which  rests  on  the  most  sound  experimental  basis?  written  probably  WO  years  before  the  Christian  era: 
(2)   Which  is  the  most  simple  to  apply?  ".     .     .     .     if    pit    sand    be   used,    three    parts   of    sand   are 
As  stated  above,  the  whole  question  of  the  comparison  be-  mixed  with  one  of  lime.     If  river  or  sea  sand   be  made  use 
tween  the  two  methods  resolves  itself  into  Ihat  of  determin-  of.  two  parts  of  sand  are  given  to  one  of  lime     .     .     .     .     " 
ing  which   will  give  the  best  distribution  of  water  in  a  mix,  (Hook  2.  chap.  31. 

so  far  as   the  size  and   grading   of   the   ag.iiregates   are   con-  The  idea  of  basing  a  discussion  of  concrete  on  the  surface 

cerned.    Both  of  these  methods  make  use  of  the  sieve  analysis  area  of  aggreuate  is  expressed  by  a  number  of  earlier  writ- 

of  the  aggregate.     However,  it  seems  to  the  writer  that  there  ers.     The  language  of  Feret  in  "Chemie  Applique.  '  ISHT,  may 

is  more  variation  in  the  underlying  principles  than  that  sv.g-  he  translated  as  follows: 

gested  in  the  last   paragraph  of  Captain   Kdwards'  letter.  "...     there  exists  no  simple  law  permitting  the  pre- 

It  appears  that  the  following  disadvantages  accompany  the  determination,  in  all  cases,  of  the  water  necessary  tor  a  mix 

use  of  the  suriace-area  method:  of  good  consistency  in  a  mortar  ot  any  composition.     In  gen- 

(1)  Areas  of  the  finest  particles  of  sand  cannot  be  com-  eral.  such  proportions  vary  with  the  richness  of  the  mix  and 
puted.  with   the  lineness   of  the   sand.     However,   if  one  limits   the 

(2)  Crushed  aggregate  requires  a  greater  iiuantity  of  water  comparison  of  the  w^ater  content  to  mortars  the  compositions 
for  the  same  grading  than  pebbles  of  a  spherical  form.  of   which   do   not    present    too    many    big   differences,   one   is 

(3)  If  the  surface-area  method  were  strictly  interiireted  it  able  to  use  a  straight  line  tangent  to  the  curve  F.  C.  (re- 
vvc.tld  require  separate  treatment  for  practically  each  kind  ferring  to  an  ad.iacent  figure)  at  the  desired  point,  and  de- 
of  aggregate.  termine  the  water  as  made  up  ot  two  parts;   the  first  form- 

t4)   The   method   requires   laborious   computation,   with   the  ing   the   water   necessary    to    produce   normal   consistency   of 

resulting  chance  of  error.  cement,   and   second,   the   amount   necessary   to    moisten   the 

ih)   It  is  not  clear  how  the  method  can  be  applied  to  the  sand,    which    is    proportional    to    the    total    surface    of    the 

simplest    problems   which   arise    in    the   course    ot   designing  grains." 

concrete  mixtures:    for  instance,   to  determine   the   best   pro-  The    idea    is   definitely    expressed    by   General    Gillmore   in 

portions  of  given   fine  and   coarse  aggregates  for  a  concrete  his  book  on  Limes,  Hydraulic  Cements  and  Mortars,  written 

mixture.  in  1863. 

(tj)   It   has   not    been   shown    that    there   is   any    theoretical  

reason   wljy   the  surface-are^a   method   gives   more  nearly  cor-  gg           ^  Number  of  CoatS  OH  the  MoistUtC 

rect  results  than  other  methods  which  have  been  proposed.  ^-'••v.v-i  -^^   ^ ,  i.ii»iij...,»   ^     ^ 

If  the  surfac-area  method  is  correct  it  would  seem  to  be  a  ResistailCe   of  Spar  Vamish 

serious  fault  that  the  areas  of  the  finest  particles  cannot  be  _         .                      .        .    ,>       r^         .    r.     ,     .      i     k  _„»^ - 

..  ,     .     .,      ,     ,.      ...       ,.                       ,    ,  ,     .u   .    ■          .  Recent    experiments    at    the    Forest     Products    laboratory 

satisfactorily  dealt  with.     It  seems  probable  that  in  extreme  ,                   ...               ■   ^-          .■                      •        .i          i„.;,  „ „ 

.,                    ...            ..  ,       c         .,         .u     ■,,.,.         ,      •  have  provided  some  intormation  concerning  the  relative  pro- 
cases  the  areas  ot  the  particles  tiner  than  the  100-mesh  sieve  ...                  .        .         .,.■,,,            •                 >            e  „ »„ 

, ,    ,       .                        ...               1,-      ,                   .,,   .^  tection  against   water  attorded   bv   various   numbers  of  coats 
would   be   in   excess   of   the   combined   areas   of   the   coarser 

^                  ■            •    J-     .        .1,   .   .1                --^        r         .  of  spar  varnish. 

sizes.     Our  experience  indicates  that   the   quantity   of   water  „       .u                    •         .     i,                   ■  i                       i„„,„j  e ™ 

.      ,    ,        .r          „                ,      .          .    .                   ......  For  these  experiments  three  varnishes  were  selected  from 

required    for    these    fine    sands    is    not    in    jiroportion    to    the  tii,.,,.i,.v,«.            -.u-                  e  »i 

.  .,     ,           , ,  ,                   .   .J  u     .u           \-  about  fortv  brands  tested,  the  first  varnish  being  one  ot  the 

amount  that  would  be  suggested  by  the  surface  areas.  ,.     .     y,  .■      »     .      .,.                i        i-..i     v,  .*       iu        .i „.,„. 

best  of  the  tortv,   the   second   a   little   better  than   the  aver- 

The  area  of  a  tetrahedron  is  25  to  30  per  cent  greater  than  ^gg    a„fj  ,he  third  a  little  below  the  average.    From  two  to 

that  of  a  sphere  of  the  same  volume,  or  one  having  a  diameter  ,,^.eive    coats    of    each    varnish    were    applied    to    panels    of 

equal   to  the  height   of  the  tetrahedron.     Our  experience   in  yellow  birch,  which  were  then  exposed  17  days  to  a  humidity 

testing   concrete    made   of   crushed    aggregates   as   compared  ^j  ^qo  per  cent.    The  results  are  given  in  Table  I. 

with  rounded  pebbles  does  not  indicate  that  there  is  anv  dis-  „ 

crepancy  in  the  quantity  of  water  required,  as  would  be  sug-  '^j^rl^'^ii^'^i^iLso'^Vi^^litFPl.^Hl^Nl^ 

cested  bv  the  surface-area  method.  bers    of    imats    of    spar    VAltxi.sH    e.xi'oskm    for    a 

The  computation  of  surface  areas  begins  at  practically  the  PEi'-IOD  OF  17  l.AY.s  IX  A  satcratkd  ATM.  ..^i'UFRE. 

__           •_*       ,            .1.      J    .          ■      .-           e  *\       ii                        'i    1  IN-rt-entaffe    of    moisture     Percentaj^e     of     increase 
same  point  w!:ere  the  determination  of  the  hneness  modulus  j^.^    ^j                     «<lu<ied     (based    on           in  width  due  to  ab- 
ends.     There    appf^ars   to    be    little    room    for   question    as    to  coats                             untreated    speci-                   sorption  ot  mois- 
whieh  of  the  proposed  methods  is  the  more  simple  in  appli-  °^^j.                        ,j.,        '"2nd'         3id          1st          2n'f         3rd 
cation.  varnish.                   varnish,  varnish. »variii>n.  varni.sh.  varnish,  varnish. 

Methods   of  determining   the   proportions   of   materials    re-  | -J?-^  -Sp  g^'^         S^J  |;J}  fjj 

quired  from  given  aggregates  is  an  important  feature  of  the  4.. ......... ..      S6.2          75.8           76. ii         1.1a          2.0S          1.99 

fineness  modulus  method  and  is  fully  exiilained  in  Bulletin  1.  * ,'JJ'-[|  ^J-^  Je'?        077  I'lo  l'l» 

No  doubt  the  surface-area  method  could  be  worked  out  so  10........ .... .      ii;i.n          88^4          87.3        0.6O          I'oo          l!o9 

that  it  would  apply  over  a  limited  range.    In  fact,  almost  any         12.. ;i4.3  sa.O  .87.2        0.49  o.ito  l.io 

function   of   the  size  of  particle   could   be   used   in   this   way.  It   will   be  noted   that  two   coats   of  the   first  varnish  were 

This   would   be   equivalent   to   representing   a    portion   of   the  about  as  effective  as  four  coats  of  either  of  the   other  two, 

curve   by   a  line  or  by   an   arc   of   different  curvature.     The  and  that  fot^r  coats  of  the  first  varnish  were  about  as  effec- 

choice  of  method  used  should  lie  with  the  one  which  is  most  tive  as  six  to  twelve  coats  of  either  of  the  others. 

(136) 
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Graphical  Differentiation  and 
Integration 

Since  the  appearance  of  ■graphical  Statics"  liy  Professor 
Du  Bois  in  1875,  tlie  American  press  has  pulilisheii  many 
text  books  dealing  with  the  graphic  solution  of  engineerini; 
problems.  From  that  date  and  for  thirty  or  more  years 
thereafter,  tnany  technical  schools  and  colleges  offered 
courses  in  which  the  graphic  treatment  was  divorced  from 
the  algebraic  or  (more  commonly  but  improperly  called) 
analytic  treatment.  We  are  glad  to  note  that  this  system 
is  rapidly  falling  into  disfavor,  and  that  the  algebraic  and 
graphic  methods  of  solution  are  beini;  united  in  the  engineer- 
ing courses  of  the  present.     This  is  as  it  should  be. 

The  question— Which  method  is  the  better?— is  one  which 
functions  with  the  individual  problem;  but  when  both  meth- 
ods are  employed,  the  fundamentals  are  more  clearly  set 
before   the  student. 

Mathematicians  will  do  well  to  follow  the  example  set  by 
the  teachers  of  Mechanics  aiul  Structures  and  introduce 
graphic  methods  in  their  courses  in  Calculus,  thereby  aiding 
the  student  in  getting  what  he  so  frequently  misses,  viz..  the 
fundamental  concept  of  Calculus. 

The  paper  on  "Graphical  Differentiation  and  Integration  " 
by  Professor  Theodore  R.  Running  in  the  March  number  of 
the  "Michigan  Technic"  is  timely.  A  somewhat  similar 
treatment,  with  many  applications  to  shear  and  moment 
digrams,  is  presented  in  the  ".lournal  of  the  Western  So- 
ciety   of    Engineers,"    April,    If) IT,    In     Professor    Charles    A. 
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VALUES    OF 

Fig.     1 

Ellis.  The  ease  with  which  problems  may  be  solved  by 
graphics  is  well  illustrated  in  Professor  Running's  arliclc 
which   follows. 

It  is  not  the  purpose  of  this  article  to  explain  the  diftercul 
methods  for  differentiating  and  integrating  graphically  but 
to  set  forth  in  its  simplest  form  one  method  which,  in  lli'' 
judgment  of  the  writer,  is  the  most  accurate,  and.  at  Hi'' 
same  time,  most  easily  carried  out  The  method  aiiplics 
equally  well  to  tabulated  functions  and  to  functions  repre- 
sented by  curves.     The  method  depends  upon  the  priiu-iple  of 

areas. 

Many  of  the  problems  in  the  varied  fields  of  engintcrmg 
and  applied  science  involve  the  principles  of  the  cali  ulus. 
•These  problems,  when  they  arise  from  a  consiileration  .if  ol)- 


served  data,  do  not  often  lend  themselves  to  a  direct  appli- 
cation of  differentiation  or  integration  formulas.  They  are 
frequently  of  such  a  nature  that  accurate  results  are  neither 
necessary  nor  possible.  The  "allowable  error"  is  an  iin- 
portaiil  consideration  when  taking  up  the  work  of  solving  such 
problems. 

It  is  known  that  if  the  data  used  as  a  basis  may  be  in  error 
as  much  as  one  jier  cent  it  would  manifestly  be  needless  to 
employ  computation  which  yields  a  higher  degree  of  ac- 
curacy. .-Vny  mechanical  moans  for  obtaining  results  to  a 
sutlicieni  degree  of  accuracy  with  the  least  amount  of  effort 
will  not  only  be  a  saving  of  time  and  mental  wear,  but  will 
also  lessen  the  probability  of  error. 

Graphical  representation  of  data,  graphical  computation, 
ami  grapnical  solution  of  formulas  are  pro<resses  well  known 
and  often  employed.  Gra|)hical  differentiation  and  graphical 
integral  ion.  however,  are  often  replaced  by  cumbersome  and 
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less  accurali"  methods.  It  is  iiidceii  in  the  apiilicalion  to  dif- 
ferentiation au<l  iiilegrar ion  that  ,t;raphical  methods  arc  most 
useful. 

Grai)hical  methods  in  general  have  a  decided  advantage 
over  numerical  processes  in  one  respect:  they  pla-ce  before 
the  eye  more  clearly  and  strikingly  the  relation  between  the 
elements  which  enter  into  a  given  problem.  Any  error  which 
may  materially  affect  the  result  is  at  once  detected  by  the 
e>t.*. 

Consider  the  curve  AB.  Fig.  I.  the  integral  curve  of  which 
IS  to  be  constructed.  From  calculus  the  area  under  the 
curve  between  any  two  ordinaies.  x  =  o  and  x  — a.  say.  is 
represented  by  the  dehnile  integral 


/ 


ydx 


where  y  stands  for  the  ordinate  of  any  point  on  th»  curve 
and  V  for  the  area.  If  now  the  area  is  taken  from  x  =  o  to 
x=(i-"j.  and  this  area  represented  by  an  ordiiuile.  it  will  lo- 
cate a  point  P  on  the  integral  curve.  If  the  integral  be  taken 
Irom  x  =  0  to  x=l.  that  is  a  =  1,  and  this  area  represented 
as  an  ordinate,  it  will  locale  the  point  (i  on  the  integral 
curve. 

Grapbicallv  these  areas  are  determiiu'd  as  follows:  Draw 
a  line  EG.  parallel  to  the  x-axis  so  that  the  area  AEF  is 
equal  to  the  area  FGH.  This  can  be  done  to  a  close  degree 
of  ai.proximation,  for  tiK'  eye  is  a  very  i;  ">d  judge  of  the 
equalitv  of  small  areas.  The  area  of  lb-  rectangle  CEGa 
will  be  equal  to  the  ar-a  under  the  curr.  All.  This  area  is 
then  computed  and  the  number  of  squ.re  units  in  this  area 
represented  by  the  ordinate  aP.  Draw  a  line  KM  so  that  the 
area  IIKI,  is  equal  to  I-MN.  then  the  area  in  the  rectanule 
••M  will  be  equal  to  the  area  under  the  curve  II.V.  This 
area  is  represented  by  the  line  bQ.  and  the  area  un.ier  the 
curve  \N  will  he  represented  by  ihe  ordinate  of  the  point 
Q       After   a   number   of   points   are   determined    as   above,   a 
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smooth  curve  is  ilnnvn  ilin  hkIi  ihem.  TlitB  Is  tho  IntPRrnl 
curve.  It  Is  hore  nssunud  lluit  tin-  coiisliint  tif  lntot;riilion  is 
such  thnt  the  intesiiil  curvo  pusses  throuKh  the  orlKtn. 

This  process  can  he  reversed.  iJlveii  the  curve  Cl>  It  Is  re- 
quired to  tlnd  the  ilerlved  curve.  The  process  Is  ns  follows; 
Measure  tlie  UiiBlh  of  the  line  iil".  This  will  repri'sent  the 
number  of  squiire  units  under  the  derived  curve  hounded 
by  x  =  o  and  c  =  0.o.  llaviuK  this  area,  the  rectan^;le  I'li 
is  now  constructed.  The  leimth  of  the  line  hQ  will  represent 
the  nuinbor  of  square  units  in  the  urea  under  the  derived 
curve  from  x  =;  0.5  to  x  =  1.  Hiivin^  this  area,  ihe  rectangle 
aM  is  similarly  constructed.  So,  also  the  leiiBth  of  the  line 
cR  will  represent  the  area  under  the  derived  curve  from 
x=l  to  x  =  l,c>.  The  above  statements  become  evident 
from  the  delinlie  integral. 


f: 


Vdx  =  Y.  — Y, 


where  y  is  the  ordin;iie  on  the  derived  curve  and  Y,  and  Y, 

are  ordinates  on  the  integral  curve  corresponding  to  x,  and  x.. 

Now  if  a  smooth  curve  AH  be  drawn  such  that   the  areas 

have   the   relation   described    in   the   integration   the   derived 


curve  is  obtained.  An  illustration  is  given  below.  The  ob- 
served temperature  O  in  degrees  centigrade  of  a  vessel  of 
cooling  water  at  time  t  in  minutes  from  the  first  observa- 
tion is  given  in  the  following  table: 

t       '        0  1  2  3  0  7  in         15        20 

o  1  92.0  S5.3  T9..5  74.5  67.0  G0.5  .^3.5  45.0  39.5 
In  Fig.  2  the  curve  represented  in  these  data  is  determined 
by  O.  The  difference  between  the  values  of  O  corresponding 
to  t=io  and  t=l  is  — 6.7.  This  represents  the  area  under 
the  derived  curve  from  t^o  to  t  =  l  and  since  it  is  negative, 
should  be  drawn  below  the  t  —  axis,  but  for  the  purpose  of 
economy  in  space  is  drawn  above  it  and  the  values  of  dO  dt 
indicated  a?  negative.  This  area  is  represented  in  the  figure 
by  a  rectangle  whose  upper  boundary  is  drawn.  The  differ- 
ence between  the  values  of  O  corresponding;  to  t  =  l  and 
t  =  2  which  is  — .j.S,  is  represented  by  the  rectangle  whose 
upper  boundary  is  indicated  between  t  =:  1  and  t  =  2.  The 
other  marking  the  upper  boundaries  of  rectangles  is  ob- 
tained in  the  same  way. 

A  smooth  curve  is  now  drawn  as  described  under  graphical 
differentiation.  This  is  the  derived  curve  and  is  designated 
by  dO/dt.  The  ordinates  of  this  curve  are  the  slopes  at  the 
corresponding  points  on  the  O  curve.  The  ordinates  on  the 
derived  curve  represent  the  time  rate  of  change  of  tempera- 
ture. The  process  of  finding  the  second  derived  curve  is  evi- 
dent and  needs  no  further  explanation. 

The  following  is  an  illustration  of  integration:  A  beam  10  ft. 


long  Is  loaded  as  in  the  table  below,  where  w  is  the   weight 
per  unit  length  at  the  distance  x  ft.  from  the  free  end. 


(I 


5.5 


4 


(. 


11.2     12.2 


1         2 

w    ;    2    2.5    :!.■ 

l,i'l  It  be  reqtilrcd: 

1.  to  iliMW  ihi-  lnlci;ral  curves  to  show 


8 
11.S 


!) 
10.2 


10 


a.  the  shearing  force,  s: 


h.  Ihe  liending  moment,  M 


dx. 


J" 


sdx. 


2.  To  locate  Ihe  posllion  of  the  centroid  along  the  beam. 

The  curve  determined  by  sets  of  values  of  x  and  w  is 
designated  by  w  in  Fig.  3.  This  curve  is  integrated  as  was 
explained  at  the  outset,  the  horizontal  lines  indicating  the 
ii|>per  boundaries  of  the  rectangles.  In  this  way  the  curve 
marked  S  is  obiained.  Any  ordinate  on  the  curve  represents 
the  shearing  force  on  that  section. 

This  curve  is  integrated  and  the  curve  marked  M  in  the 
figure  Is  obtaiin'd.  .^ny  ordinate  on  this  curve  represents  the 
bending  moment  about  tho  section  containing  the  ordinate. 
If  the  value  of  M  be  divided  by  the  value  of  S  at  x  =  10,  the 
position  of  the  centroid  is  at  once  obtained.  This  is  done 
graijhically  and  is  t'oiiml  to  lie  appr<ixiniately  6.2  ft.  to  the 
right  of  the  free  end. 

The  proof  that  the  curve  M  in  Fig.  3  is  the  moment  curve 
is  quite  simple.  I'^rom  calculus,  the  moment  of  the  weight 
to  the  left  (if  any  section.  x=:a.  alioiit  that  section  is  ex- 
pressed  by   the  definite   integral 


•^       o 


(a  —  X)  wdx 


Integrating  this  by  parts  and  remembering  that  both  a  and  w 
are  variable,  we  obtain 


.■M  = 


=  (x  — a)      f  wdx  +      fj    wdxd 

i( 

I    (a  —  x)  wdx^    I  I    wd 


the  first  term   in   this  expression  is  zero  when  x  =  o,  and  it 
is  also  equal  to  zero  when  x  =  a.    It  appears  then  that 


xdx 

repeated    integral    which 


the    right    hand    member 
gives  the  curve,  M. 

This  process  could  easily  be  extended  to  moments  of  in: 
tertia.  but  enough  has  been  given  for  illustration.  It  might 
be  added  tliat  integrating  the  M  curve  in  Fig.  3  will  give  a 
curve  whose  ordinates  represent  one-half  of  the  moment  of 
inertia  about  the  section  containing  the  ordinate. 


Handling  Building  Material  inMotorTrucks 

In  a  iPti.r  in  Concrete.  Mr.  r,.  E.  Dale,  Treasurer  of  the 
Downey  Contracting  Co..  Philadelphia,  gives  some  particulars 
of  the  motor  truck  operations  of  his  company.  The  company 
is  operating  about  70  trucks,  both  stake  and  dump  bodies, 
and  20  van  bodies,  the  latter  being  used  for  inter-city  haul- 
ing. 

The  trailers  are  used  primarily  for  the  hauling  of  long  con- 
crete reinforcing  steel  bars,  although  they  are  used  occa- 
sionally foi  transporting  contractors'  equipment,  such  as 
derricks,  booms  or  other  pieces  of  machinery,  which  would 
be  too  long  for  a  single  truck  to  handle. 

The  dump  bodies  are  used  in  the  transporting  of  sand, 
gravel  and  other  material  to  concrete  jobs. 

The  company  is  unloading  from  boats  and  hauling  direct  to 
the  job,  increasing  the  cost  of  hauling,  but  saving  the  railroad 
freight,  which  nets  the  contractor  a  saving  over  the  old 
method  of  setting   in   by   cars. 

Trucks  and  trailers  are  used  in  unloading  cement  from 
cars,  three  trailers  often  being  used  with  one  truck.  By  this 
method  a  truck  and  trailer  are  loaded  and  started  to  the 
job,  leaving  one  trailer  to  be  loaded  at  the  car.  When  the 
truck  and  trailer  arrives  at  the  job  the  truck  is  unloaded 
first  and  started  back  empty  to  the  car,  leaving  the  trailer 
to  be  unloaded,  while  the  truck  is  gone.  When  the  truck 
gets  back  at  the  car  it  is  loaded  and  during  its  absence 
the  trailer  has  also  been  loaded.  Both  of  these  are  pulletj 
to  the  job.  the  truck  unloaded  and  returned  with  the  first 
trailer,  which  has  been  unloaded  while  the  truck  was  gone, 
leaving  the  second  trailer  at  the  job  to  be  unloaded.  In  this 
way  it  keeps  men  busy  at  each  end  loading  and  unloading 
and  there  is  no  delay  or  break  in  their  work. 
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A  New  Principle  in  the  Theory  of 
Structures* 

This  p:'.per  explains  what  is  believed  to  lie  a  iimv  principle 
in  the  theory  of  structures,  which  has  interesting  and  im- 
portant applications.  It  is  known  that  there  is  little  new  un- 
der the  sun,  and  it  may  be  that  this  principle  has  been 
known,  and  published  elsewhere,  but  the  writer  has  not  seen 
it,  and  has  arrived  at  it  independently,  from  his  own  reflec- 
tions on  the  subject.' 

Deflection  of  a  Point.-  The  deflection  of  any  point.  X.  of 
any  structure  may  be  found  by  a  well-known  formula.  Ilrst 
published  in  America  by  the  writer  in  188:;. t     This  formula  is 

^>    EA 

A=     "^    (1)§ 

^~~-    s  tl 
in  which 

t^  stress   in   any   member   due   solely   to   a  load   of  unity 

acting  at  the  point  the  deflection  of  which,  is  desired, 

under  the  given  actual  loads,  in  the  direction  in  which 

said  deflection  is  desired; 

s=;  stress   in    the   same   member,   due   solely   to    the   given 

actual    loads; 
1  =  length  of  the  same  member; 
A^area  of  the  same  member; 
E  ^  modulus  of  elasticity  of  the  same  member. 
This  formula,  as  is  well  known,  may  be  applied,  not  only  to 
finding  the  deflection  of  a  joint  of  a   framed  structure,  but 
also  to  finding  the  deflection  of  any  point  of  a  beam.     In  the 
latter  case,  the  area,  A.  must  be  replaced  by  an  infinitesimal 
area,  da,  and  the  stresses,  s  and  t,  must  be  the  stresses  on 
such  area.     If  the  case   is  one  of  pure  flexure,  with   no  re- 
sultant axial  force  on  any  section,  and  if  Mt  is  the  bending 
moment  due  solely  to  the  force,  unity,  and  M,  Is  the  bending 
moment   due  to  the   actual   loads,  at   any  given  section,   the 
formula  becomes 


louple.  tht>   work  of  these  outer  forces  is 


and   this  must 


-/ 


M,  M, d 1 


EI 


.(2) 


the  integral  being  extended  over  the  entire  length. 

The  principle  now  to  be  explained  is  a  similar  one  which 
affords  a  means  of  finding  the  rotation  of  the  axis  of  any  piece 
at  any  point. 

Angular  Rotation  of  the  Axis  of  a  Piece  at  a  Point.  (The 
New  Principle).— In  addition  to  finding  the  deflection  of  any 
point  of  a  structure  in  any  given  direction,  it  is  often  desired 
to  find  the  angular  rotation  at  a  point,  i.  e.,  the  change  of 
direction  of  the  axis  of  a  piece.  This  may  be  obtained  by  a 
general  method  analogous  to  that  used  for  finding  the  de- 
flection. 

Let  it  be  desired  to  find  the  angular  rotation,  or  change 
of  direction  of  the  axis  of  a  piece,  at  a  given  point,  A,  due 
to  any  given  loads.  At  the  given  point  apply  only  a  couple 
the  moment,  M,  of  which  equals  unity,  and  let  the  correspond- 
ing angular  rotation,  oc.  at  A  be  first  determined  by  the 
method  of  work.  (It  may  be  thought  a  contradiction,  or  an 
impossibility,  to  apply  a  couple  at  a  point,  but  this  obviously 
is  the  same  as  applying  two  very  large  forces  a   very  short 

1 

distance   apart,   or   two   forces   each   equal    to  at   a   dis- 

dx 
tance,  d  x,  apart.     This  is  perfectly  conceivable.)     The  work 
done  by  the  couple  the  moment  of  which  is  M  =  l,  if  iiradual- 

a 
!y  applied,  will  obviously  be  — ,  since  the  couple  may  be  con- 


equal  the  work  of  the  inner  forces.  On  any  bar  or  fiber  hav- 
ing a  uniform  stress  intensity  throughout  its  area  and 
length,  due  to  the  applied  moment,  .M  =  I.  let  r  equal  the 
total  direct  stress  on  the  bar  or  liber  and  Al  its  change  of 
length  Then  Ihi;  equation  between  the  work  of  the  outer 
forces  and  that  of  the  inner  forces  is 

a       r-^    r 

—  =— -»•  —  I  change  of  length  i,  or  a  —  Z  V  (change  of  length). 

2  — *    2 

-Xow,  as  in  the  cai.e  of  defiection,  it  is  clear  that  the  de- 
formation is  a  purely  geometrical  phenomenon,  and  that  any 
change  of  length  of  a  bar  or  fiber,  whatever  its  cause,  will 
produce  the  same  angular  rotation  at  A.  Hence,  if  for 
"change  of  length"  in  the  above  formula,  which  is  the  change 
of  length  due  to  M  =  l  at  A,  we  substitute  the  change  of 
length  due  to  any  given  loading,  the  formula  will  give  the 
angular  rotation  at  A  due  to  the  given  loading,  or 


of   unity 


unit   distance   apart. 


sidered   to   consist   of   forces 

1 
and  its  average  value  is  —.     The  only  outer  forces  being  this 


•From  an  article  bv  I'rofessor  (Jt-orKe  F.  -Swain  in  tlu-  .Mai.li 
Proceertrnes  of  the  American  Society  of  Civil  Knglneers. 

tin  Mohr's  "AbhanrlUingen  au.s  (lem  Uehietc  der  Technisoheii  .M.- 
chanik '•  p  42.i.  this  piituiple  i-<  hinted  at.  but  it  is  not  fully  .x- 
plained'  or  its  seneial  applicability  shown.  The  same  thmK  is  r.- 
ferreil  (o  in  Grimm's  li'iok  on  Secondary  Stresses,  but  inoonipUi^- 
Iv   elucidated.  ,         .       ,.      -■  e    ^x.      t~.  •      ■    ,         ,• 

■  tin  a  paper,  entitled  "'  m  the  Application  ot  the  Prinnpl-  o 
\'irtual  Velocities  to  the  Iietermination  ot  the  Detlectinn  and 
Stresses  of  Frames  "  in  the  .Journal  of  the  Franklin  Institute. 

^Pul 

§This  eciuation  is  fre.|uently  written  as,^-— — .   (Kditor's   not.-  i 


^  rs^ 

"^    EA 


.(3) 


in  which,  for  any  given  bar  or  fiber, 

E^  modulus   of   elasticity; 

A  =  area; 
1  =  length; 
r=:  stress  on  the  area,  A.  due  to  the  couple.  M  =  I,  at  the 

given  point  in  a  given  sense; 
s  =  stress  on  the  area.  A,  due  to  the  applied  loads. 

The  applied  couple.  M.  may  be  applied  with  either  a  right- 
handed  or  left-handed  direction  ot  rotation.  If  a  conies  posi- 
tive, this  means  that  the  given  loads  produce  a  rotation  In 
the  same  direction  as  that  assumed  for  M. 

In  using  this  equation,  tension  and  compression,  of  course, 
sh'Uild  he  distinguished  in  sign,  carefully  using  one  of  these 
terms  consistently  as  positive  and  the  other  as  negative. 

If  the  stresses  include  bending  stresses,  the  elementary 
fibers,  da   in   area  and  dl  in  length,  must  be  taken. 

The  formula  shows  the  effect  of  direct  stresses  only,  shear- 
ing eft'ects  being  neglected. 

In  applying  the  couple,  M  =  I,  liending  stresses  may  be 
produced  in  a  bar.  in  addition  to  a  direct  stress  in  the  same 
bar.  The  applied  loads  may  produce  bending  or  direct 
stresses,  or  both,  in  any  bar.  In  such  cases,  for  any  fiber,  s 
and  r  are  the  stre;;ses  on  an  area.  da. 

In  general,  if  the  applied  loads  cause  in  any  bar  at  any 
section  a  direct  force,  T,.  and  a  flexural  luoment.  M,,  the 
value  of  s  will  be 


(l^^)-^ 


and  if  the  couple.  M  =  1,  produces  in  the  same  bar  and  sec- 
tion a  direct  force.  T,.  anil  a  moment,  M.  the  value  of  r 
will   be 


The  value  of  the  differential,  d -..  therefore,  will  be 


'  differential,  d -i,   thr-rt 
/T.da         My  da    \    /T    da         M,yda\     d! 

''""V       A       ^^  /V       A  I  /Eda 


rT,  Trfla.dl       T.  Mry.da.dl 


Tr  M,  v.d  a.d  I 


AI 
M,  Mry'.da.d  1 


+ 


] 


A  I  1  = 

It  is  supposed  that  every  bar  is  straight,  with  one  principal 
■ixi-^  of  each  cross-section  in  the  plane  of  the  applied  loads,  in 
which  plane  also  the  couple,  M  ^  I,  is  applied.  I  is  the 
moment  of  inertia  about  the  principal  axis  |,crpendicular  to 
that  plane,  which,  of  c<mrse  passes  through  the  center  of 
gravitv  of  the  section,  so  that  /"  yda  =  ". 
"  This  ditTerential  refers  to  an  infinitesimal  length,  dl.  of  any 
fiber  of  area,  da,  in  any  bar,  and  must  be  integrated  over  the 
cross-section,  then  over  the  length  of  the  bar.  and  the  sum 
of  the  results  taken.  The  final  result  will  easily  be  seen  to 
be    if   \  is  constant  throughout  the  biigth  of  each  bar. 
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T.  T,  1 


^/ 


\l.  .M    .1  1 


(4) 

E  A  J    .,  K  I 

The  forref.  Tr  mm  T..  «ri>  (he  illreci  forces  iirtliiK  In  any 
bar.  and  are  siippoi^ed  to  be  t-onsitiint  (lirouglioiit  Itt)  length : 
an:1  the  moments,  Mr  and  M..  arc  the  bendlnK  moments  al 
any  section  of  any  Imr.  Kach  of  the  forces,  s  and  r,  in 
K(|tiution  C'.t  may,  in  any  bar,  represent  a  dlrecl  stress  only, 
or  llexnral  stress  only,  or  l)olb.  Tlie  following  resnits  clearly 
follow  from  K(|iiatlon  (H: 

t. — If.  in  any  bar.  either  the  actual  load  system,  or  the 
applied  moment.  .M  ^=  1.  causes  a  direct  stress  only,  and  the 
other  a  llexnral  stress  only,  that  bar  may  be  neslected  in  the 
computation:   lor  the  value  of  n  for  that  bar  Is  zero. 

2. — The  Mexure  in  any  bar  may  be  neglected  unless  both  the 
actual  loads  and  the  applied  moment,  M  =  1,  cause  Mexural 
stress  in  it. 

3.— The  direct  stress  In  any  bar  may  be  neglected  unless 
both  the  actual  loads  and  the  applied  moment.  M=:1.  cause 
a  direct  stress  in  it. 

4. — If  the  case  is  one  in  which  there  is  only  flexural  stress 
in  the  bars,  without  direct  stress,  the  formula  becomes. 

.M.  AU.dl 


-f 


.(5) 


EI 


5,— If  A  as  well  as  T  varies  along  the  Icnmh  of  any   liar, 
the  formula  becomes 

T.  Trdl  /•■   M,  Mr.d  1 

+  i:  / (C) 


/•  '  T.  Trdl  /•■   M,  M 

J   ..         EA  J      ..     K\ 


These  principles  apply  in  usinc  Equation  (1).  to  determine 
deflection,  as   in    Eq\iation    I8i.   to   determine   rotation. 

Illustrations  of  Angular  Rotation.  Although  this  method 
would  seldom  or  never  be  used  to  find  the  slope  of  a  beam 
exposed  to  flexure,  this  case  may  be  illustrated  to  show  Ihe 
applicability  of  the  method. 

Case  I. — Slope  of  a  Beam  Fixed  at  One  End. — Let  it  be 
desired  to  ascertain  the  slope  of  the  free  end  of  a  beam  of  a 
constant  section  (Fig  1).  fixed  at  one  end  and  loaded  at  the 
other  with  a  load.  P.  The  load.  P.  produces  on  any  section, 
distant  x  from  the  end,  a  moment  M,  =  — Px.  The  applied 
couple.  JI  =  1.  at  the  free  end.  if  acting  in  the  sense  shown, 
likewise  produces  a  moment  at  the  same  section,  Mr  =  — 1. 
There  is  no  resultant  direct  stress  on  any  cross-section. 
Hence,  by  Equation   (4), 

P  X  d  X  PI- 

(7) 


/'    Px< 


2  E  I 


which   is  the  well  known  value. 

Again,  let  it  be  desired  to  find  the  slope  at  the  end  when 


.(8) 


a  icniple   with   monuiii   -      M     is  applied  ai   lliu  cud: 
M.=      M. 
M,  =-^    1 

M.,  I 

tllill'fori'   a  — 

!•:  1 
I'his  result  is  obtained  willi  cciual  (liiit  no  greater)  case  by 
the  moment  area  method. 

Case  11. — The  Slope  al  the  ICnds  of  a  Simple  Beam  Sup- 
ported at  lloth  Ends.— (a)  Willi  a  single  concentrated  load 
il-'lg.  2): 

Let  it   lie  desired  to  obtain  the  slope   (ni   at  the  right  end 
of  the  beam  of  constant  section  shown  in  Fig.  2.  which  also 
shows  the  moment  curve  for  W,. 
Px  (1  —  a  t 

Then,   dearly    M,   =i from   li'I't    alutnient   to   P, 

1 
Pa  (1  — X)  X 

JI.  = from  riglit  abutment  to  P,  Mr  =  — . 

1  1 

1  Z*'   1'  (I  — a)  1 

Then  a        — —      f .  x-  d  x  -^-  

E  \    J  ..  P  EI 

/a                                      Pa 
P  —  (I  .\       X- 1  d  X  = .  (la-)  (9) 
1-                                     C  E  I  1 
in  the  dircdioii   sliown.  that  is  downward   to  the   left.     This 
is  the  siniplesl  method  of  obtaining  this  result. 

The  slope  at   the  load   (a,)   may  be  obtained  easily  by  this 
method  by  ajiiilying  M  =i  1  at  the  load;   thus   (Fig.  3): 
Px  (1  — a) 

.M,  = from   left  abutment   to  load; 

1 

Pa       X; 

M-.:= t'nim   right   abutment    to   load; 

1 

X 

M,:=—    from  left  abutment   to  load; 
1 
^1 

Mr  = from   right  abutment   to  load. 

1 

PxM  I  —  a  )  d  X 


EI   /   „ 


1- 


EI  /    ,. 


n  Pa  x,=  d  X 


Pa  (1  — a)  (2a  — 1) 


3EI1 
This  is  a   negative  quantity,  showing  that  at  the  load  the 
axis  slopes   in  a   contrary  direction   to  that   indicated   by  the 
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appiied  moment;   thai  is,  it  slopes  (lo\vn\var<l  to  ihe  rii;lit. 

The  point  where  the  axis  is  horizontal  may  be  easily 
found  by  this  method.  Let  this  point  be  distant  /.  from  the 
right  end;  that  is,  in  the  longer  segment;  and  let  a  moment. 
M  =  1,  be  applied  there.  The  slope  there  being  zero,  find 
oo  =  0,  as  follows: 

The  values  of  Ms  and  .\l ,  will  be  as  follows   ( l''ig.  4); 

Px  (1  — a) 

Between  left  end  and  load:  M.  — 


Mr    = 


1 


Pa  X, 


Between  right  end  and  z„  :   M,^- 


M,  =  — 


Pa  X, 


Between  z„  and  load:    M-.^- 

Mr     =     — 

Fx-  (1  —  a ) 


+   1. 


/'■-'  Pa  x,-  /" 


Pa  X, 


d  X 


/z„  Pa  X 
P 


„  Pa  X,-' 
P 


u  X,  — 


Pa  X, 


|l=-a- 


d  X  .  or  z., 


z,.       !-■  J    z„        1  - 

(b)— To  find  slope  at  the  right  end  due  to  a  moment.  .M,  at 
the  left  end,  causing  compression  in  the  top  fibers   (Fij;.  5): 
M,  (1— x»  X 

Ms   — Mr   =   — 

1                             1 
M,  X  (1  ~xi  d  X        M,  1 
-=  (10) 


/ 


/ 


1-   E  1  C  E  1 

Acting  in  the  dirction  of  the  moment,  M  =r  1 ,  or  downward 
to  the  left. 

(c).— To  find  the  ?lope  at  the  right  end  due  to  a  moment, 
M,  at  the  right  end,  causing  compression  in  the  top  fibers 
(Fig.  ('.): 

M.  X  X 

Ms  = .   M,  =  — .  as  before, 

1  1 

M,  X-  d  X        M,  1 

1-  E  1       .;  E  [ 

downw'ard  to  the  left. 

The  remaining  cases  to  which  Professor  Swain  makes  an 
application   of  his   principle  are   as   follows: 

Case  IH.— The  (•ontiinious  Girder.— Theorem  of  Three  .Mo- 
ments. 

Case  IV.  -Slope  (a)  at  the  Foot  of  One  Post  of  a  Rigid 
Rectangular  Bent  Supported  on  Pins,  and  One  Pin  on  Rollers. 

r'ase  v.— A  King  Post  Truss. — Angular  rotation  of  a  joint. 

Case  VI.— A  Frau'ed  Bent  with  Columns  Rigidly  Fixed  at 
the  Bottom. 

Case   VII. — The    .\rch    Withoui    Hinges. 

f'ase  VIII. — Second  Stresses. 

Nowhere  in  Professor  Swain's  articl«  does  he  claim  that 
his  principle  will  give  a  solution  to  any  problem  in  stnuturos 
which  cannot  be  found  by  other  methods.  He  states  that  his 
principle  is  the  simplest  method  tor  obtaining  the  result  in 
Case  11.  We  question  whether  this  statement  can  be  jus- 
tified, for  by  the  well  known  area  moment  method 
1 

„   -_   X    moment    of   the    .M-dia.s^ram    about    the   leti 
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Points  Requiring   Special  Observa- 
tion and  Investigation  in 
Bridge  Inspection* 

liy    Hl-;iiHKKT   C.    KEITH, 

The  old  proverb  that  a  chain  is  no  stronger  than  its  weak- 
est link  seems  sometimes  to  be  contradicted  by  a  bridge 
truss,  which  may  be  stronger  than  its  weakest  member  ap- 
pears to  be,  as  judged  by  the  ordinary  methods.  Professor 
Vose  used  to  say  that  there  are  many  bridges  that  are  kept 
from  falling  "only  by  the  grace  of  God  and  the  force  of 
habit."  There  are  certainly  many  which  depend  upon  some 
means  of  transmission  of  loads  to  the  abutments  that  no 
self-respecting  engineer  wotild  rely  ujicm  in  designing,  though 
recognizing  and  taking  advantage  of  it  sometimes  in  a  critical 
investigation  of  an  existing  bridge.  For  instance,  a  rapidly 
moving  electric  car  may  skate  safely  across  a  short  span  or 
a  single  panel  which  would  be  unsafe  for  the  same  car  even 
to  stand  on,  .\nother  example  is  found  in  the  fact  that  a 
bridge  may  be  safe  for  a  car  electrically  driven  when  it 
would  be  unsafe  for  a  steam  locomotive  of  the  same  weight, 
on  account  of  the  difference  in  the  mode  of  transmission  of 
the  power  to  the  driving  wheels,  rotary  in  the  one  case  and 
reciprocal  in  the  other.  These  are  cases  which  show  a  re- 
liuction  of  strain  on  stringers  often  greater  than  would  be 
(he  iucieasi-  of  strain  due  to  the  sudden  application  of  a 
load.  Track  rails  (and  jack  stringers  when  used »  add  ma- 
terially to  the  carrying  power  of  stringers  of  short  spans, 
especially  if  the  rails  are  heavy.  Guard  rails  and  even 
tjiiard  timbers  and  the  stiffness  of  the  car  itself  give  some 
helji;  also  Ihe  continuity  of  the  stringers  of  a  truss  bridge 
wlien  the  stringers  are  framed  into  the  floorbeams  and 
liveted  to  them.  The  stiffness  of  truss  chords  may  make 
the  strengtli  decidedly  greater  than  would  be  determined 
by  considering  each  intersection  as  if  it  were  a  joint  with 
a  fractionless  jdn,  instead  of  a  coulinuons  riveted  box  girder, 
.IS  may  be  the  case. 

Rivets  and  Pins.  .\  very  marked  instance  of  greater 
strength  than  is  assumed  in  Ihe  ordinary  methods  of  calcu- 
lation is  the  case  of  rivets  and  pins.  A  large  factor  (indeed 
probably  the  main  factor)  in  tlie  real  strength  of  a  riveted 
joint  is  the  friction  of  the  members  upon  each  other  under 
the  pressure  of  the  gripping  of  the  rivet.  W.  J.  Watson,  in 
a  paper  presented  to  the  American  Society  of  Civil  Engineers 
in  V.Wt.  assigns  to  this  friction  a  value  of  1  I. '"in  !li.  per  scj.  in. 
of  cross  section  of  rivet  for  oi!e  plan(>  of  contact  (or  when 
acting  in  single  shean  and  is.uoii  m.  per  sq.  in.  for  two 
planes  of  contact  (or  in  double  shearl.  The  present  autl:or 
would  hesitate  to  give  definite  mathematical  value  to  this 
friction,  since  prtibably  no  two  rivets  exert  Ihe  same  pres- 
sure, BUL  it  is  axiomatic  that  this  friction  is  great  only 
while  the  rivei  is  tight;  as  soon  as  the  rivet  becomes  loose 
it  is  an  entirely  different  story.  This  value  of  a  riveted  joint 
is  so  great  and  so  evident  that  account  of  it  is  taken  in  the 
author';  modifications  of  the  specifications  of  the  Massachu- 
sotis  Public  Service  Commission.  In  calculating  pins  it  is 
(ustomarv  to  assume  that  the  pressure  of  eac  h  member  upon 
th(  pin  is  r-oncenfrated  at  the  confer  line  of  iis  bearing  sur- 
face- whereas  the  fact  is  that,  before  a  pin  would  fail  by 
l)ending  the  pressure  of  each  UH-uber  would  become  con- 
centrated at  that  edge  of  the  m-mber  wlii<'h  would  give  (he 
,„i„i„„nu  bending  mouu.nt.  This  makes  the  real  bending 
moment  on  most  pins  <mly  a  small  fra.tion  of  that  obtained 
bv  using  the  ordinary  assumptions.  An  examination  made 
bv  rawing  through  the  line  of  Hange  rivets  of  an  iron  fioor- 
l,;.;nu  remo-.ed  nearly  3m  years  ago  showed  the  rivets  in  ex- 
repii'Uiallv  good  condition,  though. by  Ihe  accepted  method 
'      n   they   had   been   subject   to  so.uoo  lb,   i-r  s<i,  in 


bending.     In   the  same 
moni.iit  of  300,000 


of  calculatio 

in   shear  and   P'.o.OdO   lb,   p-r  sq,  in, 

l,ii-l"c    pins  which  were  M'-oired  to  have  a 

I,,,   ,:„,:  'q    in,  bendimr  were  fou,.)   to  show  n.    .-lightest  sign 

of  o\ersirain. 

Secondary  Stresses  Due  to  Large  Gusset  Plates.  Anot  i.r 
f,u°  (he  importance  of  which  is  of-  n  greatly  oveivs.i- 
"  siresses  due   t,     large   gusset    ilafes 


matt' 

m-ited   is   the   s<'<iindarv   - 

"'■  ,p,p,i   tr.—es.      In   most    rases   where   youthful 

iwe  of  the  "terriiue  secimdary  stresses." 
Ih.tr^n'erlook  the  added  value  given  to  the  members  by 
-   M^.m  a  pa|,.r  pr.son.e,,  bco,.-  .1.    Brooklyn   K„.in,.crs-  nub. 


at   joints   of   riv( 
engineers  speak  with  av 
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stIITeninK  thorn  llinnigli  the  length  o(  thoso  sussets  thereby 
retliicing  tho  i\iisup;>ortfil  length  of  tho  monil>or8,  and  also 
KiviiiK  thi'ni  '  llxoil  fiuts.  Tills  remark  should  not  bi>  under- 
stood to  give  approval  to  <'coenirlc  conneotlons.  tor  theso 
sliould  always  ho  avoided  it  pructioable.  anil  the  ecoontrlcity 
reduced  to  a  n>iiuini'ni  wlu-n  It  cannot  hi-  altonolhor  avoided: 
it  Is  simply  intended  to  call  attention  to  a  side  oi'  the  question 
which  is  sometimes  overlooked.  11  one  were  to  judge  by  the 
school  of  sjieclallsts  on  the  "secondary  stress"  liugaboo,  i>in- 
connected  trusses  would  be  the  ideal  construct  Ion  for  all 
bridges.  Ions  or  short;  whereas  the  greater  rigidity  or  slIIT- 
ness  of  rlvetcil  tnis.-es  makes  them  far  more  durable,  espe- 
cially for  moderate  and  short  spans;  while  plate  girders,  for 
a  similar  reason,  ar"  still  better  tor  lengths  for  which  their 
use  is   practicable. 

The  importance  of  rigidity  and  reduction  of  vibration,  not 
only  in  prolonging  the  life  of  a  bridge  but  also  in  increasing 
its  strength  when  new,  can  hardly  be  overestimated.  Its  ad 
vantage  In  increasing  the  contldence  of  the  public  Is  also 
real  and  Important  Time  was  when  some  engineers  de- 
lighted In  pointing  out  the  "spidery"'  structures  of  their 
designing,  with  pride  that  they  could  perform  such  marvels. 
Tho  cost,  or  i.monnt  of  material  used  in  such  cases  may 
have  exceeded  what  would  have  sufficed  for  a  structure  that 
would   appear,   and   leally   be.   much   more   substantial. 

Effect  of  Position  of  Track  on  Bridge  Capacity.  The  ca- 
pacity of  a  bridge  for  track  loads  is  far  more  affected  by  the 
position  of  the  track  than  is  senerally  appreciated.  It  is 
frequently  found  [hat  a  track  which,  according  to  the  plans, 
should  be  centered  with  the  bridge  is  considerably  off  center. 
As  an  illustration  of  the  effect  of  this  "eccentricity,"  take  the 
case  of  stringers  5  ft.  on  centers,  and  the  center  of  the  track 
1  in.  to  one  side  of  the  center  of  stringers;  this  causes  a 
strain  ou  the  nearer  stringer  o'-S  per  cent  greater  than  if  the 
track  were  on  center.  The  eccentricity  of  a  track  is  likely 
to  change  from  time  to  time,  especially  on  a  curve  and  par- 
ticularly near  its  ends.  Because  of  possible  changes  in  the 
eccentricity  it  is  the  practice  of  the  author,  in  making  up 
the  figures  for  moment  and  shear,  for  inspection  reports, 
to  make  them  first,  as  if  the  track  were  on  center  and  to 
make  a  separate  item  for  the  ex'ess  due  to  eccentricity  of 
more  than  about  %  in. 

Increase  in  Shear  Due  to  Sidewalks.— An  overhanging  side- 
walk, similarly,  adds  more  than  its  weight  and  that  of  its 
load  to  the  strain  on  the  nearer  truss.  Reduction  of  mo- 
ments in  floorbeams  by  such  overhanging  sidewalks  is  dis- 
regarded in  the  author's  calculations,  on  account  of  the  pos- 
sible temporary  removal  of  the  sidewalk.  But  the  increase 
in  shear  due  to  such  sidewalk  is  given  its  due  importance 

Impact  Allowance  with  Roadway  and  Sidewalk  Loads. — 
Sometimes  engineers  are  known  to  argue  that  no  impact  al- 
lowance need  be  made  with  roadway  and  sidewalk  loads. 
though  it  seems  strange  that  anyone  should  hold  this  opin- 
ion. The  specified  lOO  !b,  per  square  toot  is  no  doubt  suffi- 
cient to  provide  for  as  large  a  crowd  on  a  sidewalk  as  can 
mere  with  such  speed  and  harraoney  as  to  exert  the  addi- 
tional force  ordinarily  included  in  the  term  "impact,"  unless 
the  gathered  crowd  is  expected  to  "cheer  with  its  feet.'  But 
even  for  sidewalk  loads  there  is  a  possibility  of  a  greater 
weight  than  the  sum  of  the  specified  w^eight  and  the  specified 
impact.  Prof.  L.  .J  Johnson,  in  experiments  made  in  1!hU. 
obtained  a  weight  of  181  lb.  per  square  foot.  In  reporting 
the  experiments  to  the  Boston  Society  of  Civil  Engineers, 
Prc^f.  .Johnson  says:  'Though  181  lb.  per  square  foot  must 
be  conceded  to  be  an  extreme,  it  is  believed  that  something 
very  close  to  that  figure  is  reached,  over  the  whole  draw- 
bridge on  the  way  from  Soldiers'  Field  to  Harvard  Square 
after  one  of  the  areat  football  games":  and  he  adds.  "The 
cor.ch:sion  seems  irresistible  that  loads  of  180  lb.  per  square 
foot  may  actually  occur  in  exceptional  cases;  that  160  lb. 
must  frequently  occur;  that  140  lb.  must  be  common  on  sta- 
tion platforms,  in  corridors  and  in  many  other  places  fre- 
quented by  throngf  of  people."  In  the  present  day  of  rapid 
giant  automobile  trucks,  the  case  for  roadway  loads  is  dif- 
ferent. One  such  motor  truck  for  which  data  are  available 
has  a  weight  of  17  tons  on  an  over  all  area  of  140  sq.  ft,, 
or  243  lb,  per  square  foot,  when  carrying  no  more  load  than 
its  rated  capacity.  As  there  is  no  inspector  at  the  junction 
points  oi  highways,  it  is  altogether  probable  that  the  over- 
load on  such  trucks  is  not  kept  down  to  the  10  per  cent 
common  with  freight  cars,  and  the  actual  load  may  be  ex- 
pected to  run  up  Sometimes  to  300  lb.  per  square  foot  of  the 


spi'ce  occupied  when  the  liuck  is  at  rest,  (Trucks  with 
mui-h  greater  weights  per  square  foot  than  this  are  operated 
in  Ihl8  city  bill  they  are  reported  as  never  used  on  bridges.) 
Of  course  the  whole  roadway  of  a  bridge  would  not  lie  lov- 
ered  with  such  trucks  In  close  contact  both  longiludiually  and 
transversely;  and  If  they  were  so  placed,  they  would  not  be 
able  to  operate  at  speed.  But  such  loads  covering  a  third 
of  ibe  roadway  area  would  be  quite  iiossihle  and  might  run 
at  moderate  speed.  That  the  specified  allowance  for  impact 
is  none  too  large  for  such  loads  any  observing  man  will  admit 
aficr  seeing  and  hearing  such  trucks  run  across  a  bridge 
with  a  plank  Moor,  or  one  ou  v.hich  even  small  pebbles  are 
found. 

Errors  of  Erection. — If  errors  in  erection  have  been  found, 
so  that  members  are  transposed  or  misplaced  on  the  pins,  or 
if  a  test  with  the  hammer  indicates  uneven  distribution  of 
stress  between  the  jairs  or  sets  of  tension  members  intended 
to  work  together,  due  attention  must  be  given  to  these  facts 
in  determining  the  caiiacity  of  the  bridge. 

Composite  Stringers. — Composite  stringers,  as  two  or  more 
timbers  or  beauis  of  different  depth,  or  flitched  beams  with 
tiiv.ber  hetween  I-beams  or  channels,  present  two  possible 
conditions  to  the  investigator.  If  the  component  parts  are 
"onstrained  to  equal  deflection,  tho  load  is  considered  as  dis- 
tributed in  the  way  which  would  cause  such  equal  deflection, 
in  which  case  tho  capacity  of  the  combination  is  less  than 
the  sum  of  ''aparities  of  the  components.  It  unequal  deflec- 
tions may  take  place,  the  distribution  of  the  load  is  deter- 
mined by  tlie  theory  of  least  work,  or  so  as  to  produce  equal 
unit  stresses  in  the  extreme  fibers,  if  of  similar  material, 
or  proper  relative  stresses  if  of  unlike  material. 

Provision  for  Safety  of  Derailed  Cars. — Any  type  of  con- 
struction wliicli  makes  no  provision  for  the  safety  of  a  de- 
railed car  is  very  undesirable.  One  such  which  seems  to  be 
popular  is  a  flitched  beam  w'ith  the  rail  spiked  directly  to 
the  timber  stringer,  which  is  bolted  between  two  I-beams 
or  channels,  with  no  floor  between  the  stringers  at  all  ade- 
quate to  support  a  car  if  it  leaves  the  rail.  Another  similar 
construction  is  a  double  stringer  of  I-beams  or  channels  with 
spiking  pieces  lietween.  which  rest  on  horizontal  separators 
of  short  pieces  of  channel  riveted  to  the  beams.  Fortunately, 
many  bridges  with  such  stringers  have  heavy  plank  floors 
laid  ou  top  of  the  stringers,  so  providing  for  the  safe  passage 
of  a  derailed  ear  if  it  does  not  get  too  far  away  from  the  track 
stringers.  A  danger  in  many  highway  bridges  is  that  a  car 
may  leave  the  rails  and  the  support  provided  for  it  and  get 
on  to  that  part  of  the  bridge  where  the  stringers  were  de- 
signed for  lighter  loads;  perhaps  also  nearer  the  center  of 
floorbeams   competent   to   carry  a   car  only  near  one   end. 

Investigation  of  Compression  Members. — Compression 
members  should  sometimes  be  investigated  on  three  different 
liases,  each  with  its  proper  length  and  radius  of  gyration: 

(a)  In  the  plane  of  the  truss. 

(b)  In  the  plane  of  the  members,  perpendicular  to  the 
plane  of   the  truss. 

(c)  In  a  plane  normal  to  the  least  radius  of  gyration  (5f  the 
member  or  of  one  of  its  components. 

In  case  (a)  the  effective  length  may  be  taken  as  the  dis- 
tance between  centers  of  connections  (or  sometimes  less) 
instead  of  the  distance  between  the  theoretical  panel  points. 

Pony  trusses  without  proper  side  support  for  the  top 
chords  call  for  careful  consideration  as  to  what  should  be 
taken  as  the  unsupported  length  of  such  chords.  No  general 
rule  for  such  cases  can  be  laid  down  but  each  must  be  con- 
sidered on  its  own  merits,  according  to  the  specific  con- 
ditions. 

Riveted  Connections. — The  value  of  a  rivet  whose  grip  is 
more  than  four  diameters  is  decreased  about  1  per  cent  for 
each  1/16  in,  of  this  excess.  Attention  may  here  be  called 
to  the  fact  that  the  diameter  of  a  rivet  which  fills  the  hole  is 
1/16  in.  greater  than  its  diameter  before  driving. 

Rivets  in  reamed  holes  if  equally  well  driven  are  worth 
much  more  than  in  punched  holes  for  several  reasons: 

(a)  Because  in  the  reamed  hole  the  rivet  upsets  more 
readily  to  completely  fill  the  hole: 

(b)  Becai'se  it  has  its  full  section  for  its  full  length  with- 
out a  possibility  of  offset  or  shoulder; 

(c)  Because,  on  account  of  both  facts  just  mentioned,  the 
rivet  also  exerts  greater  pressure  on  the  parts  riveted  to- 
gether, increasing  the  friction  between  the  surfaces  in  con- 
tact; 
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(d)  Because  wliatever  Imrr  is  fonned  in  reaming  the  hole 
adds  to  the  friction  between  the  parts. 

The  rivets  of  top  flanges  of  deck  girders  and  stringers,  es- 
pecially in  very  old  bridges,  are  sometimes  found  to  be  in- 
sufficient   for   local   loadings. 

In  riveted  connections  the  spacing  is  often  so  close  as  to 
leave  in.sufficient  metal  between  to  develop  the  rivets.  If 
this  is  found  to  be  the  case  the  value  of  the  net  section 
is  used,  rather  than  the  rivet  value,  in  determining  the  value 
of  the  detail.  The  same  trouble  is  often  found  near  the 
ends  of  a  girder,  where  the  desire  to  save  1/lG  in.  in  the 
thickness  of  the  web  leads  the  careless  or  ignorant  designer 
to  crowd  the  rivets  unduly.  This  reduction  of  thickness  of 
web  is  in  other  ways  not  always  real  economy,  as  it  may 
necessitate  additional  stiffeners  costing  more  than  is  saved 
in  the  web. 

Floorbeams.— End  floorbeanis  of  swing  bridges  or  ot  fixed 
spans  adjacent  to  such  bridges  are  often  found  to  be  lighter 
than  the  intermediate  floorbeams,  through  a  mistaken  notion 
that   the   loads   for  these   floorbeams   are   only  halt  as   great. 
As   a   matter   of   fact,   the   actual   live   load   is   usually    much 
larger   (often  double  or  even  more),  and  even  the  dead  load 
is   sometimes   greater  than   on   the   intermediate   floorbeams. 
for  the  overhang  of  the  floor  gives  not  only  an  extra  loaded 
length,   but   also   a   leverage   which   makes   the   force   acting 
on  the  floorbeam  greater  than  the  weight  of  the  load  itself. 
In  addition  to  the  direct  loads,  the  extra  impact  due  to  the 
open  space  between  the  fixed  and  movable  spans  adds  greatly 
to  the  effect  of  the  live  load,  which  is  still  further  increased 
by  a  possible  difference  in  level  of  the  floors  of  the  two  spans. 
Pedestals  and   Rockers.— Often  pedestals  for  truss  bridges, 
and   sometimes   rockers   for  long   plate   girders,  are   found   to 
be  too  short  to  provide  fully  for  longitudinal  thrust,  or  webs 
are    too    thin    to    support    their    loads    and    resist    transverse 
shocks  without  stiffening  diaphragms.     In  a  similar  way  pin 
plates  on  compression  members  ot  pin  trusses,  or  joint  gus- 
sets of  riveted   trusses,  ai-e  frequently  found  to  be   too  thin 
to   give  a  radius  of  gyration  for  the  unsupported   length  of 
jaws  comparable  to  the  radius  of  gyration  of  the  member  as 
a  whole  for  the  whole  length  of  the  member. 

Loop  Hangers.— Loop  hangers  for  floorbeams  are  fre- 
quently found  10  be  deficient  in  the  details.  Loop  hangers  of 
liberal  size  may  bear  upon  clip  angles  which  have  insufficient 
strength,  either  in  themselves  or  by  stiffeners  bearing  upon 
them,  to  prevent  bending  up  from  the  weight  which  they 
have  to  carrv.  Sometimes  insufficient  rivets  are  used  in 
connecting  such  clip  angles  to  the  floorbeams.  Even  when 
a  loop  hanger  passes  down  through  or  around  both  flanges 
of  a  floorbeam  and  takes  bearing  on  the  bottom  flange  angles, 
if  there  is  no  tie  plate  or  only  a  thin  loose  washer  plate. 
these  angles  and  washers  are  very  often  found  to  be  in- 
sufficient. 

Decay  of  Timber  Stringers.— The  reduction  of  the  strength 
of  timber  stringers  due  to  decay  is  not  always  appreciated. 
That  the  unit  stresses  generally  allowed  for  timber  leave 
a  larger  factor  of  safety  above  the  elastic  limit  than  is  com- 
monly left  in  the  case  of  steel  members  is  realized.  This  is 
wise  because  wood  exposed  as  is  usual  on  bridges  deteri- 
orates more  rapidly  than  steel  or  iron  which  receives  rea- 
sonable care.  But.  regardless  of  the  reduction  of  strength 
of  individual  fibers  which,  though  not  so  far  gone  as  to  be 
called  rotten,  are  approaching  that  stage,  a  slight  loss  of  sec- 
tion in  the  top  or  bottom  ot  a  stringer  reduces  the  strength 
for  resistance  to  bending  altogether  out  of  proportion  to  the 
amount  of  section  lost.    In  a  timber  beam  12  in.  deep 


S  in.  has  its  section   reduced  .1?.  per  cent  and  the  strength 

reduced  W  per  cent. 
Sound  timber,  notched  for  pipes  or  other  obstructions, 
would  be  reduced  by  these  ratios;  but  in  considering Aiecayed 
timber  it  musi  be  remembered  that  there  is  not  a  sharp 
dividing  line  between  sound  and  rotten  wood.  Hence  it  is  not 
wise  to  increase  the  allowed  unit  stress  in  timber  for  the 
consideration  of  existing  structures  above  the  amounts  given 
in  the  specifications,  particularly  as  decay  in  timber  is  wont 
to  proceed  rapidly  when  once  started.  Oak,  chestnut,  ash, 
and.  to  a  less  degree,  spruce  timber  may  lose  a  great  part  of 
their  original  strength  while  still  showing  little  change  in 
their  appearance,  as  previously  more  fully  explained  in  con- 
nection  with   remarks   on    inspection 

Reduction  of  Strength  by  Corrosion  and  Bolt  Holes. — Cor- 
rosion and  bolt  holes  in  flanges  of  rolled  steel  beams  reduce 
the  strength  tar  more  than  is  generally  realized.  Of  course 
the  lact  is  known  when  thought  of.  but  it  is  too  commonly 
overlooked.    The  following  figures  illustrate  these  cases: 
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in.    in    depth    reduces    the 

strength    IG   per  cent, 
in.    in    depth    reduces    the    section    IV    per   cent 

strength  30  per  cent, 
in.    in   depth    reduces    the 

strength  44  per  cent, 
in.    in    depth    reduces   the    section 
strength    55    per    cent. 
If  the  decay  is  uneven  the  loss  of  strength  is  ev.Mi 
striking.     \  12-in.  stringer  havi 
reduced  at  the  other  side 

2  in.  has  its  section   reduced   S   per  cent   and   the  streii 

reduced  28  per  cent. 
I  in.  has  its  section  reduced  17  per  cent  and  the  str-iigth 
reduced  46  per  cent.  ,     ,        ,         ,„ 

6  in.  has  its  section  reduced   25  per  cent   and  the  stniiuth 
reduced  58  per  cent. 
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per   cent    and    the 
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If  a  I2-in.-:')l  Vi-in.  I-beam  used  as  a  stringer  has 

hole    %   in.   in   diameter   in   one   flange,   the   strength   is 

reduced  12^4  Pei'  cent, 
hole   "s    in.   in   diameter  in  each   flange,  the   strength   is 

reduced  14 '^  per  cent, 
holes   "/s    in.   in   diameter   in  one   flange,   the   strength   is 

reduced  24%  per  cent, 
holes   's   in.  in  diameter  in  each  flange,  the  strength  is 
reduced  28%  per  cent, 
in.    thickness   rusted   from   one 
reduced  15%   per  cent, 
V«   in.   thickness   rusted   from  each 
reduced  19  per  cent. 
If  a  12-in.-2<i%-ln.-lb.  channel  used  as 
1    hole    %    in.   in    diameter   in   one 

reduced  17%  per  cent, 
1   hole    Vs    in.   in   diameter  in   each   flange,   the   strength   is 

reduced  21%  per  cent, 
%    in.    thickness   rusted   from   one    Hange.    the    strength    is 

reduced  15  per  cent. 
i/g   in.   thickness  rusted   from   each   flange,  the  strength  is 

reduced  18%  per  cent. 
Spacing  of  Ties. — Ties  should  be  si)aced  not  more  than  8 
in.  apart  in  the  clear  (G  in.  is  better),  or  a  derailed  car  wheel 
will  drop  so  low  between  Ihe  ties  as  to  cause  too  great 
pounding.  They  should  be  notched  not  less  than  %  in.  for 
the  stringers  and  attached  to  them  by  hook-bolts  or  some 
suitable  substitute  at  every  third  tie.  There  should  be  not 
less  than  G  in.  thickness  of  timber  above  the  dapping.  For 
wide  spacing  of  girders  or  stringers,  or  when  one  rail  is  ele- 
vated while  the  stringers  are  at  the  same  level,  deeper  ties 
may  be  required.  The  case  of  burning  of  stringers  by  a  short 
circuit  cited  above  illustrates  the  importance  of  ample  depth 
of  lies  above  the  dapping. 

Guard  Rails.  Inside  guard  rails  are  a  very  important  ad- 
junct to  a  bridge  carrying  a  track,  to  prevent  the  wandering 
of  11  derailed  car;  such  guard  rails  should  be  fully  spliced  or 
their  efliciencv  will  be  greatly  reduced,  (are  should  be 
taken  that  bolts  are  so  .placed  that  neither  heads  nor  nuts 
can  be  sheared  oft'  by  a  (Urailed  <ar.  Some  engineers  do 
not  realize  that  outside  guard  limb'-rs  do  not  answer  the 
same  purpose;  and  the  reiiuiretuents  of  at  least  one  Railroad 
Commission  until  recently  called  for  lining  angles  on  these 
timbers  apparently  with  this  misunderstanding.  A  brief 
onsideration  of  this  subject  will  show  the  fallacy  of  this 
if  a  wheel  is  retarded  by  rubbing  against  the  inside 
will  tend  to  turn  the  axle  a  little,  directing  the  car 
toward  its  normal  location;  but  the  retarding  of  a  wheel  by 
rubbing  on  the  outside  guard  timber  will  swing  it  further 
cut  ot  line  and  away  from  its  proper  place.  This  change  of 
direction,  loo,  will  throw  it  against  the  guard  more  nearly  at 
right  angles,  thus  making  it  more  likely  to 
and  leap  into  whatever  disaster  is  lurking  ! 

Though  the  outside  guard  timbers  ar.  not  qualified  for 
.^uiding  a  derailed  car.  they  do  have  a  :.ry  important  office. 
Without  them  or  some  substitute,  the  rUs  would  be  likely  to 
become  hunched;  the  .uar.l  timbers  also  help  to  <  .^tribute 
he  load  and  reduce  the  danger  that  the  ties  will  tip  up 
under  a  derailed  wheel  when  stringers  are  too  closely  spaced 
ard  timbers  should  always  be  notched  over  the  t.e.s  and 
should  be  bolted  to  at  least  every  fourth  tie.  Splices  should 
have  a  horizontal  laii  joint. 
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General  Principles    of    hulustrial 
Li^htini^ 

Good  lltlilini;  is  an  iiu.'sliu.-iu.  In  ii  i>liint  wliloli  is  prop- 
erly llUniimi\tp<l  miidonls  an-  less  freiiuiMit;  llio  t'luployeos 
work  nuiro  emcieiilly  ami  mnke  fewer  mlsUikos;  u  closer 
ami  better  supervision  of  the  men  Is  [losslble,  iind  the  em- 
ployees are  eonlenli'd  iind  more  stable  li\  employment  be- 
cause of  the  orderly  iiiul  pleasant  siirroiindiiii;s  resulting 
from  Kood  lighting.  An  interesting  discussion  ot  the  fentures 
to  be  aimed  at  in  an  industrial  lightinK  system  is  Kiv<>n  In  a 
"Safe  Practices"  Bulletin  Issued  recently  by  the  National 
Safety  Council.  The  matter  following  is  abstracted  from  this 
bulletin: 

Illumination  Intensity.- llluminatum  inlenslty  is  expressed 
in  foot-candles.  One  foot  candle  is  the  Intensity  of  Illumina- 
tion produced  on  a  surface  one  fool  distant  from  a  lamp  of 
one  candle  power,  the  surface  being  at  a  right  angle  to  the 
light  rays. 

nilTerent  industries,  and  dilTerent  operations  in  the  same 
industry,  require  varying  intensities  of  illumination.  The  use- 
ful light  is  that  which  is  retlected  from  the  object  viewed. 
The  brightness  of  the  object  then  is  the  vital  factor,  and  this 
depends  not  only  on  the  light  received,  but  upon  the  reflecting 
power  of  the  object.  Materials  vary  greatly  in  reflective 
power:  white  surfaces  reflect  as  high  as  Sd  per  cent  of  the 
light,  while  black  surfaces  reflect  less  than  .'i  per  cent.  It  is, 
therefore,  important  to  consider  the  average  reflecting  power 
of  the  materials  worked  upon,  as  well  as  the  nature  of  the 
work,  whetl-.er  rough  or  fine. 

Recommended  Intensity  at  the  Work.— Table  1  is  in  line 
with  the  recommendations  of  state  labor  departments  and 
the  Illuminating  En.sincering  Society.  The  lower  intensities 
given  are  considered  sufficient  for  safety,  but  the  higher 
values  are  recommended  from  the  standpoint  of  efficient 
production.  Some  authorities,  however,  consider  that  still 
higher  intensities  are  necessary  to  secure  maximum  effi- 
ciency. War-time  experience  has  brought  about  a  marked 
trend   toward   higher   standards   of   illumination. 

TABt^E    I— riECOMMENDEl")    INTEN.'JITY    AT    THE    WORK,    IX 
FOOT-CAN"l1LE.><. 

hoot- 
candles. 

Ko.idways  and  yard   thoroughfares •  •  •   l/jO  to  Ji 

Storage    soaci-s    i  t     •> 

Stairways.  passa.?eways.  aisles   i  li  t!^  " 

Toilets  anil   washrooms   •.-  ■. •   iw  to  o 

Roug'h    nianufaoturiiiK.    such    as    rough    machining.    lOugh 

a"^eml.ling.  roush  bench  work,  foundry  Moor   wovK J  to  4 

Rough    manufacturing    involving    closer    discrimination    ot 

^^^^jl  .1  to  o 

Pine  manufacturing,  su-h  as   fine  latlie  work,  pattern  and 

tool    making,    light    colored    textiles -1  to  > 

Special  cases  of  fine  work,  such  as  watchmaking,  engrav- 

ing.  drafting  dark  colored  textiles ■ ,  .°  o 

Office   work,    such   as    accounting,    tvpewriting.    etc 4  to  s 

Consideration  in  Designing  the  Lighting  System. —After 
determining  the  intensity  required,  the  items  to  be  con- 
sidered   in   designing   the   lighting  system   are: 

(a)  At  what  height  shall  lamps  be  mounted? 

(b)  How  far  apart  shall  lamps  be  spaced? 

(c)  What  size  of  lamp  shall  be  used? 

(d)  What  kind  of  reflector  or  globe  shall  be  used? 
Height    of    Lamps. — I.>amps    should    ordinarily    be    mounted 

as  high  as  possible  unless  the  ceiling  is  very  high  )ompared 
to  the  width  of  the  room,  or  unless  horizontal  oeams  or 
belting  w-ould  interfere  with  the  light  distribution,  or  unless 
close  spacing  is  necessary.  High  mounting  permits  wider 
spacing  of  lamps,  with  equally  good  distribution  of  the  light. 
making  it  possible  to  use  fewer  lamps  of  larger  size,  which 
means  lower  installation  and  operating  costs.  In  addition, 
higher  moiuiMng  means  that  nearby  lamps  are  less  likely  to 


be   within  the   Held  of   vision  of  the  workers  and   thus  cause 
eye  strain. 

Spacing  of  Lamps.  The  distance  aparl  that  lamps  shall 
he  spaced  depends  upon  the  character  of  illumination  re 
(luired  If  Ihe  work  Is  of  an  exacting  cliaracter,  close 
spacings  are  required  to  produce  the  uniform  lighting  needed, 
whereas  for  less  exacting  purposes  wider  spacings  are  per- 
missible. To  secure  uniform  distribution  and  avoid  sharp 
shadows,  the  spacing  must  not  be  too  great  in  pioiiorliou  to 
Ihe  mounling  ln'ighi 

T.XHI.i':     11— Dl'iSlKABLE    Sl^ACING. 
felling 
height.  ""Ine  work.  Itougl)    work. 

Ill  ft .*  to  lit  ri.  in  lo  121/..  ft. 

\2  ft il  to  H  II.  11  lo  IT  ft. 

II  ft lit  to  IT  fl.  IT  to  21  ft. 

IK  ft ](!  to  20  ft.  20  to  25  ft. 

20  ft 21  to  2(5  II.  2i;  to  .t:!  fl. 

25  ft 2T  to  :i5  fl.  35  to  1!!  ft. 

32  fl 35  to  15  ft  45  to  5(i  ft. 

Lamps  should  be  placed  with  reference  to  machines  as  well 
as  to  the  buililiug  construction,  so  that  each  machine  and 
work  bench  will  lie  wel!  lighted.  This  will  sometimes  require 
a  closer  spacliii;  than  indicated  above.  In  such  cases  the 
mounting  height  should  be  decreased  to  maintain  the  proper 
ratio  between  height  and  spacing.  This  ratio  depends  on  the 
type   of  reflector  used. 

Size  and  Spacing  of  Lamps.  -The  size  and  spacing  of 
tungsten  lamps,  to  produce  any  desired  intensity,  may  be 
determined  from  Table  III,  assuming  that  efficient  reflectors 
will  be  used. 

Typical    Examples. 

Ordinary  Metal  or  Woodworking  Shop — 14-ft.  Ceiling. — 
From  Table  1  we  find  that  an  intensity  of  4-ft.  candles  is  de- 
sirable. The  lamps  will  be  mounted  immediately  below  the 
ceiling,  assuming  that  they  can  be  .so  located  that  belting  or 
other  obstructions  will  not  interfere  seriously  with  the  dis- 
tribution  of  the  light.     No  local   lighting  will   be  required. 

From  Table  11  we  find  that  for  a  14-ft.  ceiling,  and  moder- 
ately rough  work,  the  spacing  should  be  about  17  ft. 

From  Table  111  we  find  that  an  intensity  ot  4  foot  candles 
will  be  produced  by  the  use  ot  150  watt  lamps  (gas-filled 
tungsten)  sjiaced  15  ft.  apart  in  both  directions.  The  spacing 
may  be  varied  to  suit  the  location  of  machines,  columns,  etc 
tor  evaniple,  the  lamps  may  be  spaced  10  ft.  apart  in  one 
direction  and  14  ft.  in  the  other.  If  the  building  construction 
or  the  machine  layout  requires  a  still  different  spacing,  the 
table  shows  that  200  watt  lamps  may  be  used  at  an  average 
spacing  of  IS  ft  or  100  watt  lamps  at  a  spacing  of  12  ft, 
— the  sami'  intensity  being  secured  in  either  case.  If  a  12-ft. 
spacing  is  used,  the  lamiis  should  be  lowered  to  about  12  ft. 
above  the  floor. 

Tool  Making.  Pattern  Making,  Light-Colored  Textiles — 14- 
ft.  Ceiling.— For  work  of  this  class  Table  I  shows  that  an 
intensity  of  ,S  loot  candles  is  desirable.  This  class  of  work 
requires  closer  spacing — 13  to  17  ft.  (see  Table  II).  From 
Table  III  we  find  that  200  watt  gas-filled  tungsten  lamps  may 
be  used  with  13-ft.  spacing  or  :300  watt  lamps  with  17-tt, 
spacing — depending  on  the  arrangement  of  machines,  ^-ol- 
umns.  etc. 

Warehouse  or  Storage  Space  with  12-ft.  Ceiling. — By  refer- 
ence to  the  tables  already  mentioned,  we  find  that  an  in- 
tensity of  one  foot  candle  is  recommended,  and  that  50  watt 
vacuum  tungsten  lamps,  at  an  average  spacing  of  14  ft.,  will 
be  sufficient,  or  75  watt  gas-filled  tungsten  lamps  may  be  used 
at  19-ft.  spacing.  The- lamps  should  be  placed  near  the 
ceiling  and  located  to  give  the  best  light  tor  aisles.  Shallow-- 
bowl  reflectors  should  be  used  because  of  the  comparatively 
wide  spacing  in   proportion  to  the  ceiling  height. 

Foundry. — The  intensity  desired  at  the  work  is  about  4  toot 
candles.     To  allow  for  loss  of  light  on  account  ot  smoke  and 


FABLE    III— SIZE    CiF    I^\MPS    -Wti    .SPACIXG  REQUIRED  FOR    \  AUlcir.S  IXT 

L  :=  Lamp  size   in   w-atts;    S  =    Spacing  i"   feet. 

(These   values   do  not    aiiply   to   indirect    li«hting.l 
Foot                                                        \'acuum 

candles  tungsten.  Gas   filled   tungsten. 

L       S         L       K         L         S  I.         S  L        S         I.         .S 

U 50— ?S         75- S'.i         100-48  150—61  200—72 

14            50—20         7ri— 28         100— SI  l.iO — 43  200—52          -i  i!_ni-, 

1                            50-14         75  —  13         100-24  150—31  200 — 36          '  » — '" 

2                        50_10          75—14          100—17  150—22  200—26          "MO— .'iS 

S             5»—   8           7".— 11           100—14  150-18  200—21           ■i-li— 27 

.1            75—10         100—12  150—15  200— IS          'O^- ?4 

5        100—11  150—14  200—16          ■fno_21 

fi                     100—10  150—12%  200—15         ;!no— l") 

8           150—11  200—13         ■>()'<— ^  7 

10 200—11  "00- 15 

•      ]o  ^00— 13V-. 

15.;.; 300—12 

(144) 
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400- 

-55 

500- 

-63 

400- 

-3S 

500- 

-45 

750-56 

1.000— 

400- 

-32 

500- 

-36 

750—46 

1.000—54 

400- 

-2S 

500- 

-32 

750—40 

1,000 — 17 

4  00- 

-■^5 

500- 

-2S 

750—36 

1.000-42 

400- 

-23 

500- 

-26 

T50— 33 

1,000-38 

il\n- 

-20 

500- 

-22 

750—28 

1,000—33 

400- 

-IS 

500- 

-20 

T50— 25 

1.000—30 

4110- 

-16 

500- 

-IS 

750-23 

1.000—27 

400- 

-14 

500- 

-16 

750—20 

1.000—24 
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dust,    the    lighting   should    he   design.Ml    for   a    th^'oretical   in  r)„|-;f.o     ,.f     j-K.,      Fn^inPfT        His      Past 

tensity  ot  G  foot  candles.     The  mounting  heisht   is  onlinanly  L'Ulieh     Ul      lUL      ILIl^lIieLr,      fllN     rdM 

determined  by  the  crane,  and  the  siz"  of  lamp  will  he  deter  ACCOniplishnientS     311(1    thc    Out" 

niined  by  the  height.  bein«  approximately  as  follows:  i          i      r             i   ^  '  t-                   * 

20  ft ::;::;::::;:::  s"!!  wall  look  for  the  future 

i  ii:  ;:::::::::;::::::::::::::::::::;::;:  sZ  wll!  Hy  fayktte  s.  ci-ktis. 

40    ft!     1  H^'"  "'J't'  I'li-siilciu      .\meriiaii     S(jiiel.\      ol     Civfl     Kiininf its. 

"^^'"^''     ' .'            ,  It    is    (luite    luobable    that    some    of   vou    have    often    been 

The  spacing  is  then  found  from  Table  111.  H  mas  oe  neces-  ^^^^^^  ^^^^^  question:  'Do  vou  recommend  civil  engineering 
sary  to  vary  the  lamp  size  slightly  to  secure  a  spacing  which  ,^^  .^  profession?"  and  1  assume  that  generallv  an  affirma- 
will  conform  to  the  building  construction  and  at  the  same  ^.^.^  answer  has  been  uiven.  The  civil  engineer,  when  thor- 
time  secure  tne  desired  intensity.  Deep-bowl  letlectoisaie  „yj,,,,y  ^,,p,j  ,.,,,.  ^;^  profession,  immediatelv  becomes  use- 
generally  used.  Angle  type  reflectors  are  desired  vMieie  j^^,  ^^^  ^o<.iety  and  the  world  of  malerialily.  He  is  prompted 
placed  along  walls  below  crane  ruuNvay.  ,,j.  ,|,g  „.a„,s  „f  society,  and  is  constantly  originating  other 
Lighting  Suggestions.  ,  ,  .i„  wants  bv  the  improvements  he  introduces.  He  is  also  crea- 
Yards.  For  yard  ligliting  the  lami.s  should  be  mounted  t>  ^.^.^^  ^^^^^  ^^..^  |,rofession  is  not  mortgaged  to  power  or  in- 
ft.  or  more  above  the  ground.  Shallow-liowl  letlectois  ma.\  ^\^„,^^.^^  ,„n  stands  firnilv  on  its  own  foundation-encouraged 
well    be    used.      The    spacing    between    thr-    units    should    not  ^^^   world-wide  influences. 

exceed  four  times  the  mounting  height,  unless  prismatic  re-  ^^.^  ^^^^^,  consists  in  designing,  arranging,  and  building 
fractcr  units  are  used.  The  prismatic  refractors  P">^"'*'  structures  or  machines  which  reiiuire  the  immediate  super- 
better  eye  iirotection.  and  permit  wider  spacing.  Seveial  j„,(,„,jpn(.e  „,■  ,h(,sp  ^^.J,o  are  accpuiinted  with  not  only  the 
plants  have  found  the  followini;  standard  satisfactory  cone-  i,^,,,,.,!,,,,^  ,,„,  ,|^g  practice  of  construction:  for  engineerine 
spending  to  an  intensity  ot  about  one-third  foot  ^andle:  .^  ,^  branch  of  knowledge  that  takes  its  place  both  among 
Area  illuminatod                                                          ofiaiTip  <li"  sciences  and   the  arts. 

''I  (tJiQ^g'^'f',';  10"  wall  Therefore,  to  be  eminent  in  his  profession,  or  any  branch 

ijino  s(|.  ft ■  1„|I  ^,^j[,  Df  it,  he  should  be  able,  not  only  to  design  and  plan,  but   to 

6110(1  sq    11     ...'..!''..•■.■■-.••■■••••■•■■•••  ■'""  ^^'''"  supervise  construction.     Those  who  have  only  the  knowledge 

s'ooo  sq.  ft sol)  watt  "f   'low   to   design   and    plan,   and  are   unable   to  execute,   be- 

lo.ooiisii.it .".,,.             ,,   „  .,.  cimie    confused    in    iiieefini;    the    many    contingencies    which 

Where  lamps  must  be  supported  from  a  building  wall  use  _^_.^^ 
a  bracket  pipe  ttxture  extending  about  4  ft.  6  in.  from  ^^all  Scientific  and  Practical  Education.— The  profession.  em- 
Flood  lighting  has  been  found  effective  tor  illuminating  |„.,,,.i„„  .^^  |,  ^j^p^  almost  everv  kind  of  construction,  re- 
yards  and  storage  areas.  For  locations  difficult  to  reacri  wi  ii  ^^^^.^^^  ^^  ^^^^  extensive  and  general  acquaintance  with  other 
■wiring,  the  light  may  be  projected  to  a  distance  "'  '  J  sciences,  in  order  that  the  engineer  may  be  .lualilied  to  ac- 
l,(HiO  ft.  Projectors  may  be  installed  im  the  roots  ot  D  -  ,.„„^pjij.|,  successfully  the  various  works  on  which  he  may 
ings.  and  poles  eliminated,  l,e  engaged,  and  to  overcome  those  difficulties  which  fre- 
Stairways.— A  .5ii-watt  tungsten  lamp  mounted  as  Uign  as  ^^^^^^^■^^.  g,.;^,,  unexpectedly  in  the  progress  of  his  work.  and. 
possible  at  the  head  of  each  flight  of  stairs  will  gi\e  goo  ^^^^^  ^^^^  ^^^^  knowledge  and  talent,  threaten  its  Hnal  success, 
results.  A  deep-bowl  reflector  sh.-uld  be  used,  arranged  o  Thomas  Telford,  in  his  "Descriptive  Narrative  of  His  I'ro- 
throw  the  light  down  the  stairs.                                      ...   u"  fessional  Labours."  has  said: 

Individual  Lights.— Where  locnl  lighting  is  necessary  lu  ,,-  ..^pw  can  a  man  give  iudicious  directions  unless  he  pos- 
sten  lamps  of  1-'..  25  or  r,u  watts  are  used,  depending  upoti  ^^^_^^^  personal  knowl.-dge  of  the  details  re.iuisile  to  effect 
the  exactness  of  the  work  and  the  color  of  the  '"'^teiia  ^^.^  „itiinate  purpose  in  the  best  and  cheapest  manner?  It  has 
worked  on.  Each  lamp  should  be  equipped  with  a  i'<^"«!'"'  happened  to  me  more  than  once,  when  taking  opportunities 
to  protect  the  eyes  ot  the  workman  and  to  throw  the  ligni  ^^^  ^^^.^^^^  u^pU\\  to  a  young  man  of  merit,  that  I  have  experi- 
on  the  work.  On  some  machines  it  may  be  necessary  to  in-  ^^^^^,^^  opposition  in  taking  him  from  his  books  and  draw- 
stall  an  adjustable  lamp  fixture,  which  will  enable  the  opei-  .^^^^  ^^^^^^  placing  a  mallet,  chisel  t.r  trowel  in  bis  hand.  till, 
ator  to  direct  the  light  to  the  exact  position  desired,  l  he  ^pj^^,^,.^,,,  (.(,„f„ipnt  bv  the  solid  knowledge  which  experience 
use  of  rigid  fixtures  is  usually  preferable  and  reduces  lamp  ^  ^^^^  ^  ,^^  bestow,  he  was  qualified  to  insist  on  the  due  per- 
breakaee.  ,  formance  of  workmanship,  and  to  judge  ot  merit  in  the  lower 
Reni-hes-  Lamps  are  frequently  located  about  IS  in.  alicne  ^^^  ^^^^^  ^^^  ^^^^  higher  departments  of  a  profession  in  which 
work  table  with  bottom  of  reflector  about  on  a  level  with  ^^^^  ^.^^^^  ^^^  degree  of  practical  knowledge  is  superfluous, 
workman's  eyes„  a  2.5-watt  lamp  is  generally  sufficient.  An-  ^,^^^  ^^^.^  ^.^.^^^^  j  ^^.^^  congratulate  myself  upon  the  circum- 
other  method  which  gives  a  better  distribution  calls  tor  lamps  ^^.^^^^^  ^.j,,,.,,  po„,p,.lled  me  to  begin  by  working  with  my 
from  6  to  10  ft.  apart,  from  50  to  lOn  wafts  in  size,  preferabl.N  ^^^^^^  ^^^^^^^^  ,^_^^  ^l_^^^  ,^^  acquire  early  experience  of  the  habits 
placed  between  workmen  so  each  work-place  is  lighted  Iron.  ^^^^^  ,-f..,.ii„gs  of  workmen:  it  being  e.iually  important  to  the 
two  sides  civil  engineer,  as  to  naval  or  military  commanders,  to  have 

Drafting   Tables:      For  drafting  rooms,  indirect   lighting   is  |,.,^j.p,|  through  all   the  grades  of  'heir  profession." 

generallv  preferred.     Where  this  is  impracticable,  each  dratt-  ^^    .^   ^^^^   ^^^^^^^^    ^^^^^    ,1^.^,    ,,,.„,,.    „,p„    ^ave    gained    promi- 

ing  table  should  be  equipped  with  two  r,n-watt  frosted  lamps.  _^^^^^^  .^  ^j^^.^.  jj^^fp^^j,,,,  hy  in.livitiual  effort-practicing  and 

mounted  about   42   in.  above  the  table,  so  that  each  lamp  il-  ^j,,^,^.;,,^   ,„    „,e  ^ame   lime,   wiih  a   view  to  acquiring  a   full 

luminates   one-half   the   table   and   shadows   are   minimizetl  ^,„,wied«e    of    all    necessary    sci.-ntific    principles.     Students 

Sewing   Machines:      Unless  an   efficient   system  ot   mdiroct  ^^^^   required   to  spend   a   certain   time   in   acquiring  technical 

li-'lifing  is  employed,  local  lamps  are  necessary  at  each  se«-  ,.„„,,.|,,,,^p     ,,„(   must    not    then   think   they   are   engineers   in 

in'g  machine      For  light  materials  a  l-Vwatt  lamp  is  satisfac-  ^^^^^  j^_,^,^^|   meaning  of  the  term,  capable  of  constructing  and 

torv   for  dark  materials  a   25-watt  lamp  is  advisable.  ^^  ,.^^„    r.-ponsible   for   engineering   work,   as    that    is   a    false 

Frosted   Lamps:      Material   with   a   highly   polished   surface  .^^^^^ 

will  reflect  the  bright  image  of  a  clear  lamp  and  cause  glare  ^.^^  ^^_^^    ^.^^^  ^^^^^^^  „^.^,  „,p  addition  of  the  natural  sciences 

h,     he  workmen-s  eves.     To  avoid  this,  frosted  lamps  should  ^^- ^^^^  ^^^^^^.^^^  .^^^^  ,.,„„.,p  ,,as  greatly  enriched   U.  and  the 

he  used  for  such  work  or  an  opal  cap  should  be  provided.  ^..jp^^es   are   now    un.loubtedly    the    most    important    part    of 

Drop-cords-      The    use    of    drop-cords    should    general  y    b.'  .            ,.,i„cation:   but   there  is  another  side,  uhich  we  caiv 

avoicW     and'  wherever   local    lamps   are   needed   they   shoubl  ^^_^,,    j,^^,,    i^    ,„^t   after   all,   the   great   object   of 

b^  ns tailed   in  a   permanent   rigid   fixture.     If  drop-cords  are  ,„„cation  is  no,   so  much  the  accinuulation  of  know  - 

used    thev   should  hang   vertically,  and  not  be  pulled   to  one  J                   develop.ueut   of  mental  pow-r   ,n  the  individuah 

side  and  hooked  over  a  nail  or  machine  part.     If  the  light  .s  :^                           j„„  ,„„   ,,i,n,ific  and    ..ac.ical   "I"';"—'   '^ 

not  in  the  proper  position,  the  socket  should  be  changed   by  ^^p,,  ,„,,  ,„,„e  to  see   that  the  hrst   menta 

an   electrician      For   vertical   adjustment,   a   block   should   be       "  ^^    „,^^„p    ,„„,e    effective    hy    solving    physical 

nrovded       Drop-cords   should    be    well    insulated,   and    wafer-  "^^^     ^                       ,„„,,i„,   ,he  dead   languages,   because   as 

proofed  if  trse/in  a  damp  location.  1,„  ,rue  value  can  be  obtained  in  the  s.udy  of  nature  as  ,n 

Fxtension    fords:      Where    portable    lights    must    be    used ^^  ^^^^    ^^^_^,^^, 

th^^o^s  should  be  heavily  reinforced  to  prevent  wear  and       ^^_;Fro,,>.h.;,.;^..'-.;;;.^,.:;;;'-- -,.,!.  .,  .-,,„  ,.:„. 

sh.^rt   circuiting.  (\4^\ 
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Uie  stuily  of  iium  s  t^oiuepiUiii  of  imniro.  KIrsI  knowlodno 
is  moro  smisfiutory  to  ilie  Ih-si  of  iniiuls. 

Specialization  Desirable.  Thi'  proft  sslon  lias  liiHoiiio  so 
(liversltleil  lluit  iifter  haviiiK  siH-iireil  n  goncl  fumlamoiual 
iralninK  i(  wmild  be  worth  seiioua  ooiislileratioii  to  take  up 
a  single  ln-amh  of  oiiKlneerliiK  praclU-e.  as  It  can  hardly  he 
expected  that  the  olvll  enjjineer  will  become  prollclent  in 
every  branch.  He  would  be  better  able  to  give  his  best  en- 
daxor.s  to  attaining  highest  proliciency  in  some  parficnlar 
line,  and,  a!  the  same  time,  grasp  or  understand  in  n  gen- 
eral way  the  subjects  which  may  relate  to  the  several  kinds 
of  works,  as  the  whole  subject  is  so  broad  thai  it  would  be 
vain  to  attempt  to  understand  them  all  in  all   their  details. 

.-\nibition  to  obtain  as  great  a  knowledge  as  possible  is 
to  bo  admired  and  encouraged,  but  to  attain  the  highest 
standard  in  one  branch  is  more  commendable  than  to  al tempt 
to  reach  special  eminince  in  all.  :is  the  student  will  be  apt 
to  lind  himself  oppressed  with  a  weight  which  he  is  not  capa- 
ble of  sustaining,  and  this  will  be  very  likely  to  result  In 
utter  failure. 

The  professional  man  should  not  make  the  mistake  of 
thinking  that  he  can  reach  the  top  in  an  unconcerned  and 
idle  manner,  believing  that  by  some  easy  process  he  will 
reach  and  hold  it.  The  structure  on  whicli  he  stands  must 
be  constructed  by  piece  and  parcel,  every  member  thoroughly 
tested  by  a  gradual  and  difficult  process:  he  must  experience 
all  the  ditticnlties,  trials,  and  troubles  to  be  met  on  the  way, 
in  order  to  support  and  sustain  him  at  the  higher  elevation 
to  which  he  aspires.  To  such  the  doors  to  success  are  open. 
Work  seeks  the  best  hands,  as  naturally  as  water  runs 
down  hill,  but  seldom  seeks  one  whose  only  recommenda- 
tion is  that  he  needs  it.  U  he  is  not  willing  to  go  slowly 
through  the  maturing  process  of  time,  through  patient  work, 
by  steady  application  step  by  step  preparing  himself  for 
the  work  ahead,  which  has  made  men  prominent  and  eftit-ient 
in  their  profession,  then,  alas,  the  result  is  doubtful.  It  is 
like  the  student  who  prepares  his  education  for  future  ad- 
vancement. He  goes  from  grade  to  grade  until  he  is  mas- 
ter of  the  science  on  which  he  has  to  build,  taking  no  up- 
ward step  until  the  last  has  been  tested  and  found  not  want- 
ing in  any  characteristic  which  will  .^sustain  him  and  serve 
him  to  build  on  for  the  future. 

New  Problems  Are  Constantly  Arising.— The  tremendous 
growth  of  our  complex  industrialism  means  the  facing  of 
new  conditions,  that  we  may  overcome  new  difficulties  and 
enjoy  new  benefits.  Therefore,  there  is  only  work  to  face, 
and  it  should  be  met  with  a  spirit  characteristic  of  the 
creator  of  science,  and  thereby  much  may  be  accomplished. 

There  is  no  success  without  hard  and  earnest  labor.  Never 
balk  at  a  few-  obstacles,  but  hang  on  with  all  your  might; 
this,  in  the  end.  will  give  success.  It  is  true  that  many 
experiments  will  have  to  be  made,  hut  there  can  be  no  doubt 
of  ultimate  success  if  our  aim  is  a  determination  to  suc- 
ceed and  we  do  not  become  discouraged. 

As  we  look  back,  even  over  a  short  time,  how  often  have 
we  said  to  ourselves,  after  completing  some  important  struc- 
ture, "'This  should  last  for  many  years — we  have  reached  the 
limit;"  but  within  a  comparatively  brief  period  have  we 
not  seen  that  structure  replaced  by  another,  larger  and  more 
expensive,  which  has  been  demanded  by  the  growth  of  busi- 
ness? We  have  not  stopped  building,  nor  have  we  come 
to  the  time  when  we  have  built  sufficiently  for  the  future, 
and  we  never  will,  as  long  as  the  richness  of  this  country 
is  undeveloped  and  its  physical  and  financial  growth  con- 
tinues. To  stop  this  great  advancement,  which  the  people 
continue  to  make,  would  be  death.  Then,  does  it  look  as 
though  there  was  not  a  future  for  the  engineer  who  has  in- 
tegrity and  perseverance,  as  he  is  and  must  be  the  prac- 
tical foundation  or  basis  for  all  which  we  are  to  build,  in 
order  to  accomplish  a  higher  and  nobler  position  in  so- 
ciety? 

The  Engineer  Prime  Factor  in  Growth  of  Country. — The 
work  of  the  engineer  is  the  foundation  on  which  rests  the 
growth  of  this  great  Republic,  not  only  physically  but  finan- 
cially. He  is  one  of  tlie  prime  factors,  and  could  not  by 
any  possibility  be  dispensed  with.  W^e  are  not  an  organiza- 
tion which  threatens  to  pull  down  and  wreck  or  destroy  what 
we  have  built,  but  an  educational  organization,  and  hope  to 
get  the  necessary  recognition  of  our  rights  through  educa- 
tion. Xo  doubt  the  engineer  has  often  had  his  line  of  pro- 
cedure curtailed  by  some  power  having  authority  to  suspend 
or  discharge  at  will,   at  the   pleasure     of     some  controlling 


power,  ignoraiu.  and  with  no  uudcrslandiug  of  the  conditions 
or  the  dilliculties  th<'  engineer  may  have  to  meet,  and  witli- 
out  the  least  kiu)wledge  of  engineering  subjects. 

Civil  engineering  Is  ages  old,  but  has  always  shown  a  steady 
progression,  possibly  not  as  to  more  substantial  work,  but 
certainly  in  the  facilities  provided  in  machinery  to  do  its 
work.  .\s  to  its  beginning.  1  will  not  undertake  to  say,  but 
will  onl.v  refer  back  to  those  times  of  which  we  may  have 
kuowleilge.  and  ask  if  the  great  work  done  is  not  a  credit 
to  the  scientihc  ability  of  this  profession?  Hut  what  is  the 
future  to  be?  Does  it  depend  on  those  who  are  coming  into 
this  society — ed\icated.  experienced — to  show  to  the  world 
that  they  can  and  will  continue  to  build  and  improve  the 
linancial  and  social  conditions?  For  a  determination  we 
must   wait  on  time. 

Benefits  of  the  Society  to  the  Engineer. — Is  the  engineer 
being  bcuelited  by  his  connection  with  this  society?  It  has 
been  said  that  (he  society  is  becoming  less  democratic  and 
more  conventional,  or,  in  other  words,  is  not  taking  suffi- 
cient interest  in.  or  having  proper  regard  for,  its  members, 
and,  therefore,  they  are  without  the  opportunities  or  advan- 
tages which  tlicy  might  gain  in  local  societies.  This  society 
has  grown  to  suih  an  extent  that  contact  personally  with  all 
its  members  is  not  possible,  but  the  interest  and  devotion 
and  brotherly  love  of  its  members  are  just  as  great  as  ever. 
The  information  in  the  different  papers  by  the  most  promi 
nent  engineers  of  the  country,  presented  and  distributed,  is 
of  the  greatest  importance  to  the  members  of  the  society. 
As  the  soicety  srows,  this  information  increases,  and  the 
papers  are  more  numerous  and  contain  information  and 
knowledge  which  cannot  be  obtained  except  through  the 
parent  society.  If  not,  why  are  so  many  engineers  anxious 
to  affiliate  themselves  with  this  society?  They  know  it 
gives  them  prestige  the  world  over,  and  sets  a  standard 
which  has  been  passed  upon  and  approved  by  the  highest 
of  professional  men.  Our  constitution  requires  that  stand- 
ard to  be  higher  than  that  of  any  of  the  local  societies. 

The  society  has  not  only  grown  in  numbers,  the  increase 
within  the  last  ten  years  being  8-5  per  cent,  but  has  increased 
in  influence  in  the  estimation  of  the  public  and  the  world 
at  large;  our  uierabers  are  looked  up  to  as  the  leaders  in  the 
engineering  profession.  Then,  who  can  say  that  it,  as  an  en- 
gineering society,  has  depreciated,  gone  back,  or  fallen  off 
one  iota  from  its  former  standing?  On  the  contrary,  it  has 
grown  steadily  stronger  and  stronger.  Its  members  have 
become  of  such  strength,  in  the  material  and  financial  up- 
building of  the  Government,  that  they  are  indispensable. 

Therefore,  we  must  not  permit  ourselves  to  forget  the 
obligation  we  owe  to  the  founders  of  this  society,  the  men 
who  gave  their  time  and  talent  in  creating  an  organization 
which  has  proved  to  be  of  untold  benefit  to  the  engineering 
profession.  How.  then,  are  we  to  repay  them,  if  not  by  giv- 
ing to  the  society  our  support  and  assistance,  promoting  good 
fellowship  among  its  members,  encouraging  its  officers,  and 
giving  a  helping  hand  to  the  future  engineer  who  comes  into 
the  society,  passes  up  through  the  different  grades  of  ex- 
perience, and  is  seeking  information?  Let  us  all  do  some- 
thing in  the  interest  of  the  society,  and  thereby  broaden  its 
influence  and  add   to  its  high  standards  of  proficiency. 

We  certainly  cannot  help  by  creating  dissensions  among 
the  members,  or  becoming  dissatisfied  with  the  earnest 
labors  of  those  whom  we  select  to  bear  its  responsibilities, 
or  in  getting  the  idea  that  we  are  connected  with  this  so- 
ciety wholly  for  what  we  can  get  out  of  it.  No  matter  how 
much  we  give,  we  can  never  repay  the  society  for  the  bene- 
fits we  have  received. 

Promises  for  the  Future. — The  engineer  has  designed  and 
built  many  a  monument  which  will  endure  for  ages  as  a  tes- 
timonial to  his  proficiency  and  skill.  We  need  not  go  back 
many  years  to  find  members  who  have  won  the  highest  en- 
gineering distinction  and  whose  names  are  ineffaceably  en- 
graved on  the  enduring  pages  of  history.  We  know  who 
they  are  and  what  they  have  accomplished.  Even  before 
this  society  was  organized,  we  find  the  names  of  engineers 
who  achieved  everlasting  remembrances  through  their  ex- 
ceptional ability.  Therefore.  I  would  say  to  engineers,  but 
more  particularly  to  the  younger  members  of  the  profession, 
that  there  is  a  future  for  them  which,  if  taken  advantage  of, 
will  ensure  the  highest   honors   possible  to   be  obtained. 

By  him  who  is  in  the  prime  of  life  and  in  the  possession 
of  health,  strength,  and  knowledge  of  the  arts  and  sciences, 
much    may    be    accomplished.      Therefore,     never     give     up. 
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Think,  work  and  suflHi-.  tli:it  in  this  life  you  may  gain  some- 
thing which  will  place  your  name  upon  the  highest  pinnacle 
of  fame. 

Many  of  our  raenihers  have  heen  engaged  in  the  late  war, 
and  their  work,  in  the  construction  of  yards,  docks,  canton- 
ments, and  the  reconstruction  and  buildinp;  of  bridges,  roads 
and  equipment,  both  in  this  country  and  on  thi'  other  side 
of  the  Atlantic,  thus  making  it  possible  to  take  care  of 
millions  of  troops,  was  the  most  important  factor  in  bring- 
ing the  war  to  a  successful  termination.  All  of  this  has 
been  done  in  such  short  time  as  to  bring  out  comment  and 
praise  from  the  whole  world.  Why  should  not  the  engineer 
have  his  full  due  and  credit  fur  the  ability  he  has  shown, 
not  only  at  critical  moments  during  the  war.  but  in  the  ac- 
complishment of  things  at  other  times? 

We  are  living  in  an  age  in  which  we  possess  all  the  in- 
formation as  to  what  has  been  done  for  many  years,  all  of 
which  we  ought  to  profit  by.  The  conditions  change,  the 
opportunities  grow  greater.  This  world  is  growing  in  its 
necessities  almost  beyond  the  imagination  of  the  present 
generation.  The  country  is  being  developed  so  that  every 
state  in  the  Union  is  increasing  in  wealth  and  prosperity. 
Greater  facilities  are  needed  to  accommodate  its  growth. 
And  yet  some  say  there  is  no  future 

Work  of  Other  Engineering  Societies  or  Organizations. — 
They  have  all  done  their  part  in  building  and  developing  the 
great  industries  of  the  world.  All  are  working  toward  the 
same  purpose,  creating,  building,  and  improving  the  facilities 
on  which  the  prosperity  of  the  country  depends.  This  is  il- 
lustrated by  the  establishment  of  en.gineering  council,  com- 
posed at  present  of  representatives  of  the  American  Society 
of  Civil  Engineers,  the  American  Institute  of  Mining  and 
Metallurgical  Engineers,  the  American  Society  of  Mechan- 
ical Engineers,  the  American  Institute  of  Electrical  Engi- 
neers, and  the  American  Society  for  Testing  Materials,  for 
the  purpose  of  giving  more  strength  to  the  profession  and 
obtaining  greater  recognition  for  the  engineering  arts  ami 
sciences. 

Why  .should  we  not  go  farther,  and  even  take  our  posi- 
tion in  governmental  affairs?  Is  ii  the  political  cloud  that 
casts  a  shadow  over  us.  so  that  our  practical  ability  does 
not  get  the  proper  recognition  in  government  affairs:  or 
is  it  our  modest,  indifferent  way  of  being  satisfied  with  our 
present  condition?  We  should  rise  to  the  occasion,  demand 
our  rights,  and  a  proper  recognition  by  the  people  generally, 
with  the  idea  that  we  are  not  only  to  advance  the  engineer- 
ing arts  and  sciences  but  to  fill  the  positions  under  this 
general  government  which  require  the  knowledge  of  how  to 
govern,  each  according  to  his  ability. 

The  armistice  having  been  signed,  it  is  incumbent  un  us. 
as  founders  of  prosperity,  with  the  sciences  and  the  arts,  to 
become  one  of  the  greatest  upbuiWing  factors  in  the  fu- 
ture, to  help  reconstruct  that  which  has  been  torn  down 
and  destroyed  by  the  ravages  of  war,  and  to  promote  new 
ideas  for  the  world's  future  prosperity. 

Emerging  from  the  greatest  war  the  world  has  ever  known, 
not  only  in  the  number  of  men  engaged  and  the  use  of  the 
most  deadly  weapons,  but  in  the  destruction  of  property, 
what  does  this  mean  for  the  future?  The  employment  of 
many  engineers  to  reconstruct,  and  to  rebuild  in  an  improved 
form. 

In  the  future  the  names  of  many  of  you  engineers  will  be 
enrolled  among  those  who  have  attained  high  public  staml 
jng  through  great  achievements.  Many  in  our  profession 
have  thought,  done,  and  suffered  much  in  former  days. 
Childhood  may  seem  to  be  at  almost  an  immeasurable  dis- 
tance in  the  past,  but  something  that  we  have  accomplislieil 
on  account  of  its  overpowering  vastness  seems  near.  It  is 
like  a  beacon  light,  far  away  but  seemingly  near. 

It  is  said,  "The  schoolhouse  of  the  world — human  experi- 
ence— however  expensive,  has  something  to  teach."  Shall 
we  learn   our   lesson   readil.\  ? 


Forty-nine  Per  Cent  of  Capacity  of  Fabricating  Shops  Con- 
tracted For  in  IVIay. — The  records  of  the  Bridge  Builders'  & 
Structural  Society  as  collected  by  its  secretary,  show  that 
during  the  month  of  May,  1919.  49  per  cent  of  the  entire  ca- 
pacity of  the  bridge  and  structural  shops  of  the  country  was 
contracted  for. 
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Opinions  of  Practicing  Engineers 

on  Teaching  Economics  to 

Engineering  Students 

With  a  view  to  ascertaining  the  opinion  aiul  attitude  of 
representative  engineers  not  engaged  in  educational  work, 
concerning  ihe  teaching  of  economics  to  engineering  stu- 
dents, the  Committee  on  Economics  of  the  Society  for  the 
Promotion  ot  Engineering  Education  sent  a  questionnaire 
to  .")il  engineers  who  have  been  eminently  successful  in  the 
practice  of  the  profession.  The  replies  of  these  engineers 
arr.  summarized  in  a  progress  report  in  the  .July  Bulletin 
ol   the   Society.     The  questionnaire   was  as   follows: 

Not  all  of  the  engineers  addressed  submitted  replies,  the 
percentage  of  replies  being  as  follows  for  the  different 
groups:  civil  engineers  75  per  cent,  mechanical  engineers 
■Sii  per  cent,  architects  CO  per  cent,  electrical  engineers  40 
per  cent,   mining  engineers   40   per  cent. 

1,  lla.s  your  cxperiencf  .is  a  pra.  iking  eiiKluc-er  in<li<-ated  thai 
!lu'  rours.'  in  .couomics  pursued  by  ><ni  while  in  college  lias  ald-d 
in   vnur  profcs.sional  success'' 

If  .\ou  did  not  pursu"  such  a  course  in  economics,  is  it  youi 
npiriioii  that  such  a  cour.se  ivould  materially  aid  in  the  successful 
luarlice  of  engineorinff? 

-.  If  so.  iilease  state  briclly  in  what  way  a  course  in  economics 
has  contributed  to  your  professional  success  (or  would  contrihutei 

:!  What  sort  of  a  course  in  ecnnoniics  would  you  consider  tin- 
most  valuable  for  an  engineer?  That  is,  should  it  deal  with  the 
!;  neral  p-.-incii>les  of  ijroduction.  exchange,  distrihulion  and  con- 
sumption of  ;-oods.  or  with  some  specific  question,  such  as  lalinr 
:'.ud  wages,  banking,  corporation  finance,  accounting,  commercial 
geography. 

4.     Do  you  object  to  having  your  replies  as  g'iven  quoted? 

Note. — By  economics  as  used  above  is  meant  the  sulijcct  as 
i^night  ;n  colleges  under  thai  cajition  and  refers  to  the  science  of 
wealth.  It  does  not  refer  to  economy  of  design  or  construction  as 
used  by  engineers,  it  being  a.ssunied  that  this  latter  subject  will  be 
t.uight  in  connection  with  the  special  technical  subjects. 

The  letter  accompanying  the  list  of  questions  stated  that 
no  attempt  was  l)eing  made  to  seek  arguments  either  for  or 
against  the  teaching  of  economics,  but  that  frank  and  un- 
biased opinions  only   were  being  sought. 

Quest  ion  Xo.  1. 
No.     Does    economics    Question  No.  :i.    Char- 
of  re-  aid    professional  acter  of  course. 

Group.  plies.  success. 

I'ivil  engineers    ....     l.S         12  yes  General   principles    .5 

1  no  special    tojjics    - 

.' no  opinio!)      (Jeneral    principles    atid 

spe<'ial    topics    .'j 

N'o   oinnion    2 

.Mechanical  engineers      S         .")  yes  ileneral    i>rinciples    ) 

1  tio  Si>eclal   topics    2 

-  no  opinion      tiener;il    principles    and 

special    topics    1 

N*o  opinion    1 

Rlectrical    engineers       4         .1  yes  General    principles    and 

special    topics    ^ 

1  no  opinion      No  opinion    1 

.MiiUng-  engineeis    ..       2        2  yes  General    principles    and 

special  topics  2 

.Vrchitects    3         :>  j'es  General    principles    and 

special   toi)ics  .3 

With  regard  to  the  answers  to  Question  2.  the  general  pur- 
liort  was  that  a  study  of  economics  would  enable  the  engi- 
neer to  comprehend  more  fully  the  relation  of  his  work  to 
the  whole  economic  faliric  of  the  country.  The  following 
quoted  replies  to  this  question  are  fairly  definite  opinions  on 
this  point: 

"Would  give  the  engineer  a  better  understanding  of  the 
results  he  is  endeavoring  to  obtain. "--Albert  F.  ReicJimann. 

"It  (economics)  gives  an  engineer  a  broader  field  of  thought 
and  enables  him  to  solve  problems,  especially  larger  projects, 
etc..  in  a  more  logical  and  better  way.  An  engineer,  in  order 
to  succeed,  must  not  limit  his  education  to  strictly  technical 
suiijects."-  -Italph   Modjeski, 

•The  knowledge  that  would  have  been  gained  through  a 
(■(wrse  in  economics  particularly  with  regard  to  such  ques- 
tions as  corporation  finance  and  accounting  I  am  sure 
would  have  been  of  great  assistance  to  me  in  my  work,  and 
especially  in  connection  with  the  reports  to  the  larger  cor- 
porations and  muni(  ipalities  during  the  past  twenty  years." 
— Bion  .1.  Arnold. 

"It  (economics)  has  caused  me  to  comprehend  better 
than  otherwise  the  trade  conditions  of  our  country,  the  im- 
port of  building  materials,  the  several  crises  and  panics  that 
have   occurred   in    the   last   i!0  years,   the   wisdom    or   futility 
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of  tindeilakinc  certain   public   works  iiiul   ihi-   estimation   of 
their  value  and  cost."'— Kiidolph   lIerln^. 

■■.My  work  re(|iilies  a  soiiml  knowledgi'  of  tlw  fiinilameiitals 
of  Hnancial  muliors.  for  I  am  froqiieiitly  callctl  upon  to  re- 
port upon  projects  and  properties.  Kn^ineerinK  is  not  lech- 
iiical  only,  but  includes  a  sound  ireatuieni  of  the  llnancial 
siile  of  all  projects.  It  is  even  more  necessary  for  an  enpi- 
neer  to  know  whether  a  development  sho\iUI  be  made, 
whether  i(  will  pay.  than  !iow  il  should  be  made. ■'—John 
L>  le   Harrington. 

"It  (economicsl  enables  one  to  view  a  situation  broadly, 
considering  such  elements  as  public  policy,  labor,  transporta- 
tion, public  welfare  etc..  in  a  problem  which  might  other- 
wise be  .-studied  from  a  narrow  viewpoint  of  direct  costs  only." 
-    H.  J.  nurt. 

"I  think  such  a  course  would  broaden  the  en>;ineei-  who 
has  specialized  too  much  in  the  past." — Hunter  .McDonald. 

"Business  principles  are  as  essential  to  the  engineer  as 
matheniatics.  The  broader  his  education  in  corporation 
finance  and  allied  subjects,  the  better  his  chance  for  admin- 
istrative positions.  .\  large  percentage  of  engineers  work 
for  corporations  and  they  should  know  a!l  about  lliem.  I 
am  sure  that  a  good  ground  work  along  these  lines  would 
be  of  material  help." — E.  J.  Collins. 

"In  giving  me  a  basis  to  which  in  later  years  1  could  re- 
vert and  analyze  the  complex  relations  of  capital  and  labor 
and   the  rii;hts  of  the  public." — Bert   H.  Peck. 

"A  comprehension  of  the  general  laws  governing  the  pro- 
duction and  consumption  of  wealth  as  well  as  their  applica- 
tion to  the  specific  problems  of  life  enters  into  the  genesis 
of  all  successful  engineering  undertakings.  Otherwise,  the 
success  of  the  undertakings  depends  on  luck.  "  -L.  K.  Inilay. 
"As  the  ultimate  object  of  most  engineering  work  is  re- 
duction in  the  expense  of  accomplishing  some  definite  proc- 
ess, any  training  which  enables  an  engineer  to  thoroughly 
grasp  the  relation  between  the  work  in  hand  and  its  finan- 
cial results  will  contribute  largely  to  his  profession  ami  suc- 
cess."— Chas.  F.  Uebelacker. 

■"A  course  in  economics  would  undoubtedly  have  l)road- 
ened  my  viewpoint  in  the  earlier  work  and  laid  the  founda- 
tion for  clearer  thought  in  the  executive  position." — Edwin 
H.  Kattel. 

■■Some  knowledge  of  financing,  accounting,  securities,  busi- 
ness law  and  business  management  would  have  been  of  as- 
sistance."— Charles    T.    Main. 

Mr.  Clemens  Herschel  and  Mr  H.  L.  Cantt  do  not  believe 
that  a  course  in  economics  as  at  present  taught  would  con- 
tribute to  the  successful  practice  of  engineering  in  any  way. 
The  following  are  some  of  the  sugsiestions  which  a  few 
of  the  engineers  addressed  volunteered  as  to  the  proper 
content  of  a  course  in  economics  for  engineering  students. 
Dr.  Rudo'ph  Bering  says:  "Most  of  the  questions  of  this 
branch  of  :50cial  science  are  more  difliciUt  to  understand  than 
questions  of  mathematics,  physics,  geology,  etc..  because 
they  are  much  more  complex  and  spread  over  a  larger  field 
and  because  their  practical  conclusions  must  vary  with  the 
different  stages  of  development  as  they  are  reached  by  so- 
ciety."' 

"Of  all  social  sciences,  economics  is  therefore  one  of  the 
.createst  importance.  It  comes  next  to  ethics,  of  which  it  is 
to  some  extent  a  corollary.  And  all  movements  to  instruct 
our  youth  concerning  this  branch  of  science  are  to  be  most 
highly  commended  and  furthered." 

"I  am  of  the  opinion  that  a  competent  professor  should  be 
able  to  impart  such  a  course  in  two  semesters  at  one  hoar 
per  week." 

Mr.  Gustav  Lindenthal  with  much  the  same  opinion  sug- 
gests that  economics  be  taught  only  in  a  post-graduate 
course,  since  'especially  the  science  of  finance  requires  a 
very  mature  mind,  certainly  more  so  that  [does]  higher 
mathematics  or  applied  science.  The  present  theories  are 
mostly  wrons.  being  based  too  much  upon  authority  worship 
and  not  enough  upon  scientific  analysis,  which  is  considered 
heretical  by  banking  interests,  whose  constant  efforts  ire 
directed  towards  a  higher  rate  of  interest  on  capital  and  a 
lowering   of   wages  instead   of  the  reverse  principle" 

Mr.  H.  L..  Gantt  also  is  not  satisfied  with  the  present  tenets 
and  doctrines  of  economists.  He  says:  "To  be  perfectly 
frank   with   vou   with   regard   to  the  subject  of  economics,   it 


has  been  impossible  for  nie  lo  have  any  patience  with  the 
ordinary  text-books  (Ui  economics.  They  are  all  written  ap- 
piiri-ntly  to  support  ti'rtaln  theories  of  their  authors,  and  in 
many  cases  have  but  lilih'  to  do  with  piactical  coudilions 
which  now  obtain. 

"In  general,  books  on  economics  are  written  from  the 
standpoint  of  trade  and  not  of  production.  They  were  per- 
haps more  or  less  helpful  in  the  days  when  trade  was  the 
ciuitrolllng  factor  in  the  world.  With  the  rise,  however,  of 
modern  industrialism,  production  has  become  the  controlling 
factor,  which  throw.-  all  previotis  theories  out  of  gear.  The 
fact  that  production  has  become  the  controlling  factor  was 
clearly  denioNslratcd  during  the  war,  and  is  now  being  dem- 
onstrated in  Europe,  Unless  the  economics  problem  is  stud- 
ied and  taughi  from  this  standpoint.  1  regard  any  teaching 
on  the  subject  as  not  only  of  no  value,  but  positively  detri- 
mental."' 

.Mr.  Leonanl  .Metcalf  calls  attention  to  the  present  urgent 
need  of  teachin?;  economics.  He  says:  "It  is  my  personal 
opini(Ui  thai  the  obligations  of  Institutions  of  learning  to  the 
pu))lic  practically  compel  the  giving  of  courses  in  economics 
;it  the  present  time.  The  present  undergraduate  bodies  in 
our  colleges  have  had  practically  no  experience  or  observa- 
tion in  the  application  of  such  fundamental  laws  as  that  of 
sup])ly  and  demand.  They  have  lived  since  they  began  to 
notice  such  uuttlers  in  the  press  and  conversation,  in  a 
thoroughly  abnormal  era.  with  Government  control  of  prices 
labor  and  industry.  They  accept  without  question  as  nor- 
mal the  results  attained,  failing  to  recognize  as  older,  ex- 
perienced men  do.  that  these  results  were  possible  only  with 
the  mind  set  on  one  purpose  -the  winning  of  the  war.  They 
do  not  recognize  that  in  times  of  peace,  many  and  prob- 
ably the  majority  of  men  would  not  tolerate  what  they  ac- 
cepted willin.sily,  or  permit  the  President  and  Congress  the 
full  measure  ef  power  that  they  willingly  gave  during  the 
war.  Therefore,  it  seems  to  me  that  the  most  difficult  task 
faced  by  the-  institutions  of  learning  the  world  over  is  giv- 
ing the  studenl.  in  a  way  that  will  stick  in  his  memory,  a 
clear  picture  ef  the  world  up  to  this  time  and  of  the  opera- 
tion of  well  recognized  economic  laws  under  normal  condi- 
tions." 

"Unless  our  institutions  of  learning  and  public  leaders 
recognize  this  and  do  what  they  can  to  broaden  the  horizon 
of  the  student  body,  there  will  be  tried  many  economic 
theories  already  demonstrated  as  unsound,  an  impetus  will 
be  given  to  'Uicontrolled  radicalism  and  thoughtless  social- 
istic propaganda.  There  never  has  been  a  time  probably 
when  there  was  greater  need  of  open-minded  and  careful 
review  of  old  theories  than  at  the  present  time,  but  it  would 
be  deplorable  to  lose  the  crystalized  experience  of  past  cen- 
turies." 

Mr  B.  H.  Peck  outlines  somewhat  in  detail  the  character 
of  a  course  in  economics  that  he  would  consider  the  most 
beneficial.  "It  (the  course  in  economics)  should,  in  my  opin- 
ion, not  be  presented  by  one  man,  since  we  all  have  our 
peculiar  biases  and  beliefs  on  subjects  of  this  nature.  If  1 
were  framing  such  a  course,  I  would  include  lectures  by 
financial  men  who  could  explain  the  flow  of  money  to  certain 
fields,  and  the  interest  requirements  of  invested  capital;  by 
labor  representatives,  ftho  could  state  the  attitude  of  labor 
and  its  aims;  by  an  advocate  of  municipal  or  Government 
ownership;  by  a  practical  operator  of  a  large  enterprise;  by 
a  tax  commissioner;  by  a  public  utility  commissioner,  etc. 
Along  with  these,  I  would  study  Smith's  'The  Wealth  of  Na- 
tions'  or  its   modern   equivalent." 

A  perusal  of  the  replies  reveals  a  notable  lack  of  uniform- 
ity and  deriniteness  of  conception  on  the  part  of  practicing 
engineers  as  to  the  use  of  the  term  economics.  To  some,  it 
apparently  applies  to  the  actions  of  social  communities, 
while  to  others,  it  is  limited  to  the  details  of  more  or  less 
private    business    transactions. 

The  general  tennr  of  the  replies  is  in  accord  with  the  re- 
port of  the  committee  lest  year,  wherein  it  was  recoinmended 
that  the  formal  study  of  economics  consist  of  a  3-hour  out- 
lined course  in  the  general  principles  of  the  subject.  How- 
ever, there  is  «  suggestion  in  a  number  of  the  replies  that 
suflicient  time  should  be  given  to  some  special  topics,  such 
as  labor  problems,  commercial  geography,  accounting,  cor- 
poration finance,  public  finance,  etc.,  to  cause  the  student 
to  appreciate  their  importance  and  to  grasp  their  significance. 
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Improved  Form  of  Pontoon  Bridge 
for  Public  Use 

On  the  River  Rhine,  at  Cohlenz.  and  at  a  number  ol  other 
places,  there  is  found  in  public  use  an  improved  form  of 
pontoon  brid.He,  wliich,  while  common  in  military  operations. 
has  in  America,  when  attempted  as  a  more  permanent 
commercial  structure,  been  usually  found  very  diflicult  to 
maintain,  and  therefore  short-lived.  An  interesting  (les<Tip- 
tlon  of  this  Coblenz  bridge  is  given  by  Maj.  ,1.  W.  Skolly. 
Corps  of  Engineers,  in  Professional  Memoirs,  from  which 
the  matter  following  is  abstracted. 

Some  of  these  Clerman  bridges  are  very  old.  the  Colilcn/, 
bridge  having  been  built  in  1819.  The  situation  on  the 
Rhine  is  peculiarly  favorable,  the  stream  being  coniiiara- 
tively  narrow,  with  fair  but  not  excessive  depths,  and 
stable  bottom  and  banks.  Furthermore  there  is  but  little 
interference  from  running  ice,  the  average  annual  period  of 
interruption  due  to  this  cause  lieing  only  19  days.  Drift. 
which  is  so  common  ar.d  troublesome  on  .\merican  rivers,  is 


liere  unknown.  The  e.xireme  variali(ui  in  stage  at  Cohlenz 
is  only  8..=.,S  meters  Vlh.1  ft.),  between  iSAVl  meter  (extreme 
low)  and  It.i'O  meters  (extreme  high).  This  extretne  high 
stage  has  been  reached  but  twice  in  the  last  250  years,  how- 
ever and  the  ordinary  annual  fluctuations  are  scarcely  20  ft. 
The  Coldenz  pontoon  bridge  sjjans  the  Rhine  about  2,;ii)() 
ft.  above  the  mouth  of  the  .Moselle  River,  and  connects 
CoMenz  on  the  left  bank  a(  a  i)oinl  about  :{0u  ft.  above  the 
Rheinstrasse.  with  Khrenbr.'itstiin  on  the  right  bank,  at 
the  foot  of  Kirchstrasse.  being  practically  a  continuation  of 
these  streets,  which  are  main  thoroughfares.  The  river  at 
this  point  is  about  l.uod  ft.  wide. 

The  bridge  at  ordinary  stages  is  about  l.u.'.ii  fi  long,  and 
is  composed  of  M  sections— two  draw  sections.  9S  ft.  and 
>il  fl.  in  lenglh.  etiuijiped  with  steam  winches  for  quick 
nuuieuvering;  eight  regular  fixed  sections  SI  fl.  long,  and  at 
I  he  ends  two  short  ramp  sections  about  .'.o  ft.  long.  Other 
sections  are  held  in  reserve  for  use  as  required.  Ramp  sec- 
tions and  the  buttresses  <m  shore  are  provided  with  raising 
ani!  lowering  devices  for  adjusting  the  height  of  aipproaches 
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General     Plan     of     German     Pontoon     Bridge    Over     Rhine     River    nt    Coblenz. 
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Detail  cf  Ramp   Elevating   Device  and  Typical  Section  of  Bridge  and      Det.-iil    cf    Hinged    Section. 
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SIDE  •     ELEVATION 

Loc)<ing   Device  on  Pontoon   Bridge. 
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to  suit  the  river  stnge.    In  suiiimer  bath  houses  are  anchoroil 
below  the  pontoons  near  the  right  bank. 

The  pontoons  are  of  iron  and  were  constnii'tod  prior  to 
1870.  Originally  they  wore  of  wood,  and  this  type  is  found 
at  other  places.  They  are  small  double-end  or  "model" 
barges,  generally  K!  ft.  d  in.  beam  by  .'.2  ft.  leuKtli.  three 
pontoons  being  vised  with  each  regular  section  and  usually 
two  to  each  ramp  section.  The  stringers  or  balks,  six  in 
number,  average  8Vs  In.  by  10  In.  In  section,  but  these  as 
well  as  the  pontoons  are  not  uniform  in  size.  The  plunking 
consists  of  two  2-in.  layers.  The  clear  width  of  roadway  Is 
21  ft.  Each  pontoon  has  in  plan,  an  area  of  GOO  sq.  ft.  and  a 
net   freeboard   of  about   2   ft.,   hence  the  available   buoyancy 


Device  for  Adjusting  Approach  to  Pontoon   Bridge. 


for   live   load   is   ;!7H   tons,   though   in   practice   the   heaviest 
load  is  limited  to  lo  tons  carried  on  four  wheels. 

'I'lie  anchorages  are  piles  driven  in  the  river  bed  in  clumps 
of  threes  about  300  ft.  above  the  pontoons,  their  tops  pro- 
jecting but  a  few  feet  above  the  bottom.  From  these  clumps 
chains  lead  downstream  to  the  pontoons,  whose  position  Is 
adjusted  liy  means  of  hand  winches.  There  is  also  a  cross 
cli.'iin  a  short  distance  below  the  dumps,  which  forms  a  con 
tiniious  line  across  the  river  and  fiirnislies  a  convenient 
means  of  locating  the  anchorages,  as  it  can  be  readily  picked 
up  and  followed  throughout  its  length.  Its  use,  however,  is 
only  possible  here  because  of  the  almost  entire  absence  of 
sediment:  otherwise,  as  for  instance  in  a  silt-bearing  river 
like  the  Mississippi,  It  would  soon  be  buried  beyond  recovery. 
Fixed  sections  ot  three  pontoons  liave  anchorage  chains  from 
the  outer  pontoons  only,  the  niiildle  pontoon  being  fastened 
to  the  other  two. 

The  two  draw  sections  are  maneuvered  quite  ingeniously 
as  well  us  expeditiously.  To  open  the  draw,  guard  rails  are 
lirst  lowered  across  the  roadway,  the  hxking  devices  mak- 
ing the  sections  fast  are  next  opened  and  the  hinged  section 
lifted,  the  anchor  chains  on  the  draw  sections  are  then 
payed  out,  allowing  these  sections  to  drop  back  and  clear 
the  fixed  pontoons.  The  chains  on  the  inner  pontoons  (away 
from  the  center  of  the  opening)  are  payed  out  more  rapidly, 
which  causes  ihe  sections  to  take  a  skewed  position,  and 
acting  as  rudders  they  are  separated  by  the  current,  thus 
quickly  clearing  the  opening.  In  closing,  this  action  is  re- 
versed, the  inner  pontoons  being  hauled  up  and  the  outer 
slacked  off.  bringing  the  sections  together,  when  they  are 
hauled  into  position,  the  hinged  section  and  locking  devices 
closed,  and  the  bridge  is  ready  for  traffic.  Recent  obser- 
vations show  the  average  time  required  tor  opening  or 
closing  the  draw  to  be  2  minutes  20  seconds.  The  actual 
time  required  for  maneuvering  the  pontoons  averaged  1 
minute  20  seconds  downstream  and  2  minutes  .">  seconds  up- 
stream. The  periods  of  interruption  to  bridge  traffic  varied 
according  to  the  nature  of  the  vessels  passing,  and  their  di- 
rection, from  .'i  minutes  to  21  minutes. 

The  Cobleiiz  bridge  is  the  property  of  the  Prussian  State, 
represented  by  the  Rhine  Construction  Administration  by 
which  it  is  maintained,  but  for  operation  it  is  leased  to  a 
private  concern,  which  furnishes  the  personnel,  collects  tolls, 
etc.  The  cost  to  the  State  for  maintenance  during  the 
20  years,  1S9(;  to  1915.  inclusive,  was  781.943.59  marks,  the 
averEfge  daily  cost  being  therefore  107  marks  ($2.5i.  The 
cost  of   construction   is   unknown,    but    even   at    the    present 
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lime  would  be  much  less  than  tor  any  other  type  of  bridge 
of  equal  capacity.  Operation  and  maintenance  charges  com- 
pare favorably  with  even  a  fixed  bridge,  while  in  convenience 
of  access  there  is  obviated  tlie  necessity  for  the  long  and 
otherwise  objectionable  approaches  of  a  fixed  bridge,  and 
it  is  in  tact  prefeiable  in  this  respect  to  a  draw  bridge,  of 
which  there  are  none  on  the  Prussian  Rhine. 


Daylight  and  Artificial  Lighting  of 
Buildings* 

By    BASSETT   .JUNES. 

In  factory  buildings,  office  buildings,  and  tlie  like,  light- 
ing, both  natural  and  artificial,  becomes  ot  primary  im- 
portance. The  building  is  useless  and  bad  in  design,  no 
matter  how  much  good  taste  may  have  been  lavished  on  its 
structural  proportions  and  decorative  features,  if  suitable 
and  efficient  illumination  is  not  always  available  both  by  day 
and  by  night,  and,  b>  day,  independently  of  the  sky  condi- 
tions. 

Observation  will  show  that  many  such  buildings  are  either 
inadequately  lighted  or  imiiroperly  lighted,  or  both,  both  by 
day  and  by  ni%ht.  In  fact,  many  buildings  are  better  lighted 
artificially  than  by  natural  daylight,  because  no  attention  has 
been  given  to  the  proper  orientation  of  windows  or  skylights. 
their  proper  glazing  or  to  proper  proportions  of  windows  with 
relation  to  the  work  expected  of  them. 

Apparently,  most  architects  proportion  window-area  to 
floor-area  by  some  perfectly  arbitrary  ruleof-thumb  pro- 
cedure which  makes  no  allowance  for  the  position  of  the 
window  with  relation  to  the  area  to  be  lighted,  or  to  the 
relation  of  the  window  to  the  primary  light-source,  which  is 
the  sky. 

The  amount  of  light  received  at  any  point  on  the  area 
lighted  by  windows  is  governed  solely  by  the  amount  of 
sky-area  that  can  be  seen  from  this  point  and  the  sky  bright- 
ness, or  by  the  area  of  luminous  surfaces,  such  as  brightly 
lighted  light-colored  walls  or  other  area  that  can  be  so  seen. 

If  the  sky  or  other  equivalent  surfaces  cannot  be  seen  at 
points  far  removed  from  the  windows,  then  auxiliary  devices 
for  reflecting  part  of  the  light  from  the  sky  must  be  used 
at  the  window  to  properly  distribute  the  light. 

The  window  thus  becomes  a  light-source  and  should  be 
treated  as  such.  Unfortunately,  it  rarely  is  so  treated,  in 
the  first  place  the  window  is  wrongly  located.  The  human 
eye  is  not  adapted  to  receive  only  horizontal  light,  and, 
furthermore,  it  is  not  fitted  for  use  where  the  areas  of  maxi- 
mum brightness  are  constantly  within  the  field  of  vision. 
When  such  conditions  hold,  the  eye  is  under  constant  strain, 
and,  being  thus  partially  blinded,  requires  more  light  than 
when  the  maximum  light  comes  from  above  and  the  bright- 
est areas  are  on  the  coiling.  The  result  of  this  condition  is 
that  every  kind  of  device  from  awnings  to  shades  are  used 
to  prevent  excessive   glare   and  discomfort. 

As  windows  are  usually  installed  and  equipiied.  and 
where,  as  is  common  in  city  buildings,  the  sky-zone  is  much 
restricted  by  surrounding  structures,  by  far  the  larger  pcn- 
tion  of  the  light  received  is  thrown  on  the  floor  where  most 
of  it  is  absorbed  by  the  dark  floor-surfaces.  If.  in  ordei- 
to  conserve  the  light,  the  fioors  were  white,  or  even  light- 
colored,  something  like  snow-blindness  would  resiilf.  When, 
in  addition  to  dark  floors,  the  walls  are  dark,  the  light  re 
ceived  at  any  point  is  practically  restricted  to  that  coming 
directly  from  the  window,  producing  sharp  and  dark  shado  vs. 
and.  in  addition,  there  is  little  useful  light  available  except 
closely  adjacent  to  the  window.  Highlights  are  sharpened, 
producing  strong  brightness  contracts,  and  specular  reflec- 
tion (as  from  a  mirror)  is  increased,  producing  --lare.  liif- 
fusion  of  light,  so  necessary  to  eye-comfort,  is  lacking. 

An  ideal  window  '■hould  be  ecjuipped  with  devices  whicli 
reflect  the  light  entering  the  wnuiow  and  distribute  it  over 
the  ceiling,  which  then  should  be  treated  so  as  to  re-refic^ct 
the  light  downward  and  diffuse  it  with  as  little  loss  as  may 
be.  The  brightness  of  the  window-area  would  then  be  re- 
duced to  a  point  where  it  would  not  interfere  with  the  proper 
functioning  of  the  eye. 

Furthermore,  the  window  should  be  so  located  and  pro- 
portioned that  the  necessary  and  proper  sky-area  would  be 
visible  from  it,  in  order  that  the  required  amount  of  light 
woiild  be  available.     A  room  equipped  in  this  way  is  far  more 
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comfortable  to  work  in  than  a  room  provided  with  the  usual 
windows,  even   when  shades  or  awnings  are  added. 

When,  in  addition  to  the  window  equipment  suggested 
above,  including  highly  reflecting  and  diffusing  ceiling  finish, 
the  walls  are  light-tinted  with  a  diffusing  coating,  the  amount 
of  light  admitted  by  the  windows  may  be  materially  reduced 
and  smaller  windows  employed.  i)ermitting  better  exterior 
design  and  appearance. 

.■\s  will  be  pointed  out  below,  the  amount  of  light  required, 
whether  natural  or  artificial,  is  controlled  by  the  reflecting 
character  of  the  interior  coatings  and  the  form  of  light-dis- 
tribution. 

In  the  course  of  a  recent  article  on  Standardized  Distribut- 
ing Systems  (G.-K.  Review,  Vol.  XXI,  No.  I,  p.  2fttM.  the 
writer  drew  attention  to  the  eft'ect  ot  wall  and  ceiling  treat- 
ment on  the  efficiency  of  illumination.  In  the  same  place 
niention  was  made  of  the  fact  that,  with  proper  treatment  of 
interior  surfaces,  it  was  possible  to  find  in  the  room  or  in- 
terior more  total  light  flux  than  the  lamps  generate.  The 
same  remarks  are  true  of  natural  daylight  admitted  by  win- 
dows, for  windows  function  as  lamps  function  in  artificial 
lighting. 

At  first  glance  this  statement  may  seem  to  the  reader  -n- 
('<}iisistent  with  some  of  the  most  fundamental  physical  con- 
cepts. But  any  such  seeming  inconsistency  will  disappear  if 
we  permit  ourselves  to  realize  that  light  is  only  a  form  of 
radiant  energy  and  proceed  to  consider  the  parallel  problem 
in  heat,  namely,  an  enclosure  of  variable  heat-insulating  qual- 
ities into  which  so  many  thermal  units  are  introduced  every 
second  by  means  of  some  form  of  radiator.  Obviously,  if  the 
insulating  (jualities  of  the  enclosure  are  such  that  no  heat 
can  escape,  the  entire  enclosure  will  continue  to  rise  in  tem- 
perature until  it  reaches  the  temperature  of  the  radiator, 
after  which,  if  the  emissi(m  of  heat  by  the  radiator  is  merely 
a  function  of  temperature  differences,  and  the  temperature  of 
the  radiator  is  constant,  no  further  heat  can  be  introduced 
by  this  means. 

If,  now.  we  proceed  to  exi)lore  the  interior  surface  of  the 
enclosure  with  an  instrviment,  such  as  a  bolometer  that  meas- 
ures incident  heat,  and  if  we  compare  the  amount  of  heat 
incident  on  the  entire  surface  with  the  amount  entering 
through  the  radiator  and  call  their  ratio  "utilization  factor," 
we  shall  reach  l\\e  conclusion  that  the  utilization  is  infinitely 
great,  for  no  heat  is  entering  and  a  very  large  amount  is 
incident  on  the  enclosure. 

Next,  let  the  insulating  (|ualiiles  of  ihe  enclosure  be  .le- 
fcctive  Tlien  the  temperature  of  the  interior  will  rise  to  a 
point  where  the  amount  of  heat  escaping,  due  to  the  dif- 
ference in  temperature  between  the  inside  and  the  outside 
of  the  enclosure,  exactly  balances  the  amount  of  heat  ad- 
mitted to  the  enclosure  by  the  radiator.  Obviously,  the 
amount  of  heat  .'mitted  by  the  radiator  is  a  function  of  the 
diflerence  between  its  temperature  and  that  of  the  enclosure. 
Thus  a  balance  is  established 'for  every  possible  value  of 
enclosure  temperature,  this  balance  occurring  when  the 
teinp' latuie  of  the  enclosure  is  such  that  the  amount  of 
heat  l(!st  is  exactly  the  amount  of  heat  emitted  by  the  radia- 
tor. 

Now  let  us  substitute  a  source  of  light  for  the  radiator: 
let  us  consider  luminous  radiant  energy,  and  convert  the 
beat-insulalion  enclosure  into  one  that  will  reflect  more  or 
less  of  the  light  incident  upon  it.  If  the  reflecting  value  of 
the  enclosure  is  such  that  it  reflects  all  the  light  incident 
upon  it,  obviously  none  can  escape,  and  the  amount  of  light 
in  thf"  enclosure  will  increase  indefinitely  because  the 
amount  of  light  present  has  no  effect  on  the  amount 
eIIlitt^'d    l)V   the  source. 

If  the  enclosure  absorlis  some  light,  then  when  'he  total 
light-flux  absorbed  is  equal  to  that  '-generated  by  the  source. 
the    wiouni    of   light-flux    in    the    interior    will    cease    to    .n- 

"irmay  well  be  that  wb-n  Ihi.-.  condition  of  equilibrium  is 
reached'  the  amount  -f  light-flux  incident  on  the  inten..r 
surface 'of  the  enclosttre.  only  a  fraction  of  which  is  ab- 
soibed,  will  be  many  times  the  amount  of  light  flux  emitted 
i)v   the   source.  ,     ,         .       , 

-The  compu.ations  of  all  cases  ot  lighting,  both  natural 
■tnd  artificial  eventually  reduce  to  just  this  case,  namely,  to 
ihe  problem  of  determining  just  how  much  licht  fltix  must 
be  liberated  in  an  en.losure  so  a  to  maintain  wtthin  f  •< 
given  amount  of  flux. 

F.videtitly    the   light-reflecttng   character   of   the    surface   of 
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the  iMirb)siiro  iiloin'  ilott-rmtiu's  liow  niiu'li  liKlillUix  must  lio 
liiiroiluc'od  in  onlor  to  luiiiiiluin  iiny  lU'slinl  inleiisity  of 
liptit.  Thi>  method  of  piodiuiiiM  iin.v  desired  distiiliutlou  of 
tlio  light'Ilux  over  I  lie  interior  surtnees  is  iinotl\er  |>rol)loiii. 
Ol'.vlously.  those  portions  ot  the  surfiues  on  \vl\ich  a  liirK*" 
aniiMuit  of  flux  is  incident  should  have  niaxiiiiinn  refleetlon 
factors  if  the  amount  of  IIbIU  senerated  is  to  be  kept  at  :i 
minii-.uim 

A  case  \Mis  computed  in  the  article  above  meiilioned.  where 
the  walls  and  ceiling  of  a  hypothetical  interior  showed  100 
per  cent  reflection  factor  and  the  floor  but  l'.'>  per  cent  re- 
flection factor.  It  was  shown  that  the  light-flux  incldeni 
on  the  floor  would  be  1.:!;!  limes  the  flux  en\itted  by  the  light- 
.sources.  In  the  case  of  the  llloomlield  building  of  the 
Sprague  Works  of  the  General  lOleclric  t'o..  the  amount  ot 
light-flux  incident  on  the  lest-phme  was  l.ui  times  the  flux 
.venerated  by  tin  lamps.  In  the  usual  (.'hilds'  Restaurant 
probably  1.5  times  the  amount  of  li.nht  generated  by  the 
lamps  can  be  found  on  the  plane  of  the  table-tops.  There- 
fore, in  a  Childs'  Restaurant,  about  Sn  per  cent  ot  the 
amount  of  generated  light-flux  used  in  the  liloomfleld  buildlus 
would  be  required  to  produce  the  same  incident  llux  on  the 
table-plane. 

Perhaps  it  is  possible  to  sum  up  the  argument  by  saying 
"for  every  lumen  (unit  of  light  quantity)  not  absorbed,  one 
less  lumen  need  be  generated  or  admitted  through  the  win- 
dows "' 

Kvery  properly  designed  lighting  arrangement  must  fulfill 
certain  requirements  set  by  the  eye,  tor  eye  efficiency  bears 
dire'tly  upon  our  value  as  working  organisms,  whether  we 
be  draftsmen,  clerks,  or  factory  hands. 

The  eye  sees  brightness, — if,  for  the  present,  we  do  not 
consider  color. — but  brightness  is  merely  a  visual  sensation — 
a  mental  phenomenon.  The  sensation  ot  brightness  is 
aroused  by  a  physical  phenomenon,  namely,  the  quantity  of 
light  emitted  by  or  reflected  from  a  luminous  surface. 

Arran.i;ements  of  lighting  that  will  introduce  abnormal 
sensations,  or  sensations  for  which  the  eye  is  not  adapted, 
arc  to  be  avoided.  Marked  brightness  contrasts  produce 
such  sensations.  But  brightness  contrast  is  a  matter  of 
relative  values  rather  than  absolute  values.  A  candle  in 
a  dark  room  is  blinding,  while  the  most  powerful  incan- 
descent lamp  in  a  white  room  is  bearable.  The  design  of  an 
optically  correct  and  visually  efficient  lighting  arrangement 
is  more  a  matter  of  distribution  of  lisbt  than  of  its  quantity. 

From  the  viewpoint  of  artificial  light  distribution,  the 
lighting  system  does  not  stop  at  the  fixture.  In  artificial 
lighting,  as  well  as  in  day-lighting,  the  ceiling  and  wall- 
surface  in  a  room,  as  secondary  sources  of  light-receiving  and 
reflecting  light  from  lamps,  are  generally  of  greater  im- 
portance than  the  fixtures. 

If  we  aim  to  avoid  objectionable  brightness  contrast  and 
eye-strain,  such  as  will  be  produced  by  a  brilliant  direct 
light-surface,  the  problem  of  efficient  lighting,  combined  with 
maximum  eye-comfort,  is  almost  wholly  a  matter  ot  reflect- 
ing surfaces.  No  visible  surface  in  a  room,  including  the 
window  surface,  should  have  a  brightness  of  much  more 
than  2/10  (0.2)  candle  per  square  inch,  and  preferably  some- 
what less.  Furthermore,  the  maximum  brightness  contrast 
must  not  exceed  100:1  But  the  reflecting  value,  or  coeffi- 
cient of  reflection,  of  the  ceiling  and  wall-surface,  principally 
the  ceiling-surface,  regulates  the  amount  of  light  that  must 
be  left  loose,  so  to  speak,  in  the  room  to  produce  the  sur- 
face brightness  required.  In  other  words,  the  reflecting  and 
diffusing  quality  of  the  ceiling  and  wall-finishes  bears  directly 
on  the  question  of  energy  efficiency. 

In  an  experim.entol  room  13%  by  ISV2  ft.  in  plan,  with  a  14-ft. 
ceiling  height,  using  one  center  outlet  and  incandescent  light- 
ing, it  has  been  found  (•■Illuminating  EflSciency.  "  Ward  &  Har- 
rison. Trans.  1.  E.  S.,  Ifllfi)  that  when  the  walls  showed  a  co- 
efficient of  reflection  of  42.-5  per  cent,  changing  the  coefficient 
of  reflection  of  the  ceiling  from  .50  to  80  per  cent  increased 
the  illumination  on  an  arbitrary  plan  3  feet  above  the  floor  68 
per  cent.  Tests  on  various  arrangements  of  (lie  room,  both  in 
'timensions  and  outlet;!,  gave  comparative  values.  These 
values  compare  .veil  with  the  measurements  made  by  Sharp 
and  Millar  and  by  Rolph. 

Similar  tests  carried  on  by  the  writer  under  working  con- 
ditions in  many  rooms,  tinted  in  different  ways  and  lighted 
hy  properly  designed  semi-indirect  fixtures,  leads  him  to 
believe  that,  genera'ly  speaking,  where  wall-finishes  show  a 
coefiieient  of  reflection   of   50  per  cent,  changing   the  coeffi- 


cient of  icfleciiim  I't  ll'c  'ciling  from  .50  10  ,Sii   per  ccni    will 
Incrense  the  working  illumination  50  per  cent 

These  observallons  show  that  we  are  depciidcul  on  the 
ceiling  for  most  of  our  light  about  tio  per  cent  of  it  where 
Ihi  ceilings  are  liglit  and  llie  walls  slightly  tinted.  Hut  we 
do  not  want  to  see  images  of  the  lamps  in  the  ceiling,  for 
glare  is  introiluced  with  its  attendant  eye-strain,  so  a  flat 
lliilsh  IS  alnuLst  essential.  We  wish  to  lose  as  little  of  the 
light  as  may  he,  so  a  dense  surface  Is  required — dense,  so 
that  the  light  cannot  get  into  the  surface  and  thus  be  ab- 
stu'bcd;  and  white,  because  tinting  markedly  re<iuces  its  re- 
lli'ciing    value. 

If  due  allowances  are  made  for  dirt  accumulations,  aging, 
etc.,  and  for  the  fact  that  paints  having  So  per  cent  reflec- 
tion coellicient  are  not  generally  obtainable,  we  may  safely 
say  that  the  dilTereuces  lietween  well-painted  white  ceilings 
and  ordinary  light  bulT  ceilings  amount  to  between  20  and 
.'ill  per  cent  of  llic  illumination.  This  is  conservative.  With 
I  be  proper  selection  of  paint,  proper  application,  and  proper 
l)i'iparation,  these   values   may  be   increased, 

Kroni  what  has  now  been  said,  it  must  be  obvious  that 
with  properly  designed,  glazed,  and  equipped  windows,  and 
wlien  the  interior  surfaces  are  projierly  treated,  it  should 
be  possible  to  provide  artificial  lighting  whose  quality,  dis- 
tribution, and  intensity  are  closely  similar  to  the  natural 
day-lighting.  The  two  can  be  made  to  work  together  so  as 
to  produce  practically  the  same  results.  One  can  be  used 
to  reinforce  or  replace  the  other  without  establishing  an 
entirely  nevv  set  of  conditions  to  which  the  eye  must  adapt 
itself — often  resulting  in  strain  tliat  if  maintained  is  a 
source  of   permanent   injury. 


Today's  and  Pre  War  Costs  of  Small  House 

A  dwelling  which  before  the  war  cost  $2,500  now  costs 
$3,747,  according  to  data  given  by  A.  W.  Smith,  Architect, 
Oakland.  Calif.,  in  I  he  Architect  and  Engineer.  The  figures 
cited  by  Mr  Smith  are  based  on  actual  contiacts  let  by  him. 
and  were  compiled  early  in  February.     They  are  as  follows: 

LABOl;  C;isrs  O.V   a    I>WELUNG   which  BEPXIRE  THE  WAR 
COST  .$2,500. 


.\- 

J-  ol"  He'fore  war 

Present 

days. 

rate. 

Amount. 

rate. 

Amount. 

I'-^rpenlT  laljor   . 

70 

$5.50 

$    ."..S5.00 

$7.00 

$    43« 

Pla.steriri;E.'  lalnir 

21 

fi.no 

120.00 

11.00 

189 

Plunibins  iaiior 

5W. 

fi.OI) 

:i:i.oo 

S.OO 

41 

Paintine   lal.oi-   . . 

32 

5.00 

1110.00 

7.00 

224 

Hodcarrier  labor 

7 

5.00 

:{5.00 

7.00 

4;t 

Cement    workers* 

labor 

(i 

4.511 

27.00 

6.00 

36 

Cement  linisl-.ci;-^" 

la'ior 

2 

fi.Oil 

12.00 

S.OO 

16 

Lathers'    labor 

1V4 

li.OO 
7.01 

4S.O0 
10.50 

.S.OO 
8.00 

64 

Brick   labir    

12 

filectrician    labor 

2M; 

fi.OO 

15.00 

S.OO 

20 

Sheetmetal    I,i.i>or 

IM. 

fi.OM 

;i.oo 

S.OO 

12 

Roofing  la:io!-   . . . 

:', 

5.00 

15.00 

7.00 

21 

Patent  chimri.  y  1, 

ibor. . 

u. 

G.OO 

:{.oo 

S.OO 

4 

Shade   hansiiif;    1; 

hor. . 

1/2 

r..oi' 

2.50 

li.OO 

;i 

Fixture  haimini; 

abor. 

l'/2 

5.00 

7.50 

fi.OO 

9 

1',^ 

7.00 

:!.5o 

10.50 
7.00 

S.OO 
5.00 

12 

Sewer    work    labor 

10 

.Mill  work  labor   . 

2,1 

5.0..' 

125.00 

6.00 

150 

18!)  Av.  $5.53 
.1    labor    cost    of    $337 


$1,031.00  Av.  $7.22  $1,368 

is    an    increase    of    nearly    33 


The    inor. 
]jer  cent. 

COSTS  OF   .\1ATI.KI.\LS    AXE)    Sl'B-CON'TKACTS.    LESS   LABOR 

COSTS   .\B(iVE.   ON   .\    DWELLI.XG    WHICH   BEFORE 

THE  WAR  COST   $2,500. 

Before 
war  cost 

Plastering   and    latliinji $    185 

Painting  ano   paperhanging'   66 

Plumbing     142 

Brick  find  mortar   53 

Lumljer    306 


Sash,  doors,  glass  and   mill  work 

Hardware  anri   nails  

Sewer    

Electric    

.Mantel     

Shades    

Fixtures     

Walks  and   foundations    

Roofing     

Sheet    metal    

Patent  chimneys    

Workmen's  compen.sation  insurance  (SVs  percent) 


IBS 
63 
13 
21 
21 
14 
31 
41 
3S 
0 

in 

36 


Total     Sl-2^^ 

Add   labor    LO-'' 


.Vild     I'l    Tier    cei)t    Jor    contractorr 
n.iscellaiKou.'i  expenses  


profit    and 


$2,273 


Pi-esent 

cost. 
$  220.00 
105.00 
205.00 
65.00 
625.00 
340.00 
90.00 
25.00 
56.00 
27.00 
23.00 
56.00 
55.00 
54.00 
22  00 
23,00 
47.85 

$2,038.85 
1.368.00 

$3,406.85 

340.68 

$3,747.53 


Cost     ^^..'-.OO 

Percentage  of  increase  of  material  is  61   per  cent. 

The  increased  cost  of  labor  and  materials  is  50  per  cent. 
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Concreting  Plant  for  Small  Yard- 
age Jobs 

A  concrete  distributiiiK  plant  operating;  on  tlie  principle 
of  tlie  standard  tower  etiuipmeut,  but  designed  especially 
for  use  in  connection  with  the  construction  of  structures 
containing  small  yardages,  has  been  developed  by  the  Insley 
Manufacturing  Co..  Indianapolis.  Ind. 

The  plant  consists  of  a  7-cu.  ft.  capacity  hoist  bucket,  a 
mast  on  which  the  bucket  runs,  a  head  frame  which  auto- 
matically dumps  the  bucket  and  provides  a  support  for  a 
chute,  where  chutes  are  used,  sheaves  to  take  the  hoist  line, 
manila  rope  lines  for  guying  the  mast,  a  %-iu.  wire  rope 
hoist  line,  a  small  single  drum  hoist  and  such  chute  sec- 
lions  as  can  be  used  to  advantage  together  with  the  Iripod.s 
or  gin  pole  that  may  be  required  for  their  support. 

The  hoist  bucket  is  made  in  one  size  having  a  capacity  of 
7  eu.  ft.  of  mixed  concrete,  tlius  being  suited  for  use  with 
either  a  Vz  or  1-bag  mixer.  A  liai!  is  provided  for  the  hoist 
line  and  the  discharge  of  the  load  of  concrete  is  controlled 


supported  by  suitable  brackets,  the  uiast  being  slotted  out 
to  provide  an  opening  for  the  line.  For  the  hoisting  any 
standard  single  drum  hoist  of  between  G  and  S  HP.  is  re- 
quired, the  larger  power  being  recommended.  The  weight 
of  the  bucket  and   its  load  is  approximately  l.'.',(iu  lb. 

In  operating  the  plant,  the  mast  is  set  up  at  a  central 
point  and  a  slight  depression  is  made  in  the  ground  at  the 
mast  foot  in  order  to  permit  of  the  bucket  being  lowered 
sufliciently  so  that  the  concrete  can  be  dumped  directly  into 
the  bucket  from  the  mixer.  The  overall  height  of  the  bucket 
is  •J.')  in.,  from  which  it  can  be  seen  that  this  depression  is 
relatively  slight.  After  receiving  its  load  from  the  mixer 
the  bucket  is  hoisted  and  automatically  dumped  upon  reach- 
ing tli(^  liead  frame,  one  lever  first  striking  the  head  frame 
and  throwing  out  the  apron  whi<-h  bridges  the  distance  be- 
tween the  buckel  gate  and  the  head  frame  hopper,  and  an- 
other lever  striking  the  head  frame  an  instant  later  thus 
oliening  the  bucket  gate.  The  shape  of  the  buckel  is  such 
that  it  cleanly  discharges  its  load  by  gravity.  As  soon  as 
the  load  is  discharged  the  hoist  line  is  slackened,  the  bucket 
ga'e  first  closing  and  the  apron  immediately  afterward  re- 
turning to  its  normal  position.  The  plant  will  easily  take 
i-.ire  of  all   Ihe  concrete  a  one-bag  machine  can  mix. 


^•^.t  Heist  Bucket  Plant.  Showing   Bucket   Being  Charged  at  Mixer. 

b\  a  radial  gate  and  movable  apron  which  are  actuated  by  a 
system  of  toggle  levers.  A  frame  built  out  from  the  back 
of  the  bucket  and  carrying  tour  guide  rollers  grips  the  mast 
and   provides  the  necessary   guiding   medium. 

The  mast,  which  is  of  wood  and  built  up  by  the  contiactor 
on  the  job,  has  a  section  in%  in.  by  11 '^  in.  Its  height  will 
depend  upon  the  work  in  connection  with  which  the  plnnt 
is  to  be  used  the  maximum  practicable  height  being  between 
40  and  5"  ft  '  owing  to  tlie  fact  that  but  one  set  of  top  guys 
is  used  for  its  support.  In  figuring  the  height  of  the  mast 
which  will  be  required  where  the  concrete  is  to  be  elevated 
and  carried  awav  by  carts  it  is  only  necessary  to  add  lo  ft. 
to  the  maximum  height  to  which  the  concrete  is  lo  be  hoisted. 
Where  chutes  are  to  be  used  for  conve.ving  concrete  away 
from  the  hoist  bucket  it  is  necessary  to  take  the  maximum 
height  of  the  work,  allow  in  ft.  for  head  room  and  to  tins 
sum  add  one-third  of  the  horizontal  distance  through  which 
the  concrete  is  to  be  cinited.  this  last  factor  taking  care 
of  the  commonly  accepted   1  in  3  slope  of  the  chule  line^ 

The  head  frame  has  integral  with  it  a  small  hopper  which 
serves  to  guide  the  concrete  from  the  hoist  bucket  to  the 
chute  where  chutes  are  used,  or  direct  into  carts  where  ihe 
concrete  is  wheeled  away.  This  head  frame  is  so  clamped  to 
the  mast  that  it  can  readily  be  raised  or  lowered  an.i  serves 
two  functions,  the  first  being  to  provide  a  stop  which  auto- 
matically   dumps    the    bucket    and    the    second    to    furnish    a 

chute   support.  ,■,,,.„ 

The    hoist    is    carried    on    t«o     Sin.     sheaves     which     aie 

( 


Government  Monuments  and  Their 
Recovery 

Intel  esting  information  on  ilie  const  ruction  of  the  original 
nioniimenls  in  the  prairie  country  and  the  methods  for  their 
recovery  was  given  by  .Mr.  Hobert  Harvey.  State  Surveyor 
of  .Nebraska,  in  a  paper  presented  at  the  recent  Nebraska 
Road  Institute.     An  abstract  of  the  paper  follows; 

C.overnment  surveyors  were  supposed  lo  use  for  corner 
monuments  the  best  material  afforded  by  the  country  in 
which  they  operated.  These  materials  were  classified  ac- 
cording to  their  durable  ipialilies,  stone  standing  at  the  head 
of  the   list  in   durability. 

In  those  pans  of  the  ofien  prairie  country  destitute  of 
timber  and  devoid  of  stone,  resort  was  had  to  other  means 
to  perpetuate  the  corners.  The  law  provided  that  a  wooden 
]iost  should  be  set  with  a  deposit  of  charcoal  or  other  memo- 
rial surrounded  by  a  quadrangular  trench  1  ft.  wide  and  1  ft. 
deep,  with  a  pit  2  ft.  long  by  2V2  ft.  wide  dui;  IS  in.  from  the 
(mler  edge  of  the  four  sides  of  the  trench  and  the  earth  there- 
from piled  in  conical  formation  about  the  post.  In  course 
of  a  few  years  these  cone-shai/ed  mounds  were  worn  down 
by  the  acticm  of  the  winds  and  storms  and  the  posts  rotted 
off  at  the  surface,  leaving  the  point  of  the  post  to  decay 
ill  the  ground.  In  lieu  of  a  charcoal  deposit  or  charred 
stake  for  a  memorial,  many  of  the  deputy  surveyors  sharp- 
ened and  burned  the  end  of  the  posts,  enough  for  each  day's 
work  If  the  posts  were  not  knocked  down  by  wild  beasts 
or  pulled  out  bv  Indians  or  white  men  these  points  remained 
in  the  ground,  performing  the  function  of  charred  stake. 
This  was  considered  by  the  government  as  a  virtual  <'om- 
pliance   with   the   law.   which    was  a  great   mistake. 

lum-  1  ISC.f  the  -trench"  was  abandoned  and  m  ISi..  or 
l,vl;,S  onlv  two  of  the  four  pits  at  V,  section  curners  were  re- 
„„i,ed  to  be  dug.  and  in  .luly.  IS?::,  an  order  was  issued  by 
the  department  that  in  regions  where  neither  wood  nor  s^lone 
.hounded  the  survey.us  .-ould  drive  a  marked  stake  .  .n^ 
bv  ^  ft  long  in  certain  witness  pits,  and  afterwards  the 
„rde"r  was  made  to  cover  grazing  regions  which  was  a  wise 
prevision  for  mounds  and  posts  standing  .  or  I  f-  ■'"'^'^ 
ground,  would  not   last  an   hour  when  attacked   by  cattle. 

The  •■trenches-  and  pits  wer<.  left  open,  and  in  the  course 
of  vears  the  ashes  from  the  burned  grass,  dust,  «•""  j'  ^^ 
,.,Hav»d  vegetation  were  blown  into  them,  gradua  1..  filling 
;„em  so  that  in  time  there  is  often  no  visible  sr.rlace  indi- 
cations uhatever  of  either  mcmnd  trench  or  pits 
'  T  e  time,  labor  and  nu.ney  spent  by  the  oru-inal  survey.) 
centered  in  the  establishment  of  the  corner,  so  now  all  he 
ime  stent    in   retracen.ent   by  the  later  surveyor  culminates 

n    Hie    findin<^   o     tb i^inal    corner.      I-    is   then    the    sur- 

,n    the    nndin,-    or  .....ner      T-    do  this  intelligently 

veyors  duty  to  reco^.■>    '\''"^]J'        ,     „     .,     ,    ,,   ,„„re 

and    successfully.   ■•''";":.;.  .^".^^f  1      :     '  .u   or   more   feet, 
iriclies   from    a    considerable   space,    1       -"• 

r     he      oTe     lug    bv    the   surveyor   in    which    to   deposit 
r'.^morCil  :^el  tbe-post.     This  hole   may   be  about    .   or 
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S  ill.  square  or  ii  purHllelograin.  4  or  5  in.  wide  by  7  or  S  in 
long  ttllf-d  with  i-olorptl  curlli;  thoro  imiy  bo  In  it  the  tn  i- 
dence  of  u  circle  of  liKlitcr  colored  soil  where  the  post  stiM>d; 
several  stakes  may  he  found  in  various  stages  of  decay 
If  the  surveyor  detects  a  round  spot  of  the  dust  of  decayed 
wood,  perhniis  tilled  with  Brass  roots,  it  will  be  a  pretty 
safe  conclusion  that  it  is  the  original  corner,  even  should 
no  memorial  of  charcoal  of  charred  stake  lie  fouiul;  hut  this 
should  not  he  relied  upon  as  a  complete  identillcation.  Search 
should  be  made  for  evidences  of  the  original  "trench"  iC 
(Kast  of  the  (".th  P.  M.i  and  for  the  witness  pits  which  will 
in  penernl  be  evidenced  by  the  dark  colored  deposit  caused 
by  the  black  ashes,  senerally  in  the  form  of  a  square,  4,  .">. 
G  or  7  ft.  X.  E..  S.  K..  S.  \V.  and  N.  \V.  directions  at  section 
corners,  and  about  the  same  distance  at  "-^  section  corners 
N..  S.  E.  and  \V..  if  dus  before  1807.  In  lSii7  they  were 
probably  du;;  on  the  section  line  but  after  that  they  wore 
mostly  dug  across  the  line.  This  was  another  great  mistake, 
as  they  were  then  very  liable  to  be  easily  destroyed  by  high- 
way traffic  and  by  cultivation  along  the  fences.  In  ISOO  the 
order  was  reversed,  when  Nebraska  surveys  were  mostly  com- 
pleied,  however,  in  B<iyd  county  and  that  part  of  Keya  Paha 
north  of  the  Keya  Paha  River  and  pits  at  '4  section  corners 
were  dug  on  the  line. 

In  sandhill  regions  the  witness  jiits  will  in  all  probability 
be  filled  with  light  gray  colored  sand  excepting  in  valleys 
where  there  has  been  rank  growths  of  grass  and  where  the 
winds  have  a  fair  sweep  in  carrying  the  black  ashes. 

In  regions  destitute  of  timber  and  devoid  of  stone  which 
was  the  grazing  country,  corners  may  be  destitute  of  memo- 
rials, especially  if  the  notes  do  not  mention  it.  and  some  of 
the  deputies  did  not  deposit  a  memorial,  notwithstanding 
their  mention  in  the  notes,  but  they  should  be  looked  for  and 
the  pit  examined  to  see  if  the  decayed  remnants  of  the  stake 
can  be  found. 

If  the  conditions  are  favorable  a  plow  with  a  clean,  sharp 
share  can  be  used  to  turn  over  2.  3.  or  1  in.  of  the  original 
surface,  the  bottom  of  the  furrows  being  turned  with  sharp 
spades.  The  plows  sometimes  may  be  used  to  entirely  re- 
move the  turned-over  soil   to  expose  the  entire  space. 

In  using  a  plow  care  should  be  taken  not  to  plow  too  deep: 
from  2  to  5  in.  is  deep  enough  in  the  original  soil. 

The  trench  and  witness  pits  were  very  seldom  dug  more 
than  1  ft.  deep  and  18  to  24  in.  square.  V'ery  often  they  were 
not  more  than   G  to  S   in.  deep. 

The  exact  situs  of  the  original  corners  should  be  first  de- 
termined. If  the  roadway  has  been  graded  up,  the  fill  should 
be  removed  until  the  surface  of  the  original  soil  is  laid 
bare  from  a  sufficient  space  so  as  to  include  all  the  marks  of 
the  original  surveyor;  this  may  require  the  uncovering  of 
considerable  space.  H'.  20  or  more  feet,  and  sometimes  ex- 
lending  the  search  to  what  might  be  considered  an  unrea- 
sonable distance. 

Along  lines  where  corners  were  of  stone,  without  the 
trench  or  witness  pits,  it  is  no  unusual  thing  to  find  that  the 
stone  has  been  knocked  out  by  accident  and  reset  as  near 
the  same  place  as  was  known,  or  moved  by  design.  The 
problem  then  is  to  find  the  place  where  the  stone  originally 
stood.  This  may  be  done  by  shaving  the  surface  with  clean, 
sharp  spades  to  disco\er  a  spot  of  different  colored  earth 
approximating  the  breadth  and  thickness  of  the  stone;  by 
the  solidity  and  texture  of  the  fiUed-in  deposit,  by  small 
spalls  or  particles  of  the  stone  which  the  action  of  freezing 
and  thawing  has  loosened,  or  by  fine  stone  dust  caused  by 
the  wear  of  traffic  or  rubbing  of  the  iron  tires  against  their 
sides.  The  deposit  in  the  hole  40  years  old  will  have  in 
general  a  different  color,  texture  and  solidity  than  one  of 
20  years,  or  of  a  more  recent  date. 

It  is  no  unusual  thing  to  find  that  surveyors  when  unable 
to  readily  find  the  corner  stone,  set  another  by  measuring 
from  the  corner  of  an  old  fence  or  the  mean  distance  be- 
tween the  corners  of  opposite  fences;  it  then  becomes  a 
delicate  question  as  to  which  is  the  original  The  descrip- 
tion given  in  the  notes  of  the  original  surveyor  should  be 
consulted  to  compare  the  kind  of  stone,  length,  breadth  and 
thickness  and  sometimes  the  color.  The  position  of  the 
fences  and  their  age  and  what  was  the  idea  of  the  ancient 
settler  in  planting  his  hedges  or  rows  of  trees,  and  reputation 
for   carefulness,   also   should    be   considered. 

Slany  surveyors  seem  to  have  the  idea  that  charcoal  or 
some  other  memorial  was  plated  in  the  pits  by  the  govern- 
ment surveyors  and  are  ne\er  satisfied  until  they  have  pared 


and  sha\eil  olV  the  soil  or  dug  lo  llie  l>otloui.  thus  destroying 
thi'ui.  The  surveyors  did  not  put  anything  in  the  pits,  but 
left  them  open  to  assist  the  landseekers  in  finding  their  loca 
tlous;  the  elenu'uts  lllled  them  in  after  years.  No  surveyor 
would  for  a  moment  think  of  destroying  a  witness  tree  after 
he  had  found  It.  by  cutting  it  down  and  grubbing  out  the 
stump.  The  witness  pits  are  more  valuable  than  witness 
trees,  for  if  left  undisturbed  they  can  be  identified  after 
thousands  of  vears;  they  are  good  for  all  time.  Therefore, 
the  surveyor  should  leave  undisturbed  as  much  of  the  orig- 
inal deposit  as  possible  for  other  surveyors  in  the  future, 
perhaps  hundreds  of  years  hence,  may  need  the  evidence 
ol   those   pits  nuide  in  our  generation. 


$50,000  Plant  for  Handling  Bulk 
Cement  for  Construction  Job 

In  connection  with  the  construction  of  the  Tennessee 
River  dam  at  Alcoa.  Tenn..  the  $.'>(). oi)o  plant  has  been  erected 
for  receiving,  storing  and  handling  bulk  cement.  On  this 
work  about  .'lOD.ooo  bbl.  of  cement  will  lie  used.  The  plant 
for  handling  this  cement  was  described  by  Mr.  Wallace  R. 
Harris,  Engineer  of  the  Cement  Products  Bureau  of  the 
Portland  Cement  Association,  in  a  paper  presented  before 
the  Western  Society  of  Engineers.  The  notes  that  follow 
are  abstracted   from   this   paper. 

The  plant  (see  I'lg.  1)  is  so  constructed  that  two  receiving 
tracks  are  provided,  thus  allowing  the  unloading  of  two 
cars   of   cement   simultaneously.      The   unloading   is   done   by 


Cross  Section  of  Plant  and   Arrangement  of   Power  Shovel   Used   to 
Unload   Bulk   Cement. 

power  shovels.  The  cement  is  unloaded  into  the  receiving 
hopper  of  a  bucket  elevator  which  deposits  the  cement  into 
receiving  chutes  and  also  into  a  screw  conveyor  which  dis- 
tributes part  of  the  cement  to  other  receiving  chutes.  This 
arrangement  allows  the  bulk  cement  to  be  evenly  distributed 
throughout  the  storage  bins.  By  using  a  deflector  at  the 
discharge  chute  of  the  bucket  elevator,  the  cement  can  be 
deposited  into  another  screw  conveyor  leading  to  the  con- 
crete mixing  plant.  This  arrangement  permits  cement  being 
taken  directly  from  the  cars  and  conveyed  to  the  storage 
bins  at  the  concrete  mixing  plant  without  storing  in  the  main 
storage  bin. 

When,  however,  it  is  desired  to  take  cement  from  the 
main  storage  building,  delivery  chutes  are  opened  in  the 
bottom  of  the  central  storage  space.  The  cement  flows  into 
a  screw  conveyor  and  is  carried  to  the  bucket  elevator,  raised 
to  and  deposited  into  the  screw  conveyor  leading  to  the  con- 
crete  mixing   plant. 

Portland  cement  becomes  firmly  compacted  when  the  en- 
trapped air  is  released  and  a  reduction  in  volume  equal 
to  as  much  as  2.5  per  cent  will  occur.  As  the  slope  of  the 
hopper  bottoms  of  the  storage  bins  is  not  sufficient  to  over- 
come the  arching  action  of  the  cement,  means  must  be  taken 
to  break  up  the  arching  and  to  cause  the  cement  to  flow- 
easily.  The  compacted  mass  of  cement  can  be  converted  to  ' 
an  almost  fluid  condition  by  the  introduction  of  air  under 
pressure,  and  this  can  be  accomplished  by  placing  air  pipe 
lines  V2  in.  in  diameter,  on  24-in.  centers,  the  lines  being 
laid  on  the  hopper  bottoms  of  the  bins  and  also  on  the  bot- 
tom of  the  central  storage  space  in  which  the  delivery  chutes 
are  located.  These  air  lines  are  provided  with  1/32-in.  op- 
enings on  Gin.  centers  and  each  line  is  encased  in  a  sheath 
of  four-ounce  canvas  sewed  in  the  form  of  a  tube.  This 
canvas  sheath  is  wired  to  the  %-in.  pipe  by  wire  tires  placed 
on  G-in.  centers  midway  betw'een  the  1/32-in.  outlets.  An  air 
pressure  of  80  lb.  at  the  compressor  would  be  found  sufficient 
to  create  a  flowing  condition  in  the  cement. 

The  cement    is   contained  in   a  temporary  bin   of  compara- 
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lively  small  Ciipacity  at  the  concrete  mixing  plant.  This  bin 
IS  provided  with  delivery  chutes  for  each  one  of  six  2-yd. 
mixers,  the  machines  beins;  arranged  in  two  batteries  "of 
three   mixtures    each. 


The  Engineer  in  Politics* 

By  \V.  A.  STIN'CHCOMB, 
roiint.\    KiiKiMet-r  ot    Cuyahoga  County,    i  ihio. 

Let  nie  make  myself  clear  in  the  use  of  the  word  "politics." 
I  do  not  refer  to  it  in  its  partisan  sense,  but  I  do  most  de- 
cidedly refer  to  it  in  a  civic  or  governmental  sense. 

To  say  that  the  American  Association  of  Kngineers  and 
its  members  shall  not  go  into  politics  would  be  to  deny  to 
the  country  and  the  local  communities  within  which  it  "has 
chapters  the  service  of  an  organization  of  men  who,  by 
natural  ability,  by  education,  by  training  and  by  experience 
are  most  capable  of  serving  the  public  and  in  directing  and 
educating  the  voters  on  questions  ot  public  policy,  and  would 
deny  to  its  members  the  fulfillment  ot  their  obligations  as 
citizens  of  this  Republic. 

Now  I  know  that  a  natural  tendency  exists  among  engi- 
neers not  to  take  an  active  part  in  politics,  but  by  so  doing 
they  evade  their  full  responsibilities  as  citizens.  In  my 
opinion  a  man's  responsibilities  to  his  city,  his  state  and  his 
country  increase  just  as  his  abilities  and  opportunities  in- 
crease. 

Shall  any  one  say  that  the  engineer's  training  and  experi- 
ence does  not  better  fit  him  to  solve  the  problems  ot  gov- 
ernment as  our  civilization  becomes  more  complex,  than  one 
trained  in  any  of  the  other  great   professions? 

Some  of  the  Political  Problems. — In  our  cities  practically 
all  of  our  public  problems  are  subject  to  scientific  analyses. 
Is  the  subject  one  of  developing  the  physical  plant  of  the  city, 
including  the  adequacy  and  location  of  its  highways,  the 
kind  and  strength  of  its  pavements,  the  development  of  its 
park  and  recreation  facilities,  the  working  out  of  a  proper 
drainage  or  the  planning  of  its  transportation  facilities. 
either  rail  or  water?  Surely  the  engineer  is  best  qualified 
to  solve  such  problems.  He  is  now  called  on  for  advice  in 
these  matters,  and  in  my  opinion  he  should  be  the  one  to 
largely  decide. 

In  matters  of  public  health  as  influenced  by  problems  of 
sanitation  such  as  sewage  and  garbage  disposal,  water  sup- 
ply and  building  and  housing  regulations,  he  is  best  qualified. 
Even  in  the  welfare  and  social  problems  of  the  city  his 
analytical  training  tits  him  to  search  out  the  cause  ot  our 
social  evils  and  ills— to  relieve  them  rather  than  apply  only 
palliative   and   preventive   measures. 

Shall  any  one  say  that  he  is  less  qualified  to  organize  and 
direct  the  ordinary  housekeeping  affairs  of  a  city  because 
of  his   training  and   experience? 

One  of  the  most  difficult  and  always  present  problems  of 
all  government  is  that  of  financing  and  taxation.  It  is  the 
constant  duty  ot  the  engineer  in  his  practice  to  so  design, 
execute  and  organize  his  work  so  that  in  terms  of  unit  cost 
that  cost  shall  be  as  low  as  possible.  All  problems  of  public 
taxation  must  go  back  to  a  proper  appraisal  of  the  property 
taxed  whether  that  property  be  in  a  tangible  or  intangible 
form.  Here  again  his  experience  and  training  fit  him  well 
to  efficiently  serve. 

So  we  might  analyze  the  many  problems  of  state  govern- 
ment, such  as  the  development  of  a  system  of  highways  com- 
mensurate w^ith  the  traffic  needs  of  the  day,  the  regulation 
and  control  of  public  utilities,  the  development  of  water 
transportation,  the  industrial  and  social  problems  affecting 
the  workers  in  mines  and  factories,  the  care  of  the  wards 
of  the  state  the  development  of  its  educational  system,  and 
the  conservation  and  develojiment  of  its  natural  resources. 
In  all  of  these  we  find  his  training  and  experiemc  slioiiUI 
particularly  fit  him  to  serve. 

Our  national  government;'!  problems  are  best  Milved 
when   the   engineering    mind    influences   their   solution. 

And  so  in  my  opinion  the  engineer  should  take  a  dominant 
part  in  politics,  and  this  association  as  an  organization  should 
wield  a  forcible  influence  in  determining  the  civic  and  gov- 
ernmental policies — not  as  a  right  only,  but  as  an  otiligation 
which  botli  the  engineer  and  the  association  owe  to  society. 
Political    Activity    Beneficial    to    the    Association.       T.ut."    I 

*Froni  <in  .-uidrpss  delivfrf^d  at  liie  last  annual  mectim.-  of  tlit' 
American  .\ssociation  of  l-'n^iiu'ers,  Mr.  Stinchcoinb  wa«  caiKli- 
datc    for    .\f;i\<n-  of  Cleveland.   O.,   nt    Ibe   last    riuinicipal    'l-.tion. 
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hear  some  tin>id  soul  .say,  "what  effect  will  that  action  have 
on  the  engineer  and  this  association?"  In  mv  opinion  it  can- 
not   be  anything  but   beneficial. 

This  convention  has  had  its  attention  called  to  the  inade- 
Ouacy  01  the  salaries  paid  engineers  in  public  service  Vari- 
ous means  will  be  discussed  as  to  methods  by  which  salaries 
may  be  properly  and  equitably  increased.  How  better  can 
h.s  be  done  than  that  the  members  of  this  profession  shall 
take  an  active  interest  in  the  political  questions  ot  their 
communities? 

We  have  noted  the  appointment  of  men  neither  fitted  by 
education  or  training  to  take  charge  of  departments  of  pub- 
lic service  which  really  require  the  services  of  the  trained 
en,gineer.  We  have  seen  the  engineer  subordinated  to  such 
superiors.  He  has  seemingly  been  content  to  let  his  "light 
shine  under  a  bushel."  and  have  the  accomplishments  of  his 
brain  and  energy  appropriated  by  those  to  whom  they  do  not 
ris;lilly  belong.  By  a  more  active  participation  in  politics 
ilies(-  injustices  would  be  removed  and  credit  bestowed  where 
it   rightfully  belongs. 

We  have  seen  national  organizations  of  other  professions 
ji-alously  guarding  the  business  interests  of  the  members  of 
'licir  profi-ssions.  There  is  the  Xational  Bar  Association. 
'he  various  national  organizations  of  the  medical  fraternity, 
whose  efforts  are  used  not  only  in  maintaining  a  proper  code 
of  ethics  in  the  profession,  but  in  seeing  that  the  members 
of  that  profession  as  a  body  ai'e  not  discriminated  against  by 
tlie  passage  or  operation  of  what  they  consider  to  be  unjust 
laws.  And  so  in  halls  of  legislatures  their  representatives 
are  seen  when  measures  affecting  those  professions  are  under 
discussion— and  the  professions  referred  to  do  not  have  to  do 
with  the  iiublie  work  of  the  state  in  any  degree  compared 
with  that  of  the  engineer. 

It  has  always  seemed  to  me  that  the  engineer  himself  has 
been  to  blame  for  the  position  in  which  he  is  held  by  so- 
ciety and  for  the  meagerness  of  the  salaries  paid  by  both 
public  and  private  corporations  for  his  services.  He  has 
been  retiring;  iu  his  nature,  content  to  too  large  a  degree  to 
take  liis  reward  from  the  satisfaction  growing  out  of  difficult 
problems  well  solved  and  difficult  work  well  performed. 

1  recognize  the  fact  thai  tlu-re  are  certain  kinds  of  profes- 
sional advertising  which  are  distasteful,  liut  I  know  that  you 
cannot  expect  lo  have  the  public  place  a  proper  estimate  on 
the  value  of  a  pr()fessi(ui  unless  that  profession  itself  as  an 
organized  unit  holds  it  uii  lo  a  high  standard  of  value.  This 
iu  larsio  measure  can  In-  accomplished  by  a  proper  indul- 
t;ence  by  tlie  engineer  in  tlic  political  problems  and  discus- 
sions of  the  day. 

We  cannot  in  a  democracy  expect  to  maintain  our  gov- 
ernment for  any  length  of  time  in  advance  of  the  intelli- 
gence of  the  voters.  The  intelligence  of  the  voter  is  only 
expressed  through  the  polls  and  is  influenced  by  the  kind  of 
political  education  which  the  voter  received.  In  elevating 
tlie  standard  of  citizenship  the  engineer  can  and  should  be  a 
leader  in  his  communily.  To  be  anything  less  not  only  re- 
sults generally  to  the  disadvantage  of  the  individual  but  de- 
cidedly to  ihe  disadvantage  of  his  profession,  and  is  a  direct 
evasion  of  the  responsibilities  of  citizenship  which  his  train- 
ing and  ability  impose  upon   him. 

Therefore,  in  my  opinion  Ihe  m-  nibers  of  this  organization 
and  the  organization  itself  should  take  an  active  part  in  pol- 
itics in  the  sense  in  which  the  word  has  been  used. 

They  and  it  should  become  leaders  in  moulding  public  opin- 
ion in  a  manner  free  from  partisan  political  bias. 


Individualfsm 

The  cure  for  Socialism  is  Individualism.  American  indi- 
xidualism  has  made  this  country  great  and  its  citizens  pros- 
perous. The  development  of  the  individual  iikI  the  pres- 
ervation of  his  individualism  is  the  real  task  of  democracy. 
.American  individualism  received  its  test  in  the  world  war. 
The  principle  of  equal  oiiponunity  and  equal  obligation,  of 
individual  development,  proved  its  sui"  riorily  in  a  score  of 
uotal'le  ways  and  in  none  more  signally  than  on  the  battle 
fields  of  Northern  France  and  Belgi'im. 

Let  us  take  up  syslemalically  as  we  never  have  done  be- 
tcMc  the  teaching  of  .\merican  iiuiividualism.  Let  us  make 
of  it  a  sound  and  i)ra<-lical  economic  and  political  creed,  and 
let  this  be  frankly  in  ojiposition  lo  Ihe  teachings  of  socialism. 
If  we  are   to  have  a   fight  to  a   finish  between  socialism  and 


/'.'»;(/(.,.  '  iti.'i  I  ml  ('uiiirnrtiiitf  fur  .him 


I'll!). 


Aiiiorici'.nisni,  let  (he  HRlit  l>fi;ii>  "uw  witliout  iiny  tlioimht 
of  surrender  on  iho  part  of  Anierii'iinlsiia 

Let  us  have  forcible,  alliruuitivf,  clear-cut  tcacliliiK  of  the 
American  principles  of  iloniocracy.  of  equal  opporlunity,  of 
equal  obliKations.  of  self-help.  KspeciuUy  let  none  but  Amer- 
icans he  put  on  guard  in  our  schools  and  colleges — ^Ameri- 
cans who  not  only  sive  formal  allegiance  to  the  republic  but 
who  believe  in  genuine  Americanism  in  order  that  our 
boys  and  twirls  may  grow  up  in  an  atmosphere  of  American 
individualism. 

Individualism,  initiative,  self-discipline,  voluntary  self-rc 
pression  for  the  public  good,  alert  and  wholesome  co-oper 
ation — these  are  the  things  to  be  encouraged  and  cultivated 
with  all  the  enthusiasm  and  power  and  uusellishness  thai 
we  can  muster.  In  such  a  sane  and  forward-looking  atmos- 
phere socialism  and  all  other  inin\ical  and  un-American 
•■isms"   will   be   smothered. — The   Valve   World. 


Rules  for  Pilinj^  Lumber 

thawed  lumber  geiu'ially  is  dried  by  Den.g  piled  in  slacks 
with  air  spaces  between  the  boards.  In  forniin?  the  stacks 
the  boards  usually  are  laid  flat,  with  strips  called  stickers 
between  courses  or  layers.  .A  space  also  is  left  between 
each  boaril  in  layer  and  the  adjacent  board  to  provide  tor 
the  circuliition  of  air  throughout  the  stack.  Plat  or  horizontal 
piling  may  be  of  two  kinds:  (a)  With  the  ends  of  the  boards 
toward  the  alley— endwise  piling,  and  (b)  with  the  sides 
toward  tlie  alley — sidewise  piling.  Figures  13  and  14  illus- 
trate the  two  methods.  The  stacks  are  arranged  to  slope 
from  from  to  rear,  and  to  lean  forward  so  that  water  drip- 
pinu  from  the  top  falls  to  the  ground  without  tricklins 
down  over  the  courses  below.  With  either  method  of  piling 
the  stacks  should  be  so  located  in  the  yard  that  the  prevail- 
ing winds  blow  through  them  rather  than  against  the  ends. 
:Most  Inmbor  manufacturers  and  dealers  use  the  endwise 
method  of  piling.  Useful  suggestions  for  piling  lumber,  cov- 
ering the  more  important  points  to  be  observed  in  the  con- 
struction of  foundations,  shape  of  stack,  arrangement  of 
stickers,  etc..  are  given  as  follows,  by  Mr.  Harold  S.  Belts. 
in  RuUelin  No.  •'>.52.  a  professional  paper  of  the  U.  S.  Forest 
Service. 

Foundations  (Endwise  or  Sidewise  Piling):  (a)  The  foun- 
dations should  be  strong,  solid,  ami  dMrablc. 

(b)  The  top  of  each  foundation  should  be  level,  and  from 
front  to  back  the  top  surface  of  the  parallel  skids  should  he 
in  alignment,  so  that  the  lumber  to  be  piled  will  bear  equally 
upon  each  one. 

(c)  The  front  foundation  should  be  raised  above  the  sec- 
ond, aad  the  second  above  the  third,  to  allow  a  slant  in  the 
stack  of  I  in.  to  every  foot. 

(d)  The  foundations  should  be  spaced  not  over  4  ft.  apart. 
except  for  heavy  planks  and   timbers. 

(e)  The  front  foundation  should   lie  of  sufficient   heisht  to 
provide   space  for  free   circulation   of  air  under   all   parts   of 
the  pile- 
Lumber    (Endwise    Piling):      (al    Skids,    preferably   2    by   4 

in.,  should  be  laid  on  top  of  the  foundations. 

(b)  Boards  of  equal  length  should  be  piled  together. 

(c)  The  ends  of  the  boards  should  rest  upon  the  front  and 
rear  skids. 

(d)  A  space  of  approximately  %  in.  should  be  left  between 
boards  in   the  same  layer. 

(et  Lumber  piled  in  the  open  should  have  the  front  ends 
of  beard;;  in  each  layer  slightly  protruding  beyond  the  end  of 
the  layer  beneath,  to  give  a  forward  pitch  to  the  stack. 

Lumber  (Sidewise  Piling):  (a)  Skids,  iireferably  4  by  6 
in.,  should  be  placed  across  the  foundations  at  about  4-ft. 
intervals.  The  number  of  skids  depends  upon  the  thickness 
of  the  lumber. 

(b)   Boards  of  eciual  length  should  be  pib^d  together. 

tc)  The  boards  should  be  placed  on  the  skids,  with  about 
?.t  in.  between  boar  is  in  the  same  layer. 

td)  Lumber  piled  .n  the  open  should  have  the  front  board 
in  each  layer  project  -slightly  beyond  the  bo<».-d  in  the  layer 
beneath,  to  provide  a  forward   pitch  to   the  stack. 

Stickers  (Endwise  or  Sidewise  Piling):  (a)  Stickers  should 
be  of  uniform  thickness,  prererably  "«  in.  for  1-in.  lumber  and 
1%  in.  for  2-in.  lumber.  Their  length  should  be  a  few  inches 
in  excess  of  the  width  of  the  pile. 

(b)  Stickers  should  be  placed  upon  the  layer  of  boards 
immediately  over  the  skids  and  kept  in  alignment  parallel  to 
the  front  of  the  piles. 


(c)  The  front  and  rear  stickers  should  be  Hush  with,  or  pro- 
trude beyond,  the  ends  of  the  boards. 

Roof  Protection  (Endwise  or  Sidewise  Piling):  Cover 
bo'irds.  MS  a  roof  prolecliou,  should  be  laid  on  the  top  of  the 
pile,  extiMiding  a  fi'W  inches  bcy(uul  Ibc  from  and  rear  ends 
of  the  slack. 

Spacing  Stacks  (Endwise  or  Sidewise  Piling):  Space  be- 
Iwi'cu  llic  pih's  should  mil  be  less  than  2  ft.;  1  or  Ti  ft.  is  pre- 
fiTrcd    it    yardage    conditions    permit. 

Dimensions  of  Stack  (Endwise  or  Sidewise  Piling):  The 
customary  width  of  slacks  is  from  ,S  to  1(1  ft.  The  height  is 
governed  by  the  size  and  character  of  the  lumber  and  by  the 
uu-lhods   of   UKu  ing   it. 

Treated  Ends  (Endwise  or  Sidewise  Piling):  The  ends  of 
lumber  2'/i-  in.  iluck,  or  over,  unless  of  the  lower  grades,  should 
receive  a  brush   treatment   of  paint  or  some  liquid   llller. 

These  rules  are  based  on  information  obtained  through 
Held  investigations  and  from  lumber  manufacturers  and 
wholesale  and  retail'  dealers,  and  accord  with  the  best  lum- 
ber-piling practice  i:i  general  commercial  use.  Certain  species 
of  wood,  however,  require  particular  care  in  airdrying,  and 
in  this  case  slight  variations  from  the  rules  are  necessary 
in  order  to  secure  the  best  results.  Some  lumbermen  in  the 
South,  for  example,  (ind  that  thick  red  oak  checks  badly  on 
the  ends,  aiul  in  air-drying  such  stock  have  adopted  the 
scheme  of  protecting  it  with  sun  shields,  which  they  claim 
ri'duces   endchecking    to    a    minimum. 

Mills  cutting  red  gum  formerly  experienced  difbcully  in 
dry  ing  the  lumber,  on  account  of  its  tendency  to  warp.  This 
objection,  however,  has  been  largely  overcome  by  the 
exercise  of  care  in  seasoning.  In  erecting  a  pile  of  gum 
lumber,  stickers  are  placed  every  2  ft.  apart,  some  lumber- 
men claiming  that  18  in.  is  none  too  close  to  obtain  the  best 
results.  Another  scheme  in  more  or  less  general  use  among 
guni-Iuniber  manufacturers  is  to  construct  the  pile  so  as  to 
have  a  flue  or  ■chimney"  in  its  center,  thus  providing  ample 
air  circulation  vertically  through  the  stack. 

Green  cottonwood.  basswood.  and  yellow  ooplar  lumber  is 
likely  to  stain  badly  when  piled.  Accordingly,  a  number  of 
lunibermen  either  end-dry  the  material  or  pole-dry  it  for  a 
week  or  two  and  then  place  it  in  a  "stuck"  pile.  In  end- 
drying,  the  boards  are  stood  up  on  end,  edge  to  edge,  under 
a  '•.pecially  built  shed,  with  stickers  arranged  horizontally 
one  above  the  other  at  specified  distances.  Such  a  pile  pre- 
sents exactly  the  appearance  of  a  regular  lengthwise  pile  of 
lumber  set  up  on  end. 


Cost  of  Creosoting  Car  Sills  and  Roofing.— The  average 
cost  of  the  creosote  treatment  for  car  sills  at  the  plant  of 
the  Marsh  Refrigerator  Service  Co.,  Milwaukee,  Wis..-  is  es- 
timated to  be  $4.50  per  .5  in.  x  8  in.  x  3.5  ft.  sill.  Of  the  total 
$4  is  for  creosote  oil,  10  lb.  per  cu.  ft,,  for  9.7  cu  ft.,  or  10.8 
gal.,  and  -50  ct.  is  for  labor  and  overhead.  The  average 
cost  per  M  ft,  B.  M,  is  $38.34,  In  treating  the  subflooring 
and  roofing  two  men  handle  approximately  400  pieces  per 
hour,  makins  the  labor  cost  per  piece  $,0oo.j.  Overhead  is 
estimated  at  $.0005  and  the  cost  of  creosote  oil  at  8  lb.  per 
sq.  ft.  of  surface  makes  a  total  cost  per  piece  of  about  $.018 
or  $10.65  per  M.  ft,.  B,  M, 


Personals 

George  With  lias  been  appointed  city  engineer  of  Joliet,  III, 

W,  J.  Oviatt  has  been  appointed  city  manager  of  Villisca,  la. 

John  Lindros  has  Ijeen  appointed  building  inspector  for  the  city 
of    llork    hsh'a.i.   111, 

David  Carlson.  Jr.,  has  been  appointed  building  inspector  for  tlie 
city  of  Koclifor.l,   111. 

William  R,  Jordan,  formerly  harbormaster  of  Erie.  Pa,,  has 
been  appoir.u-il  ;i   nu-niber  of  tlie  city  planning  commission. 

Charles  Joseph  Tilden,  professor  of  civil  engineering  at  Johns 
Hopkins  t'nivei-sity.  lias  heen  elected  i>rofessor  of  enjiineerins 
mechanics  iii  \'-a\>-  f'niversity  and  assigned  to  tiie  Sheffield  Scientific 
School. 


Industrial  Notes 

The  National  Tube  Co..  Pittsburgh.  Pa.,  has  made  arrangements 
with  the  Xational  Metal  Molding  Co..  of  Pittsburgh,  and  the 
American  Circular  Loom  Co.  of  New  York,  to  act  as  its  dis- 
tributors of  spillerized  mild  steel  tubing',  made  especially  for  the 
manufacture  of  rigid  steel  conduits. 

.\11  manufactnring  and  selling  interests  in  Bloxonend  flooring 
of  the  C.  .7.  Carter  Lumber  Co..  Kansas  City.  Mo..  Doniphan  l>um- 
1  ;er  Co.,  Kensett.  .Ark.,  and  Marsh  &  Truman  Lumber  Co..  Chica.go. 
10..  have  b-^en  merged  into  a  single  corporation,  the  Cartel* 
I'loxonend  Flooring  Co.,  vi-ith  home  office  in  Kansas  City,  manu- 
facturing plant  at  Kensett,  .\rk.,  and  sales  office  at  IfiOI  .\lcCor- 
niick  Bldg,,  Vil  South  Michigan  .yve,.  Chicago.  III.  The  individual 
lumbe!-  business  of  each  of  tliese  will  be  conducted  undei'  the  old 
names   as   heretofore. 
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